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Diversifying Colorado’s Water Portfolio 
The Potential for Stormwater Capture and Use to Contribute to a Water Resilient Future

Executive Summary
The 2023 Colorado Water Plan estimates that by 2050 there will be a municipal and industrial water 
supply gap of between 250,000 and 750,000 acre-feet per year (CWCB 2023). Diversifying Colorado’s 
Water Portfolio: The Potential for Stormwater Capture and Use to Contribute to a Water Resilient 
Future seeks to advance understanding of the extent to which rainwater harvesting and stormwater 
capture in urban areas can fill this gap.

This project achieves this goal by 1) synthesizing Colorado water law as they  relate to rainwater 
harvesting and stormwater capture and use, 2) quantifying the volumetric potential of rainwater 
harvesting and stormwater capture in urban areas across each of Colorado’s eight river basins and 
the Denver metropolitan area, 3) identifying benefits associated with stormwater capture and use, 
4) highlighting examples of urban stormwater capture and use projects in Colorado, 5) engaging
and facilitating input from a diverse Expert Review Panel, and 6) preparing recommendations and
suggesting next steps.

KEY FINDINGS

The project clarifies perennial questions about the role and potential 
of rainwater harvesting and stormwater capture and use to meet 
Colorado’s water supply gap. For the first time, there is a baseline 
estimate of the volumetric and economic value for urban rainwater 
harvesting and stormwater capture and use in Colorado. This project 
answers questions about the scenarios in which rainwater harvesting 
and stormwater capture and use is currently allowed as well as the 
scales at which it may be most beneficial .

These findings are the result of extensive research, analysis, and 
collaboration with experts from Colorado and throughout the 
United States who served on the project’s Expert Review Panel. The 
methodology used to calculate the volumetric potential of urban 
rainwater harvesting and stormwater capture and use was rigorously 
vetted and factors such as seasonality, elevation, and storm 
sequencing events informed these estimates.

As noted below in the findings, urban rainwater harvesting and stormwater capture and use are 
limited within Colorado’s current legal (water rights) and regulatory frameworks. To highlight examples 
of how stormwater capture and use can be implemented within the existing water rights framework, 
the full report includes several case studies from Colorado, including the CSU Spur Campus where 
rainwater and stormwater runoff are captured and used on-site (ES Photo 1).

ES Photo 1. Cistern at the CSU 
Spur Campus. Source: Jane Clary
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EXECUTIVE SUMMARY

The key findings from this project include:

Colorado Water Law Surrounding Rainwater Harvesting and Stormwater Capture and Use

• Residential-scale rainwater harvesting (e.g., 110-gallon storage capacity) is allowed without a
decreed water right. This regulation is consistent with Colorado water law that is based on the
Prior Appropriation Doctrine and protects downstream water users from injury to their decreed
water rights.

• Obtaining a water right for rainwater harvesting or stormwater capture and use beyond 110 gallons
at a residential household in Colorado requires significant upfront legal and engineering costs on
a project-specific basis, typically requiring an augmentation plan, purchase of replacement water
for augmentation from a willing water provider, and ongoing engineering and legal costs for water
rights accounting and filings with the State Engineer’s Office.

• Only one rainwater harvesting pilot project has been applied for and approved in Colorado since
legislation was passed in 2009. Deterrents for applying for pilot projects may include significant
engineering and legal costs, intensive hydrologic monitoring requirements, dual infrastructure cost
(to meet stormwater management requirements separately), and uncertainty about the likelihood
of long-term success of a project as a reliable water supply.

• The concepts of Historic Natural Depletions and Regional Factors accepted for Colorado Water
Conservation Board pilot projects open the door to broader rainwater harvesting and stormwater
capture and use projects for new developments in Colorado. Nonetheless, the current legal,
scientific, and engineering burden, along with uncertainty regarding success in water court,
likely deter new developments from pursuing rainwater harvesting or stormwater capture and
use beyond two 55-gallon rain barrels, unless no other water source is available, or a research/
conservation objective motivates a pilot project. From a policy and water court process
perspective, increased clarity on the likelihood of success in water court and minimum data
requirements for success would be a helpful next step if broader implementation of stormwater
capture and use projects is desired in Colorado.

• Stormwater management is allowed (and required) in Colorado for both flood control and
stormwater quality purposes. This “stormwater management” is allowed outside of the concepts of
rainwater harvesting and stormwater capture and use because the stormwater that is detained or
infiltrated is not allowed to be put to a beneficial use.

Volumetric Potential of Rainwater Harvesting and Stormwater Capture and Use in Colorado

Based on analysis of several rainwater harvesting and stormwater capture and use scenarios, we find:

• For rainwater harvesting implemented at currently allowed 1–4-unit residential households in
two 55-gallon rain barrels, and for a hypothetical rainwater harvesting scenario in 500-gallon
cisterns at the same households, the potentially captured stormwater volumes by basin represent
a small source of water for closing basin demand gaps. The volume of water from these two
scenarios is generally on the order of less than 1% of residential outdoor water demand from
2015. This proportion may change, and improve, as outdoor landscapes become more sustainable
and irrigation demand is reduced. Nonetheless, there are other potential benefits of rainwater
harvesting at this scale that could make pursuing this strategy a beneficial endeavor.

Diversifying Colorado’s Water Portfolio 
The Potential for Stormwater Capture and Use to Contribute to a Water Resilient Future
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EXECUTIVE SUMMARY

• Stormwater runoff from existing impervious surfaces (e.g., rooftops, roads, parking lots) in
Colorado’s urban areas represents a substantial water source. However, this water that returns
to streams through surface runoff or alluvial groundwater is not considered a “new water”
source in over-appropriated basins because this water has essentially already been claimed for
use under existing water rights filed in water court. Although there are some exceptions to this
general statement, claiming the right to use this runoff would require site-specific water rights
analysis, a plan for augmentation of out-of-priority depletions, and water court processes, or
changes to existing water law. Nonetheless, these estimates suggest that larger scale stormwater
capture could provide runoff volumes that could be used to meet a meaningful portion of outdoor
residential water demand. Legal, economic, environmental, public health, and other site-specific
constraints would need to be evaluated before pursuing stormwater capture and use at specific
locations across the state.

• Based on hydrologic analysis completed as part of the Sterling Ranch pilot project, the concepts
of Historic Natural Depletions and Regional Factors (Gilliom 2019) provide a framework for larger
scale implementation of stormwater capture and use for new greenfield developments (e.g.,
neighborhood-scale). If these methods are adopted beyond the pilot project framework, there
is potential for a new development to claim the right to capture and use a portion of the runoff
from new impervious surfaces. For example, in the South Platte Basin, applying Regional Factors
to hypothetical 10% and 25% increases in impervious area and using 10% to 25% capture rates for
impervious area, the volumetric potential for urban stormwater runoff to serve as a “new water”
source would be on the order of 3,100 to 19,600 AFY. More refined land development projections
and Regional Factors in other river basins would be needed to improve this estimate or broaden it
for use in other basins.

Valuing Rainwater Harvesting and Stormwater Capture and Use in Colorado

• This assessment of the economic value of rainwater harvesting and stormwater capture and use
in Colorado focused on the avoided costs of providing potable water for outdoor landscape uses,
the value of the water quality improvements associated with rainwater and stormwater capture,
and the value of other associated benefits, such as reduced risk of property loss due to wildfire.
Overall, the value of these benefits is constrained by the limited capture volumes permitted under
current Colorado law that effectively restricts rainwater harvesting to residential properties with
two 55-gallon rain barrels. Larger scale applications of stormwater would be required for economic
viability along with water rights. Specific findings in the preceding section can be summarized as
follows:

• In several regions of the United States (and internationally) rainwater harvesting and stormwater
capture and use practices have demonstrated their ability to provide sufficient water to meet
residential outdoor water demands, offsetting the need for water providers to provide potable
water for this purpose. In some studies, these potable water offsets are significant.

• Although rainwater harvesting and stormwater capture and use have the potential to provide
alternative or complementary sources of water supply in Colorado’s urbanized areas, the 110-gallon
residential capture volume currently allowed without water rights is insufficient to meaningfully
contribute to overall water system resilience.

Diversifying Colorado’s Water Portfolio 
The Potential for Stormwater Capture and Use to Contribute to a Water Resilient Future
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EXECUTIVE SUMMARY

• When implemented at scale, rainwater harvesting has the potential to make more meaningful
contributions to the overall water supply portfolio and conservation targets in some basins. This is
particularly true for scenarios envisioning the possible offsets created by widespread adoption of
500-gallon or larger cisterns, which would require water rights under current water law.

• Captured rainwater can offset costs to residential water customers as well as retail water
providers. Water providers can avoid energy, treatment, and infrastructure costs associated with
delivering potable water for residential landscape irrigation. Legal limitations on stormwater
capture and use in Colorado create unfavorable conditions for realizing these avoided cost
benefits.

• As exemplified for the scenario examining the capture of runoff from 10% of impervious surfaces,
neighborhood-, community-, or regional-scale stormwater capture can contribute to water supply
reliability by creating additive or marginal sources of supply, creating flexibility and redundancy
within the supply system. The analysis shows that allowing for greater capture volumes could
meaningfully reduce the water supply gaps projected by several of the Basin Plans and associated
economic impacts. However, larger scale infrastructure and storage would be needed to realize this
potential.

• The rainwater harvesting practices reviewed in this report (i.e., the 110- and 500-gallon storage
volumes) may have limited practical potential to reduce water quality impairments in Colorado’s
urbanized areas. Implementation challenges (e.g., reliance on homeowners to maintain practices)
and relatively low capture volumes may prevent this benefit from being fully realized.

• Available evidence suggests that larger scale stormwater capture and use adoption will have
greater benefits (relative to costs). As demonstrated by Sterling Ranch and other projects, capture
in larger volume systems either at the site- or neighborhood-scale can provide sufficient volumes
to meaningfully offset potable water demand, reduce water quality impacts, and potentially provide
additional, high-value benefits.

Key Recommendations

To optimize the opportunity for urban rainwater harvesting and stormwater capture and use to 
contribute to the diversifying of Colorado’s water portfolio, we offer a suite of 16 recommendations 
which fall into the following thematic areas:

• Build on existing legal pathways to allow stormwater and rainwater to meaningfully contribute to
and diversify water portfolios.

• Provide guidance to land use planners and housing developers on how to include stormwater and
rainwater as alternative water supplies to offset potable water use.

• Create the enabling conditions to advance stormwater capture and use and rainwater harvesting as
strategies to contribute to more water-resilient communities.

• Conduct a more detailed assessment of the co-benefits of stormwater capture and use to identify
targeted areas for implementation and potential co-funding partnerships.

Recommendations seek to advance the enabling conditions under which urban rainwater harvesting 
and stormwater capture and use will be able to meaningfully address Colorado’s estimated municipal 
and industrial water gap, ultimately contributing to a more water resilient future for all those that 
live, work, and recreate in the Centennial State. 

Diversifying Colorado’s Water Portfolio 
The Potential for Stormwater Capture and Use to Contribute to a Water Resilient Future
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1 Introduction 

The Colorado Water Conservation Board (CWCB) developed the Colorado Water Plan to guide 
state policy regarding optimal conservation and development of Colorado’s water resources. 
The plan recognizes challenges such as climate change, increasing water demands, and the 
need for water conservation and increased storage, and encourages forward-thinking, 
sustainable, and resilient solutions to these challenges (CWCB 2023). The plan also recognizes 
the importance of a “One Water” ethic, defined by The Water Research Foundation (WRF) as 
“an integrated planning and implementation approach to managing finite water resources for 
long-term resilience and reliability, meeting both community and ecosystem needs.”  

Across the United States, One Water management approaches are used to stretch and 
optimize limited water supplies. These can include conservation, efficiency, and different 
forms of reuse, such as recycling wastewater or industrial process water, using graywater, or 
harvesting rainwater. In Colorado, rainwater harvesting and stormwater capture and use have 
not been a focus for a variety of reasons, including uncertainties related to water rights, the 
extent to which harvested rainwater represents a “new'' water supply, and the volumetric 
potential and economic viability of rainwater harvesting. To address some of these questions, 
the CWCB funded this project, Diversifying Colorado’s Water Portfolio: The Potential for 
Stormwater Capture and Use to Contribute to a Water Resilient Future. Project objectives 
include:  

1. Quantifying the volumetric potential of urban stormwater capture and use in each of
Colorado’s eight river basins and the Denver metropolitan area. This volumetric
potential is explored in the context of Colorado water rights law, including statutes,
rules, and court decrees (hereinafter, referred to as water rights), including currently
allowable residential rainwater harvesting and other, larger-scale projects that require
water rights.

2. Identifying and monetizing benefits associated with stormwater capture and use.

3. Highlighting examples of where urban stormwater capture and use projects have been
implemented in Colorado with lessons learned from these projects.

4. Engaging a diverse Expert Review Panel (ERP) (Appendix A) to support an informed and
relevant project, including practitioners from academia, agriculture, Colorado water
law, economics, public office, utilities, scientists, engineers, and water supply planners.

5. Preparing recommendations and suggesting next steps.

This report summarizes findings from tasks completed to achieve these objectives, organized 
as follows: 

● Section 2 introduces basic rainwater harvesting and stormwater capture in the broader
national context. Diverse approaches for rainwater harvesting and stormwater capture
and use currently used across the country are summarized here with particular
attention to those most relevant to Colorado. The goal is to provide an overview of the

5
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range of possible approaches used, including end-uses, project scales, and methods 
for harvesting rainwater and stormwater.  

● Section 3 focuses the discussion on the context of current Colorado water rights. We
introduce water rights concepts, rainwater harvesting legislation in Colorado, evolving
engineering concepts related to stormwater capture and use for new developments
such as Historic Natural Depletions (HNDs) and Regional Factors, and stormwater
management.

● Section 4 highlights existing rainwater harvesting and stormwater capture and use
case studies in Colorado to provide a more comprehensive view of project
development and implementation within the legal and policy context of Colorado.

● Section 5 quantifies the volumetric potential of rainwater harvesting and stormwater
capture and use in Colorado's urban areas. In the context of residential rainwater
harvesting, we explore a currently allowable 110-gallon scenario and a hypothetical
500-gallon scenario, with varying adoption rates and water rights implications. To
support larger scale stormwater capture estimates, we provide estimates of urban
stormwater runoff at various capture rates for existing impervious areas and an
example scenario with these estimates applied to future urban development within
the South Platte River basin. These scenarios are then compared to residential outdoor
water demand estimates from the Colorado Water Plan.

● Section 6 provides a high-level overview of the multiple benefits related to stormwater
capture and use practices considered in this report. We provide an overview of
relevant literature, describing benefits provided by the level of capture currently
allowable under Colorado water law without a water right (i.e., two 55-gallon rain
barrels), as well as additional levels (and types) of capture that would require water
rights. Where feasible, we provide quantitative and monetized estimates of the value
of the benefits of stormwater capture and use.

● Section 7 summarizes the findings of this research and provides recommendations and
next steps based on the literature, data, and analysis provided throughout the report.
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2 Rainwater Harvesting, Stormwater Capture and Use Concepts, 
and the National Context 

This section defines basic terminology related to rainwater harvesting and stormwater capture 
used throughout this report, discusses different scales of stormwater capture and use, and 
provides national context as a backdrop for Colorado-specific discussions. Water rights-
related terms are discussed in Section 3.  

2.1 Common Definitions of Rainwater Harvesting and Stormwater 
Capture and Use 

Commonly used definitions of terminology used in this report include: 

● Precipitation – Precipitation occurs in various forms (e.g., rain, snow, hail) and the
amount varies seasonally, annually, and by location (CSU n.d.). In the context of this
report, the primary form of precipitation considered for rainwater harvesting and
stormwater capture and use projects is rainfall.

● Stormwater – Stormwater is rainwater or melted snow that runs off streets, buildings,
lawns, and other surfaces. When stormwater is absorbed into soil, it is filtered and
ultimately evaporates, transpires, replenishes aquifers, or flows into streams and rivers
(EPA 2015a). The Colorado Department of Public Health and Environment (CDPHE)
definition of stormwater includes stormwater runoff, snow melt runoff, and surface
runoff and drainage.1 In this report, the term stormwater is inclusive of runoff from all
surfaces within an urban area, whereas stormwater collected from residential rooftops
is distinguished as rainwater harvesting.

● Rainwater Harvesting – Rainwater harvesting commonly refers to stormwater runoff
collected directly from roof surfaces with an intent to use the water. Roof surfaces
often have lower levels of pollutants than other stormwater runoff surfaces and
collected water will generally require less treatment. Some have also referenced this
water source as roof runoff (Sharvelle et al. 2017). Direct capture of rainwater is still
considered stormwater collection and, depending on the use, may require treatment
prior to use (MNPCA 2023). In this report, the term rainwater harvesting is used when
referring specifically to water captured and stored from residential or non-residential
rooftops in rain barrels or cisterns.

● Stormwater Capture and Use – A stormwater capture and use system is a constructed
system that captures and retains stormwater for beneficial use (as defined in Section
3.1) at a different time or place than when or where the stormwater was generated. A
stormwater capture and use system potentially has 1) a collection system (collection
and conveyance from all impervious areas, including rooftops, downspouts, and
stormwater infrastructure such as curbs, gutters, and storm sewers), 2) a storage unit
(such as a barrel, cistern, or pond), 3) a treatment system to remove solids, pollutants,
and microorganisms along with any necessary treatment control systems, and may

1 CDPHE WQCC 5 CCR-1002-61 
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have 4) a distribution system to enable use of the water (such as pumps, pipes, and 
control systems). 

2.2 National Approaches Used for Rainwater Harvesting and 
Stormwater Capture and Use 

Rainwater harvesting (and use) and stormwater capture and use practices vary across urban 
areas in the United States. Factors that influence the project design and approach include, 
but are not limited to, the project site, goals and intended end-uses, demands, and legal 
requirements (e.g., water rights). Projects that seek to address multiple goals, such as 
enhancing water supply reliability and mitigating pollution impacts, will likely look different 
from those with the single goal of reducing nuisance flooding2 or collecting water for 
landscape irrigation. In New York City, for example, 60-gallon rain barrels were distributed to 
residential properties in 2023 with multiple objectives in mind (see box, below).  

There will also be differences in 
approaches depending on who is 
driving the project and who the project 
is seeking to serve. For example, a 
commercial entity may design their 
campus to prevent nuisance flooding 
by directing rainwater away from their 
building and parking lot runoff to a 
bioswale that allows fast infiltration. A 
regional water management agency, on 
the other hand, may provide incentives 
and educational opportunities for 
commercial property owners to install 
cisterns that can provide a slow release 
of captured water to the vegetation in nearby bioswales, thereby reducing potable water 
demand as well. Communities with long-term control plans to reduce combined sewer 
overflows may incentivize rain barrels to reduce flows in the combined sewer systems (Ghodsi 
et al. 2021). Even though Colorado does not have combined sewer system issues, the interests 
of various stakeholders may intersect, creating an opportunity for advancing a multitude of 
goals with numerous co-benefits. These collaborative efforts can be helpful for co-funding 
projects.  

Here we provide examples of different approaches to rainwater harvesting, rainwater use, and 
stormwater capture and use across different scales, with a variety of stakeholders, drivers, 
and outcomes. The examples chosen are not meant to be comprehensive, but rather to offer 
readers a diversity of ways that stormwater is being captured and used across the nation.  

2 Nuisance flooding refers to low levels of inundation that do not pose significant threats to public safety or cause 
major property damage, but can disrupt routine day-to-day activities, put added strain on infrastructure systems 
such as roadways and sewers, and cause minor property damage (Moftakhari et al. 2018).  

Residential Site-Scale Approaches Bring Multiple
Benefits at the Community Scale

The City of New York provided over 7,500 rain 
barrels free of charge to its residents in the 
summer of 2023. The easy-to-install 60-gallon 
rain barrels help to alleviate nuisance flooding, 
reduce the burden on the combined sewer 
system, protect local waterways, reduce potable 
water consumption, and lower customer water 
bills (Stormwater Solutions 2023). 
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2.2.1 Site-Scale 

Site-scale refers to rainwater harvesting or stormwater capture at a single property, typically 
at a home or commercial property with a small (<1 acre) lot, including multi-family residences 
with up to four units. Rainwater harvesting and stormwater capture and use at these sites 
typically use on-site storage systems, like rain barrels or cisterns, that allow for use of the 
captured water for landscape irrigation on the property.  

Residential Rainwater Harvesting 

Residential rooftop rainwater harvesting, as is legal in Colorado under specific circumstances 
(described below in Section 3), is an example of a site-scale approach to stormwater capture. 
Although Colorado law currently narrows the options for the specific approach to rooftop 
rainwater harvesting allowed, there is still a range of designs that can be applied (Figure 1). 

Figure 1. Rain barrels harvesting roof runoff at residential households. 
Source: Rebecca Olson (left), BlueBarrel (right) 
Notes: The picture on the left shows rainwater harvesting from a second-story deck that then can provide water for 
nearby planters. The image on the right shows raised barrels that water a garden space through passive, gravity-fed 
drip lines.  

Commercial and Institutional Rainwater Harvesting 

Site-scale rainwater harvesting and stormwater capture and use can be applied at 
commercial buildings and by institutions with larger properties. To date in Colorado, Denver 
Green School and Colorado State University (CSU) Spur stormwater capture projects are local 
examples of this category of projects that are implemented with augmentation plans to 
address water rights (see Section 4 for in-depth case studies of these projects).3 Outside of 
Colorado, there are a wide range of examples of commercial and institutional rainwater 

3 Augmentation plans authorize out-of-priority diversions for beneficial use to the extent that a replacement supply 
of water is made available to substitute for the otherwise diminished amount of water available to supply other 
water rights. For a more in-depth discussion of these plans, please see Section 4. 
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harvesting and stormwater capture and use. They can range from simple approaches, much 
like the rain barrels used on residential properties, to more complex systems that collect 
graywater, blackwater,4 and rainwater, and apply it to uses such as toilet flushing and cooling 
tower make-up. For example, in New York City, the New School installed an on-site water 
treatment and recycling system during construction of one of their buildings in 2014 (Natural 
Systems Utilities 2020). According to Natural Systems Utilities, a partner in the project, the 
on-site water treatment system collects blackwater and rainwater, with the capacity to treat 
40,000 gallons per day. After treatment, the water is reused for toilet flushing, cooling tower 
make-up water, irrigation, and sidewalk maintenance. When installed, it was estimated to 
reduce potable water use by 74% and contribute to an 89% reduction in flows to the 
combined sewer system. Stormwater is reclaimed after it is captured in the building’s 
vegetated green roof.  

Wildfire-Related Damage Reduction and Other Uses 

Harvested rain or stormwater may be a potential water source for reducing damages 
associated with wildfires. In places where wildfire is a high risk, like California, Colorado, and 
Texas, guidelines for property owners are available to help in the design of on-site rainwater 
harvesting systems to increase their property’s fire resilience. For example, the Department of 
Energy has information on how to install a cistern to help with fire suppression (US 
Department of Energy 2022). Local agencies may also provide guidance that is more site-
specific. The Resource Conservation District of the Santa Monica Mountains in Southern 
California is creating guidelines that describe how rainwater stored in cisterns can be used to 
create low ignition zones that extinguish embers by dampening areas directly surrounding a 
building during high-risk fire conditions.5  

The Philip Merrill Environmental Center (Figure 2), headquarters for the Chesapeake Bay 
Foundation in Maryland, uses rainwater harvested from its rooftop in the building’s indoor 
sprinkler system for fire suppression (US Department of Energy 2002). In addition to meeting 
water quality standards for the protection of human health, indoor fire suppression systems 
must also meet state-specific codes, such as the International Fire Code (IFC) for flow rates, 
volume of water needed, and length of time sprinklers must be engaged to suppress fires (IFC 
2018). The treated stormwater is also used for irrigation, cleaning gear, and doing laundry, 
reducing on-site water usage by 80% compared to other typical office buildings (US 
Department of Energy 2002). It is the first building to receive a Leadership in Energy and 
Environmental Design (LEED) Platinum rating by the US Green Building Council for its 
innovation in green technology (Chesapeake Bay Foundation n.d.). One benefit of using 
harvested, on-site water for firefighting activities is that it can reduce demand on the public 
supply system that is used to keep community hydrants pressurized during emergency 
situations.  

4 Blackwater is water from toilets and other uses that introduce fecal matter and other pathogens. It requires 
additional treatment over graywater, which comes from dishwashers, clothes washers, and other fixtures with lower 
risk of pathogen exposure.  
5 Personal communication with Resource Conservation District of the Santa Monica Mountains (2023). 
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Figure 2. Rainwater is captured, treated, and used for fire suppression and other activities 
at the Philip Merrill Environmental Center, headquarters for the Chesapeake Bay Foundation 
and a LEED Version 1 Platinum certified building. Photo by DroneVideoNow. 

2.2.2 Neighborhood- or Medium-Scale 

Neighborhood- or medium-scale refers to rainwater harvesting and stormwater capture 
approaches that collect stormwater from multiple sites that are geographically (and 
hydrologically) connected. For example, one to several city blocks could be considered a 
neighborhood. At this scale, it is common to have more than one property owner, and 
therefore, more than one entity involved in the project; but it could also be a multi-acre plot 
of land owned by a single entity such as a sports stadium, university campus, school, or 
public park. Rainwater harvesting and stormwater capture and use projects at this scale can 
include, but are not limited to, capture and infiltration into the subsurface, large underground 
storage structures, and surface storage (e.g., ponds). Stormwater retention-irrigation 
systems6, such as those used in Austin, Texas, combine stormwater detention requirements 
with irrigation systems. These systems capture stormwater in irrigation ponds to protect 
sensitive watersheds from pollutants that might otherwise be discharged directly into 
receiving streams. The captured stormwater is then used on-site for landscape irrigation. The 
water captured from these projects is also commonly used within the neighborhood where it 
was collected. 

At the neighborhood scale, underground collection systems can be designed to store, treat, 
and distribute stormwater to irrigate parks and for other non-potable uses like toilet flushing. 

6 For more information on retention irrigation ponds visit https://www.austintexas.gov/faq/retention-irrigation-ponds. 

https://www.austintexas.gov/faq/retention-irrigation-ponds
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Figure 3 shows a schematic of the underground system at the National Mall in Washington 
DC. This system of cisterns, drains, and perforated drainage pipes can collect up to one
million gallons of stormwater in multiple storage tanks. It is then distributed to a central
location for treatment before being used for irrigation. Another example in Figure 4 shows
Allianz Field in Saint Paul, Minnesota, where rainwater and stormwater are captured and
reused for irrigation in and around the stadium, helping to reduce use of potable water
supplies (US EPA 2022). The grounds also have tree trenches and other green infrastructure
features for reducing runoff and pollution from reaching the nearby Mississippi River.

Figure 3. The National Mall in Washington DC. is irrigated with stormwater harvested in a sub-
surface collection and distribution system. 
Source: HOK Media 
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Figure 4. Allianz Field in Saint Paul, Minnesota, where rainwater and stormwater are captured 
and reused for irrigating the field. 
Source: Chris 73/Wikimedia Commons 

2.2.3 Community- or Large-Scale 

Community-scale rainwater harvesting and stormwater capture and use can be projects or 
programs that can reach across an entire community. Approaches used at this scale can vary 
significantly; in some cases, they can entail large-scale diversion of stormwater flows to 
groundwater recharge areas. Here, we also consider community-scale projects that, rather 
than being defined by a specific area, use programmatic approaches to incentivize distributed 
capture and use projects across an entire community. These are typically implemented 
through public-private and public-public partnerships and require higher-level coordination to 
plan, fund, implement, and maintain. 

Financial incentives and public funding specifically for stormwater capture can support local 
entities to plan, develop, and execute stormwater capture and use at the community scale. 
California is one state that offers a public funding program through the Department of Water 

Utility Incentives and Debt Finance for Stormwater Capture 

Financial incentives are a tool cities and water providers can use to encourage private property 
owners to install distributed stormwater capture systems on their property. Because rainwater 
and stormwater captured via private property installations can benefit the broader water 
system overall, by providing a source of alternative water supplies (see Section 6, below, for 
more details), cities and utilities can invest in incentives to install stormwater capture practices 
on private property just as they do for more conventional water infrastructure. In other words, 
public water providers can debt finance incentive programs for stormwater capture using 
municipal revenue bonds, Clean Water State Revolving Fund (SRF) loans, or other forms of debt 
(Kelly et al. 2021). For example, Colorado water providers should have the needed legal and 
accounting authority to bond finance incentives to replace turf with landscaping designed to use 
water wisely, including with rainwater harvested from rooftops or stormwater on properties 
with the appropriate water rights (Koch et al. 2022). And these types of incentives are eligible 
for Colorado SRF loans. Realizing the full range of benefits that stormwater capture offers may 
require a scale of investment that water providers cannot make with annual operating dollars. 
Using long-term financing to pay for the incentives needed to install distributed stormwater 
capture infrastructure can help cities and utilities get to scale. 

https://www.law.uci.edu/centers/cleanr/news-pdfs/tap-into-resilience-report.pdf
https://www.law.uci.edu/centers/cleanr/news-pdfs/tap-into-resilience-report.pdf
https://tapin.waternow.org/wp-content/uploads/sites/2/2022/04/2022_0803_UtilityTurfReplacement_Final.pdf
https://tapin.waternow.org/wp-content/uploads/sites/2/2022/04/2022_0803_UtilityTurfReplacement_Final.pdf
https://tapin.waternow.org/wp-content/uploads/sites/2/2022/04/2022_0803_UtilityTurfReplacement_Final.pdf
https://tapin.waternow.org/wp-content/uploads/sites/2/2022/04/2022_0803_UtilityTurfReplacement_Final.pdf
https://tapin.waternow.org/wp-content/uploads/sites/2/2022/04/2022_0803_UtilityTurfReplacement_Final.pdf
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Resources for agencies pursuing community-scale stormwater capture and use projects.7 
These grants provide funding for planning, implementation, and involvement of what are 
designated as “Disadvantaged Communities” and tribes. At a regional level, Los Angeles 
County’s Safe, Clean Water Program provides local funding raised through a special parcel tax 
for multi-benefit stormwater projects that increase water supply, improve water quality, and 
protect public health. Since 2020, their program dashboard shows that the program has 
supported more than 350 projects, 79% of which have been regional or municipal 
infrastructure projects and 21% have been either technical resources or scientific studies that 
support the infrastructure projects (Safe Clean Water Program n.d.). Of these, 98 (28%) are 
projects that provide groundwater recharge to aquifers used for water supply, 72 (21%) 
include on-site water use, and 50 (14%) have water reuse components. Altogether, 62,000 
acre-feet per year (AF/YR) of stormwater is estimated to be captured on average from 
projects supported by this program. See the box for discussion of utility incentives and debt 
finance for stormwater capture.  

2.3 National Policy and Practice Initiatives 

Multiple national efforts are underway to explore the role of stormwater capture and use as 
part of a One Water approach. Several examples are described below because they may serve 
as resources for those interested in further advancing stormwater capture and use in 
Colorado.  

At the federal level, the US Environmental Protection Agency’s (EPA) National Water Reuse 
Action Plan (WRAP) includes numerous actions related to stormwater capture and use, 
including:  

● Action 3.3: Convene Experts to Address Opportunities and Challenges Related to Urban
Stormwater Capture and Use

● Action 5.5: Quantify the National Volumes of Water Potentially Available for Reuse for
Municipal Wastewater and One Additional Source of Water (stormwater)

● Action 5.8: Evaluate the Potential of Urban Stormwater Capture and Use in Colorado
(This action is an outgrowth of this CWCB project.)

(US EPA 2019). In WRAP Action 3.3, stormwater capture is identified as showing great potential 
for addressing water resource challenges imposed by drought, flood, and fire. As the climate 
changes and populations continue to grow, there is a pressing need to identify solutions and 
improve water resilience.8 Stormwater capture and use is identified as one strategy that can 
help mitigate flooding and water shortage crises, while at the same time providing multiple 
benefits to create a thriving, resilient community. 

7 For example, see the Integrated Regional Water Management Grant Programs, Round 2 Implementation Grant 
Solicitation: https://water.ca.gov/Work-With-Us/Grants-And-Loans/IRWM-Grant-Programs   
8 Water resilience is defined by the Pacific Institute as the ability of water systems to function so that nature and 
people, including those on the frontlines and disproportionately impacted, thrive under shocks, stresses, and change 
(Pacific Institute 2021).  

https://water.ca.gov/Work-With-Us/Grants-And-Loans/IRWM-Grant-Programs
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WRAP Action 3.3 notes that the potential of stormwater to fulfill this role has been 
undervalued historically. The WRAP 3.3 Project Team sought to address this issue and in early 
2022 published Pure Potential: The Case for Stormwater Capture and Use (US EPA 2022). This 
report elevated stormwater capture and use as a tool to contribute to a reliable water supply, 
while at the same time providing a host of co-benefits. Recommendations made in the Pure 
Potential report directly contributed to the creation of this project in Colorado, and the 
subsequent creation of WRAP Action 5.8.  

Action 5.8 advances these specific recommendations: 

● Advance the Nation’s Commitment to Stormwater Capture and Use

● Build Trust, Understanding, and Partnerships

● Improve Regulations, Policy, and Guidance

In addition to EPA’s WRAP Actions, there are numerous publications about the value of 
stormwater capture at the federal, state, and local levels. For example, WRF has provided 
funding to various projects that address the challenges and opportunities associated with 
implementing stormwater capture and use.  

Water Research Foundation Publications Related to Stormwater Capture and Use 

WRF 4841: Assessing the State of Knowledge and Research Needs for Stormwater Harvesting 

WRF 4852: Economic Framework and Tools for Quantifying and Monetizing the Triple Bottom Line 
Benefits of Green Stormwater Infrastructure 

WRF 5001: Climate-Resilient for Urban Stormwater and Wastewater Utilities: Workshop Proceedings 

WRF 5034: Assessing the Microbial Risks and Impacts from Stormwater Capture and Use to 
Establish Appropriate Best Management Practices 

WRF 5105: Advancing Benefits and Co-Benefits Quantification and Monetization for Green 
Stormwater Infrastructure: An Interactive Guidebook for Comparison Case Studies 

WRF 5207: Establishing a Framework for Integrating Stormwater Capture into Water Supply 
Planning 

WRF 5236: Diversifying Water Portfolios through Stormwater Capture and Use: Contributing to a 
Water Resilient Future (Note: this is an extension of this CWCB-funded project, with application at 
a national scale) 
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2.4 Summary 

In summary, rainwater harvesting and stormwater capture and use are increasingly gaining 
awareness as viable strategies to improve water resiliency at national, regional, and local 
scales. There is a diverse array of approaches being taken to harvest, capture, and use 
rainwater and stormwater. These projects vary based on several factors, including but not 
limited to the site size, entities involved, drivers, and project goals and objectives. The 
examples illustrate how: 

• Rainwater harvesting at the site-scale, using rain barrels or cisterns, can supply water 
for irrigation, fire suppression, and other on-site activities, which can help reduce 
demand of potable water supplies and improve resilience.  

• Stormwater capture and use at the neighborhood- or medium-scale involves capture, 
storage, and treatment prior to reuse for irrigating large public and commercial spaces.  

• Programmatic approaches, like tax-funded stormwater grants or rain barrel incentives, 
operate at large scales to spur rainwater and stormwater capture across a community.  

As Colorado continues to explore the role that stormwater capture and use may play in its 
water plan, these resources and examples may be useful references for communities 
exploring stormwater capture and use. 
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3 Understanding Colorado Water Rights: Rainwater Harvesting, 
Stormwater Capture and Use, and Stormwater Management  

Colorado follows the Prior Appropriation Doctrine for administering the right to use water. 
Unlike the Riparian Water Rights Doctrine followed in many eastern states, the right to use 
water under the Prior Appropriation Doctrine is based on the principle of “first in time, first in 
right,” and is administered through the legal system (water court) in Colorado. For more 
information on rainwater harvesting laws throughout the United States, see the Is it Illegal to 
Collect Rainwater: 2023 Complete State Guide, which provides an overview of some of the key 
rules and regulations related to rainwater harvesting and stormwater capture across the 
nation (Zac 2024). Although a detailed discussion of Colorado water rights is beyond the 
scope of this report, there are fundamental aspects of Colorado water rights that need to be 
understood when examining the current volumetric potential of rainwater harvesting and 
stormwater capture and use in Colorado. This section provides a summary of the following:  

● Basic water rights terminology and definitions 

● Legally allowable approaches to rainwater harvesting and stormwater capture and use 
in Colorado 

● Stormwater management in the context of Colorado water rights 

● Evolving opportunities related to engineering analysis of the impacts of rainwater 
harvesting and stormwater capture and use, including concepts such as HNDs and 
Regionally Applicable Factors (or Regional Factors) 

Case studies illustrating how rainwater harvesting and stormwater capture and use have been 
implemented to date in Colorado are provided in Section 4 of this report and illustrate some 
of the concepts introduced in this section. 

3.1 Basic Water Rights Terminology and Definitions 

Under Colorado’s legal framework, most rainwater harvesting and stormwater capture and use 
practices beyond capture of 110 gallons of residential roof runoff require a decreed water right 
through water court. An augmentation plan to prevent “injury” to existing downstream water 
users is typically required to replace depletions to the stream system (including those caused 
by diversion of stormwater). An understanding of Colorado’s water rights is important to 
explore the role that rainwater harvesting and stormwater capture and use can potentially 
play in meeting Colorado’s water demands. 

The prior appropriation system, affirmed by Colorado’s Constitution and termed the Prior 
Appropriation Doctrine, is Colorado’s legal framework for regulating surface water and 
tributary groundwater use. This system determines who uses how much water, the types of 
uses allowed, and when those waters can be used, with the main objectives of preventing 
water waste and providing a system of allocation around a scarce resource, according to the 
Colorado Division of Water Resources (CDWR) (2012). Provisions of the 1969 Water Right 
Determination and Administration Act, as well as the 1965 Ground Water Management Act, 
primarily govern the prior appropriation system (CDWR 2012).  

https://worldwaterreserve.com/is-it-illegal-to-collect-rainwater/
https://worldwaterreserve.com/is-it-illegal-to-collect-rainwater/
https://worldwaterreserve.com/is-it-illegal-to-collect-rainwater/
https://worldwaterreserve.com/is-it-illegal-to-collect-rainwater/
https://worldwaterreserve.com/is-it-illegal-to-collect-rainwater/
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A water right is a real property right that can be severed from land ownership that may allow 
for access to water and water use and is commonly adjudicated in perpetuity. Under this 
system, water rights that are filed at a later date (junior) are impacted by water shortages 
first. Types of water right uses include municipal, domestic, irrigation, industrial, recreational, 
dust suppression, fire protection, and storage, among others.  

Water rights engineering and legal practice utilize terminology that is important to understand 
in the context of rainwater harvesting and stormwater capture and use projects. Appendix B 
provides definitions of common water rights terminology. Some of the key terms used 
throughout this report include:  

● Appropriation Date – The date decreed by the court that the water was first put to the 
decreed beneficial use. 

● Augmentation Plan – An augmentation plan, as approved in Colorado water court, 
authorizes out-of-priority diversions for beneficial use to the extent that a 
replacement supply of water is made available to substitute for the otherwise 
diminished amount of water available to supply other senior water rights. This allows 
junior diversion to operate without injury to senior vested water rights. Augmentation 
plans allow for flexibility and maximum utilization of water while protecting senior 
rights in over-appropriated stream systems throughout Colorado. Augmentation plans 
must be approved through a decree of the water court. Most of the rainwater 
harvesting and stormwater capture and use projects discussed in this report would, 
under current Colorado law, ultimately require an augmentation plan to legally use 
harvested water. 

● Beneficial Use – Beneficial use is the use of that amount of water that is reasonable 
and appropriate under reasonably efficient practices to accomplish without waste the 
purpose for which the appropriation is lawfully made.  

● Consumptive Use – Consumptive use is the portion of diverted water that is fully 
consumed (i.e., no portion of such water returns to the stream as run-off, irrigation 
return flows, or wastewater return flows). 

● Depletion – The amount of water diverted for use that does not return to the stream 
or source from which it originated. 

● Free river – Free river conditions occur when the water available exceeds demand, 
enabling any water user, with or without water rights, to use water from that 
waterway. A free river is most likely to occur during the spring runoff, during large 
storm events, or on streams that have few water users (Colorado River District n.d.). 

● Injury – The action of another that causes or may cause the holders of decreed water 
rights to suffer loss of water in the time, place, or amount for which they are entitled 
to use that water.  

● Priority – The ranking of a water right in relation to all other water rights drawing on 
the stream system. Priority is determined by the year in which the application for the 
water right was filed. The date the appropriation was initiated determines the relative 
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priority for water rights for which applications were filed in the same year. Priority is 
the most valuable aspect of a water right because priorities determine who may divert 
and use water in times of short water supply (CFWE 2003). The terms senior and 
junior water rights are commonly used to refer to relative priority of rights to use 
water. 

● Substitute Water Supply Plan (SWSP) – a State Engineer-approved temporary plan for
replacement water supply allowing an out-of-priority diversion of water. SWSPs may
be approved while a plan for augmentation is proceeding through the water court or
for water exchanges, water uses that will not exceed five years, or in limited
emergency situations (CFWE 2003). Authority to approve a SWSP is found in Section
37-92-308, C.R.S.

● Water Court – Under the Water Rights Adjudication and Administration Act of 1969,
the Colorado legislature established seven water courts, one for each of the major
river basins. These courts have exclusive jurisdiction over water rights in Colorado.

Terms specific to rainwater harvesting and stormwater capture and use in Colorado include: 

● Historic Natural Depletions (HNDs) – HNDs are defined as the amount of rainwater
that, under natural pre-development conditions, was consumed by evapotranspiration
(ET) and did not enter the stream system. HND factors are based on the concept that
HNDs are equal to water that infiltrated to soil moisture storage but did not become
groundwater return flow; in other words, infiltration minus deep percolation (Gillion
2019). After development occurs, increased impervious area from pavement and
rooftops results in much more surface runoff than occurred under undeveloped
conditions, with less consumption of rainwater from vegetation and less return flow to
groundwater (Figure 5). In the context of Colorado rainwater harvesting pilot projects,
an applicant must estimate HNDs to determine the amount of precipitation that may
be stored and reused for purposes within the new development. CDWR (2019) notes
that in many cases, 80–90% of the rainfall on developed areas may be captured for
reuse. This concept is important because HND “credits” can offset augmentation plan
requirements. HND represents the amount of water that can be captured and reused
without injury to senior water rights (Gilliom 2019). HNDs can be estimated using a
Regionally Applicable Factor (described below).

● Rainwater Harvesting Pilot Project – Rainwater harvesting pilot projects allow the
State of Colorado to evaluate rainwater harvesting as a water supply option in terms
of physical and legal feasibility (CDWR 2019). As defined by CWCB, such projects
collect precipitation from rooftops and other impermeable surfaces and utilize the
collected water for non-potable uses to evaluate water conservation potential. Pilot
projects must be designed such that data collection supports the purposes identified
in Section 37-60-115(6)(a) C.R.S., and further evaluates water conservation potential
through pairing rainwater harvesting with advanced outdoor water demand
management. Projects must be in new residential or mixed-use development. The pilot
project program was authorized for up to 10 projects for a set time period and is set to
expire in 2026, unless extended. A pilot project sponsor may seek approval from the
State Engineer based on replacing only the net depletion caused by the capture of
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precipitation. The net depletion must be calculated as the amount of precipitation 
captured minus the historical consumptive use from preexisting, natural vegetation 
cover on the impermeable area as demonstrated by analysis of the data collected by 
the sponsor during the pilot project. This differs from diversions of rainwater outside 
of the pilot program where all out-of-priority depletions, not just net depletions, must 
be replaced.  

● Regionally Appliable Factor (Regional Factor) – In the context of HNDs, a Regional
Factor is defined as one factor, or a set of factors, that specify the amount of
precipitation consumed through ET of preexisting natural vegetative cover in a specific
region of the state. (Regional Factors are discussed in more detail later in this section.)

Figure 5. Colorado Division of Water Resources Historic Natural Depletions Concept Diagram 
Source: CDWR 2019 

3.2 Legally Allowable Approaches to Rainwater Harvesting and 
Stormwater Capture and Use in Colorado 

Currently in Colorado, there are several pathways for legal rainwater harvesting, with some 
requiring water rights obtained through water court decrees and others allowed by specific 
legislation. These generally include: 
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1. Residential Rooftop Rainwater Harvesting (No Augmentation/No Water Right Required) 
– Residential rooftop rainwater harvesting is authorized under specific legislation, 
without additional water rights or monitoring requirements. Examples include 
residential rainwater harvesting for outdoor landscape use captured in two 55-gallon 
barrels, and allowances for certain rural residential properties with groundwater wells. 

2. Rainwater Harvesting Pilot Projects (Partial Augmentation/Water Right Required) – 
Rainwater harvesting or stormwater capture and use from new development under a 
decreed augmentation plan or approved SWSP requiring only partial replacement 
(augmentation) of out-of-priority depletions. Up to 10 rainwater harvesting pilot 
projects under the CDWR, with SWSPs and monitoring and reporting requirements. The 
only example is Sterling Ranch in Douglas County discussed in Section 5.5. 

3. Fully Augmented Rainwater Harvesting and Stormwater Capture and Use (Full 
Augmentation/Water Right Required) – Rainwater harvesting or stormwater capture 
and use under a decreed augmentation plan or approved SWSP requiring full 
replacement (augmentation) of out-of-priority depletions. An example would be CSU’s 
Spur Campus at the National Western Complex in Denver discussed in Section 4.3.  

4. Rainwater Harvesting and Stormwater Capture and Use Under Free River Conditions 
(No Augmentation Required) – As a variation to numbers 2 and 3 above, water rights 
holders can divert and store water under “free river” conditions. This scenario is 
addressed separately due to recent interest in this scenario related to extreme 
precipitation events in western states including California and Colorado. 

Lastly, allowable “stormwater management” practices that are not subject to water rights 
requirements are discussed in this section for clarity and due to interest from the ERP in 
green infrastructure (GI) practices.  

3.2.1 Summary of Legislation 

Colorado’s current legal framework allows a maximum of two rain barrels with a combined 
storage of 110 gallons at each single-family household. Rooftop rainwater collected with these 
systems may be used for non-potable uses such as outdoor irrigation of lawns, plants, or 
gardens. Individual homeowners may install rain barrels on downspouts for landscape 
irrigation. A water right is not required for this use, but any larger scale rainwater harvesting 
requires an augmentation plan because rainwater captured out-of-priority may deprive 
downstream and senior water right holders their right to use water from the natural stream. 

Laws have been established in Colorado to allow limited collection of rooftop rainwater from 
residential households while safeguarding downstream uses by senior water rights holders. 
The primary rainwater harvesting legislative bills passed from 2009 through 2016 include: 

● Senate Bill 09-080: In 2009, this Senate Bill allows rural residents with “exempt” wells 
to collect rainwater with a Rooftop Precipitation Collection System Permit (GWS-78) 
prepared by the CDWR. Uses of rainwater are to be the same as the well permit. The 
Rainwater Collection permit allows for substitute water that would ordinarily be 
pumped from a private exempt well and subject to the well permit limitations. 
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● House Bill 09-1129: In 2009, this bill authorized pilot projects for captured 
precipitation and gave the opportunity for developers to participate in pilot projects. 
Under this bill, rainwater harvesting pilot projects are allowed to collect precipitation 
from rooftops and other impermeable surfaces and utilize the collected water for non-
potable uses to evaluate water conservation potential in new residential or mixed-use 
developments.9 The goal of the pilot project program is to gain additional field-verified 
information about the feasibility of rainwater harvesting as a water conservation 
measure in Colorado through pairing it directly with advanced outdoor water demand 
management—particularly efficient landscaping and irrigation practices. This bill 
requires the CDWR State Engineer’s Office approval for project operation and 
eventually the project may require water court approval. Existing developments are not 
eligible for pilot projects. Originally passed in 2010, the original bill has been updated 
several times. The updates were intended to incentivize rainwater harvesting pilot 
projects. The 2019 update incorporated “Regional Factors” in response to HB 15-1016. 
To participate as a pilot project, an application fee of $7,000 is required, along with a 
$1,000/year review fee. A case study on the only existing project authorized under this 
legislation to date, the Sterling Ranch Pilot Project, is provided in Section 4.4. This 
program expires in 2026, unless extended. 

● House Bill 15-1016: In 2015, this House Bill summarized the CWCB criteria and 
guidelines that allow for establishment of Regional Factors to account for HNDs of 
precipitation present on undeveloped land when considering water rights requirements 
for new developments using rainwater harvesting systems. A Regional Factor is defined 
as one factor, or a set of factors, that specify the amount of precipitation consumed 
through ET of pre-existing natural vegetative cover in a specific region of the state. 

● House Bill 16-1005: In 2016, this House Bill was approved to allow for rain barrel 
installation at single family households and multi-family households with four or fewer 
units. It allows use of two 55-gallon rain barrels to capture rainwater from rooftop 
downspouts with captured rainwater used for outdoor purposes and located on the 
same property the rainwater was captured. 

3.2.2 Residential Rainwater Harvesting  

As discussed above, residential rainwater harvesting is limited in both volume (two 55-gallon 
rain barrels) and use (non-potable outdoor use). Analysis of this rainwater harvesting volume 
using Storm Water Management Model (SWMM10) modeling showed that this limited volume of 
captured rainwater does not adversely impact (or “injure”) downstream water users because 
the effect on runoff volumes from typical residences is negligible (Olson and Roesner 2015). 
CDWR (2020) provides guidance to residents considering rainwater harvesting projects, with 

 
9 In this report, rainwater harvesting and stormwater capture and use are defined differently (Section 2.1), with 
rainwater harvesting referring to runoff generated from rooftops and stormwater being generated from many kinds of 
urban surfaces, such as pavement and roofs. This specific legislation does not make this distinction and only uses the 
term rainwater.  
10 The US EPA’s SWMM is widely used for planning, analysis, and design related to stormwater runoff. It can be used 
to evaluate gray infrastructure stormwater control strategies, such as pipes and storm drains, and is a useful tool for 
creating cost-effective green/gray hybrid stormwater control solutions. SWMM was developed to help support local, 
state, and national stormwater management objectives to reduce runoff through infiltration and retention, and to 
help reduce discharges that cause impairment of waterbodies. For more information, see https://www.epa.gov/water-
research/storm-water-management-model-swmm. 

https://www.epa.gov/water-research/storm-water-management-model-swmm
https://www.epa.gov/water-research/storm-water-management-model-swmm
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several scenarios summarized in Table 1. Although residential rainwater harvesting has been 
allowed since 2016, adoption rates are believed to be very low on a per capita basis. See 
additional discussion in Section 4 case studies.  

Table 1. Allowable Residential Rainwater Harvesting in Colorado 

Water Supply Scenario 

Can I use rain barrels as 
allowed under HB 16-1005? 

(Limit of two rain barrels with 
a combined storage capacity 

not to exceed 110 gallons) 

Can I have 
additional rain 

barrels in 
accordance with 

SB09-080? 

A single-family house served by a 
community water system Yes No 

2-to-4-unit multi-family building 
(apartments or condominiums) 
served by a community water system Yes, 110 gallons per building No 

5-or-more-unit multi-family building 
(apartments or condominiums) 
served by a community water system No No 

Townhome (one residence in a row 
of residences joined by common side 
walls) served by a community water 
system Yes, 110 gallons per residence No 

A single-family house on an 
exempt/small-capacity domestic well Yes 

Maybe (See CDWR 
2020 for details) 

A single-family house on a well that 
is either non-exempt, large-capacity, 
or not permitted Yes 

No (See CDWR 2020 
for details) 

Source: CDWR 2020 
Notes: Community water systems are defined by the US EPA (2015b) as a public water system that 
supplies water to the same population year-round, with at least 15 service connections. A public water 
system may be publicly or privately owned.  

3.2.3 Obtaining a Water Right for Rainwater Harvesting or 
Stormwater Capture and Use and Augmentation Plan 
Requirements 

For rainwater harvesting or stormwater capture and use that would capture volumes greater 
than those allowed under the previously discussed legislation, the project must obtain 
appropriate water rights, which typically include some type of storage right and a plan for 
augmentation to fully replace all out-of-priority depletions. A SWSP can be used on a 
temporary basis, but ultimately an augmentation plan is needed.  

To obtain a water right decree, an applicant typically needs to involve water engineers and a 
water attorney to navigate the water court process. Engineering and legal analysis is 
completed to support a water rights application submitted to the water court, which then 
triggers a legal process that may include objectors to the application, subsequent negotiations 
and stipulations, and potentially a water court trial with testifying experts. The cost of the 
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process can be substantial and varies depending on the complexity of the water rights 
application and context. An order-of-magnitude range could be $50,000 to $500,000 for 
engineering and legal fees, plus the cost of lease or purchase of augmentation water and 
ongoing water accounting requirements. Although augmentation plan requirements vary, an 
example of common engineering analysis requirements includes: 

● Identify the storage structure and provide a legal description of the storage structure 
● Identify the source of water 
● Identify the storage capacity 
● Calculate the amount of water claimed 
● Provide appropriation date description 
● Identify place of use and uses 
● Provide a plan for augmentation that identifies: 

o Sources of consumptive use (and historic consumptive use) 
o Timing, amount, and location of depletions 
o Replacement supply (e.g., typically a contract with a water provider) 
o Location(s) of replacement water 

Various legal requirements apply, such as a finding of “no injury”, to assure that no injury to 
any water users will result from operation of the plan for augmentation. Additionally, 
measuring devices, storage/depletion calculations, water rights accounting, and filings apply in 
perpetuity once the water right decree is granted. These ongoing reporting requirements often 
require the involvement of a water engineer. 

In the context of the role that rainwater harvesting and 
stormwater capture and use projects can play in 
helping fill Colorado’s water gap, projects authorized 
with requirements for full augmentation to offset 
captured water are not actually providing “new water” 
for municipal water supplies in terms of reducing the 
water gap. Using the CSU Spur campus as an example, 
if Denver Water releases stored water to offset 
(augment) stormwater captured at the CSU Spur 
campus, then it would be “double-counting” to identify 
the stormwater captured at Spur as a “new” water 
source relative to closing the water gap. There may, 

however, be other benefits of water captured and used on-site, such as reduced use of 
treated potable water, which requires energy and chemical usage. Additionally, this water 
captured locally can be used where it is collected, potentially reducing energy and 
infrastructure requirements for transmission. Using local water sources, like stormwater, 
could ultimately reduce the need for imported water, depending on scale of implementation. 
See Section 6 for additional discussion of the economic aspects and co-benefits of rainwater 
harvesting and stormwater capture and use. 

See additional discussion in Section 4 for case studies such as the CSU Spur campus (Section 
4.2) and Denver Green School (Section 4.3) projects for examples of rainwater harvesting and 

“New Water” 

In the context of this report, the 
phrase “new water” is a concept 
used to describe water sources 
that are not already claimed by 

downstream water users and that 
do not require augmentation by 

other water sources for use. 
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stormwater capture and use projects that have been implemented after obtaining a water 
right decree with an augmentation plan or a SWSP, respectively.  

3.2.4 Rainwater Harvesting and Stormwater Capture and Use Under 
Free River Conditions 

In many of Colorado’s river basins (e.g., the South Platte River), the right to use water is over-
appropriated, which means that in most years, there is not enough water to meet the needs 
of existing water rights holders. As a result, rainwater harvesting and stormwater capture and 
use (beyond rainwater harvesting with 110-gallon storage) are illegal without a water right 
(e.g., typically involving an augmentation plan) because senior water users have the right to 
use water first, followed by junior water rights. As a recent example, Larry Elder with Denver 
Water reported, “Typically, anyone who doesn’t have a water right from 1900 or before doesn’t 
get to divert water. And in the past three years, that date has been closer to 1871 with the 
level of dryness we have experienced." (Hartman 2023)  

Infrequently, conditions may exist where excess water is available due to multiple heavy 
rainfall events, heavy snowmelt, or a combination of these factors. These are known as “free 
river” conditions. When these conditions exist, anyone can divert as much water as they can 
use. This “free river” condition occurred in the South Platte River Basin May 11 to July 12, 2023. 
In this case, the water diverted would be “new water” in the context of water that could be 
counted against Colorado’s water gap. 

To take advantage of free river conditions for future use, a water user needs storage in order 
to hold captured water. Both municipal water providers and agricultural users utilize 
reservoirs with storage water rights to capture as much water as possible under these 
conditions. In the context of typical rainwater harvesting and stormwater capture and use 
practice (e.g., cisterns), reliance on free river conditions is not economically practical because 
it requires investment in large storage facilities for conditions that occur infrequently. 

3.2.5 Aquifer Storage and Recovery 

In some states, aquifer storage and recovery (ASR) is a practice being used to replenish 
aquifers using multiple water sources. In this context, water storage is provided in aquifers 
rather than building surface reservoirs. ASR programs often rely on reinjection of reclaimed 
wastewater to the subsurface (American Water Works Association 2015), but there is 
increasing interest by some states such as California in creating conditions that allow for 
stormwater recharge when stormwater is available. For example, in 2023, parts of California 
experienced extremely high snowfall and rainfall, creating conditions where depleted 
groundwater levels could be recharged by taking advantage of “atmospheric river” conditions 
that occurred in the state (Public Policy Institute of California 2023). An example of an active 
stormwater recharge project is the Chino Groundwater Basin in Southern California where the 
Chino Basin Water Conservation District seeks to harness the boom-bust hydrologic cycle.  

In Colorado, there are currently eight “designated groundwater basins” where stormwater-
related ASR could be physically viable, although most of these are in rural areas. Designated 
groundwater is water that under natural conditions would not be used to recharge or 
supplement continuously flowing surface streams (CFWE 2003). These basins are located on 
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Colorado’s eastern plains and include Kiowa Bijou, Southern High Plains, Upper Black Squirrel 
Creek, Lost Creek, Camp Creek, Upper Big Sandy, Upper Crow Creek, and the Northern High 
Plains. Designated groundwater is allocated and administered by the State Engineer’s Office, 
Colorado Groundwater Commission, and local groundwater management districts. 

In Colorado, two recent ASR pilot projects include a study conducted by Denver Water and 
another underway by the City of Northglenn (Denver Water 2022; City of Northglenn 2024). 

Exploration of ASR applications in Colorado is beyond the scope of this report but could be 
further explored in the future. Preventing contamination of groundwater is an important 
aspect of ASR applications. 

3.3 Evolving Opportunities Related to Engineering Analysis of the 
Impacts of Rainwater Harvesting and Stormwater Capture and 
Use 

As previously discussed, CWCB’s rainwater harvesting pilot program established a framework 
for up to 10 pilot projects that could be useful for collecting key hydrologic data to better 
understand opportunities and impacts of rainwater harvesting. Concepts related to HNDs and 
Regional Factors included in updates to the law reduce some of the extensive monitoring and 
augmentation requirements under the pilot program. For example, a minimum two-year 
hydrologic data collection period is required unless Regional Factors have been developed for 
the area. Data collection, reporting, and analysis methods under the pilot project program in 
the absence of Regional Factors may include: 

● Determining local weather and precipitation patterns that account for variations in 
hydrology and precipitation event intensity, frequency, and duration 

● Quantifying preexisting natural vegetation consumption 
● Measuring precipitation return flow amounts 
● Identifying surface water versus groundwater return flow splits 
● Identifying delayed groundwater return flow timing to receiving streams 
● Quantifying the amount of precipitation that must be augmented to prevent injury to 

decreed water rights 

Concepts related to HNDs and Regional Factors are described further below. For rainwater 
harvesting or stormwater capture and use to be implemented at scales beyond 110 gallons per 
residential household in Colorado for new developments, these concepts are essential 
building blocks; rainwater harvesting and stormwater capture and use cannot represent a 
“new water” supply due to augmentation requirements in the absence of these factors. 

3.3.1 Historic Natural Depletion in the Context of Stormwater 
Capture and Use Opportunities 

Currently in Colorado, any rainwater harvesting other than private rain barrels or cisterns 
requires 100% augmentation, which is the replacement of rainwater captured in equal time 
and place of depleted flow with water from a different source so as not to injure downstream 
water rights. Colorado’s legislature made an exception to this rule in 2009 when it authorized 
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a select number of rainwater harvesting pilot projects to harvest rainwater for non-potable 
outdoor use up to a certain volume, termed the HND or allowable harvest volume (as 
discussed above).  

HND represents the volume of water that would have been consumed by evaporation and 
transpiration prior to site development but which is available for on-site consumption post-
development. It is defined as the portion of a precipitation event that remains available for ET 
from the root zone of vegetation (i.e., does not become groundwater return flow) after 
precipitation has infiltrated into the ground. Once a site is developed, the HND becomes the 
volume of water equivalent to the decrease in ET associated with newly impervious area at 
the developed site (Gilliom 2019; Gilliom et al. 2019). Harvested rainwater exceeding the 
calculated HND of a specific site would require augmentation.  

HND is controlled by the soil-hydraulic properties that determine soil infiltration rates and 
moisture storage volumes, the water usage characteristics of the transpiring vegetation, and 
the meteorologic conditions that drive atmospheric water vapor demand. HNDs are temporally 
and spatially variable because these aforementioned properties all vary over space and time. 
For example, where vapor pressure deficits are high, such as in the arid front range of 
Colorado, average annual HND has been calculated to be as high as 97% in a natural, 
undeveloped catchment (Gilliom et al. 2019). Where relative humidity is high and vapor 
pressure deficits are comparatively low, HND would represent a smaller fraction of 
precipitation. In 2015, Colorado’s legislature asked the CWCB to provide “widely applicable 
‘factors’ that estimate daily Historic Natural Depletion.” (Gilliom et al. 2019). CWCB, in 
collaboration with stakeholders, developed an HND accounting tool that enables site-specific 
HNDs to be calculated according to storm duration and intensity, infiltration and groundwater 
percolation rates, hydrologic soil group type, and historical maximum monthly ET demand. 

3.3.2 Regional Factors 

As previously described, House Bill 15-1016 allowed for establishment of Regional Factors to 
account for HNDs of precipitation present on undeveloped land when considering water rights 
requirements for new developments using rainwater harvesting systems. Gilliom (2019) 
prepared these guidelines for CWCB in HB15-1016 Rainwater Harvesting Pilot Project Regional 
Factors 2019. A pilot project system may operate under a SWSP using the Regional Factors but 
would likely need to rely on site-specific data to operate permanently with an augmentation 
plan. In determining the quantity of water required for a SWSP to replace out-of-priority 
stream depletions, an applicant bears the burden of proving a Regional Factor through data-
intensive monitoring. 

In the context of approved pilot projects, Regional Factors are important because they 
significantly change the amount of augmentation water required for a rainwater harvesting 
and stormwater capture and use project. In the absence of Regional Factors, the out-of-
priority water replacement requirement is: 

For the first two years of operation, sponsors of projects in areas where Regional 
Factors have not been adopted by the board are required to replace an amount of 
water equal to the precipitation captured out-of-priority and measured from rooftops 
and impermeable surfaces. 
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With Regional Factors, this requirement changes to: 

Sponsors of projects in areas where Regional Factors have been adopted by the Board 
may propose to use the Regional Factor to claim an evapotranspiration credit for the 
preexisting vegetative cover that was made impermeable through development 
associated with the pilot project. The evapotranspiration credit may be used prior to 
the sponsor completing two years of data collection and/or the sponsor’s application 
to the water court. Proposed use of the credit will be reviewed as a part of the State 
Engineer’s SWSP approval process. 

Regional Factors also affect requirements for SWSPs. In the absence of Regional Factors, the 
requirement includes an explanation of how the applicant will engage resources necessary to 
determine: 

1. the maximum amount of precipitation that will be captured during the year,  
2. the timing with which that entire amount of precipitation would accrue to the stream 

system through overland flow and deep percolation,  
3. the potential sources of replacement water that will be available to replace those 

depletions at the appropriate locations, and  
4. how the plan will be operated. 

With Regional Factors, this requirement changes to: 

Describe if the project will result in any out-of-priority depletions due to the storage 
of water in excess of the Historic Natural Depletion, and if so, describe the potential 
sources of replacement water that will be available to replace those depletions at the 
appropriate locations. The summary shall also describe how the replacement plan will 
be operated. 

As described by Gilliom (2019), the basic concepts supporting Regional Factors includes these 
three components:  

1. Concept: Allowed rainwater harvesting volumes are estimated using three calculations 
that require Natural Resources Conservation Service (NRCS) Hydrologic Soil Group 
information for the catchment area. The infiltration factor is the percentage of a 
precipitation event that infiltrates, which varies from 25% to 90% based on the soil 
group and the precipitation depth and duration. The groundwater factor is the 
percentage of a precipitation event that is a groundwater return flow, which varies 
from 3% to 6%, depending on the soil group. The ET/Soil factor is a 30-day limit on the 
rainwater harvesting volume, which varies depending on the month of the year.  

2. Data: Use of Factors requires quantification and documentation of area made 
impervious in the development, area of NRCS Hydrologic Soil Groups A, B, C, & D, and 
on-site precipitation monitoring with 15-minute resolution.  

3. Accounting. The Factors accounting process requires use of a daily accounting 
spreadsheet using the template provided by CDWR. The template applies the three 
calculations described above. The user inputs the 15-minute precipitation record, 
which is processed into individual storms. The accounting sheet uses event depth and 
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duration and soil group information to determine the volume of Historic Natural 
Depletion. The sheet is also used to maintain storage accounting with all gains and 
losses to assure accurate tracking of the volume of runoff harvested and any out-of-
priority depletions. Lastly, the accounting tracks any replacement water provided to 
the stream for out-of-priority depletions. 

Gilliom (2019) concluded that Regional Factors could be used throughout most of Colorado, 
with three significant limitations: 1) snowmelt may not be harvested, 2) pilot projects cannot 
claim HND in absence of pre-development vegetation, and 3) pilot projects cannot claim HND 
in areas of rock outcrop. For more information on Regional Factors, see HB15-1016 Rainwater 
Harvesting Pilot Project Regional Factors (Gilliom 2019). 

3.4 Stormwater Management in the Context of Colorado Water 
Rights 

Stormwater management in Colorado includes requirements for both flood control and water 
quality. These requirements are applicable regardless of whether rainwater harvesting or 
stormwater capture and use are being implemented. Borrowing the Mile High Flood District’s 
mission statement, the purpose of these requirements is to “protect people, property, and our 
environment.” Flood control practices typically use stormwater detention basins and retention 
ponds to attenuate (temporarily store and release) stormwater flows. Large-scale examples 
include reservoirs owned and operated by the US Army Corps of Engineers, such as Cherry 
Creek, Chatfield, and Bear Creek Reservoirs in the Denver metro area. Smaller scale 
stormwater management facilities are required by local governments to mitigate the impacts 
of increased runoff associated with impervious areas for new developments or 
redevelopments. Such practices not only help to protect upstream communities and manage 
flows in stormwater infrastructure such as storm drains/pipes, but also help to protect 
downstream agricultural users from damage to irrigation diversion structures.  

From a water quality perspective, stormwater control measures (SCMs) are implemented to 
treat or manage runoff from frequently occurring smaller storm events, typically the 80th 

percentile runoff-producing storm event. In the Denver metro area, the water quality design 
storm is 0.6 inches of precipitation. Assuming 0.1 inches of depression storage for impervious 
areas, this equates to a runoff volume of approximately 0.5 inches of runoff over the area of 
the watershed (Mile High Flood District 2019). SCMs include a broad range of stormwater 
terminology such as best management practices (BMPs), green stormwater infrastructure 
(GSI), and Low Impact Development (LID). Provided that stormwater captured and temporarily 
detained or infiltrated by these practices is not “put to beneficial use,” then these practices 
are not only allowed, but are required by local governments to comply with Municipal 
Separate Storm Sewer System (MS4) discharge permits issued by the CDPHE. SCMs can 
include many practices such as rain gardens and engineered bioretention systems, extended 
detention basins, retention ponds (wet ponds), wetland basins, sand filters, permeable 
pavement systems, green roofs, various manufactured treatment devices, and runoff 
reduction practices that promote infiltration of runoff that mimics natural conditions. SCMs 
are also important to help minimize channel degradation (erosion) that can result in increased 
sediment loading and damage to both urban and agricultural infrastructure. 
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Mile High Flood District, Storm Drainage Criteria 
Manual Volume 3 encourages runoff reduction 
followed by treatment of the water quality capture 
volume (WQCV). Design criteria are provided for 
both traditional and GI practices (Mile High Flood 
District 2024). Minimizing directly connected 
impervious area can include disconnecting roof 
downspouts from the storm drain system by 
directing downspouts to pervious landscape areas 
as part of a runoff-reduction approach. Rain 
barrels (limited to two 55-gallon barrels) can be a 
component of these approaches. 

MS4 permits issued by the CDPHE provide 
stormwater quality management requirements 
including several performance standard options. 
One of these performance standard options is a 
60% volume reduction (infiltration, ET) for the 
calculated WQCV. GI approaches, such as 
bioretention, grass swales, and use of receiving 
pervious areas, are allowed. Wetlands and 
retention ponds require water rights—these are 
being discouraged in some jurisdictions for this 
reason. 

In 2016 under CRS §37-92-602(8), Colorado formally recognized the importance of flood 
detention and stormwater quality control measures. CRS §37-92-602(8) provides water 
rights-related legal protection for any regional or individual site stormwater detention and 
infiltration facility in Colorado, provided the facility meets these criteria:  

1. It is owned or operated by a governmental entity or is subject to oversight by a 
governmental entity (e.g., required under an MS4 Permit) 

2. It continuously releases or infiltrates at least 97% of all the runoff from a rainfall 
event that is less than or equal to a 5-year storm within 72 hours after the end of the 
event 

3. It continuously releases or infiltrates as quickly as practicable, but in all cases releases 
or infiltrates at least 99% of the runoff within 120 hours after the end of events 
greater than a 5-year storm 

4. It operates passively and does not subject the stormwater runoff to any active 
treatment process (e.g., coagulation, flocculation, disinfection, etc.) 

This statute specifies that runoff treated in stormwater detention and infiltration facilities 
must not be used for any other purpose by the owner/operator/overseer (or that entity’s 
designees), must not be released for subsequent diversion or storage by the 

Water Quality Capture Volume 

Mile High Flood District (2024) defines 
the Water Quality Event (WQE) as a 
design storm representing a rainfall 
depth equal to the 80th percentile 
runoff‐producing storm event. For the 
Denver metro area, the design storm 
depth corresponding to the WQE is 
0.60 inches. The WQCV is a storage 
volume intended to attenuate and 
treat runoff from the WQE and is 
calculated using a regression equation 
that relates the mean storm depth, 
imperviousness, and SCMs drain time 
to the WQCV. The WQCV is the design 
volume used to size most SCMs, with 
some exceptions for flow-based 
designs that utilize the WQE. 
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owner/operator/overseer (or that entity’s designees). and must not be the basis for a water 
right or credit (Mile High Flood District 2015). 

Stormwater management practices recognized under CRS §37-92-602(8), including those that 
do and do not require reporting to the CDWR State Engineer’s Office, are summarized in Table 
2. Constructed wetland ponds and retention (wet) ponds require water rights; therefore, these 
facilities are subject to additional requirements beyond simply reporting under CRS §37-92-
602(8).  

Table 2. Summary of Stormwater Control Measures Requiring Water Rights Reporting 

Stormwater Control Measure Water Quality 
Only 

Detention 
Included 

Grass Buffers Not Required Not Required 
Grass Swales Not Required Not Required 

Bioretention (with or without underdrain) Not Required Required 
Green Roof Not Required Not Required 
Extended Detention Basin Required Required 
Sand Filter Not Required Required 
Permeable Pavement Systems Not Required Required 
Media Filter Drain Not Required Not Required 
Underground Detention Vaults Required Required 
Constructed Wetland Pond N/A Subject to Water Rights 
Retention Pond N/A Subject to Water Rights 

 

3.5 Summary 

Key takeaways from this section include:  

● Only residential-scale rainwater harvesting (e.g., 110-gallon storage capacity) is allowed 
without a decreed water right. This strict regulation is consistent with Colorado water 
law that is based on the Prior Appropriation Doctrine and protects downstream water 
users from injury to their decreed water rights. 

● Obtaining a water right for rainwater harvesting or stormwater capture and use beyond 
110 gallons at a residential household in Colorado requires significant up-front legal 
and engineering costs on a project-specific basis, typically requiring an augmentation 
plan, purchase of replacement water for augmentation from a willing water provider, 
and ongoing engineering and legal costs for water rights accounting and filings with the 
State Engineer’s Office. 

● Only one rainwater harvesting pilot project has been applied for and approved in 
Colorado since legislation was passed in 2009. Deterrents for applying for pilot 
projects may include significant engineering and legal costs, intensive hydrologic 
monitoring requirements, cost of dual infrastructure, and uncertainty about the 
likelihood of long-term success of a project as a reliable water supply. 
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● Conceptually, the concepts of HNDs and Regional Factors accepted for CWCB pilot 
projects open the door to broader rainwater harvesting and stormwater capture and 
use projects for new developments in Colorado. Nonetheless, the current legal, 
scientific, and engineering burden along with uncertainty regarding success in water 
court likely deter new developments from pursuing rainwater harvesting or stormwater 
capture and use beyond 110-gallon rain barrels, unless no other water source is 
available, or a research/conservation objective motivates a pilot project. From a policy 
and water court process perspective, increased clarity on likelihood of success in 
water court and minimum data requirements for success would be a helpful next step 
if broader implementation of stormwater capture and use projects is desired in 
Colorado. 

● Stormwater management is allowed (and required) in Colorado for both flood control 
and stormwater quality purposes. This “stormwater management” is allowed outside 
of the concepts of rainwater harvesting and stormwater capture and use because the 
stormwater that is detained or infiltrated is not allowed to be put to a beneficial use 
and is required to be released within 72 hours. 
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4 Colorado Case Studies 

Currently, most rainwater harvesting in Colorado occurs at small scales on residential 
properties, limited to two 55-gallon rain barrels for landscape irrigation. Larger scale 
rainwater harvesting is restricted by water rights requirements, as discussed in Section 3 of 
this report. Nonetheless, several larger scale projects have been implemented in Colorado, 
typically in the context of research or pilot projects. Four case studies are provided below to 
illustrate the range of current rainwater harvesting projects in the state. These include basic 
residential rainwater harvesting (at the 110-gallon storage level), the CSU Hydro Building at the 
Spur campus, the Denver Green School, and Sterling Ranch.  

4.1 Residential Rooftop Rainwater Harvesting in Colorado 

In 2016, Colorado HB16-1005 officially 
allowed Colorado residents to implement 
rainwater harvesting on their properties for 
landscape irrigation; therefore, rainwater 
harvesting is still relatively new in terms of 
adoption. To date, while the practice is 
allowed across the state, the project team 
was not able to identify any database or 
other information source that has tracked or 
measured the implementation of residential 
rainwater harvesting. CSU’s Colorado 
Stormwater Center (CSC) has provided 
guidance for residential rainwater harvesting, 
including a Rain Barrel Installation Guide 
(CSC 2022), an instructional video, and 
various workshops cosponsored by the 
Colorado Stormwater Council. Additionally, 
CSC maintains a webpage with resources 
related to rain barrels.11 The Rain Barrel 
Installation Guide provides information on: 

● Legally allowable rain barrel sizes and water uses 
● Sources of rain barrels (e.g., vendors, stores) 
● Materials and methods for installation 
● Maintenance-related topics such as winterizing, cleaning, water quality (e.g., algae and 

debris), and mosquito control 
● Cost estimates (~$70-90 per rain barrel with appurtenances) 

Jessica Thrasher, former CSC Executive Director, reports that multiple trainings have been 
offered through the CSC and the Colorado Stormwater Council since passage of the 
residential rain barrel bill; however, current estimates of residential rain barrel installation 
were not readily available as of 2023. For broader scale adoption of residential rainwater 
harvesting in Colorado, continued outreach and training are needed. Outreach is needed to 

 
11 http://stormwatercenter.colostate.edu/resources/rain-barrels/   

 

Photo 1. Two 55-gallon rain barrels at a residential 
household.  
Source: CSU’s Rain Barrel Installation Guide (CSC 
2022 

http://stormwatercenter.colostate.edu/resources/rain-barrels/
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spread awareness of rainwater harvesting as a practice. Adopting households may also benefit 
from training on proper maintenance and operations. Informal interviews conducted during 
this project suggest that conservation-oriented homeowners may enthusiastically install 
residential rain barrels but sometimes abandon their use due to maintenance requirements 
related to clogging and manual watering effort. This informal finding is corroborated by 
research from Indiana that found 25% to 35% of households that adopted rain barrels ended 
the practice within five years following installation (Gao et al. 2016). 

 

 

 

 

 

 

 

 

 

Community Workshops Support Increased Retention Rates of Rainwater Harvesting and Other 
Water Conservation Practices 

The City of Tucson requires participants in the city’s Rainwater Harvesting Rebate Program to 
attend an approved hands-on workshop (Tucson Water 2024). This incentivizes rainwater 
harvesting and educates customers on designing, installing, operating, and maintaining 
rainwater harvesting systems. Each system must be inspected and approved before customers 
receive the rebate. These practices increase knowledge about urban water conservation, 
decrease barriers to adoption, and sustain long-term participation and the accrued benefits at 
the residential, community, and regional scales (Gao et al. 2016; Ureta et al. 2021).  
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4.2 Colorado State University Spur 

4.2.1 Description 

The CSU Spur Campus Hydro Building Project 
is a 2.38-acre redevelopment project located 
within the National Western Complex in 
Denver, Colorado, which includes stormwater 
capture and use facilities for research and 
demonstration purposes. Stormwater capture 
facilities on the property include rainfall and 
runoff collection and storage components. An 
above-ground cistern, located in the project’s 
“Backyard” area, stores rainwater harvested 
from the Hydro Building green roof and 
conventional roof sections. The green roof 
section, comprised of a vegetative layer, soil 
layer, gravel drainage layer, and an underdrain, 
does not include an internal storage system; 
therefore, all water captured by the green roof 
that is not lost to ET is stored in the above-
ground rainwater harvesting tank. Water 
harvested from roof areas is used for 
experiments in a laboratory in the Hydro 
Building as well as for irrigation of a portion of 
the Backyard.  

In addition to rainwater harvested from the 
rooftop, stormwater runoff is collected from 
the City and County of Denver’s storm 
drainage system, which runs along Bettie 
Cram Drive and discharges to an underground 
runoff storage tank. Stormwater harvested from the storm drain system is available for 
testing and is used for testing different types of media and vegetation in bioretention test 
beds in the Backyard, or testing of different treatment processes in the Water Technology 
Accelerator Platform (TAP). The site drains to an on-site detention pond that discharges to 
the South Platte River which runs adjacent to the western edge of the project. Figure 6 
provides an overview of the project, as summarized in the water rights application. 

Photo 2. Cistern at the CSU Spur Campus. 
Source: Jane Clary 
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Figure 6. Colorado State University Spur Campus Rainwater Harvesting and Stormwater 
Capture and Use System Overview 
Source: CSU 2022 
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4.2.2 Consumptive Uses and Storage Volumes  

The storage volumes, contributing drainage areas, and consumptive uses for the rainwater and 
stormwater harvesting systems on the Spur Campus are summarized in Table 3 below. 
Consumptive uses for the stormwater harvesting system include: 

● Runoff Reduction: ET from the Hydro Building green roof section is measured and 
accounted for as a consumptive use of the rainwater harvesting system (green roofs 
installed solely for stormwater management purposes following Mile High Flood 
District criteria typically do not require water rights). 
 

● Research: Harvested rainwater used for laboratory experiments and irrigation of native 
vegetation. Stormwater harvested from the urban storm drain system is stored and 
used on bioretention test plots.  
 

● Irrigation: A portion of the rainwater harvesting volume is used to irrigate the Hydro 
Building’s Backyard landscaped area. 

Table 3. Consumptive Use and Storage Volume Summary 

Storage Vessel Contributing Runoff 
Area 

Storage 
Volume Uses 

Above-Ground Rainwater 
Harvesting Cistern 

Hydro Building 
conventional and 
green roof sections 
(0.31 acres) 

3,400 gal 
(0.01 AF) 

● Runoff Reduction  
● Research  
● Irrigation 

Underground Runoff 
Storage Tank 

National Western 
Center Storm Drain 
System (26.2 acres) 

9,400 gal 
(0.03 AF) ● Research  

Total Storage Volume 
12,800 gal 

(0.04  
AF) 
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4.2.3 Monitoring and Modeling 

The system will be closely monitored to comply 
with the decreed augmentation plan. Monitoring of 
the harvesting system is anticipated to begin in 
2024, following installation of monitoring 
equipment. Monitoring includes precipitation 
gauges, weirs (Photo 3), and pressure transducers 
so that the rainfall-runoff response is 
documented for stormwater research purposes 
and the inflows to the above-ground cistern and 
below-ground storage vault are thoroughly 
documented. This information will also support 
water rights-related accounting requirements 
under the augmentation plan. 

Wright Water Engineers, Inc. developed an EPA 
SWMM model prior to project construction to 
analyze the relationship between long-term rainfall and runoff. The model represents the 
stormwater conveyance network and the LID features of the project and uses continuous, 
hourly rainfall data for a period of record of 64 years between January 1949 and December 
2012. Results of the modeling reported 139,000 gallons (0.43 AF) for the overall median annual 
depletion of the 64 years analyzed. Modeling results are summarized in Table 4 below and 
were the basis for calculating augmentation water requirements, as discussed in Section 4.2.5 
below. 

Table 4. Estimated Total Annual Depletions Related to the CSU Spur Campus Green Roof, 
Rainwater Harvesting Tank, and Storage Tank 

Month 

All Years 
Median 

Depletion 
(gal) 

Dry Years 
Median 

Depletion (gal) 

Wet Years 
Median 

Depletion (gal) 

Maximum Wet 
Year Depletion 

(gal) [1967] 

Annual Total (gal) 139,000 126,000 153,000 178,000 

Annual Total (AF)  0.43 0.39 0.47 0.55 

Source: Wright Water Engineers, Inc. 2022 

 

4.2.4 Project Costs 

Because this project is designed for research purposes, cost data is not directly transferable 
to other projects that might be established for purely water supply purposes; therefore, 
project costs have not been tabulated for purposes of this report. However, cost data for 
water rights-related requirements are available and are provided as part of the water rights 
discussion below. 

Stormwater monitoring weir and drain at 
the CSU Spur Campus.  
Source: Jane Clary 
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4.2.5 Water Rights 

A Conditional Water Storage Right and Approval of Plan for Augmentation was filed by CSU’s 
water attorneys on May 23, 2023, in Colorado Water Court (Case No. 2022CW3056), which 
allowed the project to commence. The approved augmentation plan states that replacements 
will be made to the total annual depletions from the South Platte River which includes all 
consumptive uses described above in Table 4. Figure 7 shows the delivery locations of 
replacement water furnished to the South Platte River through a lease from Denver Water 
totaling 2 AF/YR, along with the Spur building location. The 2 AF/YR is expected to cover more 
than the maximum modeled depletion and could potentially allow for expansion of the 
system in the future. Results of monitoring described above will be used to support an 
absolute water right in the future.  

The cost of leased water from Denver Water includes a non-potable water system 
development charge (SDC) of $18,980 per acre-foot, with CSU paying Denver Water a one-
time payment of $37,960 under the agreement. (Note: the non-potable SDC cost is partially 
offset by a smaller potable system tap fee.) Additionally, on an annual basis, a non-potable 
water service rate of $289.49 per acre-foot is also applied. Regardless of the amount of water 
used, 50% of the annual water service rate applies under the agreement. The agreement is 
subject to availability of non-potable water from Denver Water, recognizing that natural water 
sources are variable in quantity of supply from year to year. The delivery of non-potable water 
from Denver Water under the lease may be limited under periods of water shortages (various 
stages of drought restrictions) or other system emergencies. As part of the lease agreement, 
at the beginning of each month, CSU’s representative must notify Denver Water of the amount 
of water required to be replaced in the coming month based on CSU’s water accounting (CSU 
2022). 

Of note from a water supply perspective, the rainwater and stormwater captured at the Spur 
campus is a new local water source, but it is not a “new water” source relative to the overall 
basin water supply gap because the amount diverted under the rainwater harvesting and 
stormwater capture and use system is being replaced by releases from Denver Water to the 
South Platte River (Figure 7). Nonetheless, the project is valuable for research purposes, 
documenting the water court process for similar projects and collecting robust data to better 
understand future applications of similar systems in Colorado. 
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Figure 7. CSU Spur Replacement Source Locations 
Source: Denver Water 2022 
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4.3 Denver Green School 

4.3.1 Description  

The Denver Green School Rainwater 
Harvesting System was a pilot project 
designed to explore the feasibility of 
using rainwater harvesting systems 
outfitted with cloud-based infrastructure 
as SCMs (i.e., to meet stormwater quality 
management requirements). The project 
was discontinued in 2014 due to water 
rights constraints. The project, located at 
the Denver Green School in Denver, 
Colorado, combined an automated 
control valve with weather forecasting to 
release water from a storage cistern in 
advance of a storm event (if needed) to 
provide storage capacity for the WQCV. 
One limitation of rainwater harvesting 
systems used as SCMs is that the storage tank may already be too full to capture the WQCV12 
for the drainage area depending on storm sequencing and water use. However, with the use of 
automated control valves linked to a sensor array in the cistern, discharges from the system 
can be made in tandem with real-time weather data to increase the efficiency of the storage 
tank and provide sufficient capacity for water quality storage and flood attenuation.  

The rainwater harvesting system captured runoff from the roof of the Denver Green School 
building and discharged into a cistern for irrigation use. A pressure transducer monitored 
storage volumes in the cistern and transmitted the data to cloud-based software.13 The 
software then used National Oceanic and Atmospheric Administration weather forecasting in 
tandem with the storage volume data to operate a solenoid valve to release water from the 
system based on estimated runoff volumes.  

4.3.2 Consumptive Uses and Storage Volumes 

The storage volumes, contributing drainage areas, and consumptive uses for the rainwater and 
runoff harvesting systems are summarized in Table 5. Consumptive uses for the rainwater 
harvesting system include: 

● Irrigation: Harvested rainwater was used to irrigate 2,000 square feet (0.05 acres) of
landscaping area adjacent to the Denver Green School building.

12 See Section 3.5 for additional discussion of stormwater quality management objectives in Colorado. The WQCV is 
calculated based on 0.6 inches of precipitation, also known as the 80th percentile storm event, and is the basis of 
SCM design in Colorado (Mile High Flood District 2024).  
13 OptiRTC (https://optirtc.com/) 

Photo 4. Cistern at Denver Green School. 
Source: Holly Piza 
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Table 5. Consumptive Use and Storage Volume Summary for Denver Green School 

Storage Vessel 
Contributing Runoff 

Area 
Storage 
Volume 

Consumptive Uses 

Cistern 
Denver Green School 

building roof (0.17 
acres) 

3,000 gal 
(0.01 AF) 

Irrigation 

4.3.3 Monitoring and Modeling 

Mile High Flood District applied for a SWSP from the CDWR to allow for construction of the 
Project in 2012. Monitoring of the system began September 2012 and ended in September 
2014. Results of the monitoring for the 3-year period demonstrated the ability of the system 
to reduce runoff volumes and provide cost-effective supplemental irrigation. Results of the 
monitoring are presented in Table 6 below.  

Table 6. Hydrologic Data for Denver Green School Monitoring (2012–2014) 

Year Number of 
Storm Events 

Total 
Precipitation 

(inches) 

Average Runoff 
Reduction per 

Event 

Percent of Total 
Irrigation 

Volume from 
Rainwater 

2012 6 0.9 77% 100% 

2013 23 10.8 83% 54% 

2014 43 7.7 92% 91% 
Source: Piza 2015 
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A WQ-COSM continuous simulation model was developed for the project to optimize the 
cistern size to provide detention for the water quality event. A 30-year time series of 
precipitation data for the Denver area was input into the model, and the simulation 
determined that the WQCV for the 7,300 square foot roof drainage is the runoff volume from 
a 0.6-inch rainfall event, corresponding to the 80th percentile runoff-producing event. The 
selected 3,000-gallon cistern corresponds to a runoff volume for an approximately 0.7-inch 
rainfall event from the drainage area feeding the cistern. 

4.3.4 Project Costs 

The Denver Green School Project was part of a larger research project sponsored by WRF. 
Although engineering, water rights development and administrative costs are not provided, the 
costs for the system itself are provided in Table 7. 

Table 7. Denver Green School Project Feature Costs 
Project Feature Cost (2012 USD) 

Cistern, Pump, and Downspout $4,700 

OptiRTC Cloud-Based Control System. $15,000 

Water Augmentation and Filling $2,000 

Total $21,700 
Notes: Excludes administrative and engineering costs. 

4.3.5 Water Rights 

Mile High Flood District applied for a SWSP, which was approved by the CDWR on October 9, 
2013. The plan was approved for August 2013 through July 2014. An agreement was reached 
for Denver Water to replace all water from depletions during the approval period under the 
SWSP. Use of the system was discontinued after this time period due to the ongoing cost and 
effort related to water rights requirements. The “contract water” used for the SWSP was not 
considered to be a suitable approach for the long-term augmentation plan.  

Similar to the CSU Spur case study, the Denver Green School case study does not represent 
“new water” in terms of filling a water supply gap; however, it provided useful quantitative 
data applicable to other potential future projects related to how cisterns with real-time 
controls could be used to meet stormwater quality management requirements and reduce 
potable water demands for irrigation purposes. 

4.4 Sterling Ranch14 

4.4.1 Description 

Sterling Ranch is a master planned community located in Northwest Douglas County, south of 
Chatfield Reservoir. This mixed-use residential community will eventually have more than 
12,000 homes on 3,400 acres. From its inception, Sterling Ranch has included regional 

14 This case study description has been developed based on material provided by Andrea Cole of Dominion Water and 
Sanitation District and Dr. Ryan Gilliom and Mark Mitisek of LRE Water in 2023.
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rainwater harvesting (also defined in this report as stormwater capture and use) in its 
planning as a supplemental renewable water supply used to offset non-potable outdoor 
irrigation demands. Located in a region historically reliant on declining Denver Basin 
groundwater with limited available renewable supplies, Sterling Ranch began evaluating 
rainwater harvesting as a viable water supply alternative in 2007 by helping to fund a study 
titled “Holistic Approach to Sustainable Water Management in Northwest Douglas County.” 
The study evaluated the viability of precipitation as potential water supply for non-potable 
uses, potential savings for a new residential development incorporating outdoor water 
demand management and rainwater harvesting, and recommendations to implement 
rainwater and protect existing water rights through utilization of a legal framework and 
augmentation plan. As a result of the study’s findings and recommendations, HB 09-1129 was 
introduced to the Colorado Legislature in 2009 authorizing up to 10 rainwater harvesting pilot 
projects throughout the state. The legislation authorizing projects under this program has a 
sunset date of July 1, 2026.  

The Sterling Ranch rainwater harvesting program is one of the 10 pilot projects authorized by 
HB-09-1129 and is currently the only active pilot project in Colorado. Dominion Water & 
Sanitation District (Dominion), the water provider for Sterling Ranch, is the primary project 
sponsor. As a large-scale new residential development, the goal of the pilot project is to 
develop and integrate regional rainwater systems throughout the site to meet local and site-
wide non-potable outdoor irrigation demands. Figure 8 is a map showing the major drainage 
basins within the Sterling Ranch boundary where rainwater harvesting opportunities are being 
evaluated. In total there are 12 projects (sites within the overall pilot project) with an 
estimated annual average yield of over 400 AF/YR if implemented as currently planned. 

The primary objectives of the pilot project are to: 1) evaluate natural conditions (climate, 
hydrology, and ET) at Sterling Ranch and quantify the amount of precipitation physically and 
legally available as a water supply; 2) evaluate a variety of precipitation collection concepts 
and designs; 3) evaluate the potential water use savings of precipitation harvesting paired 
with advanced outdoor water demand management as a water conservation practice; and 4) 
develop a baseline data set and legal framework to support an engineering report and water 
court application for an augmentation plan to use harvested precipitation, and define a 
defensible water supply. In addition to these efforts, and partially funded by CWCB water plan 
grants, significant efforts have been made to set an example for the water community to 
make rainwater harvesting transferable and accessible. The pilot project has provided data 
and methods from the pilot project, which were used to support the development of Regional 
Factors as described in Section 3. In addition, the Sterling Ranch Rainwater Harvesting 
Feasibility Study and Operations Plan (LRE Water, Muller Engineering, and Opti 2022) identifies 
key project components and considerations, design criteria and requirements, operations and 
administration plan, and overall feasibility and permissibility of a regional rainwater project. 
Dominion and Sterling Ranch are proud of these efforts and remain committed to 
incorporating regional rainwater harvesting opportunities throughout their community and 
advancing rainwater harvesting as a legally obtainable water supply throughout Colorado.  

Now in its 14th year, the pilot project has met the majority of the original objectives and 
continues to transition from planning and data collection to implementation of rainwater 
harvesting as a viable physical and legal supply. The remaining objectives of the project 
include: 1) completion of the engineering required to support a SWSP and augmentation plan; 
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2) design, construction, and implementation of a regional rainwater harvesting system at
Sterling Gulch; and 3) completion of the final report for the pilot project. Below are the key
steps and approximate timeline for completing the project:

• Sterling Ranch Rainwater Harvesting Integration Plan – July 2023
• Sterling Gulch/Providence Park Rainwater Harvesting Conceptual Design – August 2023 

• Preliminary Engineering and Accounting – October 2023
• Water Court Application: Augmentation Plan and SWSP – March 2024
• Developed Conditions Monitoring Program Implementation – Spring 2024
• Sterling Gulch/Providence Park Rainwater Harvesting Final Design – Summer 2024
• Sterling Gulch/Providence Park Rainwater Harvesting Construction – Summer 2025
• Sterling Ranch Rainwater Harvesting Pilot Program Final Report – Summer 2026
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Figure 8. Sterling Ranch Vicinity Map and Location of Rainwater Harvesting Opportunities 
Source: LRE Water 2023 
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4.4.2 Sterling Gulch Conceptual Design 

After over a decade of data collection supporting the legal right to harvest rainwater as a 
water supply, Dominion is moving forward with the implementation of the state’s first regional 
rainwater harvesting collection system at Sterling Ranch. Recognizing rainwater harvesting 
must be developed on a regional scale to be cost effective, Dominion has selected Sterling 
Gulch as the initial phase of this regional project. Sterling Gulch was selected as the location 
for the initial development demonstrating rainwater as a legally viable water supply for the 
following reasons: 

1. Sterling Gulch is the original native basin where the majority of natural conditions data
were collected supporting the site-specific factors and the legal right to harvest
rainwater as a supply.

2. Sterling Gulch has a large collection area resulting in higher system yields allowing
rainwater to be a cost-effective supply.

3. Dominion’s augmentation supplies that will be utilized for the project are located on
Plum Creek, allowing Dominion to operate under an approved SWSP/augmentation
plan.

4. Sterling Gulch receives rainwater from portions of Providence Village (Filing No. 1) and
portions of Ascent Village (Filing No. 2) from existing stormwater collection and
conveyance systems.

5. Providence Park, a large regional park, is currently in the planning phase, allowing the
rainwater system design to be easily integrated into the irrigation system and park
design.

6. Existing corridors and easements allow for the conveyance and distribution of
harvested rainwater from Sterling Gulch to non-potable outdoor irrigation demands at
Providence Park or within the development.

7. Providence Park is located down gradient from the proposed rainwater harvesting
facility, allowing for gravity operations and use of traditional irrigation pumps to reduce
operational costs.

8. Lastly, the location of the rainwater harvesting facility allows for the flexibility to use
rainwater directly at Providence Park, regionally through future non-potable
infrastructure, or stored in other existing or future storage facilities for subsequent
use.

The conceptual design of the Providence Park rainwater system at Sterling Ranch was 
completed in August 2023. The rainwater system includes diversion, storage, and conveyance 
of rainwater to meet non-potable uses. The system is designed to meet 80% of irrigation 
demand for the park in the driest year, requiring only 20% to be met from the potable water 
system. Potential uses for rainwater include irrigation for low water use plantings, trees, 
functional turf, and/or community supported agriculture (Figure 9). The rainwater system will 
be included in an augmentation plan and operate under an active SWSP to prevent injury to 
downstream water rights. 
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Figure 9. Sterling Ranch Rainwater Harvesting Project at Providence Park Features 
and Overview  
Source: Dominion Water & Sanitation District 2023 
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4.4.3 Consumptive Uses and Storage Volumes15 

There are two aspects of the Sterling Ranch Pilot Project that are noteworthy for this case 
study. One is the extensive hydrologic monitoring conducted at the site that supported 
development of HND concepts and Regional Factors (see Section 3), and the second is the 
2022 Feasibility and Operation Plan to initiate a specific on-site rainwater harvesting system. 
Selected highlights for these two efforts are discussed briefly below, but the original reports 
should be reviewed to obtain a more in-depth understanding of the system.  

Supply and Demand Estimates 

For context of supply and demand, LRE Water compared observed precipitation events in the 
Sterling Ranch record for the years 2010–2017 in the months March–October to develop a 
water demand estimate. For hydrologic soil group (HSG) C, annual HND with this precipitation 
ranged from 0.61–2.19 inches. For 45 acres with HSG C, these depths convert to a monthly 
harvest volume of 2.28–8.20 AF. The median annual total harvest volume operating March–
October is 42 AF, based on 2010–2017 precipitation observed at Sterling Ranch (see Table 8).  

In an average Front Range residence, household water use is 0.4–0.5 AF/YR with 55% used 
outdoors (Waskom and Neibauer 2014). This equates to 0.22–0.25 AF of annual outdoor 
demand in an average home (Waskom and Neibauer 2014). At Sterling Ranch, water demand 
standards established from observed meter records show the average household is between 
0.17 AF/YR (single-family attached) and 0.26 AF/YR (single-family detached). This is over a 
50% reduction in water use when compared to an average Front Range residence. These 
drastic reductions in household water use are due to water-smart planning, aggressive water 
conservation, dual metering and outdoor water budgets, and advanced outdoor water demand 
management efforts. 

Outdoor water use in pilot projects may be even lower than these estimates due to the 
combination of landscaping and irrigation system design. These estimates from Sterling Ranch 
precipitation demonstrate the potential for rainwater harvesting to meet outdoor water 
demand in Colorado and highlight the importance of pairing water conservation and advance 
water demand management with rainwater harvesting. Ultimately, beneficial use of rainwater 
harvested at pilot projects will depend on actual precipitation, storage pond sizing, and 
operations, and demand will depend on residential layout, landscape plantings, and irrigation 
system design. The sizing and usage of harvest facilities, as well as design and operation of 
the non-potable irrigation systems, are beyond the scope of this report. 

15Dr. Ryan Gilliom completed the analysis and authored the summary included in this section. For additional 
information, see Gilliom (2019). 
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Table 8. Annual Historic Natural Depletion (HND) Supply Compared to Average Outdoor 
Demand at Sterling Ranch 

March–
October 2010 2011 2012 2013 2014 2015 2016 2017 Median 

HND supply 
(AF) 19.2 45.3 26.3 42.4 52.7 58.1 29.5 41.6 42 

% of full 
demand 22% 51% 30% 48% 60% 66% 34% 47% 48% 

% of half 
demand 44% 103% 60% 96% 120% 132% 67% 95% 95% 

Source: Gilliom 2019 

4.4.4 Monitoring and Modeling 

To support this project, over a decade of 
natural conditions data related to 
precipitation and runoff have been collected 
in support of the legal right to harvest 
rainwater at the site. Figure 10 shows the time 
period over which climate, precipitation, ET, 
surface water, and groundwater monitoring 
have been conducted to support the project. 

Natural conditions data collected at the site 
have been used in the development of site-
specific factors and Regional Factors (Gilliom 
2019) subsequently developed under HB-15-
1016. These data have also been used to 
support the legal framework and water rights 
accounting to support development of the SWSP and augmentation plan for the project. 

The estimated average annual cost for planning, administration, monitoring, and reporting for 
the current project implementation and water court phase is approximately $50,000 per year 
(LRE Water 2021). Project costs for earlier phases of the project specific to natural conditions 
monitoring and reporting ranged from approximately $15,000 to $30,000 per year. 
Cumulatively, the engineering, reporting, and monitoring costs for the pilot project over the 
last 13 years have exceeded $600,000, some of which was subsidized by CWCB grants. 
Lessons learned from this pilot project are invaluable to the water community, providing a 
legal framework and a path forward for future rainwater harvesting pilot projects by reducing 
the extent and cost of monitoring required when Regional Factors are applied. 

Photo 5. Data collection at Sterling Ranch. 
Source: LRE Water 
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Figure 10. Sterling Ranch Rainwater Harvesting Project Monitoring, Planning, and Design 
Schedule 
Source: LRE Water 2022 

4.4.5 Project Costs 
In 2023, Muller Engineering completed a conceptual design and engineer's opinion of probable 
cost for the design, construction, and implementation of a rainwater harvesting system at 
Providence Park, as shown in Table 9. This table represents the cost for only the retrofit of a 
large rainwater harvesting system and does not include the costs for monitoring, engineering, 
and legal work completed for the pilot project. Future rainwater harvesting system costs will 
vary based on the size and complexity of rainwater harvesting systems implemented. The two 
cost options presented in Table 9 represent the cost if rainwater harvesting and stormwater 
management requirements are integrated in a single facility versus if dual facilities are 
required.  
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Table 9. Opinion of cCost Options for Design, Construction, and Implementation of a 
Rainwater Harvesting Facility at Providence Park in Sterling Ranch 

Task Description 
Single Integrated 

Facility 
Dual 

Facility 

Regional Rainwater Harvesting System Design $318,000 $381,000 

Regional Rainwater Harvesting System Construction $1,526,793 $1,829,445 

Administration, Monitoring, Operations, and Accounting 
Protocols  

$75,178 $93,149 

Total $1,919,971 $2,303,593 

Source: Mitisek et al. 2023, updated based on personal communication with Mark Mitisek 
December 2023 

A major project constraint that increases costs for the project is that existing stormwater 
ponds cannot be integrated with harvested rainwater due to the state stormwater statute 
(C.R.S. 37-92-602(8)(e)), which limits the use of stormwater detention and infiltration 
facilities. 

Another cost-related lesson from the feasibility study was that planning, design, and 
construction of rainwater facilities should be done concurrently with new development 
layouts and runoff collection systems to reduce rainwater harvesting system cost. Retrofitting 
facilities can result in an increase in costs and reductions in project yield if storage options 
are limited at a site (LRE Water, Muller Engineering, and Opti 2022). 

4.4.6 Water Rights 

As discussed in Section 3, the concept of HNDs is central to the Sterling Ranch pilot project. 
A significant benefit of the Sterling Ranch pilot project has been the development of key 
technical documents related to HNDs and Regional Factors, which are discussed in more 
detail in Section 3.  

The water rights discussion for this project is complicated and not easily synthesized in a 
simple case study. However, the guiding principles for the system are stated as simply as 
possible below: 

1. The HND volume available for each rainfall event will be quantified based on observed
rainfall and established site-specific factors.

2. The total physical inflow volume into the rainwater harvesting facility from the rainfall
event will be quantified based on observed (metered) inflows.

3. The lesser of the HNDs volume or physical inflow volume is the amount that legally
can be harvested without augmentation. Physical inflow volumes greater than the
HNDs will need to be augmented or released (i.e., surface water augmentation).

4. Groundwater augmentation requirements are accounted for separately based on
observed rainfall.
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5. Any physical inflows captured in priority (free river) do not need to be replaced.

6. All legally harvested or augmented volumes can be put directly to beneficial use or
stored for subsequent use.

Detailed daily water rights accounting is required, providing the following information to local 
water administrators:  

7. All new inflow will have been allocated to the legal harvest, augmented, or out-of-
priority volumes.

8. The out-of-priority volume will be released.

4.5 Summary 

As of 2024, rainwater harvesting and stormwater capture and use projects remain relatively 
limited in Colorado. The case studies included in this section illustrate some of the challenges 
with broad-scale implementation of rainwater harvesting and the importance of empirical 
data in determining actual downstream impacts on senior water rights holders (who are also 
harvesting water).  

Recommendations and lessons learned to date in Colorado include: 

● If broader adoption of site-scale residential rain barrel use is desired in Colorado, then
additional outreach and incentives are needed to increase usage. This includes
outreach to municipal entities to establish education and implementation assistance.
Continued partnerships between water conservation and stormwater managers in
outreach efforts may help to encourage broader adoption of rain barrels.

● For rainwater harvesting and stormwater capture and use beyond 110 gallons per
residential household, water rights requirements must be addressed through the water
court process, which requires both engineering and legal support. Costs associated
with engineering and legal support to navigate this process, the cost of purchase or
lease of augmentation water, ongoing cost of water rights accounting and lease
requirements, and uncertainty related to water court remain barriers to
implementation of larger scale rainwater harvesting and stormwater capture and use
in Colorado.

● The Sterling Ranch pilot project will continue to be a key case study to advance
dialogue about downstream impacts of rainwater harvesting and to better understand
what volumes of augmentation water are needed for rainwater harvesting projects in
new development to prevent injury to downstream water users. This science-based
approach based on empirical data is a necessary foundation for future rules and
policies related to rainwater harvesting.



54 

5 Quantifying the Volumetric Potential of Rainwater Harvesting 
and Urban Stormwater Runoff in Colorado 

To quantify the volumetric potential of rainwater harvesting and stormwater runoff for 
potential capture and use in Urban Areas16 in Colorado, the project team developed a common 
set of hydrologic assumptions and methods and then applied these methods to several 
potential scenarios to create a range of estimates. These estimates are then compared to 
various water demands from the Colorado Water Plan in Colorado’s river basins with 
urbanized areas. This section includes the following information: 

1. Methods and assumptions used in the hydrologic analysis.

2. Rainwater harvesting estimates for the currently allowable 110-gallon rainwater
harvesting scenario and a hypothetical 500-gallon rainwater harvesting scenario, with
various adoption rates applied to each scenario. The 110-gallon scenario does not
require a water right; conversely, the 500-gallon scenario would require water rights.

3. Urban stormwater runoff from 1) existing impervious surfaces, including rooftops; and
2) urban stormwater runoff from existing impervious surfaces minus roadways. These
stormwater runoff scenarios for existing impervious areas are not indicative of “new
water” supplies, and any capture and use of this urban stormwater would require
water rights to implement.

4. Building on estimates from #3, stormwater runoff estimates for future (new) urban
impervious areas adjusted to HNDs in hypothetical land development scenarios using
the South Platte River Basin as an example.

These selected rainwater harvesting and urban stormwater runoff volume scenarios are then 
compared to various basin-level residential outdoor water demand estimates from the 
Colorado Water Plan.  

5.1 Methods and Assumptions for Precipitation and Stormwater 
Runoff Calculations 

Hydrologic analysis supporting this report focused on estimating stormwater runoff volumes 
from residential rooftops and other impervious surfaces in Urban Areas at both the basin and 
statewide scales. Unlike models used to design stormwater infrastructure to help reduce 
water quality impacts from runoff and meet regulatory requirements, the outcomes of this 
work are intended for conceptual-level water planning. Appendix E describes the techniques 
and procedures used for this analysis in detail, with a simplified summary of key assumptions 
provided below. In this section, estimates are summarized at the basin scale and totaled for 
urbanized areas in the state; however, supporting tables with precipitation and runoff 
estimates at the urban area scale are provided in Appendices F-1 and F-2. 

16 For this report, Urban Area is defined by the US Census Bureau's 2020 urban-rural classification as described in US Census 
Bureau (2022). In general, urban areas under this classification represent land areas with densely developed territory, including 
residential, commercial, and other non-residential urban land uses.



55 

The project team used ArcGIS Pro for the geospatial components of the analysis, beginning 
with the Colorado’s Basin Roundtable Boundary polygons, which demarcate the major river 
basins across the state, and the US Census Bureau’s 2020 urban-rural polygons (CWCB and 
CDWR 2020; US Census Bureau 2023). The only exception to the major river basins is the 
Metro basin, which is a subsection of the South Platte River basin, but for simplicity we refer 
to it as a basin, like the others. Where Urban Areas crossed basin boundaries, they were split 
for estimating stormwater runoff. Based on the geospatial processing, 65 unique Urban Area 
polygons and associated acreages were defined for use in the analysis.17 No Urban Area 
polygons were in the North Platte basin, so no results are presented for this basin. Figure 11 
provides a map of Colorado’s nine major basins and Urban Areas.  

Other assumptions used in the geospatial analysis include: 

● Impervious Cover: Impervious cover percentages were calculated based on the 2019
National Land Cover Database (NLCD) (Dewitz and US Geological Survey 2021) for each
of the 65 urban polygons. Land use classifications include “Pervious” and numerous
impervious (e.g., “Primary Road,” “Secondary Road,” “Tertiary Road,” “Thinned Road,”
and “Non-Road Impervious”) land cover classifications. For all calculations, “Primary
Road” impervious areas were removed as these represent major highways and
freeways, which generate stormwater that would require substantial treatment prior to
use.

● Elevation: Elevation was used to delineate the “winter months” for each Urban Area
polygon (LANDFIRE, Earth Resources Observation and Science Center (EROS), USGS
2022) so that snowfall would be excluded from stormwater runoff estimates. Non-
winter months were defined as April through October for polygons with mean
elevations less than 8,500 feet above mean sea level (FAMSL) and June through
September for polygons with mean elevations greater than or equal to 8,500 FAMSL.

● Precipitation: Daily one kilometer precipitation depth rasters were used to estimate
average annual precipitation for each Urban Area for January 1, 1990 through July 31,
2022 (the most recent day Parameter-elevation Regressions on Independent Slopes
Model (PRISM) rasters were available at time of download) (PRISM Climate Group
2022).

17 The Urban Area polygons that were split by the Identity tool (into noted basins) included: Colorado Springs 
(Arkansas, Metro), Denver–Aurora (Metro, South Platte), Grand Junction (Colorado, Gunnison), Lafayette-Erie-
Louisville (Metro, South Platte), and Woodland Park (Arkansas, Metro). 
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Figure 11. Map of Colorado River Basins Showing Location of Urban Areas (yellow) and River 
Basins (black outlines) 
Sources: CWCB and CDWR 2020; US Census Bureau 2023 

Using the R programming environment, daily precipitation time series were generated for each 
urban polygon based on the PRISM precipitation data, then the precipitation time series was 
transformed into a runoff time series using volumetric runoff coefficients (Rv) developed by 
Pitt (1987). Because volumetric runoff coefficients vary by storm depth and impervious area 
type, they provide a more refined approach for estimating runoff than other simplified 
methods while still being general enough to apply to a basin scale analysis. The appropriate 
runoff coefficient for each Urban Area was determined by the daily precipitation depth. 
Runoff was forced to zero inches per day if the daily precipitation depth was less than or 
equal to 0.08 inches per day since events of this magnitude and smaller do not typically 
produce runoff (Mile High Flood District 2024). 

The runoff time series was then converted to runoff volumes from impervious areas by 
multiplying the mean daily runoff depth of each urban polygon by the number of impervious 
acres comprising the polygon. Precipitation that likely fell as snow was removed from the 
runoff volume calculation by removing precipitation from “winter” months. While harvesting 
runoff from snowmelt is possible, water harvesting in winter months is challenging in 
Colorado due to freezing conditions, requiring many systems to be winterized. Additionally, 
this study focuses on irrigation uses of captured water; the lack of irrigation demand outside 
the growing season is another reason that winter months were excluded from this analysis. In 
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a future analysis, other uses of captured stormwater could be considered with different 
assumptions related to winterized systems, if desired.  

Based on this analysis, yearly and period-of-record statistical summaries of the runoff time 
series were generated for each Urban Area polygon and for each basin using “R” software. 
Summaries include the mean annual volume of impervious runoff produced over the 32-year 
period of record, the mean annual depth (normalized by area) of impervious runoff produced 
over the 32-year period of record, and metrics that describe the distribution of the runoff 
series (e.g., standard deviation, 5th percentile, 50th percentile, 95th percentile, etc.).  

5.2 Methods for Residential Rooftop Rainwater Harvesting 
Estimates in Urban Areas 

Estimating rainwater harvesting potential provides a baseline for understanding the current 
allowable volume of stormwater available for capture and use in Colorado. These estimates 
were based on the current allowance (without a water right) of up to 110 gallons of harvested 
rainwater per residential household with four or fewer units. The project team also used a 
hypothetical scenario of rainwater harvesting potential using 500 gallons per residential 

Volumetric Runoff Coefficients 

Dr. Robert Pitt developed volumetric runoff coefficients (Rv) as an approach to estimate 
runoff generated by various rainfall event depths for various types of land cover, as 
summarized below. These coefficients were developed to support the Small Storm Hydrology 
Method (Pitt 1987) used to estimate the runoff volume from urban and suburban land uses 
for relatively small storm events. The coefficients were developed based on extensive field 
research conducted in the Midwestern United States, the Southeastern United States, and 
Ontario, Canada, over a wide range of land uses and storm events. Runoff coefficients for 
individual source areas generally vary with the rainfall amount. Larger storms have higher 
coefficients. 

Rain Depth 

mm   inches 

Flat roofs* (or 
large unpaved 
parking areas) 

Pitched 
roofs* 

Large 
impervious 
areas• 

Small 
impervious 
areas and 
streets 

Sandy soils Typical 
urban soils 

Clayey soil 

1 0.04 0.00 0.25 0.93 0.26 0.00 0.00 0.00
3  0.12 0.30 0.75 0.96 0.49 0.00 0.00 0.00 
5  0.20 0.54 0.85 0.97 0.55 0.00 0.05 0.10 
10 0.39 0.72 0.93 0.97 0.60 0.01 0.08 0.15
15 0.59 0.79 0.95 0.97 0.64 0.02 0.10 0.19 
20  0.79 0.83 0.96 0.97 0.67 0.02 0.11 0.20 
30  1.2 0.86 0.98 0.98 0.73 0.03 0.12 0.22 

0.90 0.99 0.99 0.84 0.07 0.17 0.26 50  2.0 
80 3.2 0.94 0.99 0.99 0.90 0.15 0.24 0.33
125 4.9 0.96 0.99 0.99 0.93 0.25 0.35 0.45
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household to understand the volumetric potential of larger capture volumes, recognizing that 
this would require water rights. Estimates are provided for basins for wet, dry, and average 
rainfall years, and are based on a range of rain barrel adoption rates for residential 
households that currently exist within Urban Areas in Colorado.  

Building on the analysis in Section 5.1, rainwater harvesting estimates required two additional 
steps: determination of housing units in each basin and additional hydrologic analysis using 
continuous simulation to account for rain barrel filling and emptying, as described below. 

5.2.1 Determination of Housing Units by Urban Area and Basin 

The project team calculated the total number of residential households (1–4 units in size) in 
each Urban Area by combining county-level housing data from the American Community 
Survey (US Census Bureau 2021a) with data from the 2020 US Census and the same Urban 
Area polygons used in the previous analysis (US Census Bureau 2022; 2023).18 In GIS, the 
project team matched county-level housing data to Urban Areas and assigned Urban Areas to 
a single basin using a majority rule.19 The final output of this step was a table summarizing 
the number of 1–4 unit households in each basin (Table 10). For detailed methods, see 
Appendix E-2 and for the number of residential households per Urban Area, see Appendix F. 

Table 10. Estimated Number of Residential Households (1–4 Units) by Basin 

Basin Number of Residential Households (1-4 units) 

Arkansas 307,003 
Colorado 112,190 
Gunnison 16,719 
Metro 869,666 
Rio Grande 4,027 
South Platte 304,129 
Southwest 18,880 
Yampa-White 11,550 
Sources: US Census Bureau 2021b; 2022 

5.2.2 Rain Barrel Storage Assumptions for Residential Roof Runoff 

As an additional exercise related to the stormwater runoff calculations described in Section 
5.2.1, the project team developed a continuous simulation model to estimate the volume of 
rainwater that could be harvested from an “average” household roof in Colorado, 
incorporating storm frequency rain barrel filling and emptying. The rain barrel filling/emptying 
model was built in “R” software using the precipitation and runoff time series described 
above. First, to understand the typical duration of inter-event periods in Colorado, the 

18 For this analysis, the total number of units included in the American Community Survey data in the following size 
ranges were used: 1 unit detached, 1 unit attached, 2 units, 3 or 4 units, and mobile homes. 
19 There was one exception to this rule which we applied to Woodland Park. Woodland Park fell slightly more in the 
Metro Basin, but the project team assigned it to the Arkansas Basin under the assumption that a majority of runoff 
from the Urban Area flows into Fountain Creek, which is part of the Arkansas Basin. 
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number of dry days (24-hour precipitation depth less than 0.08 inches) between rain events 
was calculated for each Urban Area polygon over the entire precipitation time series (1990 to 
2022) (excluding wintertime precipitation). The median number of dry days between 
precipitation events was calculated for each Urban Area polygon from the remaining dataset, 
which was used in a later step for the number of days before rain barrels or cisterns were 
considered emptied and able to collect additional water. 

For each step in the precipitation time series, the daily precipitation depth was transformed 
to a runoff volume in gallons based on average roof area. Runoff then accumulated in the 
barrel until the rain barrel capture volume was reached. Once full, the rain barrel could not 
capture additional runoff until it emptied. Similarly, if rain began accumulating in the rain 
barrel but then it stopped raining before the full capture volume was reached, the volume in 
the barrel remained static until the barrel emptied or it started raining again, whichever 
happened first. A rain barrel emptied once the number of consecutive dry days calculated in 
the previous step occurred. Specifically, the median duration of the calculated interevent (dry) 
period for each urban polygon was used as the required number of consecutive dry days, 
meaning this input value varied by Urban Area (other methods could also be used to estimate 
emptying and filling.) Summary statistics were calculated from the model output, including 
the annual runoff volume captured in a single barrel or cistern for each Urban Area polygon 
along with average annual volume captured in a dry (10th percentile precipitation) and wet (90th

percentile precipitation) year.  

5.2.3 Storage Volume, Roof Area, and Capture Efficiency 

The continuous simulation model was designed to evaluate the volume of rainwater captured 
in the rain barrel of a residential household with a given roof size and capture utilization rate. 
For each model run, the project team defined the storage capture volume (gallons), roof area 
size (square feet), and capture efficiency rate (%). For all simulations, the project team used 
the same values for roof area size and capture efficiency as there was little information in the 
literature to determine how these factors might vary across the state. Assumptions used in 
the analysis include: 

● Rain Barrel Capture Volume: For the rain barrel capture volume, the project team
assumed that each house would have two 55-gallon rain barrels for a total of 110
gallons per household, but also that the total functional storage space of these two
barrels was 88 gallons. This was based on the observation that for many rain barrels,
head space above the level of the inflow valve and dead space below the bottom of
the outflow point reduce the storage capacity of the barrels (Thrasher 2023). The
amount reduced for these estimates represents 11 gallons per barrel, which is
approximately equal to the area within a cylinder that is 6 inches tall and 2 feet in
diameter. A similar deduction was applied to the 500-gallon cistern scenario. The total
functional storage space assumed for the cistern was 450 gallons, a 10% reduction.

● Residential Roof Size: The project team could not identify measured or scientifically
derived data on residential household roof sizes in Colorado (especially for roofs of 2–
4-unit households), and a full geospatial analysis of satellite data to quantify
household roof sizes for the state was beyond the scope of the project. To determine
a reasonable roof size for the analysis, we analyzed the impact of roof size on the
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estimated annual volume of capture from a 110-gallon barrel. This revealed that 
beyond approximately 1,800 square feet, the volume of the barrel is the largest 
constraint on the total volume of runoff captured and stored. Ultimately, the project 
team chose to use a roof area of 1,500 square feet for all calculations, which provides 
a more conservative estimate of total rooftop rainwater capture potential. 

● Capture Efficiency: We assumed that two 55-gallon barrels or one 500-gallon cistern
would only be able to capture rainwater from 85% of each roof, i.e., a capture
efficiency rate of 85% was used for all rainwater harvesting calculations. This was
based on an assumption that a majority, but not all, of a residential roof is connected
to a downspout.

5.2.4  Rain Barrel Adoption Rates 

Adoption rates of rain barrels by residential households in Colorado affect rainwater 
harvesting capture volume estimates. For the analysis, the project team used a range of 
hypothetical adoption rates of households installing rain barrels or cisterns (5%, 10%, 25%, 
and 50%), to evaluate the variation in the volume that could be captured. We chose the upper 
limit of 50% adoption as an optimistic and ambitious rate; existing studies of rain barrel 
adoption rates more commonly find rates of <1% to 30% (Thurston et al. 2010; Olson and 
Roesner 2015; Shin and McCann 2018). Furthermore, evidence suggests that rain barrel 
adoption is positively correlated with income and environmental attitudes (Ando and Freitas 
2011; Gao et al. 2016). Table 11 shows the potential number of 55-gallon rain barrels in each 
basin across various adoption rates. See Appendix F-3 for the potential number of 55-gallon 
rain barrels across adoption rates by each Urban Area polygon.  

Table 11. Potential Number of 55-Gallon Rain Barrels by Basin Across Adoption Rates 

Basin 

Number of 
Residential 
Households 
(1–4 units) 

Percent (%) of Households Adopting 

5% 10% 25% 50% 

Arkansas 307,003 30,695 61,395 153,497 307,003 

Colorado 112,190 11,211 22,430 56,085 112,190 

Gunnison 16,719 1,669 3,343 8,357 16,719 

Metro 869,666 86,963 173,932 434,829 869,666 

Rio Grande 4,027 402 805 2,013 4,027 

South Platte 304,129 20,401 60,821 152,054 304,129 

Southwest 18,880 1,886 3,774 9,436 18,880 

Yampa-White 11,550 1,154 2,309 5,773 11,550 
Notes: Assumes each adopting household installs two barrels, but rounding errors have in some cases 
led to estimates being off by one barrel per basin. 



61 

5.3 Potential Rainwater Harvesting and Stormwater Capture 
Volumes 

This section summarizes results of statewide hydrologic analysis by basin for these scenarios: 

1. Residential rainwater harvesting potential allowed without a water right under current
Colorado water law (in two 55-gallon rain barrels, totaling 110 gallons of capture, and
88 gallons of functional capture).

2. Residential rainwater harvesting potential with a larger hypothetical capture volume in
a 500-gallon cistern (and 450 gallons of functional capture), which would require
water rights to implement.

3. Estimated annual urban stormwater runoff volumes from existing impervious areas by
basin.

4. Estimated annual urban stormwater runoff volumes per impervious acre (from #3)
applied to hypothetical land development scenarios in the South Platte River Basin
with volumes adjusted by Regional Factors. This scenario provides an example of how
stormwater capture and use potential could be estimated for other basins in Colorado.

These results are intended to be considered by Basin Roundtables, urban water suppliers, and 
policymakers to begin to assess opportunities for stormwater capture and use as part of 
water supply planning in Colorado.  

5.3.1 110-gallon Rainwater Harvesting Scenario 

Table 12 summarizes the annual rainwater harvesting volumes that may be collected in two 
55-gallon (functionally 88-gallons total) rain barrels per residential household by basin for an
average, dry, and wet rainfall year. The values presented in the table were calculated as
weighted averages based on the number of 1–4-unit residential households in each Urban
Area within the basin. See Appendices F-1 and F-2 for a summary of average rainwater
volumes by Urban Area.
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Table 12. Annual Rainwater Harvesting Potential per Residential Household in Two 55-Gallon 
Rain Barrels by Basin 

Potential Annual Rainwater Capture Volume per Residential 
Household (Gallons) 

Basin Average Year Dry Year Wet Year 

Arkansas 896 735 1,092 
Colorado 663 486 803 
Gunnison 605 442 745 
Metro 885 672 1,136 
Rio Grande 578 440 705 
South Platte 797 568 1,004 
Southwest 677 458 885 
Yampa-White 879 739 1,051 
Notes: An average year represents the mean precipitation for the basin, dry is 10th percentile, and wet is 
90th percentile. These represent volumes that do not require water rights to capture and use.  

Table 13 summarizes estimates by basin of residential rainwater harvesting potential for 
existing development in Colorado’s Urban Areas using two 55-gallon rain barrels. This scenario 
is legally allowed without requiring water rights. Corresponding to Table 13, Figure 12 provides 
a bar chart showing average annual rainwater harvesting potential by basin, and for the state, 
across several hypothetical rain barrel adoption rates. Error bars indicate the range from a dry 
to wet year. The differences between wet, average, and dry years are more pronounced at 
higher adoption rates and at the statewide level. At smaller adoption rates and for basins with 
a small potential overall, the wet and dry year differences are not very pronounced. 

The Metro Basin has the highest estimated rainwater harvesting potential of all basins ranging 
from 118 AF/YR at an adoption rate of 5% to 1,180 AF/YR at a 50% adoption rate. The Rio 
Grande has the lowest potential with zero (less than 1 AF/YR) estimated potential at a 5% 
adoption rate and 4 AF/YR at a 50% adoption rate. This variation is due to the large difference 
in the number of households in Urban Areas in these basins (see Table 10 for number of 
households per Urban Area and basin), and, to a lesser degree, by the average annual 
precipitation in non-winter months. Statewide, the average annual residential rainwater 
harvesting potential using two 55-gallon rain barrels at a 5% adoption rate is 214 AF/YR, or 
2,143 AF/YR at a 50% adoption rate. 
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Table 13. Annual Rainwater Harvesting Potential by Basin for Two 55-Gallon Rain Barrels at Existing Residences in Urban Areas 
Across Adoption Rates 

Percent (%) of Households Adopting Two 55-Gallon Rain Barrels 

5% 10% 25% 50% 

Basin AF/YR MG/YR AF/YR MG/YR AF/YR MG/YR AF/YR MG/YR 

Arkansas 
42 

(35-51) 
13.8 

(11.3-16.8) 
84 

(69-103) 
27.5 

(22.6-33.5) 
211 

(173-257) 
68.8 

(56.4-83.8) 
422 

(346-515) 
137.6 

(112.8-167.7) 

Colorado 
11 

(8-14) 
3.7 

(2.7-4.5) 
23 

(17-28) 
7.4 

(5.5-9.0) 
57 

(42-69) 
18.6 

(13.6-22.5) 
114 

(84-138) 
37.2 

(27.3-45.1) 

Gunnison 
2 

(1-2) 
0.5 

(0.4-0.6) 
3 

(2-4) 
1.0 

(0.7-1.2) 
8 

(6-10) 
2.5 

(1.8-3.1) 
16 

(11-19) 
5.1 

(3.7-6.2) 

Metro 
118 

(90-152) 
38.5 

(29.2-49.4) 
236 

(179-303) 
76.9 

(58.5-98.8) 
590 

(448-758) 
192.3  

(146.1-246.9) 
1,180 

(897-1,515) 
384.6  

(292.3-493.8) 

Rio Grande 
0 

(NA) 
0.1 

(0.1-0.1) 
1 

(1-1) 
0.2 

(0.2-0.3) 
2 

(1-2) 
0.6 

(0.4-0.7) 
4 

(3-4) 
1.2 

(0.9-1.4) 

Southwest 
2 

(1-3) 
0.6 

(0.4-0.8) 
4 

(3-5) 
1.3 

(0.9-1.7) 
10 

(7-13) 
3.2 

(2.2-4.2) 
20 

(13-26) 
6.4 

(4.3-8.4) 

South Platte 
37 

(26-47) 
12.1 

(8.6-15.3) 
74 

(53-94) 
24.2 

(17.3-30.5) 
186 

(132-234) 
60.6 

(43.2-76.3) 
372 

(265-469) 
121.2 

(86.3-152.7) 

Yampa/ White 
2 

(1-2) 
0.5 

(0.4-0.6) 
3 

(3-4) 
1.0 

(0.9-1.2) 
8 

(7-9) 
2.5 

(2.1-3.0) 
16 

(13-19) 
5.1 

(4.3-6.1) 

Total 
214 

(163-270) 
69.8 

(53.2-88.1) 
428 

(326-541) 
139.7 

(106.4-176.2) 
1,072 

(816-1,352) 
349.2 

(265.9-440.6) 
2,142 

(1,632-2,704) 
698.3 

(531.8-881.2) 
Notes: Values provided in AF/YR and MG/YR. Values presented include a year with average rainfall, while values in parenthesis represent 10th 
percentile rainfall amount and 90th percentile rainfall amount, respectively.
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Figure 12. Estimated Rainwater Harvesting Potential by Basin from Two 55-Gallon Rain Barrels 
Across Adoption Rates 
Notes: Error bars show the range in potential between a dry year (bottom, 10th percentile) and a wet year 
(top, 90th percentile). Harvesting potential presented in AF/YR. 

Table 14 summarizes the estimated rainwater harvesting potential for two hypothetical rain 
barrel adoption rates alongside Colorado Water Plan’s 2015 Residential Outdoor Demand 
Baseline and the 2050 Residential Outdoor Business as Usual (BAU) outdoor landscape 
irrigation estimates (ELEMENT Water Consulting, Inc 2019). While some states allow rainwater 
and stormwater to be treated and used for purposes beyond irrigation, Colorado law currently 
restricts rainwater captured on residential properties in rain barrels to be used for landscape 
irrigation only. At a 10% adoption rate, rainwater harvesting for the 110-gallon scenario would 
only meet up to 0.2% of the baseline or the BAU projected outdoor demand across the basins 
with Urban Areas. At the 50% adoption rate, rainwater harvesting would meet 0.2-1.2% of the 
baseline residential outdoor use, or 0.1–0.8% of BAU projected residential outdoor demand. 
This analysis shows that residential rainwater harvesting at currently allowed volumes would 
be a relatively small water source in basin water supply planning. 
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Table 14. Comparison of Basin Baseline (2015) and Projected (2050 BAU) Demand for 
Residential Outdoor Use (AF/YR) with Two 55-Gallon Rain Barrels at the 10% and 50% 
Adoption Rates and Associated Proportions (%) 

Basin 

Residen
tial 

Outdoor 
Demand 
Baseline 

(2015) 

Residen
tial 

Outdoor 
Demand 

BAU 
(2050) 

Scenario 1: 
Two 55-Gallon Rain 

Barrels 
10% Adoption Rate 

Scenario 2: 
Two 55-Gallon Rain 

Barrels 
50% Adoption Rate 

RWH 
Potent

ial 

% of 
Baseli

ne 

% of 
BAU 

Projecti
on 

RWH 
Potent

ial 

% of 
Baseli

ne 

% of 
BAU 

Projecti
on 

AF/YR AF/YR AF/YR % % AF/YR % % 
Arkansas 36,404 53,107 84 0.2% 0.2% 422 1.2% 0.8% 
Colorado 12,796 20,907 23 0.2% 0.1% 114 0.9% 0.5% 
Gunnison 4,158 6,681 3 0.1% 0.0% 16 0.4% 0.2% 
Rio Grande 2,191 2,621 1 0.0% 0.0% 4 0.2% 0.1% 
Southwest 5,986 10,879 4 0.1% 0.0% 20 0.3% 0.2% 
South Platte 
(with Metro) 146,739 234,077 310 0.2% 0.1% 1,552 1.1% 0.7% 
Yampa-White 1,804 2,736 3 0.2% 0.1% 16 0.9% 0.6% 

Total 210,078 331,008 428 0.2% 0.1% 2,142 1.0% 0.6% 
Source: ELEMENT Water Consulting, Inc 2019 
Notes: “Total” is equal to the sum of the rows for the basins presented, not the actual statewide total, 
because this analysis only includes basins with urbanized areas. RWH = rainwater harvesting. 

5.3.2 500-Gallon Cistern Rainwater Harvesting Scenario (Requires 
Water Rights) 

Given the relatively low volumes of rainwater harvesting under the 110-gallon scenario, the 
project team explored a scenario using 500-gallon cisterns to capture rainwater from 
residential households for existing development across the state. This scenario would require 
water rights to be implemented, apart from rural households with “exempt” well status, as 
discussed in Section 3 above.  

Table 15 summarizes the annual rainwater harvesting volumes collected in a 500-gallon 
(functionally 450-gallon) cistern per residential household by basin. As was the case for the 
110-gallon scenario, the values presented in the tables were calculated as weighted averages
based on the number of 1–4-unit residential households in each Urban Area within the basin.
See Appendices F-1 and F-2 for a summary of average rainwater volumes by Urban Area for
both size categories. Table 16 shows the total annual volume of rainwater that could be
harvested at the basin scale across different household adoption rates and water year types
(average, dry, and wet).
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In general, increasing the size of the capture vessel from a functional capture volume of 88 
gallons to 450 gallons leads to an approximately 300% increase in capture potential across 
basins. At the 5% adoption rate, residential rainwater harvesting in the Metro Basin could 
supply 389 AF/YR, and up to 3,892 AF/YR at a 50% adoption rate. At the other end of the 
spectrum, in the Rio Grande Basin, residential rainwater harvesting in 500-gallon cisterns 
could supply approximately 1 AF/YR at the 5% adoption rate and 10 AF/YR at the 50% adoption 
rate. Statewide, the total rainwater harvesting potential using 500-gallon cisterns for existing 
residential development ranges from 704 AF/YR at the 5% adoption rate to 7,039 AF/YR at the 
50% adoption rate.  

Table 15. Annual Rainwater Harvesting Potential in a 500-Gallon Cistern per Residential 
Household by Basin 

Potential Annual Rainwater Capture Volume per Residential 
Household (Gallons) 

Basin Average Year Dry Year Wet Year 

Arkansas 2,970 2,248 3,702 
Colorado 1,984 1,479 2,542 
Gunnison 1,713 1,145 2,311 
Metro 2,916 2,184 3,508 
Rio Grande 1,588 1,080 2,014 
South Platte 2,650 1,948 3,298 
Southwest 2,279 1,346 3,028 
Yampa-White 2,814 2,097 3,477 
Notes: An average year represents the mean precipitation for the basin, dry is 10th percentile, and wet is 
90th percentile. These represent volumes that require water rights prior to capture and use. 
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Table 16. Annual Rainwater Harvesting Potential by Basin in a 500-Gallon Cistern at Existing Residences in Urban Areas Across 
Adoption Rates 

Percent (%) of Households Adopting a 500-Gallon Cistern 

5% 10% 25% 50% 

Basin AF/YR MG/YR AF/YR MG/YR AF/YR MG/YR AF/YR MG/YR 

Arkansas 
140 

(106–174) 
45.6 

(34.5–56.8) 
280 

(212–349) 
91.2 

(69.0–113.7) 
700 

(529–872) 
228.0  

(172.5–284.2) 
1,399  

(1,059–1,744) 
455.9  

(345.1–568.3) 

Colorado 
34 

(25–44) 
11.1 

(8.3–14.3) 
68 

(51–88) 
22.3 

(16.6-28.5) 
171 

(127–219) 
55.6 

(41.5–71.3) 
341 

(255–438) 
111.3 

(83.0–142.6) 

Gunnison 
4 

(3–6) 
1.4 

(1.0–1.9) 
9 

(6–12) 
2.9 

(1.9–3.9) 
22 

(15–30) 
7.2 

(4.8–9.7) 
44 

(29–59) 
14.3 

(9.6–19.3) 

Metro 
389 

(291–468) 
126.8 

(95.0–152.6) 
778 

(583–936) 
253.6  

(189.9–305.1) 
1,946  

(1,457–2,914) 
634.1  

(474.8–762.8) 
3,892  

(2,914–4,682) 

1,268.1 
(949.5–
1,525.6) 

Rio Grande 
1 

(1–1) 
0.3 

(0.2–0.4) 
2 

(1–2) 
0.6 

(0.4–0.8) 
5 

(3–6) 
1.6 

(1.1–2.0) 
10 

(7–12) 
3.2 

(2.2–4.1) 

Southwest 
7 

(4–9) 
2.2 

(1.3–2.9) 
13 

(8–18) 
4.3 

(2.5–5.7) 
33 

(19–44) 
10.8 

(6.4–14.3) 
66 

(39–88) 
21.5 

(12.7–28.6) 

South Platte 
124 

(91–154) 
40.3 

(29.6–50.1) 
247 

(182–308) 
80.6 

(59.2–100.3) 
618 

(455–769) 
201.5  

(148.1–250.7) 
1,237 

(909–1,539) 
403.0  

(296.2–501.5) 
Yampa/ 
White 

5 
(4–6) 

1.6 
(1.2–2.0) 

10 
(7–12) 

3.2 
(2.4–4.0) 

25 
(19–31) 

8.1 
(6.1–10.0) 

50 
(37–62) 

16.2 
(12.1–20.1) 

Total 
704 

(525–862) 
229.4 

(171.0–281.0) 
1,408 

(1,050–1,725) 
458.7 

(342.1–562.0) 
3,519 

(2,624–4,312) 

1,146.8 
(855.2–
1,405.0) 

7,039 
(5,249–8,624) 

2,293.6 
(1,710.4–
2,810.0) 

Notes: This scenario would require water rights. Main value presented represents a year with average rainfall, while values in parenthesis 
represent 10th-percentile rainfall amount and 90th-percentile rainfall amount, respectively.
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5.3.3 Stormwater Runoff Potential for Existing Impervious Surfaces 
Without Capture/Storage Limitations (Capture and Use 
Requires Water Rights) 

Here we present the results by basin of the volume of urban stormwater runoff from non-
winter months.20 These volumes are inclusive of rainwater from residential roofs, and 
therefore, these estimates are not mutually exclusive from the rainwater harvesting volumes 
reported in Tables 13 and 16 above. It is important to state that the majority of the 
stormwater runoff from existing Urban Areas in Colorado is not new supply and is not legally 
available for capture and use due to water rights owned by downstream entities, as described 
in Section 3. Furthermore, before pursuing stormwater capture and use for water supply there 
are multiple other factors to consider, such as the cost relative to other water alternatives 
and the environmental impact of the practice. The volumes reported here provide a useful 
starting point from which further economic, environmental, and other evaluations can be 
performed on a site-by-site basis. See Section 5.3.4 for a case study of the potential for 
stormwater capture on future urban development. See Section 6 for an economic evaluation 
of stormwater capture and use based on these volumes and the volumes of rainwater 
harvesting potential from above.  

Table 17 presents stormwater runoff volumes by basin across a range of modeled scenarios. 
These scenarios range from the unconstrained to the more constrained, including runoff 
generated on all types of impervious surfaces within Urban Areas in each basin, to more 
constrained estimates that reflect runoff from a reduced proportion of the total impervious 
surface area, such as by removing stormwater runoff generated by impervious roadway 
surfaces. The more constrained values are more practical for understanding the potential for 
stormwater capture and use, but still do not account for legal or economic constraints or 
other considerations. These reflect the project team’s and expert panel’s desire to provide 
more realistic estimates of the volumetric potential of stormwater capture and use. The 
scenario of removing runoff from roadways is included because these surfaces produce 
stormwater that is more difficult to store (space-constrained) and that would require 
significant treatment before most uses. 

20 As noted previously, this analysis focused on non-winter stormwater capture with water used for landscape 
irrigation purposes. Other analysis assumptions could include year-round capture with larger scale underground 
storage, which would increase the volumetric potential results. 
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Table 17. Annual Stormwater Runoff from Impervious Surfaces in Urban Areas by Basin 
(AF/YR) 

Basin 
Annual Stormwater Runoff from Impervious Surfaces in Urban Areas (AF/YR) 

Under Various Scenarios 

Surface Type 
Percentage of Impervious Surface 

Captured 
Percentage of Impervious Surface 

Captured Excluding Roadways 

Percentage of 
Surface Area 

100% 50% 10% 100% 50% 10% 

Arkansas 135,495 67,747 13,549 81,513 40,756 8,151 

Colorado 34,319 17,160 3,432 21,852 10,926 2,185 

Gunnison 5,978 2,989 598 3,934 1,967 393 

Metro 326,660 163,330 32,666 200,409 100,204 20,041 

Rio Grande 1,261 630 126 855 428 86 

Southwest 6,746 3,373 675 3,856 1,928 386 

South Platte 123,038 61,519 12,304 77,335 38,668 7,734 

Yampa-White 4,768 2,384 477 2,837 1,419 284 

Total 638,264 319,132 63,826 392,591 196,296 39,259 
Notes: Estimates are hypothetical and range from unconstrained to more constrained. However, all total 
volumes are higher than what is allowed for capture and use under current Colorado law without new 
water rights. 

These stormwater runoff volumes are significantly higher than the amount of water that is 
legally harvestable without water rights in rain barrels. Comparisons of stormwater runoff 
estimates from one western-slope basin, the Colorado Basin (Figure 13), and one eastern-
slope basin, the South Platte (including the Metro) Basin (Figure 14), demonstrate the 
difference between these estimates and the rainwater harvesting estimates.  
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Figure 13. Comparison of Rainwater Harvesting Potential with Stormwater Runoff 
Volumes from Existing Impervious Surfaces in Colorado Basin Urbanized Areas 
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Figure 14. Comparison of Rainwater Harvesting Potential with Stormwater Runoff Volumes 
from Existing Impervious Surfaces in South Platte (with Metro) Basin Urbanized Areas 

For additional context, stormwater runoff volumes from existing impervious surfaces in 
urbanized areas can be compared to baseline and future outdoor irrigation water demands.21 
Table 18 and Figure 15 compare 10% of stormwater runoff volumes for two scenarios of 
impervious surface runoff against outdoor demand projections. The first scenario, which 
includes runoff from unconstrained impervious surfaces, urban stormwater runoff volumes 
reflect 6–37% of baseline residential outdoor demand and 5–26% of projected BAU residential 
outdoor demand. In the second scenario, where urban stormwater runoff is limited to non-
roadway surfaces, the volumes reflect 4–22% of baseline residential outdoor demand and 3–
15% of projected BAU residential outdoor demand. Although these estimates do not reflect 
solely “new” water that has not already been claimed under existing water rights, these 
estimates support proof of concept that larger scale stormwater capture provides runoff 
volumes that could be used to meet a meaningful portion of outdoor residential water 
demand, especially when paired with water conservation practices and outdoor water demand 
management. Legal, economic, environmental, public health, and other site-specific 
constraints would need to be evaluated before pursuing stormwater capture and use at 
specific locations across the state. See Section 6 for basin- and state-level evaluations of the 
economic benefits of stormwater capture and use, including quantifiable non-water supply 
benefits that can influence decision-making. 

21 The project team chose to make all comparisons of estimated rainwater and stormwater volumes for outdoor use 
because current Colorado law does not allow for indoor use of these waters. However, in other parts of the country, 
rainwater and stormwater are treated and used for indoor purposes, like toilet flushing. 
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Table 18. Comparison of Basin Baseline (2015) and Projected (2050 BAU) Demands for 
Residential Outdoor Use (AF/YR) with Urban Stormwater Runoff Volumes (would require water 
rights to capture and use). 

Basin 

Residen
tial 

Outdoor 
Demand 
Baselin

e 
(2015) 

Residen
tial 

Outdoor 
Demand 

BAU 
(2050) 

Scenario 1: 
Stormwater Runoff from 

10% of Existing Impervious 
Surface Area 

Scenario 2: 
Stormwater Runoff from 

10% of Existing Impervious 
Surfaces Excluding 

Roadways 

Runof
f 

% of 
Baselin

e 
Outdoor 
Demand 

% of 
BAU 
2050 

Outdoor 
Demand 

Runoff 

% of 
Baselin

e 
Outdoor 
Deman

d 

% of 
BAU 
2050 

Outdoo
r 

Deman
d 

AF/YR AF/YR AF/YR % % AF/YR % % 
Arkansas 36,404 53,107 13,549 37% 26% 8,151 22% 15% 
Colorado 12,796 20,907 3,432 27% 16% 2,185 17% 10% 
Gunnison

4,158 6,681 598 14% 9% 393 9% 6% 
Rio 
Grande 2,191 2,621 126 6% 5% 86 4% 3% 
South-
west 5,986 10,879 675 11% 6% 386 6% 4% 
South 
Platte (w/ 
Metro) 146,739 234,077 

44,97
0 31% 19% 27,774 19% 12% 

Yampa-
White 1,804 2,736 411 23% 15% 284 16% 10% 

Total 210,078 331,008 63,82 30% 19% 39,259 19% 12% 
Source: ELEMENT Water Consulting, Inc 2019 
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Figure 15. Baseline and Projected (BAU) Residential Outdoor Demand and Urban Stormwater 
Runoff (Including Constrained Scenarios) by Basin (AF/YR) 
Source: ELEMENT Water Consulting, Inc 2019 

5.3.4 South Platte River Basin Case Study Stormwater Capture 
Scenarios from Impervious Areas for New Development 

Building on the analysis related to stormwater runoff volumes in Section 5.3.3, this section 
provides a case study of two hypothetical growth scenarios in the South Platte River Basin 
and the potential harvestable stormwater runoff volumes using Regional Factors (Gilliom 
2019). This water, therefore, represents “new” water that is not currently relied upon by 
downstream users. Key assumptions for this case study include: 

● For each basin, using runoff data from Section 5.3.3, a stormwater runoff rate in
AF/acre was estimated and then applied to new impervious area growth projections to
estimate future potential for stormwater runoff in new development. These values
were then adjusted by a Regional Factor using simplified assumptions from Gilliom
(2019). These assumptions included:

o Regional Factors for HSG C, which is relatively conservative.

o The 90% Regional Factor curve for HSG C was selected and applied to the
runoff volume for purposes of an order-of-magnitude estimate only.
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o 3% loss to groundwater (G) assumed.

● The Colorado Water Plan does not currently provide growth projections in terms of
land areas by basin (Reidy 2023). For purposes of this example, hypothetical 10% and
25% increases in existing impervious area were used to approximate future projected
development.

● Stormwater runoff capture scenarios used a low-end capture scenario of 10% and an
upper-end capture scenario of 25% to provide a range of estimates for potential
stormwater capture from hypothetical future new development in the South Platte
River Basin.

Based on this example in Table 19, applying Regional Factors to hypothetical 10% and 25% 
increases in impervious area and using 10% to 25% capture rates for impervious area, the 
volumetric potential for urban stormwater runoff to serve as a “new water” source in the 
South Platte River Basin would be on the order of 3,100 to 19,600 AF/YR. Other assumptions 
could also be applied to evaluate other scenarios, but this range of scenarios would represent 
4% to 22% of the projected increase in South Platte River Basin water demand from baseline 
(2015) to BAU (2050) as described in the Colorado Water Plan (as shown in Table 18 above). 

Table 19. Potential Stormwater Capture Volumes for New Development in the South Platte 
River Basin (Hypothetical Scenarios). Impervious Area = IA. 

South Platte/Metro Basin 
10% IA 

Increase 
25% IA 

Increase 
10% IA 

Increase 
25% IA 

Increase 

AF/YR AF/YR MG/YR MG/YR 

Potential Harvestable Runoff—
100% Runoff Capture (AF/YR)  31,324 78,309 10,207 25,517 
10% Capture (AF/YR) 3,132 7,831 1,021 2,552 
25% Capture (AF/YR) 7,831 19,577 2,552 6,379 

Using an example scenario to put this into context, a 100-acre development with 400 homes 
(45 acres of which are impervious surface) would result in 88-100 AF of average annual outdoor 
demand. Based on Table 8, the median 2010–2017 rainwater harvesting amount of 42 AF would 
meet 42–48% of this demand. Assuming a water-smart household uses 50% of this average 
outdoor use estimate, similar to households in Sterling Ranch or other parts of the state like 
Castle Rock and Aurora where more efficient landscapes have been mandated, the annual 
outdoor demand for the example development would be 44–50 AF. In this case, the median 
allowed rainwater harvesting almost fully meets demand, and for five of the eight years at 
Sterling Ranch, it nearly met or exceeded this demand estimate. 

5.4 Summary 

Based on analysis of several rainwater harvesting and stormwater capture and use scenarios, 
we find: 

1. For rainwater harvesting implemented at currently allowed 1–4-unit residential
households in two 55-gallon rain barrels and for a hypothetical rainwater harvesting
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scenario in 500-gallon cisterns at the same households, the potentially captured 
stormwater volumes by basin represent a small source of water for meeting basin 
demand gaps. The volume of water from these two scenarios is generally on the order 
of less than 1% of residential outdoor water demand from 2015. This proportion may 
change, and improve, as outdoor landscapes become more sustainable and irrigation 
demand is reduced. Nonetheless, there are other potential benefits of rainwater 
harvesting at this scale that could make pursuing this strategy a beneficial endeavor, 
as discussed further in Section 6.  

2. Stormwater runoff from existing impervious surfaces (e.g., rooftops, roads, parking
lots) in Colorado's Urban Areas represents a substantial water source. However, this
water that returns to streams through surface runoff or alluvial groundwater is not
considered a "new" water source in over-appropriated basins because this water has
essentially already been claimed for use under existing water rights filed in water
court. Although there are some exceptions to this general statement, claiming the right
to use this runoff would require site-specific water rights analysis, a plan for
augmentation of out-of-priority depletions, and water court processes, or changes to
existing water law. Nonetheless, these estimates suggest that larger scale stormwater
capture could provide runoff volumes that could be used to meet a meaningful portion
of outdoor residential water demand. Legal, economic, environmental, public health,
and other site-specific constraints would need to be evaluated before pursuing
stormwater capture and use at specific locations across the state.

3. Based on hydrologic analysis completed as part of the Sterling Ranch pilot project, the
concepts of HNDs and Regional Factors (Gilliom 2019) provide a framework for larger
scale implementation of stormwater capture and use for new greenfield developments
(e.g., development scale, neighborhood scale). If these methods are adopted beyond
the pilot project framework, there is potential for a new development to claim the
right to capture and use a portion of the runoff from new impervious surfaces. For
example, in the South Platte Basin, applying Regional Factors to hypothetical 10% and
25% increases in impervious area and using 10% to 25% capture rates for impervious
area, the volumetric potential for urban stormwater runoff to serve as a “new water”
source would be on the order of 3,100 to 19,600 AF/YR. More refined land development
projections and Regional Factors in other river basins would be needed to refine this
estimate or broaden it for use in other basins.

While this analysis provides reasonable estimates of stormwater runoff and rainwater 
harvesting potential for a variety of scenarios, the following limitations of this analysis are 
noted: 

● Rural areas in the state make up a large proportion of the total land area but have
much less developed impervious surfaces. However, there is a need for more research
to understand the opportunity for stormwater capture and rainwater harvesting in
non-urban parts of the state. Notably, under Senate Bill 09-080, there is an exemption
from the standard rain barrel harvesting rules that allows rural households with an
“exempt” well (or a well that is legally entitled to be exempt) to obtain a Rooftop
Precipitation Collection System Permit to collect rainwater from their household
rooftop. This permit does not limit the barrel size (Cabot et al. 2016).
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● This rain barrel analysis and stormwater runoff analysis focused on existing
development and does not provide information on the volumetric potential for
stormwater runoff or rainwater harvesting in future development other than for the
South Platte River Basin case study.

● This analysis is only inclusive of precipitation that falls in non-winter months, from
March–October in Urban Areas below 8,500 FAMSL and April–September in Urban
Areas above 8,500 FAMSL. This is a conservative assumption and a reasonable
limitation due to the lack of demand for irrigation in non-winter months and due to
the need for some rainwater systems to be winterized due to freezing temperatures;
however, it does lead to lower capture potential than is technically available when
including year-round precipitation.

● This study used water demand from residential landscapes, as estimated in 2015,
compared to rainwater harvesting potential and stormwater runoff volumes. This work
therefore does not account for other types of demand, such as non-potable indoor
uses, which are not currently allowed uses for rainwater or stormwater in Colorado
but are allowed in other parts of the country. Additionally, it does not reflect future
potential for rainwater and stormwater compared to more sustainable practices that
continue to lead to declines in residential and commercial demand both indoors and
outdoors.

● Finally, the current analysis may not represent future capturable runoff volumes
because it does not account for any potential future impacts of climate variability on
rainfall and temperature patterns.
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6 Exploring the Economic Potential of Urban Stormwater 
Capture and Use in Colorado 

This section builds on estimates of the water supply that could be provided by various types 
of rainwater harvesting and stormwater capture and use and evaluates the costs and benefits 
of these practices. As described in previous sections, stormwater capture and use can provide 
multiple benefits, including: 

● Potable water savings and enhanced water supply reliability – stormwater capture
and use can reduce demand for potable water supplies from centralized treatment
and distribution networks, freeing up that water for other uses and/or reducing the
need for alternative water supplies.

● Energy savings – reusing stormwater on-site (particularly through gravity-based
systems) reduces the amount of energy that would otherwise be needed to treat and
distribute water through centralized water distribution networks.

● Reduced pollutant loads in urban runoff – stormwater capture practices reduce the
rate and volume of stormwater runoff and associated transported pollutants from
urban land uses that would otherwise flow into local waterways.

● Wildfire-related damage reduction – stormwater captured and stored on-site in
sufficient volumes can provide water to ensure hydration of landscape areas around a
home or other buildings. This can reduce damages associated with a wildfire event.

● Increased education and awareness – Decentralized stormwater capture and use can
increase public awareness around water supply and stormwater issues. In some cases,
it can also provide a “sustainability premium” that is reflected in the value of homes or
buildings where stormwater capture and use is applied.

● Localized flood risk reduction - Although small-scale rain barrel installation is unlikely
to have a meaningful flood control benefit, larger scale stormwater capture projects
have the potential to help mitigate localized flooding during smaller events. Localized
flooding occurs when rain overwhelms drainage systems and waterways in direct
proximity to a precipitation event. In some cases, practices that capture and reuse
stormwater on-site can help to reduce localized flooding in urban and suburban areas.
However, questions remain on the effectiveness of distributed practices for managing
localized flooding under different storm events (i.e., of varying rainfall depths and
intensity), as well as the scale of application necessary to reduce flood-related
impacts. Flood risk reduction benefits are also highly site- and watershed-specific. For
these reasons, the project team did not quantitatively evaluate this benefit (Clements
et al. forthcoming).

For the purposes of this analysis, we assume that the volumes of water associated with the 
various scenarios evaluated in Section 5 are physically and legally available. However, the 110-
gallon rain barrel capture scenario is the only scenario that currently meets Colorado’s 
current water rights environment. To simplify the economic analysis, the cost of obtaining and 
maintaining water rights for scenarios beyond 110 gallons of rainwater harvesting is not 
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evaluated. Additionally, in over-appropriated basins, the estimated water supply volumes may 
not be available for harvest by existing development because stormwater runoff is already 
being “harvested” by downstream senior water users.  

Finally, the cost of treating stormwater for subsequent uses is not considered in this 
simplified analysis. While rainwater harvested from rooftops can typically be used for 
landscape irrigation without additional treatment, stormwater runoff from other impervious 
surfaces typically requires treatment. Per Deng (2021) however found that treatment of roof 
runoff may also be needed for some uses. Treatment costs also vary based on the level of 
treatment required, which depends on the use (e.g., landscape irrigation, indoor toilet flushing, 
cooling tower usage). For more information on treatment requirements, see Sharvelle et al. 
(2023). 

6.1 Potable Water Savings and Enhanced Water Supply Reliability 

Stormwater capture and use reduces reliance on potable water supplies and infrastructure; 
this in turn can decrease water costs for households, reduce the need to develop alternative 
supplies, reduce water infrastructure requirements, and enhance overall water supply 
reliability within a community.  

6.1.1 Water Supply Benefits of Rainwater Harvesting 

The water supply benefits of rainwater harvesting depend on the quantity and timing of on-
site water demand relative to the quantity and timing of stormwater runoff available for 
capture. These factors are influenced by local climate, total rainfall, distribution of rainfall 
depths, and system storage capacity (NAS 2016). The viability of rainwater harvesting can be 
limited when there is not enough storage available to meet irrigation demands during dry 
periods and/or in areas where the timing and intensity of rainfall limits the capacity of 
stormwater collection (NAS 2016). In addition, the operation and maintenance of rainwater 
harvesting systems is key to realizing benefits. This is particularly relevant for rain barrels, as 
many utilities have reported very low rates of maintenance and upkeep by households 
(Clements et al. 2018; Crisostomo, Ellis, and Rendon 2014). 

Despite these limitations, several studies have demonstrated meaningful potable water supply 
savings associated with rainwater harvesting systems. For example, NAS (2016) explored the 
amount of stormwater potentially available for various beneficial uses at different scales in 
six US cities. The authors conducted an original analysis using WinSLAMM (the Source Loading 
and Management Model) to approximate potential water savings from household-scale 
stormwater capture and reuse in medium-density, residential developments. In each location, 
the authors analyzed the use of rainwater harvesting to meet on-site irrigation and toilet-
flushing demands under two storage volume scenarios: 70 gallons per household and 2,200 
gallons per household. Results confirmed that water savings associated with the beneficial 
use of stormwater are largely dependent on tank size and the amount and timing of 
precipitation relative to water demand. In four of the six cities, the authors found substantial 
potential household water savings, ranging from 24% to 28% of total household water use 
under the 2,200-gallon storage tank scenario. These cities—Lincoln, NE; Madison, WI; 
Birmingham, AL; and Newark, NJ (all located in the Midwest or East Coast)—have year-round 
rainfall closely matching irrigation demands. Los Angeles and Seattle had lower water savings 
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potential (5% and 15% of total household water use, respectively), largely because the timing 
and intensity of rainfall limits the capacity of stormwater collection and is not commensurate 
with irrigation demand (NAS 2016). In addition, small stormwater water storage capacities 
result in much lower potable water savings. Under the 70-gallon storage capacity scenario, 
savings ranged from less than 2% of household use in Los Angeles to 10% in Newark. As 
discussed in more detail below (e.g., see Table 20), these findings are relatively consistent 
with the findings presented in Section 5 regarding the potential water savings associated with 
110-gallon and 500-gallon storage systems.

Steffen et al. (2013) also assessed the potential benefits of residential rainwater harvesting 
across geographic regions. For this study, the authors used the US EPA’s Stormwater 
Management Model (SWMM) to examine water supply and stormwater management benefits 
of residential rainwater harvesting in 23 US cities across seven climate regions. The analysis 
was conducted for standard residential parcel and rooftop sizes using daily precipitation 
records and water demand patterns developed for each city. Water-saving efficiency benefits 
were determined for a range of tank sizes, including a single 50-gallon rain barrel. Results 
indicate that in semi-arid regions of the country (i.e., Southwest, Mountain West, and West 
Coast) rainwater harvesting has the potential to capture a relatively large percentage of 
rooftop runoff compared with areas that experience higher levels of precipitation (i.e., the 
East Coast, Midwest, Southeast, and Pacific Northwest). However, the potential water savings 
in semi-arid regions are much lower. This is largely because of the mismatch between the 
timing of on-site water demand and the volume of stormwater runoff available for use during 
peak demand periods. 

In a 2014 study, Litofsky and Jennings evaluated rain barrel performance (in terms of 
stormwater capture and use for outdoor irrigation) in residential settings across 70 cities 
within the United States. This study applied an original model to simulate stormwater capture 
associated with a 62-gallon rain barrel servicing 500 square feet of roof area. The authors 
estimated irrigation demand associated with a 150 square foot garden, while accounting for 
length of the growing season and daily precipitation patterns in each location. Results of the 
analysis indicate that rain barrel performance is highly variable, with the percentage of 
outdoor irrigation demand satisfied ranging from 5% to 73%. However, results for Denver 
indicate that a single rain barrel could meet 42% of irrigation demand for the assumed small 
garden size (Litofsky and Jennings 2014). 

In a 2020 study of the tradeoffs associated with various water conservation and alternative 
water supply strategies in Denver, Tucson, and Miami, Neale et al. (2020) concluded that 
stormwater can serve as substantial water supply, even where annual precipitation is low, 
such as in Denver and Tucson, when there is adequate storage (3,000 gallons per household 
was assumed for the study). However, the authors note that advancements to reduce costs 
for stormwater storage are needed to realize stormwater’s potential for demand reduction. 
Results of the study also indicated that harvesting of rooftop runoff, assuming a storage 
capacity of 200 gallons per household, offered minimal benefit for water demand reduction in 
all three cities studied.  

While the studies of residential rainwater harvesting described above rely on extensive 
modeling and provide estimates of potential savings, many real-world examples of rainwater 
harvesting systems have documented significant potable water supply offsets. The case 
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studies included in this report present relevant examples within Colorado. For example, as 
discussed in Section 4.5, the Sterling Ranch pilot project is projected to yield an estimated 
400 AF/YR for outdoor/non-potable uses. Additional studies document benefits realized at 
development sites in various locations across the country (Burgess 2017; Foster, Lowe, and 
Winkelman 2011).  

6.1.2 Water Supply Benefits of Residential Rainwater Harvesting in 
Colorado 

The project team’s results for this study are in line with the general themes presented 
above—namely, in Colorado, rainwater harvesting under the current legal framework (110-
gallons of storage allowed without a water right) results in a relatively small volume of 
potable water supply savings for individual households. Water supply benefits associated with 
this level of storage are limited due to capacity constraints and the timing and intensity of 
rainfall events. For example, on the Front Range, the 80th percentile storm event (0.6 inches) 
generates more than 450 gallons of runoff from a 1,500 square foot roof. With a functional 
capacity of 88 gallons of storage, rain barrels will capture a relatively small percentage of this 
amount. Increased storage capacity (i.e., 500-gallon cisterns) results in larger savings that can 
be stretched further to meet additional irrigation demand during dry periods; however, water 
rights must be obtained to use larger volume cisterns. Captured stormwater may also be able 
to keep high priority landscape areas green (e.g., gardens, play areas) during critical periods. 

Table 20 shows the average potable water savings per household associated with 110-gallon 
and 500-gallon storage capacity scenarios, as modeled by the project team, and presented in 
Section 5. It also shows the percentage of each household’s outdoor irrigation demand met 
under each scenario based on order-of-magnitude estimates of outdoor household water use 
(ranging from approximately 35,700 gallons per year in the Metro area to 44,800 gallons per 
year in the Colorado Basin, 0.11 to 0.14 AF, respectively).22 The modeling performed for this 
study requires a minimum number of dry days for a rain barrel to empty and assumes that 
rain barrels are not manually emptied ahead of a storm event. Thus, the numbers below 
(Table 20) reflect the volume of water used to meet irrigation demand (i.e., resulting in 
potable water supply offsets).  

22 Denver Water reports an average residential use of 94 gallons per capita per day and reports that approximately 
half of all residential use is for outdoor purposes. We applied this assumption to the average household size for the 
primary Urban Area(s) within each basin to estimate average outdoor household water use.  
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Table 20. Average Annual Roof Runoff Captured per Household (hh) with Percentage of Typical 
Household Outdoor Water Use for 110- and 500-Gallon Storage Scenarios 

Basin 

110-gallon storage 500-gallon storage

Roof runoff 
volume 

captured 
(gal/hh/yr) 

% of outdoor 
use 

Roof 
runoff 
volume 

captured 
(gal/hh/yr) 

% of outdoor 
use 

Arkansas  896 2.2%  2,970 7.4% 

Colorado  663 1.5%  1,984 4.4% 

Gunnison  605 1.4%  1,713 4.0% 

Metro  884 2.5%  2,916 8.2% 

Rio Grande  578 1.5%  1,588 4.1% 

South Platte  796 1.9%  2,641 6.2% 

Southwest  677 1.8%  2,279 6.1% 

Yampa-White  879 2.2%  2,814 7.0% 

Grand Total 846 2.0%  2,788 6.7% 

At the individual household level, the potable water supply offsets are relatively minimal 
(particularly under the 110-gallon scenario); however, when implemented at scale, rainwater 
harvesting has the potential to make meaningful contributions to the overall water supply 
portfolio in some basins. For example, the Basin Implementation Plan (BIP) for the South 
Platte/Metro area identifies specific Municipal and Industrial (M&I) conservation goals for 
reducing the projected supply/demand gap under the Colorado Water Plan’s various growth 
scenarios. Under the BAU 2050 scenario, the conservation target amounts to 25,000 AF/YR.23 
The BIP also estimates that residential outdoor water use will increase by approximately 
87,300 AF/YR from 2015 to 2050. Figure 16 shows how rainwater harvesting could contribute 
to the BIP conservation goal, as well as how it could reduce expected increases in residential 
outdoor water use, under the 10% and 50% adoption scenarios.  

23 Under this scenario, the projected shortage with additional identified supplies (including conservation) is 41,000 
AF/YR. Thus, additional conservation beyond 25,000 AF/YR would further reduce the project shortage. 



Figure 16. Rainwater Harvesting Potable Water Supply Offsets as a Percentage of Expected 
Increase in Residential Outdoor Water Use and BIP Conservation Target (BAU Growth Scenario, 
South Platte/Metro Basin) 

In the NAS (2016) study referenced above, the authors note that if the goal of a stormwater 
capture program is to reduce potable demand for outdoor irrigation, it should be implemented 
in parallel with other outdoor water conservation measures. Specifically, the authors state 
that significantly reducing or eliminating irrigation demand using xeriscaping or similar 
interventions would provide much larger reductions in water demand in arid regions. 
Otherwise, the capture and use of stormwater may increase overall water use and facilitate 
the continued use of landscaping that is not sustainable in the long term and inappropriate 
for local climate conditions (NAS 2016). In municipalities that have passed ordinances 
mandating the use of more water-efficient landscapes for new development (e.g., Castle Rock 
and Aurora), stormwater capture and use could serve to further reduce outdoor irrigation 
demands. 

6.1.3 Value of Water Supply Benefits in Colorado 

Avoided Potable Water Supply Costs 

The value of potable water supply offsets realized through rainwater harvesting can be 
monetized in several ways. First, there is a direct benefit to households in terms of reduced 
water costs. This benefit also accrues to utilities, which no longer need to supply the 
equivalent amount of potable water to households and businesses. To estimate this value, we 
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rely on retail water costs because they reflect the full value of avoided water use for 
households and utilities (assuming utilities adopt standard cost of service pricing). However, 
this method does not capture any avoided (or reduced) costs associated with the 
development of new supplies that would be necessary in the absence of wide-scale 
stormwater capture and use. The cost of these supplies would be accounted for in future rate 
increases. 

Table 21 shows avoided household water costs associated with 1 AF of potable water supply 
offsets, based on 2023 water rates for the major utilities within each basin. It also shows the 
number of installations needed to achieve 1 AF of potable water savings under the 110- and 
500-gallon household capture installation scenarios.

Table 21. Avoided Household Water Costs ($/AF, 2023 USD) and Number of Installations 
Necessary to Achieve 1 AF of Savings 

Basin 

Value per AF per 
year of utility 

provided water 
(retail cost) 

Number of 110-gal 
installations to 
achieve 1 AF of 

offset 

Number of 500-gal 
installations to 
achieve 1 AF of 

offset 

Arkansas $2,471 363 110 

Colorado $1,676 492 164 

Gunnison $2,470 539 190 

Metro $1,540 368 112 

Rio Grande $847 564 205 

South Platte $1,466 410 123 

Southwest $1,186 482 143 

Yampa/White $2,190 371 116 

Notes: cost per AF calculated based on variable water rates for selected urban areas within each 
basin. Where applicable, the variable rate applied reflects the rate tier that outdoor use would likely 
fall within. Rates were obtained from individual utility websites. 

Figure 17 presents total annual avoided costs at the 10% and 50% adoption scenarios for 110-
gallon rain barrels and 500-gallon cisterns. In line with results presented in Section 5, the 



Metro area holds the most potential for water supply benefits in terms of total offsets and, 
therefore, total annual avoided costs for potable water supplies.  

Figure 17. Annual Avoided Costs Associated with Potable Water Supply Offsets 

Energy Savings and Associated Emissions Reductions 

The potable water savings realized through rainwater harvesting also result in avoided energy 
use due to utilities no longer having to pump, treat, and distribute the equivalent amount of 
water to homes and businesses. The avoided costs associated with this energy use are 
captured in the values reported above (Table 21) (i.e., energy costs are recovered through 
retail water rates). However, avoided energy use reduces energy-related pollutant emissions, 
including sulfur dioxide and nitrogen oxides (SO2, NOx), particulate matter, and greenhouse 
gasses (GHGs), which in turn reduces related cardiovascular and respiratory illnesses and 
associated healthcare costs.  

To evaluate this benefit, the project team applied standard (national) assumptions for the 
average energy use associated with the treatment and pumping of potable water supplies—
1,725 kWh/MG, based on estimates developed by WRF and the Electric Power Research 
Institute (Arzbaecher et al. 2013). Next, we applied pollution and GHG emission rates from the 
EPA for the Colorado region to estimate the resulting avoided emissions. Finally, we applied 
EPA values for the avoided health care costs that result from reduced emissions (NOx, SO2, 
and PM2.5), as well as the social cost of carbon (applied to GHGs), to estimate the value of this 
benefit. Relative to many other regions of the country, Colorado has relatively low emissions 
rates for these pollutants; thus, the public health benefits are also relatively low, amounting 
to $41 per AF of potable water supply offset. This analysis assumes that captured stormwater 
is used for non-potable purposes only and does not require on-site treatment. 

It is important to note that these benefits could be offset by the need for on-site treatment 
for stormwater capture and use systems. For this analysis, which focuses primarily on 
rainwater harvesting to supplement outdoor irrigation, the project team assumes that no on-
site treatment would be needed.  

84 
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Enhanced Water Supply Reliability 

In water-scarce regions, the value of stormwater capture and use goes beyond the avoided 
costs of alternative water supplies and associated energy savings. In this context, stormwater 
capture and use can serve as an additive or marginal source of supply, where every acre-foot 
captured means that more water is available for basic household needs and/or to support 
economic activity. In practice, ensuring water supply reliability means that coverage for 
necessary uses is available when another source of supply is at risk. This typically involves 
adding multiple sources to a community’s overall water supply portfolio (including stormwater 
where it makes sense) and understanding the risks associated with each source, as well as 
the consequences of water shortages or disruptions. 

Economists have valued water supply reliability in different ways, including by estimating the 
economic impact associated with water shortages. In 2016, the Water Environment Federation 
(WEF) and WateReuse Association (WRA) released a study through the Value of Water 
Campaign (VOWC) on the economic impact of water supply disruptions. The authors report 
that at a national scale, every day without water would result in an aggregate daily loss of 
$54.8 billion in sales. An average US business would lose $290 in sales per employee. In 
businesses most reliant on water, such as many manufacturing sectors, laundry services, and 
others, sales could drop by up to 75%, increasing losses to $7,300 per employee, on average 
(WEF and WRA 2016). A 2021 VOWC update to this study evaluated the “cost of inaction” if the 
funding gap in water and wastewater infrastructure is not addressed. The authors estimated 
that if investments continue at current levels (i.e., covering only about one-third of total 
need), water service disruptions would cost water-dependent industries $296 billion in 2039, 
up from an estimated $60 billion in 2019 (American Society of Civil Engineers and Value of 
Water Campaign 2021). 

In an earlier study, EDAW and M.Cubed (2008) examined the economic impact of drought-
related restrictions in the East Bay area of Central California (within the service area of the 
East Bay Municipal Utility District). This study found that a 15% drought-related curtailment 
would result in the loss of 1,200 jobs and $580 million in economic output (updated to 2022 
USD), while a 25% curtailment would result in the loss of 6,900 jobs and $20.2 billion in 
economic output. Thus, reducing the level of shortage/curtailment from 25% to 15% would 
save $19.7 billion dollars in economic output. This translated to a savings of close to $800,000 
per AF. Figure 18 conceptually demonstrates the relationship between increased shortages 
and economic impacts based on the findings of this study. 



Figure 18. Conceptual Relationship Between the Level of Water Shortage and Economic 
Impacts  
Source: EDAW and M.Cubed 2008 

Within the context of this Colorado study, the level of rainwater harvesting examined (i.e., the 
110- and 500-gallon scenarios) will not enhance water supplies enough to substantially reduce 
the potential for water shortages that would result in significant economic impacts. However, 
larger scale stormwater capture and use (and/or potentially expanded allowable uses—e.g., 
indoor non-potable uses) presents some opportunity to enhance water supply reliability at the 
community or basin scale. Consistent with the graph above, this is particularly true in areas 
where shortages exceed 15% and larger stormwater capture and use can make meaningful 
contributions to reducing shortage-related impacts on local economies. However, during times 
of drought, when supplies are most scarce, there will also be decreases in the volume of 
stormwater runoff available. Without significant storage, the ability of stormwater capture and 
use to provide meaningful reductions in the supply/demand gap will also be limited.

For example, the first column of Table 22 shows the expected municipal supply/demand gap 
in each basin under the 2050 BAU scenario, while the second shows the expected gap as a 
percentage of total projected demand. The subsequent columns show 1) the estimated volume 
(AF) associated with capturing 10% of stormwater from all impervious surfaces within each 
basin (Table 17), and 2) how this level of capture would change the gap as a percentage of 
total demand. So, for example, in the South Platte/Metro region, the expected gap amounts to 
192,800 AF, which is approximately 19% of total demand. The 10% stormwater capture scenario 
would reduce this gap by 44,970 AF, thereby reducing the supply/demand gap to 15% of total 
demand (a 4 percent reduction).  

In several basins—most notably, the Arkansas and South Platte/Metro (bolded in Table 22)—
the supply/demand gap amounts to more than 15% of total demand (gaps in the Rio Grande 
and Yampa also exceed 15%, but the absolute gaps are relatively small). The volume of 
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stormwater captured under the 10% capture scenario could enhance water supply reliability in 
these basins and meaningfully contribute to reducing the projected supply/demand gap 
(recognizing that water rights requirements would apply).  

Table 22. Expected Municipal Supply/Demand Gap by Basin Under the 2050 BAU Scenario 

Basin 

M&I supply/ 
demand gap 

BAU 2050 
scenario (AF) 

Gap as 
percentage of 
total BAU M&I 

demand 

Potential 
stormwater 
volume from 
10% capture 
scenario (AF) 

Gap as a 
percentage of total 
demand, with 10% 

stormwater capture 

Arkansasa 57,300 19% 13,549 14% 

Colorado 1,100 1% 3,432 -3%b

Gunnison 1,000 4% 598 2% 

Rio Grande 3,300 28% 126 27% 

Southwest 3,300 8% 675 7% 

South Platte 
(w/Metro) 

192,800 20% 44,970 15% 

Yampa-White 3,000 22% 477 19% 

Total 261,800 18% 63,826 13% 

a. Bolded basins indicate areas where projected shortages exceed 15% (the level at which
economic impacts begin to significantly increase) and where 10% capture scenario could make
a meaningful reduction in percent shortage and related adverse impacts.

b. Negative number means that 10% stormwater capture scenario will cover supply/demand gap,
such that there is excess supply.

To demonstrate the value of water supply reliability, we used the IMPLAN model to examine 
the economic activity of water-dependent industries and evaluate the impacts associated 
with a hypothetical water supply shortage in the South Platte/Metro Basin. Very few studies 
have been conducted on this topic, and the relationship between the level of shortage (e.g., 
15%, 25%, complete disruption) and economic impacts is difficult to estimate. However, in line 
with findings from the EDAW and M-Cubed 2008 study described above, evidence from 
interviews conducted for a WRF study on the value of supply reliability for commercial, 
industrial, and institutional (CII) customers (Raucher 2015) indicate that shortages of 10% to 
15% result in relatively minimal impacts for local businesses and industries. Beyond that point, 
impacts begin to increase substantially, although this varies by industry.  
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The South Platte/Metro Basin encompasses 18 counties. Businesses and industries within 
these counties produce approximately $594 billion per year in economic output, supporting 
more than 2.8 million jobs (IMPLAN 2021 data). Many of these businesses rely heavily on 
reliable water services from local utilities to grow. These so-called “water-dependent” 
industries (e.g., manufacturing, universities, health care, car washes, breweries, see (Value of 
Water Campaign 2017)) account for 32% of economic output within the basin (more than $179 
billion) and for close to 900,000 jobs. 

To estimate the economic impact of shortages, the project team applied “resiliency factors” 
developed by Chang, Svekla, and Shinozuka (2002). Resiliency factors reflect the percentage 
of economic output that can be achieved in different industry sectors when water service is 
reduced to zero. Resiliency factors vary depending on the length of service disruption (e.g., 
one week, two weeks, greater than two weeks), with impacts increasing with the duration of 
the shortage. As a conservative estimate, we applied resiliency factors associated with a one-
week shortage to estimate the daily loss in direct economic output associated with a one-day 
water service disruption. This information was entered into IMPLAN to estimate total 
economic impacts across the 482 relevant IMPLAN-defined sectors present within the South 
Platte/Metro Basin.  

Results indicate that a one-day water shortage in the basin would result in a loss of more 
than $1.29 billion (2023 USD) in economic output and 7,100 jobs. Based on data from the BIP 
for the Baseline scenario, non-residential water use amounts to approximately 733 AF per 
day. Thus, on a per-AF basis, a one-day shortage would result in an economic impact of $1.7 
million per AF. Assuming a linear relationship between impacts and level of shortage, every 
percentage point decrease in the South Platte/Metro projected water supply gap (above the 
15% threshold, assuming minimal impacts below this point) would avoid the loss of $19.3 
billion in economic output (in the South Platte/Metro this would amount to a total of $77.2 
billion annually for the 44,970 AF decrease (or 4% gap reduction) shown in Table 22).  

As an important note, this analysis is intended to provide an order-of-magnitude estimate of 
the economic value associated with ensuring water supply reliability and closing the water 
supply gap. The values presented above would apply to all new potential supply sources 
introduced into the basin’s water supply portfolio and are not limited to stormwater capture 
and use. A more comprehensive assessment of the risks and benefits associated with each 
potential source, and the diversity of sources in the basin, would be needed to further assess 
benefits specific to stormwater capture and use. Additionally, for stormwater runoff captured 
from existing development, the runoff quantified in this analysis is not considered to be “new” 
water supply, whereas the runoff from new developments may be considered new supply. 

6.2 Water Quality Benefits of Stormwater Capture 

In addition to water supply benefits, stormwater capture can play an important role in 
protecting and restoring the quality of local waterways. Stormwater runoff from developed 
areas is one of the leading sources of water pollution across the nation. Stormwater 
transports pollutants—including pathogens, nutrients, sediment, and heavy metals—from 
streets, roads, parking lots, rooftops and other impervious areas to nearby rivers, lakes, and 
streams. Due in part to significant efforts over the past 50 years to reduce point-source 
pollution from wastewater treatment plants and industrial sources, approximately 85% of 
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current watershed impairments are caused by non-point source pollution and urban 
stormwater discharges (WEF 2015). 

6.2.1 Urban Stormwater Treatment Requirements in Colorado 

Colorado MS4 permits issued by CDPHE to local governments with urbanized areas include 
requirements for permanent stormwater quality treatment on new development and 
redevelopment projects with 1 acre or more of land disturbance. The most recently issued 
permits include several options for meeting performance-based effluent limits using 
permanent SCMs (i.e., SCMs or BMPs). The primary options for meeting the MS4 permit design 
standards include treating the WQCV,24 reducing surface runoff (through infiltration) by 60% 
of the calculated WQCV, or meeting a 30 mg/L total suspended solids standard.25 For meeting 
the runoff reduction option, the permit encourages the use of GSI, which include practices 
that mimic natural processes to reduce, manage, and treat stormwater; rain barrels and 
cisterns are practices that provide this functionality. The US EPA includes rainwater 
harvesting in its National Stormwater Calculator.26  

A review of the Total Maximum Daily Loads (TMDLs) adopted by CDPHE shows that municipal 
stormwater is commonly included in wasteload allocations and wasteload reduction targets in 
urban areas.27 Phosphorus and bacteria are examples of pollutants with wasteload allocations 
and wasteload reduction targets for urban stormwater runoff that are currently included in 
TMDLs and MS4 permits in Colorado. Because pollutant loads have both a pollutant 
concentration and volume component, practices that reduce surface runoff volumes (e.g., to 
storm sewer systems) can help to meet TMDL load reduction targets.28 This includes 
capturing rooftop runoff in rain barrels and cisterns. Imteaz et al. (2022) observed that 
numerous studies show declines in levels of phosphorus, nitrate, and suspended and 
dissolved solids, as well as copper and zinc, in collected rooftop runoff due to in-tank 
sedimentation processes. These findings were confirmed in monitoring and modeling results 
comparing direct rooftop runoff to harvested rainwater in Melbourne (Australia) (Imteaz et al. 
2022). 

6.2.2 Value of Water Quality Benefits 

As described above, capture of rooftop runoff in rain barrels or larger cisterns can result in 
reduced pollutant loading to nearby surface waters. For the Denver metro area, the water 
quality design storm corresponds to 0.6 inches of precipitation and approximately 0.5 
watershed inches of runoff from impervious surfaces. Table 23 summarizes the runoff 
generated from a range of roof sizes for this design storm and the number of various sized 
rain barrels or cisterns that would be needed to capture the WQCV for the rooftop. For 

24 The WQCV is designed to treat the 80th percentile of runoff-producing storm events, which corresponds to 
approximately 0.6 inches of precipitation in the Denver area (Mile High Flood District 2019). 
25 Criteria for calculating the WQCV and designing urban SCMs are presented in the Mile High Flood District’s Urban 
Storm Drainage Criteria Manual (2010, as updated in 2023). Most local governments in Colorado typically follow Mile 
High Flood District’s procedures for calculating the WQCV and either adopt Mile High Flood District’s manual or 
develop a local version of the manual, with modifications.  
26 Available at https://www.epa.gov/sites/default/files/2019-
04/documents/swc_users_guide_desktop_v1.2.0.3_april_2019.pdf. 
27 See https://cdphe.colorado.gov/total-maximum-daily-loads-tmdls for more information on TMDLs in Colorado. 
28 As discussed in Section 3.4, stormwater management is allowed without water rights for many SCMs, provided that 
water is not detained for more than 72 hours or put to beneficial use, along with other requirements. 

https://www.epa.gov/sites/default/files/2019-04/documents/swc_users_guide_desktop_v1.2.0.3_april_2019.pdf
https://www.epa.gov/sites/default/files/2019-04/documents/swc_users_guide_desktop_v1.2.0.3_april_2019.pdf
https://cdphe.colorado.gov/total-maximum-daily-loads-tmdls
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purposes of this table, the rain barrels are assumed to be fully emptied between storm 
events with full storage capacity available, although there are several reasons that 
assumption would not hold in all circumstances (e.g., back-to-back storm events). 

Table 23. Denver Metro Area Water Quality Capture Volume for Various Roof Sizes and 
Minimum Number of Storage Containers Needed 

Roof Size (Square Feet) 
500 1,000 1,500 2,000 2,500 5,000 10,000 

Calculated WQCV 
(gallons) 156 312 468 623 779 1,558 3,117 
Minimum Number of Rain Barrels to Capture the WQCV 
# of 55-Gallon Rain 
Barrels 

3 6 9 12 15 29 57 

# of 125-Gallon Rain 
Barrels 

2 3 4 5 7 13 25 

# of 500-Gallon Cisterns - - - 2 4 7 
Notes: Assumes that rain barrels or cisterns are fully emptied between storm events, which is an 
assumption that would not be met for all storm events.  

To determine water quality benefits for the various stormwater capture and use scenarios, we 
first calculated the total storage capacity that would be provided by rain barrels and cisterns, 
assuming 88- and 450-gallons of storage capacity per household/installation, respectively. 
This is consistent with the assumption used to calculate the total stormwater capture 
potential presented in Section 5. Table 24 shows the total storage capacity for rain barrels 
and cisterns under the 10% and 50% adoption scenarios. 

Table 24. Total Storage Capacity for 55-Gallon Rain Barrels and 500-Gallon Cisterns Under the 
10% and 50% Adoption Scenarios 

Basin 

Total rain barrel 
capacity, 10% 
participation 

(AF/YR) 

Total rain barrel 
capacity, 50% 
participation 

(AF/YR) 

Total cistern 
capacity, 10% 
participation 

(AF/YR) 

Total cistern 
capacity, 50% 
participation 

(AF/YR) 

Arkansas 8.3 41.5 42.4 212.0 

Colorado 3.0 15.1 15.5 77.5 

Gunnison 0.5 2.3 2.3 11.5 

Metro 23.5 117.4 120.1 600.5 

Rio Grande 0.1 0.5 0.6 2.8 

South Platte 8.2 41.1 42.0 210.0 

Southwest 0.5 2.5 2.6 13.0 

Yampa-White 0.3 1.6 1.6 8.0 

The economic value of the stormwater management benefits provided by stormwater capture 
and use can be calculated based on costs that would be incurred to provide the same degree 
of stormwater management in another way (i.e., applying avoided cost analysis). Recognizing 
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that the factors influencing stormwater BMP costs vary across the state according to soil 
type, rainfall amount and intensity, slope, and other features, the project applied average 
costs from the Mile High Flood District’s REALCOST tool to estimate avoided costs. 
Specifically, we calculated average costs for bioretention BMPs capable of managing and 
infiltrating stormwater on-site, or across multiple sites (based on a size that would be 
sufficient to manage 5 acres of impervious area). We selected bioretention as the baseline 
BMP because it provides both runoff reduction and treatment of the WQCV. Bioretention does 
not require water rights reporting. 

The REALCOST tool reports a capital cost for bioretention of approximately $666,000 per AF 
of storage capacity for installations that manage 5 acres of impervious area. In addition, the 
tool reports that rehabilitation should occur every 10 years at a cost of 30% of total (initial) 
capital. Based on these assumptions, Table 25 shows the total avoided capital and 
rehabilitation costs of stormwater management that can be attributed to the installation of 
rain barrels and cisterns under the 10% and 50% adoption scenarios, in present value terms. 
Table 26 shows the total annual avoided stormwater management costs per AF of stormwater 
capture under these scenarios, assuming a 30-year useful life for bioretention BMPs.  

Table 25. Total Avoided Stormwater Management Capital Costs ($M 2023 USD) 

55-Gallon Rain Barrels 500-Gallon Cisterns

Basin 
10% 

participation 
50% 

participation 
10% 

participation 
50% 

participation 

Arkansas  $7.7  $38.4  $39.2  $196.2 

Colorado  $2.8  $14.0  $14.3  $71.7 

Gunnison  $0.4  $2.1  $2.1  $10.7 

Metro  $21.7  $108.7  $111.2  $555.9 

Rio Grande  $0.1  $0.5  $0.5  $2.6 

South Platte  $7.6  $38.0  $38.9  $194.4 

Southwest  $0.5  $2.4  $2.4  $12.1 

Yampa-White  $0.3  $1.4  $1.5  $7.4 
Notes: the costs above are not “net” costs; the cost of rain barrels and cisterns have not yet been 
subtracted from the avoided costs of treatment. In addition, they reflect present value costs assuming a 
3% discount rate and rehabilitation occurring every 10 years. 
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Table 26. Avoided Stormwater Management Costs per Acre-Feet of Stormwater Capture Over 
30-Year Period ($/AF)

Basin 55-Gallon Rain Barrels 500-Gallon Cisterns

Arkansas $3,029 $4,674 

Colorado $4,096 $6,999 

Gunnison $4,490 $8,107 

Metro $3,070 $4,761 

Rio Grande $4,698 $8,743 

South Platte $3,412 $5,258 

Southwest $4,013 $6,092 

Yampa-White $3,088 $4,935 

The costs presented above illustrate the value of water quality benefits that could be 
provided by rainwater harvesting as currently permitted without water rights and under a 
scenario that would require water rights. Future residential developments will be required to 
implement retention-based (or other) stormwater BMPs. However, there are no regulations 
that require local governments or property owners to install stormwater BMPs to manage 
preexisting stormwater discharges. Thus, the avoided costs presented here may not ever be 
incurred; however, the value of pollutant removal from additional stormwater control remains. 
Regardless of whether alternative controls are implemented, the avoided cost calculations 
provide a low-end value for willingness to pay by cities and MS4 permittees to improve water 
quality. 

6.3 Stormwater Capture for Maintaining Defensible Space in Areas 
with High Wildfire Risk 

There is an emerging interest in many western states in the value of capturing and storing 
rooftop runoff as a wildfire risk reduction strategy. This interest falls into two categories: (1) 
supplying water for active fire suppression, and (2) storing water for application to a 
residential or commercial landscape as part of a passive “defensible space” strategy. Both 
strategies reduce damages in the event of a wildfire. Both also require collection of sufficient 
rainwater volumes to attain the intended benefit. In all cases this volume is greater than the 
amount currently permitted under Colorado law without a water right. Discussion of this 
benefit is, therefore, purely hypothetical. 

An active fire damage reduction strategy entails capture of rooftop runoff in cisterns coupled 
with equipment to pressurize and distribute this volume to a rooftop and landscape sprinkler 
system.29 Alternatively, the cisterns can provide water for firefighting crews and equipment to 
access. Passive wildfire damage reduction focuses on collecting rainwater for application to 
the on-site landscape during dry conditions, “red flag” periods, or active fire situations. A 
defensible space landscape is broken into multiple zones radiating outward from the 

29 See US Department of Energy, Office of Energy Efficiency and Renewable Energy, Building America Solutions 
Center, “Cisterns for Fire Suppression.” Accessible at  https://basc.pnnl.gov/resource-guides/cisterns-fire-
suppression#edit-group-scope.  

https://basc.pnnl.gov/resource-guides/cisterns-fire-suppression#edit-group-scope
https://basc.pnnl.gov/resource-guides/cisterns-fire-suppression#edit-group-scope


93 

structure (see Figure 19 (Colorado State Forest Service 2021)).30 The intention is to create a 
damp environment that prevents ember ignition to at least 30 feet from the structure 
(encompassing Zones 1 and Zone 2). 

Figure 19. Wildfire Defensible Space Zones 
Source: Colorado State Forest Service 2021 

The volume needed to keep Zones 1 and 2 damp enough to resist ignition depends on soil 
moisture conditions as well as vegetative cover density. Research in the Santa Monica 
Mountains of Southern California estimates that irrigating all of Zone 2 would require 7,000 to 
7,500 gallons.31 It is important to note that Southern California has a “Mediterranean Climate,” 
with a long dry season (May–Oct) coupled with a winter rainy season. Storms during this rainy 
season can deliver rainfall amounts that compare with levels experienced in Colorado. For 
example, the average annual rainfall in the Santa Monica Mountains is 14.2 inches compared 
to 14.3 inches in Denver. 

The Federal Emergency Management Agency (FEMA) has standard procedures and methods 
for estimating the value of wildfire risk reduction activities. The agency publishes annual fire 
risk by Census tract for fire prone areas. This represents the chance that a wildfire would 
occur within the Census tract in any given year. Figure 20 shows annual fire risk for Census 
tracts in Colorado that fall within the urbanized areas included in this report. Across the 
state, fire risk tends to be higher in areas located out of these urbanized areas; however, 
several urban areas intersect with these higher risk fire zones in wildland urban interface 
(WUI) areas.  

30 See CalFire, Defensible Space, at https://www.fire.ca.gov/dspace.  
31 Personal communication with Clark Stevens, Resource Conservation District of the Santa Monica Mountains, 2023. 

https://www.fire.ca.gov/dspace


Figure 20. Annual Fire Risk for Census Tracts in Colorado that Intersect Urbanized Areas 

FEMA also publishes the area within each Census tract that is exposed to fire risk and the 
expected annual building damage loss associated with that risk. For the Census tracts shown 
in Figure 20 above, the total expected annual building damage losses amount to $71.7 million. 
This includes damages to all buildings, not just residential properties.  

In its guidance for benefit-cost analysis, FEMA recommends that any one strategy can only 
account for up to 10% of avoided fire damages. Applying this guideline to the Census tracts 
within our study area indicates that passive fire risk reduction through stormwater capture 
could result in up to $7.17 million in avoided damages per year. This value assumes 100% 
adoption: with 10% adoption, annual expected damages would be $717,000 per year; with 50% 
adoption, $3.59 million. Again, this calculation is for demonstration purposes only and is 
intended as an exploration of potential value. Fire risk reduction benefits are not included in 
the comparison of costs and benefits in Section 6.6. 

6.4 Educational & Cultural Benefits of Stormwater Capture 

Installation of rain barrels and cisterns can have educational and cultural benefits. In some 
cases, this can translate into increased willingness to adopt other conservation or stormwater 
strategies. For example, Bakacs et al. (2013) conducted a survey to assess the educational 
impacts of rain barrel programs in Northern Virginia and New Jersey. Approximately half of 
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respondents (48% in Virginia and 58% in New Jersey) indicated they had adopted at least one 
other BMP after participating in a rain barrel program. Other studies have provided more detail 
on this topic, reporting that rain barrels encourage additional conservation in “high-income 
attitudinally green populations,” “people with more positive attitudes towards the 
environment,” and among people with a “higher level of knowledge about practices” (Ando 
and Freitas 2011).  

There is evidence that the benefits of rain barrels decline over time, with 25–35% of barrel 
usage discontinued within five years (Gao et al. 2016). Technical assistance and public 
outreach and engagement programs can be useful in extending the educational value and 
effectiveness of stormwater capture practices. Gao’s research notes that “Informational 
signage stating adopters’ commitment to practices and support for the environment is a 
potential strategy for fostering practice maintenance over time.” Crisostomo et al. (2014) 
concludes that if the rain barrel program is solely an educational one, then care must be 
taken to design the program in such a way that emphasizes additional interventions (e.g., rain 
gardens, downspout disconnects, efficiency measures) and associated co-benefits.  

Rainwater harvesting and stormwater capture and use can also provide a “sustainability 
premium” for homes and rental properties. Several studies have found that properties 
demonstrating a sustainability commitment can command higher rents and sales prices 
(Clements, St. Juliana, and Davis 2013). In a recent survey, the National Association of Realtors 
(2021) also reported a trend toward sustainability, finding that 63% of respondents thought 
eco-friendly features were important when choosing a rental or purchase (The Water Scrooge 
2023). In a 2017 study, the Urban Land Institute found that water-efficient features, including 
graywater and stormwater reuse, can increase property values by up to 11%. These benefits 
typically accrue to larger scale stormwater capture and use efforts, such as large cistern 
systems or community-scale infrastructure.  

6.5 Benefit-Cost Comparison 

Based on data from the Colorado Stormwater Center (CSC), the cost of installing two 55-
gallon rain barrels averages approximately $170. Costs for basic cisterns are typically around 
$1.96 per gallon of storage (US EPA 2013, updated to 2023 USD), although this can vary 
significantly depending on materials used, permitting, and other factors. Based on these high-
level estimates, Table 27 shows the cost of installation for rain barrels and cisterns by basin 
under the 10% and 50% adoption scenarios. Table 28 shows the cost per AF of stormwater 
capture over the assumed design life for each practice—10 years for rain barrels and 20 years 
for cisterns. 
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Table 27. Present Value Capital and Rehabilitation Costs of Rainwater Harvesting 
Implementation Across Storage/Adoption Scenarios ($M 2023 USD, 30-Year Analysis Period) 

Costs of Implementation ($ millions) 

Basin 
110-gal storage,
10% adoption

110-gal storage,
50% adoption

500-gal storage,
10% adoption

500-gal storage,
50% adoption

Arkansas  $12.0  $60.0 $46.7  $233.7 

Colorado  $4.4  $21.9  $17.1  $85.4 

Gunnison  $0.7  $3.3  $2.5  $12.7 

Metro  $34.0  $169.9  $132.4  $662.1 

Rio Grande  $0.2  $0.8  $0.6  $3.1 

South Platte  $11.9  $59.4  $46.3  $231.5 

Southwest  $0.7  $3.7  $2.9  $14.4 

Yampa/White  $0.5  $2.3  $1.8  $8.8 

Total  $64.2  $321.1  $250.3  $1,251.7 

Notes: Lifecycle analysis assumes rain barrels are replaced (at full cost) every 10 years and cisterns 
are replaced (at full cost) every 20 years, and applies a 3% discount rate. 
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Table 28. Capital Costs per Acre-Foot of Rainwater Capture Over 30-Year Analysis Period 
(2023 USD) 

Basin 
Cost per AF of Capture ($/AF) 

110-gallon storage 500-gallon storage

Arkansas $4,733 $5,568

Colorado $6,401 $8,337

Gunnison $7,016 $9,657

Metro $4,797 $5,671

Rio Grande $7,340 $10,414

South Platte $5,332 $6,262

Southwest $6,271 $7,256

Yampa/White $4,826 $5,878

Average $4,996 $5,931
Notes: Lifecycle analysis assumes rain barrels are replaced (at full cost) every 10 years and cisterns are 
replaced (at full cost) every 20 years, and applies a 3% discount rate.  

Table 29 shows the benefit-cost ratio associated with rain barrels and cisterns, based on the 
water supply and water quality benefits described earlier in this section. To calculate these 
ratios, the project team assumed that benefits would accrue over the 10- and 20-year design 
life for rain barrels and cisterns, respectively, and applied a 3% discount rate. As shown, the 
quantified benefits associated with rain barrels range from 72% (Rio Grande) to 99% 
(Arkansas) of total costs, while the benefits of cisterns relative to costs are slightly higher 
(with benefit-cost ratios ranging from 0.90 to 1.14). These benefit-cost ratios are based on 
high level estimates; additional research is needed to better understand how and where to 
maximize effectiveness.  

Table 29. Benefit-Cost Ratio for Water Supply and Water Quality Benefits of Rain Barrels and 
Cisterns 

Basin 
Rain Barrels 
(55-gallon) 

Cisterns 
(500-gallon) 

Arkansas 1.0 1.14 

Colorado 0.82 0.98 

Gunnison 0.88 1.02 

Metro 0.86 1.03 

Rio Grande 0.72 0.90 

South Platte 0.83 1.00 

Southwest 0.77 0.95 

Yampa-White 0.95 1.10 

While the quantifiable monetized benefits of some rainwater harvesting practices may be 
relatively low, evidence suggests that larger scale stormwater capture and use has greater 
benefits (relative to costs). This is the case for several reasons. For example, as demonstrated 
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in the Sterling Ranch case study, higher volume systems can store more water (and capture 
rainfall from a larger area), resulting in significantly greater volume of potable water supply 
offsets and water quality benefits. Higher volume systems are also more likely to provide fire 
risk reduction benefits and/or carry a “sustainability premium,” the value of which is reflected 
in increased property values and rental rates. Finally, larger scale systems can benefit from 
lower costs due to economies of scale and more flexible design, as shown with several 
regional-scale capture projects in Southern California. 

6.6 Summary 

This assessment of the economic value of rainwater harvesting and stormwater capture and 
use in Colorado focused on the avoided costs of providing potable water for outdoor 
landscape uses, the value of the water quality improvements associated with rainwater and 
stormwater capture, and the value of other associated benefits, such as reduced risk of 
property loss due to wildfire. Overall, the value of these benefits is constrained by the limited 
capture volumes permitted under current Colorado law under the 110-gallon residential 
rainwater harvesting scenario. Larger scale applications of stormwater would be required for 
economic viability along with water rights. Specific findings in the preceding section can be 
summarized as follows: 

● In several regions of the United States (and internationally) rainwater harvesting and
stormwater capture and use practices have demonstrated their ability to provide
sufficient water to meet residential outdoor water demands, offsetting the need for
water providers to provide potable water for this purpose. In some studies, these
potable water offsets are significant.

● Although rainwater harvesting and stormwater capture and use have the potential to
provide alternative or complementary sources of water supply in Colorado’s urbanized
areas, the 110-gallon residential capture volume currently allowed without water rights
is insufficient to meaningfully contribute to overall water system resilience.

● When implemented at scale, rainwater harvesting has the potential to make more
meaningful contributions to the overall water supply portfolio and conservation targets
in some basins. This is particularly true for scenarios envisioning the possible offsets
created by widespread adoption of 500-gallon or larger cisterns, which would require
water rights under current water law.

● Captured rainwater can offset costs to residential water customers as well as retail
water providers. Water providers can avoid energy, treatment, and infrastructure costs
associated with delivering potable water for residential landscape irrigation. Legal
limitations on stormwater capture and use in Colorado create unfavorable conditions
for realizing these avoided cost benefits.

● As exemplified for the scenario examining the capture of runoff from 10% of
impervious surfaces, neighborhood- or regional-scale stormwater capture can
contribute to water supply reliability by creating additive or marginal sources of
supply, creating flexibility and redundancy within the supply system. The analysis
shows that allowing for greater capture volumes could meaningfully reduce the water
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supply gaps projected by several of the Basin Plans and associated economic impacts. 
However, larger scale infrastructure and storage would be needed to realize this 
potential.  

● The rainwater harvesting practices reviewed in this report (i.e., the 110- and 500-gallon
storage volumes) may have limited practical potential to reduce water quality
impairments in Colorado’s urbanized areas. Implementation challenges (e.g., reliance
on homeowners to maintain practices) and relatively low capture volumes may prevent
this benefit from being fully realized.

● Available evidence suggests that larger scale stormwater capture and use adoption will
have greater benefits (relative to costs). As demonstrated by Sterling Ranch and other
case studies, capture in larger volume systems either at the site- or neighborhood-
scales can provide sufficient volumes to meaningfully offset potable water demand,
reduce water quality impacts, and potentially provide additional, high-value benefits.
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7 Findings, Recommendations, and Next Steps 

7.1 Key Findings 

Stormwater capture and use offers potential to provide water supply and improve water 
resilience in many geographies. In Colorado, its application is limited by the current legal and 
regulatory frameworks. 

● Stormwater capture and use is increasingly part of national discussions to diversify
water supplies and improve water resilience. In several regions of the United States
(and internationally) rainwater harvesting and stormwater capture and use practices
have demonstrated their ability to provide sufficient water to meet a portion of
residential outdoor water demands, offsetting the need for using potable water for this
purpose. In some studies, these potable water offsets are potentially significant. As
Colorado continues to explore the role that stormwater capture and use may play in
its Water Plan, these national resources and examples may be useful references for
communities exploring stormwater capture and use.

● When considering stormwater capture and use as a potential water supply, you must
carefully consider the legal, economic, social, and environmental impacts. Colorado
has an arid climate which has contributed to stringent water laws. Additionally, large
municipalities, which would be most likely to implement large-scale stormwater
capture and use, are located upstream of the productive agricultural areas with senior
water rights for irrigation and others with senior water rights. In Colorado, these two
factors will be key considerations when further investigating and developing
stormwater capture and use projects.

● Currently, rainwater harvesting and stormwater capture and use projects in Colorado
are strictly regulated. Only residential rainwater harvesting (i.e., 110-gallon storage
capacity) is allowed without a water right (with an augmented water supply). This
regulation is consistent with Colorado water law that is based on the Prior
Appropriation Doctrine and intended to protect downstream water users from injury to
their water rights.

● Obtaining a water right for larger scale rainwater harvesting and stormwater capture
and use in Colorado requires significant up-front legal and engineering costs and is
based on site-specific characteristics, typically requiring an augmentation plan,
purchase of replacement water for augmentation and ongoing engineering, and legal
costs for water rights accounting and filings with the CDWR.

● Only one pilot project has been applied for and approved under HB 09-1129 in Colorado
(the Sterling Ranch pilot project) since legislation was passed in 2009. Deterrents for
applying for pilot projects may include significant engineering and legal costs, intensive
hydrologic monitoring requirements, cost of dual infrastructure, and other
uncertainties.

● The Sterling Ranch pilot project will continue to be a key case study to advance
dialogue about downstream impacts of rainwater harvesting and stormwater capture
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and use and to better understand what volumes of augmentation water are needed for 
these projects in new development to prevent injury to downstream water users. This 
science-based approach and use of empirical data is a necessary foundation for future 
rules and policies related to rainwater harvesting and stormwater capture and use. The 
concepts of HNDs and Regional Factors accepted for CWCB pilot projects as a result 
of the Sterling Ranch project open the door to broader rainwater harvesting and 
stormwater capture and use projects in Colorado. 

Legally allowable rainwater harvesting does not notably reduce (existing) outdoor potable 
water demands. Larger cisterns increase capture and use potential.  

● Rainwater harvesting collected from residential rooftops for landscape irrigation use as
currently allowed in two 55-gallon rain barrels (functionally allowing only 88 gallons of
total capacity) does not represent a significant source of water for meeting basin
supply/demand gaps. The volume of water captured and available for use in rain
barrels amounts to between 1.5% and 2.5% of typical household outdoor water use,
depending on location within the state. Larger cisterns (500 gallons) increase capture
and storage potential and can reduce typical potable outdoor water demands by up to
8%. The analysis shows that wide-scale adoption of cisterns could also make
meaningful contributions to outdoor water conservation targets in some basins.
Cisterns storing more than 110 gallons currently require a water right.

Neighborhood- or regional-scale capture have the potential to provide meaningful and cost-
effective water supply benefits for new development. 

● Neighborhood- or regional-scale stormwater capture could enhance water supply
reliability in urban areas across the state by serving as an additive or marginal source
of supply and/or creating flexibility and redundancy within supply systems. For
example, in the South Platte/Metro region, the expected municipal supply/demand gap
under the 2050 BAU scenario is 192,800 AF—approximately 19% of total demand.
Capturing stormwater runoff from 10% of impervious area within the Basin would
reduce this gap by 44,970 AF, thereby reducing the supply/demand gap to 15% of total
demand. The extent to which this captured stormwater is “new water” not already
claimed by a downstream water right would require additional analysis. The project
team’s economic analysis (Section 6) indicates that this captured volume could
significantly reduce the adverse economic impacts associated with water shortages.
Additionally, greater water supply potential is possible with larger scale stormwater
capture and use; however, larger scale projects have more regulatory/water rights
constraints compared to rainwater capture that is allowable but has lower potential as
a water supply.

● While stormwater runoff from existing impervious surfaces (e.g., rooftops, roads,
parking lots) in Colorado's Urban Areas represents a substantial water source, this
water is not considered a "new water” source in over-appropriated basins because it
has essentially already been claimed for use under water rights filed in water court.

● Based on hydrologic analysis completed as part of the Sterling Ranch pilot project, the
concepts of HNDs and Regional Factors (Gilliom 2019) provide a framework for larger
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scale implementation of stormwater capture and use for new greenfield 
developments. If adopted beyond the pilot scale framework, there is potential for a 
new development to claim the right to use a portion of the runoff from new 
impervious surfaces. For example, in the South Platte Basin, applying Regional Factors 
to hypothetical 10% and 25% increases in impervious area and using 10% to 25% 
capture rates for impervious area, the volumetric potential for urban stormwater 
runoff to serve as a “new water” source would be on the order of 3,100 to 19,600 
AF/YR. More refined land development projections and Regional Factors in other river 
basins would be needed to refine this estimate or broaden it for use in other river 
basins. 

Rainwater harvesting and stormwater capture and use can provide multiple benefits that 
increase return on investment. Evidence suggests that larger scale capture systems have a 
greater benefit-cost ratio. 

● Captured rainwater can offset costs to residential water customers as well as retail
water providers. Water providers can avoid energy, treatment, and infrastructure costs
associated with delivering potable water for residential landscape irrigation. For the
rain barrel and cistern scenarios analyzed as part of this research, the monetized value
associated with these benefits does not fully offset the cost of residential stormwater
capture.

● However, capture of rooftop runoff in rain barrels or larger cisterns can result in
reduced pollutant loadings to nearby surface waters. The project team calculated the
economic value of this benefit based on the costs that would be incurred to provide
the same level of water quality controls in another way. Accounting for this benefit
significantly increases the return on investment for household-level rainwater
harvesting. Together, the water supply and water quality benefits result in a benefit-
cost ratio of close to or more than one in most basins.

● Rainwater harvesting practices reviewed in this report (i.e., the 110- and 500-gallon
storage volumes) may have limited practical potential to reduce water quality
impairments due to current limitations on allowable harvest volumes. From a
stormwater regulatory perspective, implementation challenges related to ensuring
operation and maintenance (e.g., reliance on homeowners to maintain practices) may
prevent this benefit from being fully realized.

● Available evidence suggests that larger scale stormwater capture and use adoption will
have greater benefits (relative to costs). As demonstrated in the Sterling Ranch pilot
project, larger scale systems can store more water (and capture rainfall from a larger
area), resulting in significantly greater volume of potable water supply offsets and
water quality benefits. Larger scale systems are also more likely to provide fire risk
reduction benefits and/or carry a “sustainability premium,” the value of which is
reflected in increased property values and rental rates. Finally, larger scale systems
can benefit from lower costs due to economies of scale and more flexible design.
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7.2 Recommendations 

Build on existing legal pathways to allow stormwater and rainwater to meaningfully 
contribute to and diversify water portfolios.  

● Extend the legislation allowing stormwater capture and use pilot projects for 10
additional years to allow time for use of Regional Factors in other new development
projects. In particular, consider expanding this legislation to remove unnecessary
barriers and allow easier implementation for educational and research purposes.
Utilize lessons learned from Sterling Ranch to simplify pilot project requirements (e.g.,
is there a way to make requirements less onerous while still protecting senior
downstream water users?). For example, there may be opportunities to streamline the
process for augmentation plans for new developments by expanding on concepts and
tools developed around Regional Factors.

● Expand legislation to allow new developments to consolidate 110-gallon residential
rainwater harvesting allowances to more centralized locations for irrigation of
community spaces. For example, if a new development had a community center
adjacent to an irrigated community park, allow stormwater to be captured and used
for non-potable irrigation equivalent to the sum of total volume that would be
available to all homes served by the community center (with an accompanying
restriction on those homes from having their own residential rain barrels).

● Expand existing legislation to allow greater flexibility for rainwater harvesting to be
allowed at academic and educational sites for the purpose of promoting water
conservation behaviors and educating students and the greater public about
Colorado’s water environment.

● For development-scale stormwater capture and use projects, better integrate CDWR
requirements related to rainwater harvesting legislation and stormwater management
requirements so that both operations can occur within the same facilities and
infrastructure. This could reduce costs of stormwater management at these
developments.

● Develop clear guidance on treatment requirements necessary to protect public health
for use of stormwater for indoor water uses similar to comparable efforts for
graywater use in Colorado under Regulation 86.

Provide guidance to land use planners and housing developers on how to include stormwater 
and rainwater as alternative water supplies to offset potable water use.  

● Provide guidance to new developments considering rainwater harvesting and
stormwater capture and use as a water source. For these practices to be viable at a
development scale, they must be considered in the early planning stages before site
layout is completed. Additionally, developers need up-front certainty that rainwater
harvesting and stormwater capture and use will be approved by relevant jurisdictions
and have a reasonable likelihood of success in water court.
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● Further explore how rain barrels and cisterns may be used to meet stormwater quality
requirements, particularly on redevelopment sites in areas where local governments
require stormwater quality to be provided if 500 square feet or more of impervious
surfaces are added. For example, CDPHE requires stormwater quality at 1 acre of
disturbed area, but local governments may require stormwater quality control
measures at much lower thresholds tied to impervious cover. Partners in such an
effort could include CDPHE, the Mile High Flood District, City and County of Denver,
state universities, and other organizations actively encouraging One Water planning
approaches.

● Stormwater capture and use and rainwater harvesting offer multiple benefits,
especially at the community scale. When seeking to develop alternative water supplies,
these co-benefits should be integrated into any cost-benefit analysis, along with
treatment and distribution system costs.

Create the enabling conditions to advance stormwater capture and use and rainwater 
harvesting as strategies to contribute to safer, more water-resilient communities.  

● Similar to “carbon neutral” approaches in the climate change arena, encourage site-
scale, One Water approaches to provide irrigation requirements for vegetated SCMs
using site-generated stormwater. Examples could include using captured roof runoff to
irrigate an adjacent green roof or using roof-generated runoff to irrigate a grass swale.

● Using the concept of HNDs, consider allowing greater use of cisterns for maintaining
defensible space. This could contribute to reduced demand on water supply systems
in times of emergency as well as potentially reduce the impact of wildfires on
residential property.

● Colorado has made limited adjustments to its water rights system in the past to
enable implementation of specific types of wastewater recycling and residential
rainwater harvesting. Evaluations that further explore the potential for stormwater
capture and use within this context could help inform policy discussions about the
costs, benefits, and distributional impacts of changing or maintaining water rights
restrictions currently applicable to stormwater capture and use, while still protecting
senior water rights.

● This analysis was conducted within the context of current and projected outdoor
water demands. However, rainwater harvesting for outdoor irrigation purposes should
be paired with other landscape water conservation practices, such as converting non-
functional turf grass areas to water-wise landscapes that require less water and
efficient irrigation practices. Combined, these practices can significantly reduce
outdoor water use at the household scale. Wide-scale adoption could contribute to
meaningful reductions in the municipal supply-demand gap.
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Conduct a more detailed assessment of the co-benefits of stormwater capture and use to 
identify targeted areas for implementation and potential co-funding partnerships. 

● This report provides a high-level overview of the multiple benefits associated with
stormwater capture and use at the basin scale. A more detailed assessment of co-
benefits could further identify targeted areas for implementation (i.e., areas where co-
benefits are maximized) and incorporate quantitative values for additional co-benefits.
Additional assessment of co-benefits could focus on specific case studies or basins.

● Building on the role that water supply plays in the provision of housing, including
affordable housing, assess the potential benefits of stormwater capture in increasing
water supply, and/or reducing the costs of water, and the potential resultant effect on
housing availability and cost.

● A more detailed assessment could inform the potential for co-funding by different
agencies/interests based on co-benefits. For example, based on the distribution of
water supply, water quality, and fire risk reduction benefits.

● Finally, to better understand the potential role for stormwater capture and use within
the state’s overall supply portfolio, the benefits and costs of stormwater capture and
use should be directly compared to those associated with alternative supply options.
As part of such an effort, regulatory constraints that may exist at the state or local
levels driven by water quality, public health protection, local land use, or other
regulatory concerns should also be evaluated. Stormwater as a potential supply source
could then be more fully integrated into future planning efforts associated with the
Colorado Water Plan.
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Appendix A. Expert Review Panel 

An Expert Review Panel (ERP) of 18-members was identified, convened, and participated in 
ongoing engagement around the key components of this project. Final participation 
includes the following (in alphabetical order) and categorized by geographical focus areas: 

The Expert Review Panel, Proxy Advisors, & Contributors 

National 

Justin Mattingly – US EPA, Environmental Protection Specialist 
David Smith – Water Innovation Services, Founder and Principal, formerly US EPA Scott 
Struck – National Renewable Energy Laboratory, Senior Research Scientist in Water 
Programs 
Harry Zhang – Water Research Foundation, Research Program Manager on Integrated 
Water and Stormwater 

Multi-state 

Joan Card – Culp & Kelly, Natural Resources Attorney, Managing Partner LLP 
Cynthia Koehler – WaterNow Alliance, Co-Founder and Executive Director 

Colorado 

Steve Barr – Environmental Policy Innovation Center (EPIC), Littleton, CO District III 
Council Member 
John Covert – Denver Trout Unlimited, Board Member 
Ryan Gilliom – LRE, Project Hydrologist 
Jens Jensen – formerly Welborn Sullivan Meck & Tooley, Shareholder & Water Rights 
Attorney  
Frank Kinder – Northern Water Conservation District, Water Efficiency and Sustainability 
Manager 
Mark Mitisek – LRE, Senior Project Manager, Integrated Modeling Practice Lead, and 
Technology Team Lead 
Holly Piza – Mile High Flood District, Research and Development Director and President of 
the Environmental and Water Resources 
Sybil Sharvelle – Colorado State University, Department of Civil and Environmental 
Engineering, Professor 
Katie Spahr – Denver Water, Senior Research Scientist in Water Programs 
Jessica Thrasher – Colorado State University, Colorado Water Center, Diversity, Equity, 
Inclusion (DEI) Programs Leader 
Susan Wood – RTD, Planning Project Manager 
Jim Yahn – North Sterling Irrigation District, Manager; South Platte Basin Roundtable, 
Representative to the Inter-Basin Compact Committee, formerly South Platte Basin 
Director  

Proxy Advisors and Contributors 
Caroline Koch – Water Now Alliance, Water Policy Director 
Pat Wells – Northern Water, Water Strategy Specialist 



Expert Review Panel: Subgroup Formation 

The Expert Review Panel (ERP) of 19-members subdivided into three subgroups to take a 
deeper dive into the areas of methodology for assessing the volumetric potential, water 
rights, and economics. The following reflect the group(s) to which each ERP member self-
selected: 

Methodology 
Joan Card – Culp & Kelly, LLP 
Ryan Gilliom – LRE 
Mark Mitisek – LRE 
Holly Piza – Mile High Flood District 
Sybil Sharvelle – Colorado State University 
David Smith – Water Innovation Services, former US EPA 
Scott Struck – National Renewable Energy Laboratory 
Jessica Thrasher – Colorado State University 
Susan Wood – RTD 
Jim Yahn – North Sterling Irrigation District 

Water Rights 
John Covert – Trout Unlimited 
Ryan Gilliom – LRE 
Jens Jensen – Water Rights Attorney 
Cynthia Koehler – WaterNow Alliance (Proxy is Caroline Koch) 
Mark Mitisek – LRE 
David Smith – Water Innovation Services, former US EPA 
Scott Struck – National Renewable Energy Laboratory 
Jessica Thrasher – Colorado State University 
Pat Wells – Northern Water Conservation District (Proxy for Frank Kinder) 
Jim Yahn – North Sterling Irrigation District 

Economics 
Steve Barr – Elected Official, Environmental Policy Innovation Center (EPIC) 
Ryan Gilliom – LRE 
Frank Kinder – Northern Water Conservation District 
Cynthia Koehler – WaterNow Alliance (Proxy is Caroline Koch) 
Justin Mattingly – US EPA 
Mark Mitisek – LRE 
Katie Spahr – Denver Water 
Scott Struck – National Renewable Energy Laboratory 
Harry Zhang – Water Research Foundation 



Expert Review Panel Biographies 

Stephen Barr has over 13 years of experience in the international development and 
environmental engineering industries, having received his B.Sc. in Environmental 
Engineering from Cal Poly San Luis Obispo, and his M.Sc. in Science, Technology, and 
International Development from the University of Edinburgh. Mr. Barr began his career 
working for various consulting firms throughout California performing environmental site 
investigations and construction oversight on behalf of public and private entities. Durin g 
and in between consulting, he volunteered for international non-profit organizations to 
conduct water and wastewater projects in Cameroon, Honduras, Thailand, and the West 
Bank.  Mr. Barr eventually transitioned to managing business development efforts f or an 
international development consultancy, primarily focusing on the fields of local 
governance, environment, and water and infrastructure for US Agency for International 
Development programs. 

Mr. Barr moved to Colorado in 2018, and currently manages volunteer teams conducting 
short-term water and wastewater engineering projects for underserved communities 
across the United States, which includes training and managing professional and student 
volunteers and coordinating with State and Federal agencies to identify and support small 
and rural communities with water and wastewater projects. In addition, Steve is currently 
on City Council for a municipality in the South-Metro region and has been serving since 
November of 2021, with a focus on infrastructure planning and improvements throughout 
his city. 

Joan Card is a partner in the law and policy firm, Culp & Kelly, LLP. Joan is an 
environmental and natural resources attorney with more than 25 years of combined 
private sector, federal, state, local, and non-profit experience. Joan is a solutions-oriented 
strategic and legal advisor, serving clients in environmental and water quality matters, and 
in innovative and sustainable water utility and urban water management. Joan has held 
several senior executive government positions and appointments to state and interstate 
boards and commissions. Her work has taken her from the mountains of Montana to the 
Colorado River Delta to the halls of Congress and points in between. 

John Covert worked for the City of Colorado Springs in the 1970s and 80s as a city planner 
and 10 years as deputy City Manager responsible for intergovernmental relations. In the 
late 80s he led an effort to reform Colorado Springs stormwater management. Before 
moving to Denver in 1990, John was appointed to the CWCB representing the Arkansas 
Basin. He has continued advocating for air, land and water conservation including 
formation of an NGO that helped establish Colorado's renewable energy standard. As a 
board member for Denver Trout Unlimited, John has focused on stormwater management 
and the recently funded ecological restoration project for the Denver South Platte River. 

Ryan Gilliom is a hydrologist supporting water resources planning and operations at LRE 
Water, including data management, code and tool development, hydrologic and system 
modeling, and watershed management planning. Her passion is delivering meaningful, 
accessible decision-support based on rigorous water data and expertise in water policy 
and administration. She holds a B.S. (geology) from Haverford College and Ph.D. (hydrology) 
from Colorado School of Mines, where her research focused on the potential of rainwater 
harvesting in Colorado and the water rights accounting thereof. Prior to joining LRE Water 
in 2021, Ryan worked as a research assistant on rainwater and stormwater harvesting in 
the NSF Engineering Research Center for Reinventing the Nation’s Urban Water 
Infrastructure (ReNUWIt) and for the Colorado Water Conservation Board and Division of 
Water Resources. Ryan grew up building sand and clay dams in the creek at home in 



southeastern Ohio, where regular flash floods and legacy coal mining impacts developed 
awareness and passion for hydrology at a young age. 

Jens Jensen is a water law attorney who has represented water users across the state. In 
addition to representing clients in water court, Mr. Jensen has testified before the Water 
Resources Review Committee and actively participated in the Colorado Water Congress. He 
has also presented continuing legal seminars on water law. Recently, Mr. Jensen has been 
part of an expert panel on rainwater harvesting, and he has represented clients on 
rainwater harvesting issues. Outside of water law, Mr. Jensen has also represented clients 
across the natural resources sector, including in the renewable energy sector. In his spare 
time, he enjoys spending time in the great outdoors with his family, hiking, fishing, or just 
enjoying the peace and quiet of the outdoors. 

Frank Kinder is the Water Efficiency and Sustainability Manager for Northern Water, a 
conservancy district that operates the Colorado-Big Thompson Water Project, serving 33 
cities, 29 rural domestics, and 614,000 acres of farmland in northeast Colorado. His 
department provides commercial landscape consultations, water audits, conservation 
outreach, training, tools, landscape transformation grants, and a Conservation Garden at 
Northern Water’s headquarters. Frank has a master’s in applied geography emphasizing 
Sustainable Development and an undergraduate in Finance from the University of 
Colorado. Frank serves as Advisory Committee Chair for MSU’s One World One Water 
Center and has served as Board Co-Chair of Colorado Waterwise and others. His work in 
conservation has helped his agencies receive the 2013, 2015 EPA WaterSense Award of 
Excellence for Strategic Collaborations and 2012, 2014, 2020 and 2021, and 2022 EPA 
WaterSense Utility Promotional Partner of the Year Awards. He loves punk rock, heavy 
metal, rap, and lifelong learning. 

Caroline Koch, WaterNow Alliance Water Policy Director, leads the organization’s work in 
identifying and addressing policy and legal barriers to implementation of sustainable water 
management practices through toolkit development, legislative and administrative 
advocacy, and policy white papers. She was previously a partner at Lawyers for Clean 
Water, Inc. representing environmental non-profit organizational clients in federal citizen 
suit actions and impact litigation advocating for the protection of California’s water and 
public trust resources. Caroline serves on the San Francisco League of Conservation 
Voters Board. She graduated with BA in English and Public Policy from Duke University and 
a JD with honors from Golden Gate University School of Law, with a Certificate in 
Environmental Law. 

Cynthia Koehler is an environmental attorney and water policy expert with 30 years of 
experience working on federal and state water and natural resource issues. She is the co-
founder and executive director of WaterNow Alliance, a nonprofit network of local water 
leaders dedicated to advancing sustainable, equitable and climate resilient water solutions 
nationwide. She has also served for the last 14 years as an elected member of her local 
water district, serving a population of about 200,000. She is an appointed member of US 
EPA’s Environmental Financial Advisory Board, and previously served on EPA’s Local 
Government Advisory Committee (2016-18), and Governor Brown’s Urban Advisory Group 
(2018-17). She serves on the Board of the Water Education Foundation and the Advisory 
Council for the Pacific Institute, among others. She worked previously as the Legislative 
Director for California water issues for the Environmental Defense Fund. She is the 
recipient of The Bay Institute’s Hero of the Bay Award as well as other commendations for 
her environmental leadership. She has written and speaks extensively on water, utilities 



and sustainability issues. Cynthia holds a B.A. from Pomona College and J.D. and 
Environmental Law Certificate from the University of Oregon School of Law. 

Justin Mattingly is with the Water Reuse Program in the Office of Water at the United 
States Environmental Protection Agency working on coordinating water reuse activity 
across EPA and the implementation of the National Water Reuse Action Plan. Justin has 
over 10 years of experience working in the water sector on a variety of issues in water 
reuse including treatment and monitoring systems for potable reuse, risk assessment, and 
policy and regulatory development for different water reuse applications including aquifer 
recharge. Justin has a bachelor’s degree in Biology from the University of Delaware and a 
master’s in Environmental Science from American University 

Mark Mitisekis a water resource professional and manager of the Water Information 
Technology team at LRE Water with almost two decades of diverse consulting 
experience.  He specializes in water supply planning and the development and application 
of tools for accounting and decision support systems.  As a professional hydrologist, 
Mark's project experience ranges from the development of real-time flood forecast models 
and hydrologic assessments to the development of complex water allocation models to 
support the acquisition or operation of water supply portfolios for his clients.   As the 
manager of the State of Colorado’s first Precipitation Harvesting Pilot Study for Sterling 
Ranch, he is responsible for the natural conditions monitoring program. This program will 
be used to support water rights for legally harvesting precipitation on a regional scale.   In 
addition, he has also played a key role in working with the State to define the operational 
and administrative requirements for making precipitation a viable water supply.   

Holly Piza, P.E., is Research and Development Director for the Mile High Flood District in 
Denver, CO.  Holly works with local governments throughout the Denver metro area to 
support stormwater quality and storm drainage criteria and project implementation. She 
managed an innovative stormwater capture and use system at the Denver Green School, 
which included a real-time control irrigation system using water captured in a cistern at 
the Denver Green School. Holly is also experienced in the interface between Colorado 
water rights and required stormwater release rates from detention facilities.  She also 
currently serves as President of the Environmental and Water Resources Institute of the 
American Society of Civil Engineers. 

Dr. Sybil Sharvelle, P.E., is a Professor in the Civil and Environmental Engineering 
Department at Colorado State University and directs the Urban Water Center. Her doctoral 
work included development of a system for treatment of graywater for potable reuse 
during space missions. This project led to her current interest in fit-for-purpose water 
systems, in which she has led projects funded by the Water Research Foundation, USEPA 
and National Science Foundation. Dr. Sharvelle was a member of the National Research 
Council Committee for Beneficial Use of Graywater and Stormwater and chaired the NWRI 
panel for Decentralized Non-Potable Water Systems. 

David Smith, after 31 years with the U.S. Environmental Protection Agency, founded Water 
Innovation Services in 2022 to support water management agencies and organizations in 
policy analysis, regulatory and financial planning, and strategic development. During his 
tenure at the EPA’s Pacific Southwest Region, Dave managed each Clean Water Act core 
program and specialized in stormwater management and development of integrated water 
management approaches. Dave was a coauthor of the national Water Reuse Action Plan 
and co-led 5 actions under that plan, including Action 3.3 that focused on building the 
nation’s capacity to capture and use stormwater and Action 2.6, which evaluated how 



water permitting approaches can enable or discourage water recycling investments. Since 
2008, he conceived and led several projects aimed at improving stormwater permitting, 
monitoring, and financing strategies to incentivize implementation of multiple-benefit 
stormwater management projects. At Water Innovation Services, Dave helps clients launch 
innovative, integrated stormwater and wastewater management approaches, focusing on 
stormwater harvesting, wastewater recycling, infrastructure finance, and permitting 
process improvement. He holds a Master of Public Policy degree from the University of 
California, Berkeley, and a B.A. in Government from Wesleyan University.  

Dr. Katie Spahr, P.E., is a Research Program Manager at The Water Research Foundation 
and manages a portfolio of projects spanning water treatment across the sector. She is 
the Foundation’s subject matter expert in nature-based solutions, water reuse, and 
disinfection by-products. Dr. Spahr is an active participant in stormwater capture and use 
initiatives at a national level through EPA’s Water Reuse Action Plan. She also helped plan 
and co-host a workshop on the barriers and opportunities for stormwater capture and use 
on the Front Range of Colorado.  Dr. Spahr received her PhD in Civil and Environmental 
Engineering at Colorado School of Mines where her research focused on the ancillary 
social and environmental benefits of green and grey stormwater infrastructure. Her 
Master’s thesis from the University Colorado at Boulder focused on the barriers to 
implementing greywater systems in Colorado. Dr. Spahr’s previous experience includes 
working as a water resources and water quality engineer at Arapahoe County Water and 
Wastewater Authority in Centennial, CO and she holds professional licensure in 
Environmental Engineering in the State of Colorado. 

Scott Struck, Ph.D., is a Senior Research Scientist in Water Programs for the National 
Renewable Energy Laboratory, Denver, CO. Dr. Struck has a multi-disciplinary background 
including experience with the U.S. Environmental Protection Agency Office of Research and 
Development, as well as over 20 years of consulting engineering experience in stormwater 
management. He was instrumental in the development of the National Stormwater 
Calculator for EPA, which includes both cost estimation and computational methods for 
rainwater harvesting. Dr. Struck is past president of the Environmental and Water 
Resources Institute of the American Society of Civil Engineers and teaches as adjunct 
faculty at the Colorado School of Mines. He has also conducted research supporting an 
update of the Mile High Flood District’s Urban Storm Drainage Criteria Manual, Volume 3, 
which guides stormwater quality management in the metro Denver area.  

Jessica Thrasher is the Diversity, Equity, Inclusion (DEI) Programs Leader at the Colorado 
Water Center. She has a bachelor's degree in Sociology from Southern Methodist University 
and a master's degree in International Development Anthropology from Colorado State 
University. She focuses on creating and managing programs that promote a diverse water 
workforce that represents the communities served, equitable access to water resources 
and information, and developing resources that promote integration of DEI practices into 
the water field. She is dedicated to fostering collaboration, innovation, and inclusion of 
diverse prospectives to build an equitable, sustainable water future for all.    

Susan A. Wood, FAICP, is a Planning Project Manager, Environmental, with more than 16 
years in transit planning, preceded by more than 10 years in land use planning where she 
worked for local governments in the Denver Metropolitan area. At the Regional 
Transportation District (RTD), the Denver area transit provider, she oversees project 
clearance and compliance with the National Environmental Policy Act and coordinates with 
local government staff and elected officials to implement transit projects that serve local 
and regional needs. Susan represents RTD on the board of the Regional Air Quality Council; 



and serves on the Water and Land Use Planning Alliance and the Planning for Hazards 
Steering Committee. She holds a MURP degree from the University of Colorado at Denver 
and a B.S. degree in Geology from Baylor University. In 2020, Susan received the Unive rsity 
of Colorado at Denver, Alumni Award for Excellence. 

She is a past-president of the Colorado Chapter of the American Planning Association 
(APA) and previous APA Board Director, Region V. She currently serves on the Equity, 
Diversity, and Inclusion Committee and on the Legislative and Policy Committee, where 
she co-chaired APA’s Planning for Equity Policy Guide. She is a member of the APA 
Sustainable Communities and Transportation Planning Divisions, as well as the Water and 
Planning Network. 

Patrick Wells currently serves as a Water Strategy Specialist for Northern Water where he 
manages high priority projects and initiatives involving water policy and strategy, water 
rights protection, resource management, and regional water collaborations and 
negotiations. Prior to joining Northern Water, Mr. Wells was the General Manager of Water 
Resources & Demand Management for Colorado Springs Utilities where he led a 
department responsible for nearly every aspect of supply and demand-side water resource 
management including water supply acquisition, integrated water resource planning, water 
conservation and reuse, water rights protection and development, and watershed planning. 
In 2018, he was appointed by Governor Jared Polis to serve on the Interbasin Compact 
Committee formed under HB05-1177. Patrick holds a B.S. in Geological Engineering from 
the Colorado School of Mines and is a registered professional engineer in Colorado. 

Jim Yahn is the manager of the North Sterling and Prewitt Reservoirs, a position that he 
has held for over 31 years. He is responsible for overseeing the diversion and distribution 
of water to over 350 farmers. Together the reservoirs are a source of irrigation water for 
approximately 70,000 acres. Jim is a registered professional engineer, receiving his B.S. in 
Agricultural Engineering from Colorado State University. Prior to his employment with the 
North Sterling and Prewitt he worked as a private consulting engineer in Fort Collins for 5 
years. He is a native of Colorado growing up on a family ranch, which used water from the 
North Sterling Reservoir System. 

In June of 2016, Jim was appointed by the Governor to the Colorado Water Conservation 
Board to serve as the South Platte Director and served for 5 years, one year as Chair. Jim 
has been a member of the South Platte Basin Roundtable since its inception in 2005, 
served as chair from 2009 – 2012, and currently serves as the roundtable’s representative 
to the Inter-Basin Compact Committee. Jim and his wife Tracy also have a cow calf 
ranching operation and are the parents of two grown children, Hannah and Austin . 

Dr. Harry Zhang serves as Research Program Manager on Integrated Water and Stormwater 
at WRF. Harry directs the Sustainable Integrated Water Management (SIWM) and 
Stormwater research portfolios. In addition, Harry is WRF’s Climate Change topic lead. 
Harry is the Sustainability subject editor for Journal of Water Supply by IWA. In addition, 
Harry is a registered Professional Engineer in Virginia and Maryland. Harry has a PhD in civil 
and environmental engineering (water resources) and a minor in systems engineering from 
the University of Virginia 



Appendix B. Glossary of Terms 

This Glossary of Terms is taken from the State of Colorado, Department of Natural 
Resources Division of Water Resources, ‘Guide to Colorado Well Permits, Water Rights, and 
Water Administration’ (CDWR 2012).  

Abandonment of water right: the termination of a water right in whole or in part, 
resulting from the intent of the owner to permanently discontinue its use. A conditional 
water right may also be terminated by failure on the part of the owner to develop it with 
reasonable diligence until absolute, or to make filings to the water court every six years 
showing due diligence has been made towards perfecting the water right.  

Absolute water right: a water right that has been put to a beneficial use. See definition 
for conditional water right.  

Acre-foot: the volume of water equivalent to covering one acre of land to a depth of one 
foot; equal to 43,560 cubic feet or 325,851 gallons. 

Adjudication: the judicial process through which the existence of a water right is 
confirmed by decree of the water court. 

Appropriation: the right to take a certain portion of the waters of the state to be put to 
beneficial use. The specific quantity and rate of flow may be confirmed by a water court 
decree. 

Aquifer: a formation, group of formations or part of a formation containing sufficient 
saturated permeable (able to pass through) material that could yield a sufficient quantity 
of water that may be extracted and put to beneficial use. 

Augmentation plan: a way for junior appropriators to obtain water supplies through terms 
and conditions approved by a water court that protects senior water rights from the 
depletions caused by the new diversions. It typically will involve storing junior water when 
in priority and releasing that water when a call comes on, purchasing stored water to 
release when a river call comes on, or purchasing senior irrigation water rights and 
changing the use of those rights to offset the new users’ injury to the stream. (Note: 
These plans can be very complex, and it is suggested that an engineering consultant be 
hired to allow for proper consideration of all hydrologic and water rights factors.)  

Augmentation water: water that is added, left, or replaced in a stream system to offset 
out-of-priority diversions. 

Beneficial use: the use of a reasonable amount of water necessary to accomplish the 
purpose of the appropriation without waste. Some common types of beneficial use are: 
domestic, household use, irrigation, municipal, wildlife, recreation, and mining. 

Call: a request by a water right appropriator that more junior water rights on the 
same drainage system curtail their diversions of water to the extent necessary, such 
that sufficient water is made available to satisfy the senior water right placing the call. 

Such calls are administered by the Division Engineer and staff for the division in which the 
call was placed. 

Change of water right: any change in any way that a water right is used. It can be 



changed in type, place or time of use, point of diversion, adding points of diversion, etc.  It 
is not considered a change in use if a farmer changes the type of crop grown or the type 
of irrigation method. Changes of water rights must be approved by the water court to 
assure that no injury occurs to other water rights. 

Conditional water right: a water right obtained through the water court where the water 
has not been placed to a beneficial use. It gives the holder of that right time to complete 
a project as long as they diligently pursue completion of the project.  Every six years, the 
court reviews what progress has been made toward completion of the project.  Once the 
right has been placed to beneficial use, the holder of the conditional right must then ask 
the court to make it an absolute water right. See definition for Absolute water right. 

Consumptive use: the amount of water that is lost to the stream system, for example, 
through crop consumption or evaporation, when applying water to beneficial uses.  

Cubic feet per second: a rate of flow of water passing a given point each second of time, 
amounting to one cubic foot. This is equal to 7.48 gallons per second, 448.8 gallons per 
minute or approximately two acre-feet per day. 

Decree: an official document issued by the water court including, but not limited to, the 
priority date, amount, use, and location of the water right. 

Depletion: the withdrawal of water from a surface or ground water stream or basin at a 
rate greater than the rate of replenishment. Depletion is determined for a system by 
subtracting system outflows from system inflows. 

Designated ground water: ground water that, in its natural course, is not available to or 
required for the fulfillment of decreed surface rights, or ground water in areas not 
adjacent to a continuously flowing natural stream, wherein ground water withdrawals 
have constituted the principal water usage for at least 15 years pre- ceding the date of 
the first hearing on the proposed designation of the basin, and which is within the 
geographic boundaries of a designated ground water basin. 

Designated ground water basins or “designated basins”: those areas of the state 
established by the Ground Water Commission in accordance with Section 37-90-106, 
CRS. The designated basins are located in the Front Range and in eastern Colorado. 

There are currently eight designated basins (see section of this guide titled, “How do I 
Obtain a Water Well Permit Within a Designated Basin?” for more information). 

Diversion: to divert and control water from its natural course by means of a structure. 

Division Engineer: the State Engineer’s principal water official in each of the seven water 
divisions (also see glossary terms, State Engineer and Water divisions). 

Exempt uses: any recognized uses that are not subject to administration under the 
priority system. For further information, see Sections 37-92-602 and 37-90-105, CRS. 

Exempt well: a well allowed to be used for exempt uses. For further information, see 
Sections 37-92-602 and 37-90-105, CRS. 

Ground water: any water not visible on the surface of the ground under natural 
conditions. 



Ground Water Commission: a twelve-member body created by the Legislature, nine of 
which are appointed by the Gover- nor to carry out and enforce the state statutes, 
rules and regulations, decisions, orders and policies of the Commission, dealing with 
designated ground water (see section of this guide titled, “How Do I Obtain a Water 
Well Permit Within a Designated Basin?” for more information). 

Ground water management district: any district organized under Section 37-90-118 to 37-
90-135, CRS, for the purpose of consulting with the Ground Water Commission on all
designated ground water matters within a particular district. There are currently 13
districts (see section of this guide titled, “How Do I Obtain a Water Well Permit Within a
Designated Basin?” for more information).

Irrigation year: the irrigation year for the purposes of recording annual diversions of water 
for irrigation in Colorado begins November 1 and ends on October 31 of each year. 

Junior water right: a relative term describing a water right with a priority less than that of 
a “senior right” from a common source of water. 

Native waters: surface and underground waters naturally occurring in a watershed.  

Non-consumptive: uses that do not reduce the quantity of water available to the stream 
system. 

Non-exempt uses: any recognized beneficial uses of water that are administered under 
the priority system. For further information, see Sections 37-90-137 and 37-90-107, CRS. 

Non-exempt well: a well allowed to be used for non-exempt uses. 

Non-native waters: waters imported or not originally hydrologically connected to a 
watershed or drainage basin physically or by statute; non-tributary ground water and 
transmountain water are non-native. 

Non-tributary ground water: ground water located outside the boundaries of any 
designated ground water basin, where the withdrawal of this ground water by a well will 
not, within 100 years, deplete the flow of a natural stream at an annual rate greater than 
one-tenth of one percent of the annual rate of withdrawal. 

Not Non-tributary ground water: ground water located within those portions of the 
Dawson, Denver, Arapahoe, and Laramie-Fox Hills aquifers that are outside of any 
designated ground water basin in existence on January 1, 1985, the withdrawal of which 
will, within 100 years, deplete the flow of a natural stream at an annual rate greater than 
one-tenth of one percent of the annual rate of withdrawal. 

Over-appropriated: a water rights term used to describe a surface water drainage system 
that has more decreed water rights claims on the system than can be satisfied by the 
physical supply of water available. 

Potability: a reference to water that does not contain pollution, contamination, or 
infective agents, and is considered to be safe for human consumption.  

Priority: the right of a senior water rights holder to divert water before a junior water 
rights holder from a common source. Priority is based on both the appropriation date and 
adjudication date of a water right, as confirmed by the water court. 



Recharge area: reservoirs and ditches that are designed to replenish groundwater 
depletions, due to out-of-priority diversions, by artificially introducing water into the 
ground water aquifer. 

Resume: a monthly publication by the water court of a summary of water rights 
applications filed in the water court that month. 

River basin: the land area and water catchment surrounding a river from its headwaters 
to its mouth. 

River call: usually a written document filed with the Division Engineer stating that, as of 
a certain date and time, a water right holder is not receiving all of the water they are 
entitled to by decree and are requesting that the Division Engineer shut down all upstream 
water rights junior to them until their senior right is satisfied. 

Senior water right: a relative term describing a water right with a priority greater than 
that of a “junior right” from a common source of water. 

State Engineer: the Governor-appointed chief state water official in charge of 
administering the waters of the state. 

Structure: any apparatus constructed to divert water, such as a headgate, pipe, or well. 

Transmountain diversions: water that is diverted from one watershed to another across 
the Continental Divide. 

Tributary water: water that is hydrologically connected to a natural stream system either 
by surface or underground flows. 

User supplied data: data or records of water uses provided by an owner/user that has 
not been verified by state officials. 

Water commissioner: state water official, appointed by the State Engineer and working 
under the direction of the Division Engineers, who performs the day-to-day administration 
of surface and ground water in each water district (also see glossary terms, Division 
Engineer, State Engineer, Water districts, Water divisions). 

Water Court: a district court that hears matters related to water. To obtain a judicially 
recognized water right, change a water right or obtain an augmentation plan, requesting 
persons or entities file applications with one of these courts and the court will issue a 
decree or order. 

Water districts: eighty geographical divisions of the state that were originally used for the 
granting of water rights. The districts are now largely used for administrative purposes. 

Water divisions: the seven geographical areas of the state of Colorado corresponding to 
the major natural surface water drainages. The seven divisions are: Division 1-South 
Platte River Basin; Division 2-Arkansas River Basin; Division 3- Rio Grande River Basin; 
Division 4-Gunnison River Basin; Division 5-Colorado River Basin; Division 6-Yampa/White 
River Basins; Division 7-San Juan/Dolores River Basins. 

Water right: a property right that is either conditional or absolute and conveys the right to 
use a particular amount of water, with a specified priority date as confirmed by the 



water court, or by the Ground Water Commission if within the designated ground water 
basins (also see glossary terms, Absolute water right and Conditional water right). 

Well: any structure or device used for the purpose, or with the effect, of obtaining 
ground water for beneficial use from an aquifer. Additionally, any test hole or other 
excavation that is drilled, cored, bored, washed, fractured, driven, dug, jetted, or 
otherwise constructed, when the intended use of such excavation is for the location, 
monitoring, dewatering, observation, diversion, artificial recharge, or acquisition of ground 
water, or for conducting pumping equipment or aquifer test



Appendix C. Impacts of Rain Barrels on Surface Water Runoff 

(from Testimony by Olson and Roesner to Colorado Legislature, September 2015) 

The following presentation slide deck provides background information on the assessment 
used to understand how capturing 110 gallons of stormwater at a typical residential 
household effects runoff and infiltration. These results are the basis for the legal limits of 
capturing two 55-gallon rain barrels for each household in Colorado. The study was 
performed by Chris Olson and Dr. Larry Roesner from Colorado State University, Civil and 
Environmental Engineering Department and was presented on September 10, 2015, at the 
Urban Water Center.  

Chris Olson, P.E. – Research Associate III Dr. Larry 
Roesner – Professor Emeritus 

Colorado State University Civil and 
Environmental Engineering 



Objectives 

Provide an unbiased assessment of the 
effects on runoff and infiltration of 100 
gallons of rainwater capture capacity for a 
typical household using defensible scientific 
methods and Colorado‐specific (Denver) 
climatic conditions 



 

Hydrology in Urban Settings 

Typical Urban Lot Characteristics 



 

Technical Analysis 

3 scenarios 
Scenario 1: “Pre‐development” – Native prairie 
Scenario 2: “Post‐development w/o Rain barrels” 
Scenario 3: “Post‐development w/ Rain barrels” 

Scenario 1: “Pre‐development” – Native prairie 

Pre‐development



Scenario 2: “Post‐development w/o Rain

Driveway 

Roof Lawn/Landscapin

Downspout

Scenario 3: “Post‐development w/

Driveway 
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Typical Urban Lot Characteristics 

9,712 ft2 total area 
52% total impervious 

(1/2 roadway + sidewalk + driveway + rooftop) 

1,712 ft2 rooftop (35% of total impervious area) 

Sources: 
City of Fort Collins (GIS Analysis of Assessor Data) 
Matrix Design Group (GIS Analysis of 
Denver Impervious Area) 

Analysis 

Simulations: 
Apr 1, 2010‐Oct. 1, 2010: Typical rainfall season 
Aug. 16, 2000: 1‐year return storm (1.4 inches of rain) 

Rain Barrel Water Use: Homeowners wait 2 
days until using the stored water. All water is 
applied to landscape/lawn in 1‐2 hours. 



 

Analysis Results: Apr‐Sept 2010 

Total Precipitation Falling onto lot = 44,639 gallons 

Total Water Captured in Rainbarrels = 1,162 gallons Number of 
Rain Events = 31 

Scenario Infiltration + 
Evaporation 

(gal) 

Surface Runoff 
(gal) 

Undeveloped 42,684 1,955 

Developed 

(No Rain Barrels) 
31,606 13,033 

Developed 

(With Rain Barrels) 

31,606 13,033 

Recorded Rainfall: Apr‐Sept 2010 



Storm Totals: Apr‐Sept 2010 

1‐yr Storm Analysis: 8/16/2000 



Analysis Results: 

8/16/2000 (1yr storm)

Total Precipitation Falling onto lot = 8,472 gallons 

Total Water Captured in Rainbarrels = 100 gallons 

Scenario Infiltration + 
Evaporation 

(gal) 

Surface Runoff 
(gal) 

Undeveloped 4,888 3,584 

Developed 

(No Rain Barrels) 

2,933 5,539 

Developed 

(With Rain Barrels) 

2,933 5,539 

Rainbarrel Adoption Rates 

Milwaukee Metro Sewerage District: ~ 
5% 

20,000 rainbarrels distributed over 10 years 
Service Area ~ 370,000 households 
pers. comm. with Karen Sands (MMSD) 

Madison, WI: ~ 8% 
pers. comm. with Bryant Moroder (RainReserve) 

Pierce County, WA: ~6% 
300 respondents out of 5000 mailings 
pers. comm. with Tiffany Odell(Pierce County, WA) 



Rainbarrel Adoption Rates 

Overland Park, KS: < 1 % 
93 rainbarrels distributed over 5 years 
Population ~ 180,000 
pers. comm. with Nico Cantarero (City of 
Overland Park) 

Shepard Creek Watershed (Cincinnati, OH): ~ 30% 
107 out of 350 households targeted 
EPA‐sponsored study using reverse‐auction 
economic incentive technique 
Thurston et al (2010) ‐ Environmental Science and 
Policy 

Conclusions 

Allowing 100 gallons of rainwater storage 
per household will not decrease surface 
runoff by any detectable amount on a 
typical lot 
Development on previously undeveloped land 
(“greenfield”) has a significantly greater 
effect on surface runoff and infiltration than 
rainwater storage 



Appendix D. Example Water Rights Decree and Augment Plan: CSU 
SPUR Campus 



This matter came before the Water Court on the Application (“Application”) for Conditional Water Storage 
Right and for Approval of Plan for Augmentation filed by the Board of Governors of the Colorado State University 
System, acting by and though Colorado State 
University (“CSU” or “Applicant”). 

The Water Court, having considered the Application and the exhibits filed herein, and being otherwise fully 
advised in the premises, hereby enters the following findings of fact, conclusions of law, judgment and decree in 
accordance with C.R.S. § 37- 92-304(7): 

FINDINGS OF FACT 

1. Application. The Application in this matter was filed by CSU on April 28, 2022.

2. Name, Mailing Address, Email Address and Telephone Number of Applicant(s):

Board of Governors of the Colorado State University System
CSU Real Estate Office
2537 Research Blvd. Suite 200 Fort
Collins, CO 80524

with copies of all pleadings to:

Kristin H. Moseley Michael W.

Daugherty
SOMACH SIMMONS & DUNN, P.C.

1155 Canyon Boulevard, Suite 110
Boulder, Colorado 80302
Phone: 303-449-2834



3. Summary of Application. As part of the ongoing redevelopment of the City and County

of Denver’s National Western Complex, Colorado State University (“CSU”) is

constructing a campus building, research facility and associated grounds known as the

CSU Spur Hydro Project (“Spur Hydro”). This includes construction of a precipitation

capture system designed to capture and store rainfall and stormwater runoff for irrigation

and research purposes. This application seeks storage rights for the precipitation capture

system components, and to account for and replace all depletions to the South Platte

River caused by this precipitation capture system. A map of the Spur Hydro project is

attached hereto as Figure 1.

4. Resume Notice and Newspaper Publication. The Application was published in the April

2022 resume for Water Division 1 pursuant to C.R.S. § 37-92-302(3)(a). The

Application was published in Denver County via the Denver Daily Journal on May 12,

2022, pursuant to C.R.S. § 37-92-302(3)(b).

5. Jurisdiction. Timely and adequate notice of the pendency of these proceedings in rem

has been given in the manner required by law. The Water Court has jurisdiction over the

subject matter of this proceeding and over all persons who have standing to appear as

parties, whether they have appeared or not.

6. Statement of Opposition and Stipulation. The time for filing statements of opposition has

expired. A timely statement of opposition was filed by The Farmers Reservoir and

Irrigation Company (“FRICO”). FRICO stipulated to a form of decree no less restrictive

than this decree, and the Water Court approved said stipulation on April 11, 2023.

7. Proceedings Before the Water Referee. This matter was referred to the Water Referee

pursuant to statute. 

8. Designated Ground Water Basin. The land and water rights involved herein are not

included within the boundaries of a designated ground water basin.

9. Summary of Consultation. The Division Engineer filed a summary of consultation on

July 29, 2022. The Division Engineer’s report was served on all parties of record.

10. Conditional Water Storage Right.

10.1. Name of Structure: CSU Spur Precipitation Capture System (“Capture System”).

10.2. Legal Description of Structure: The Capture System consists of storage cisterns

that will be generally located within the WRC in the NW1/4 of the NW1/4 of 



Section 23, Township 3 South, Range 68 West of the 6 th P.M. in the City and County of Denver, 

State of Colorado. Precise locations are shown in Figure 1. 

10.3. Source: Precipitation runoff that is tributary to the main stem of the South Platte 

River. 

10.4. Total Storage Capacity: 0.04 acre-feet, cumulative: 

Capture System Storage Facility Storage Volume 

Rainwater Harvesting Tank 3,400 gallons (0.01 AF) 

Runoff Storage Tank 9,400 gallons (0.03 AF) 

10.5. Amount Claimed: 0.04 acre-feet, conditional, with the right to continuously refill 

up to 0.55 acre-feet annually, along with the right to reuse. Absolute: 0 acre-feet. 

10.6. Appropriation Date: 

10.6.1. Date of Appropriation: April 28, 2022. 

10.6.2. How Appropriation was Initiated: Filing of the Application in this 

matter. 

10.7. Place of Use: At the CSU Spur as shown on Figure 1. 

10.8. Uses: Outdoor irrigation, runoff reduction, research. 

11. Approval of Plan for Augmentation:

11.1. Name of Structure to be Augmented: Capture System. 

11.2. Decree for Structure: An application for a conditional storage right is pending as 

part of this application in the First Claim for Relief. 

11.3. Legal Description for Structure: Described in paragraph 10.2 above. 

11.4. Statement of Plan for Augmentation: The Capture System will collect and store 

precipitation in the form of rainfall and stormwater runoff in the storage vessels 

described in paragraph 11.5 below (above-ground Rainwater Harvesting Tank; 

below-ground Stormwater Runoff Storage Tank). Rainfall will be harvested from 

portions of the building’s roof, consisting of conventional roofing and a section of 

green roof that is designed without internal water storage. Runoff will be 
harvested from the City of Denver’s storm drain system along Bettie Cram Drive shown on Figure 

1. Precipitation inflows in excess of the Capture System’s



storage capacity (“overflow”) will be discharged from the storage vessels to on - site storm drains 
and conveyed back to the South Platte River. When the Capture System storage right is in priority 
under the appropriation date claimed in the First Claim for Relief above, CSU will store the 
precipitation in the Capture System for later beneficial use and not make replacements. When the 
Capture System storage right is out-of-priority, CSU will account for precipitation stored in the 
Capture System as 100% consumptive and make replacements for out-of-priority depletions in 
time, location and amount to the South Platte River. 

Note: The Spur Hydro building will also be constructed with a green roof as a conventional 
stormwater feature. The proposed green roof, shown on Figure 1, includes a gravel drain layer, 
soil media, an underdrain, and the vegetated surface. Consistent with the Colorado Division of 
Water Resources’ February 11, 2016, Administrative Statement Regarding the Management of 
Storm Water Detention Facilities and Post-Wildland Fire Facilities in Colorado, the green roof 

will intercept only precipitation that falls directly within the perimeter of the vegetated area and 
does not contain a reservoir layer to store water below the root zone. 

Water that is not evapotranspired by the green roof is discharged through the green roof 
underdrain system, which drains directly to the Highbay Laboratory and Rainwater Harvesting 
Tank and will be measured and accounted for as a source of consumption associated with the 
Rainwater Harvesting tank to be augmented under the augmentation plan sought herein. 

Accordingly, no storage right nor depletions requiring augmentation are associated with the 
green roof. 

11.5. Sources of Consumptive Use: Sources of consumptive use consist of roof runoff 

collected in the Rainwater Harvesting Tank and ground-level stormwater runoff 

collected in the Runoff Storage Tank, as shown in the table below (collectively 

“Capture System Facilities”): 

Storage Vessel Location Contributing Runoff 
Storage 

Volume 

Rainwater 

Harvesting Tank 

Above ground tank in 

backyard area 

Roof and green roof 

underdrain, 0.31 acres 

3,400 gallons 

(0.01 AF) 

Stormwater 

Runoff Storage 

Tank 

Underground 

vault/tank in 

backyard area 

Stormwater drainage 

area, 26.2 acres 

9,400 gallons 

(0.03 AF) 

Total: 26.51 acres 0.04 acre feet 

11.5.1. Rainwater Harvesting Tank. The rainwater harvesting tank has been 

designed as a 3,400-gallon above ground storage tank to collect 

runofffrom the CSU Hydro Building Roof (see Figure 1), including 

runoff 



from the green roof underdrain. Runoff captured in the rainwater harvesting tank will 
be used for irrigation in the backyard and research in the Highbay Laboratory. It is 
assumed that the Highbay Laboratory uses up to 100 gallons per day of water stored in 
the rainwater harvesting tank. In the case that there is more runoff than available 
storage volume in the tank, excess runoff (overflow) is currently modeled to discharge 
to the site stormwater system. Depletions from the rainwater harvesting tank will be 
accounted for as total inflow to the rainwater harvesting tank minus the volume of 

overflows. In other words, all runoff stored in the tank accounted for as 100% 
consumptive. 

11.5.2. Runoff Storage Tank. A 9,400-gallon storage tank will collect a portion 

of urban stormwater runoff conveyed through the storm water drain 

shown on Figure 1 to be used for research in the Highbay Laboratory 

and for simulating urban runoff in two bioretention test-plots. This 

storm drain collects runoff from approximately 26.2 acres of urbanized 

area that lies to the north and east of the Hydro Building. The water 

diverted to the runoff storage tank will be a small fraction of the overall 

runoff in this storm drain system, which is treated and detained in Pond 

H, to the west of the Hydro Building, prior to discharge to the South 

Platte River. Water stored in the runoff storage tank will be accounted 

for as 100% consumptive. Depletions from the runoff storage tank are 

assumed to occur at a constant rate of 8,600 gallons per month based on 

an assumed maximum laboratory research usage of 300 gallons per day 

during weekdays (annual average of 22 weekdays per month) and two 

monthly applications of 1,000 gallons of runoff to the bioretention test 

plots. 

11.6. Timing, Amount and Location of Depletions: 

11.6.1. Timing of Depletions: Depletions are equal in amount and time to 

diversions of captured precipitation in the Capture System. CSU will 

measure and account for depletions on a daily basis. Depletions will be 

measured over the course of an entire month and calculated and released 

in a single release at the end of the month. 

11.6.2. Amount of Depletions: The amount of total annual depletions to the 

South Platte River to be replaced under this plan for augmentation has 

been calculated at 0.55 acre-feet. However, Applicant shall replace the 

actual total amount of annual depletions, even if such actual total amount 

of annual depletions exceeds the calculated amount. 

11.6.3. Location of Depletions: Depletions will accrue to the South Platte River 

at the outfall location shown in Figure 2, located in the SE1/4 of the 



SW1/4, SW1/4, Section 14, Township 3 South, Range 68 West, at a  point 
approximately 50 feet from the south section line and 900 feet from the west section 
line (UTM 502129 Easting and 4403773 Northing, Zone 13). 

11.7. Replacement Supply: Water leased from Denver Water pursuant to Contract No. 

505106, dated February 9, 2022, for 2 acre-feet per year (Exhibit A). The Denver 

Water rights (“Lease Water”) may include any water rights owned by the City and 

County of Denver Board of Water Commissioners and legally available to Denver 

Water for augmentation and replacement purposes. 

11.7.1. Additional Water Rights Separately Decreed or Lawfully Available for 

Augmentation Use. Pursuant to C.R.S. § 37-92-305(8)(c), if a water 

right is decreed or lawfully available for augmentation use and not 

already approved for such use under this decree, Applicant shall give at 

least thirty days advance written notice to the Court, the Division 

Engineer and FRICO, which shall describe: (1) the water right by name 

and decree, if any; (2) the annual and monthly amount of water available 

to Applicant from the water right; and (3) the location or locations at 

which the water will be delivered to the South Platte River; (4) evidence 

that the claimed amount of water will not be used by another person; and 
(5) the manner in which Applicant will account for use of the augmentation credits.
If the Division Engineer or FRICO wishes to object to the addition of the noticed
water rights to the plan for augmentation, a written objection shall be filed with the
Court within thirty-five days from the date the Notice was filed. If no objection is

filed within thirty-five days from the date of filing the Notice, the water right may not
be used until approved by the Division Engineer. Such approval shall be in writing
and served on FRICO. Upon approval by the Division Engineer and notice to
FRICO, Applicant may use the noticed water right in the plan for augmentation
decreed herein in the

manner stated in the Division Engineer’s approval without further action by the Court.
If an objection is filed, Applicant may not use the noticed water right until the Court
approves such use, with any terms and conditions the Court may deem necessary to
prevent injury to vested and decreed water rights. This Court retains perpetual
jurisdiction, pursuant to C.R.S. §§ 37-92-304(6) and 37-92-305(8)(c) to address
objections under this provision. In any dispute over the addition of a new augmentation

supply to the plan for augmentation, Applicant shall have the burden of proof at all
times.

11.8. Location of Replacements: Lease Water will be introduced by Denver Water at 

any location and from any source selected by Denver Water at or upstream of the 



Burlington Ditch headgate, including the following locations, as generally depicted on Figure 3: 

11.8.1. Chatfield Reservoir, the outlet works of which are located in the NE 

Corner of Section 1, Township 6 South, Range 69 West of the 6th 

Principal Meridian in Jefferson and Arapahoe Counties. 

11.8.2. The South Platte Water Renewal Facility Wastewater Treatment Plant 

Outfall, which is located in the SE 1/4 of the SE 1/4 of Section 28, 

Township 4 South, Range 68 West of the 6th P.M., 128 feet from South 

section line and 34 feet from East section line, Denver County, Colorado. 

11.8.3. The Farmers and Gardeners Ditch Water Right measurement location 

identified in paragraph 25 of the decree entered in Case No. 2009CW084 

WD1, which is described as being located at the Denver stream gage 

(station number 06714000) currently located approximately 90 feet 

upstream of the Nineteenth Street Bridge in Denver, Colorado and 

approximately 0.4 miles downstream of Cherry Creek, in the NW 1/4 of 

the SE 1/4 of Section 28, Township 3 South, Range 68 West of the 6th 

P.M.

11.8.4. Lawn Irrigation Return Flows quantified under the decree entered in 

Case No. 2004CW121 WD1 for replacement and exchange immediately 

above the Burlington Administration Point, located at the Burlington 

Ditch headgate which is located on the east bank of the South Platte 

River, in the NE1/4 of the SW1/4, Section 14, T3S, R68W, 6th P.M., in 

City and County of Denver, Colorado, 2456.2 feet east of the west line of 

the southwest quarter and 2347.7 feet north of the south line of said 

southwest quarter of Section 14. The headgate is located at 

approximately latitude 039° 47’ 24.69” N, longitude 104°58’ 9.97” W. 

The UTM coordinates are approximately NAD 1983 UTM Zone 13S 

502616.89 mE 4404471.42 mN. 

CONCLUSIONS OF LAW 

12. Jurisdiction. The Court has jurisdiction to enter the requested decree. The Court has

jurisdiction of the subject matter of this case and all persons affected hereby, whether

they have appeared or not, pursuant to C.R.S. §§ 37-92-203, 37-92-302 and 37-92-304.

13. Application. The Application in this matter was filed with the Water Court pursuant to
C.R.S. § 37-92-302. A timely statement of opposition was filed as indicated above. The time for filing

additional statements of opposition has expired. C.R.S. § 37-92-



302(1)(c). Full and adequate notice of the claims adjudicated herein has been given in the manner 
required by law. 

14. Plan for Augmentation Contemplated by Law. The plan for augmentation decreed herein

is contemplated by law and satisfies the requirements of C.R.S. §§ 37-92-101, et seq.,

including but not limited to C.R.S. §§ 37-92-103, 37-92-302, 37-92-304(6), 37-92 305(3),
37-92-305(5), 37-92-305(8) and 37-92-305(12).

15. Burden of Proof Met. Applicant has complied with all requirements and met all

standards and burdens of proof, to adjudicate the WRC Precipitation Capture System

Storage Right and its proposed plan for augmentation and is therefore entitled to a decree

confirming and approving the WRC Precipitation Capture System Storage Right and its

plan for augmentation as described in the Findings of Fact. The Court additionally

concludes that evapotranspiration of water from the green roof shown on Figure 1 is not

a depletion requiring augmentation under Colorado law.

16. No Injury. The Court finds and concludes under C.R.S. § 37-92-305(3)(a), that the plan

for augmentation will not injuriously affect the owner of or persons entitled to use water

under a vested water right or a decreed conditional water right so long as the plan for

augmentation is operated in accordance with this decree.

17. Can and Will. Applicant can and will divert, store, or otherwise capture, possess, and

control and beneficially use the WRC Precipitation Capture System Storage Right.
C.R.S. § 37-92- 305(9)(b).

18. Anti-Speculation. The Court concludes Applicant does not have speculative intent in

appropriating the WRC Precipitation Capture System Storage Right adjudicated herein.

19. All Other Requirements. Applicant has satisfied all other statutory and legal

requirements for approval of the WRC Precipitation Capture System Storage Right and

plan for augmentation decreed herein.

RULING OF THE REFEREE 

20. Incorporation of Findings of Fact and Conclusions of Law. The foregoing Findings of

Fact and Conclusions of Law are incorporated in the decretal portion as if fully set out.

21. Storage Right Decreed. The WRC Precipitation Capture System Storage Right described

above is confirmed and decreed by the Court, subject to the terms and conditions of this

decree.

22. Plan for Augmentation Approved. The Application for the plan for augmentation

described herein is approved and decreed by the Court, subject to the terms and

conditions of this decree.



23. No Injury. The terms and conditions provided for in this decree are adequate to assure

that no injury to any water users will result from operation of the plan for augmentation

decreed herein.

24. Water Commissioner Approval. Before diverting any water to storage, the Applicant

must obtain prior permission from the Water Commissioner and will be required to report

the amounts and dates of water diversion under this right to the local Water

Commissioner on at least a monthly basis.

25. Curtailment. Pursuant to C.R.S. § 37-92-305(8), the State Engineer shall curtail all out-

of-priority diversions, the depletions from which are not so replaced as to prevent injury

to vested water rights. If the measuring and reporting of diversions, depletions, and/or

replacements, or any other pertinent information required for the accounting and

administration of this decree is insufficient for the proper administration, distribution, or

regulation of water pursuant to section 37-92-501, C.R.S., then the Division Engineer
shall curtail the Applicant’s operations under section 37-92-502, C.R.S., until such a time as such
measuring, reporting, or accounting becomes sufficient.

26. Retained Jurisdiction. The Court retains perpetual jurisdiction to consider new

replacement sources under C.R.S. § 37-92-305(8)(c). The Court also retains jurisdiction

pursuant to the provisions of C.R.S. § 37-92-304(6) regarding the question of injury to

the vested rights of others commencing on the date of this decree and continuing until

five years after the date Applicant serves notice to the opposing parties herein that the

Plan for Augmentation has been operated pursuant to this Decree.

27. Measuring Devices and Storage/Depletion Calculations. See Figure 4. The Applicant

will install and properly maintain measuring and recording devices acceptable to the

Division Engineer. The storage structures will be equipped with outlet/bypass works

capable of passing all out-of-priority inflows to the nearest natural watercourse during

any time the storage right decreed herein is subject to curtailment by the Division

Engineer.

27.1. Rainwater Harvesting Tank (paragraph 11.5.2.). To determine the daily amount 

of precipitation diverted in the Rainwater Harvesting Tank, Applicant will 

measure the volume of inflow from the roof and green roof into the Highbay 

Laboratory tank (which then flows into the Rainwater Harvesting Tank) and the 

measured outflows to the storm drain from the Rainwater Harvesting Tank. The 

calculated difference is the amount diverted into the Rainwater Harvesting Tank. 

27.2. Runoff Storage Tank (paragraph 11.5.3.). To determine the daily amount of 

runoff diverted in the Runoff Storage Tank, Applicant will measure the inflows 

from the stormdrain to the underground Runoff Storage Tank. 



28. Accounting. The accounting is an administrative tool required by this Ruling to confirm

that diversions and replacements are made in correct time, location and amount in

accordance with the terms and conditions of this Decree. The accounting shall be

sufficient in detail so that state water officials are not limited in their duty to administer,

and make record of, the movement of water in accordance with this Decree. All

accounting must be acceptable to the Division Engineer, or his designated representative,

and shall adhere to all applicable administrative policies, guidelines and protocols

established by the Division Engineer.

This Ruling does not establish or require a specific accounting form. Upon entry of this Decree, the 

accounting is subject to revision at the direction of the Division Engineer and may change from time to 
time. At a minimum, the accounting shall be structured to report the following on a daily basis: (1) the 
controlling priority on the river that diversions under this ruling are subordinate to; (2) the amount of out -
of-priority diversions; (3) the amount of water owed, to include depletions and any other obligations; 
(4) the location of where obligations are owed; (5) the amount and source of replacements; (6) a net river
balance that summarizes the replacements and obligations, and; (7) any transit losses from upstream

replacement deliveries. The accounting shall contain raw meter readings or data recorded from
measurements, from which a volume of water can be determined. All accounting shall be performed daily
and submitted monthly, unless required more often at the request of the Division Engineer or Water
Commissioner. Accounting shall be submitted to the Division Engineer and Water Commissioner no later
than thirty (30) days following the last day of any given month.

29. Administration of Replacement Supplies. When water available under the water rights

that are the subject of this Decree is transported in or to the South Platte River or its

tributaries for replacements under the plan for augmentation, the Division Engineer or his

designated representative shall assess reasonable losses resulting from such transportation

when determining the amount of water available for use by the Applicant. The Division

Engineer, or his designated representative, will administer all replacement water

transported in the South Platte River or its tributaries under this Decree past intervening

headgates to ensure that the replacement water is not intercepted or otherwise diminished

in quantity by diversion, use or other interference by intervening water rights, and to

assure that replacement water remains available for Applicant’s use under this Decree. In

the event that delivery past headgates that sweep the river requires the installation of a

bypass structure or the use of an existing bypass structure by agreement with a third-

party, the Applicant is responsible for either installing a new bypass structure with

continuous recording measuring device(s) as approved by the Water Commissioner or

securing an agreement with a third-party to use an existing bypass structure and

providing such information and agreement to the Division Engineer. The Applicant shall

not receive return flow credits or augmentation plan replacement water below a headgate

that is sweeping the river unless the Applicant can show that the credits can be measured

and delivered past that headgate.



30. Diligence Filing. The WRC Precipitation Capture System Storage Right decreed herein

will be continued in full force and effect until the last day of May 2029. An application

for findings of reasonable diligence to maintain the conditional water right adjudicated

herein shall be filed during the month of May 2029, and shall be filed in accordance with
C.R.S. § 37-92-301(4) until the water right priority decreed herein is made absolute or otherwise disposed.

Provided, however, that the court shall give notice of filing in accordance with C.R.S. § 37-92-305(7) prior
to the cancellation or expiration, in whole or in part, of the conditional water right adjudicated herein. The
Applicant may at any time file an application to make absolute in whole or in part by reason of the
diversion, storage and beneficial use of water pursuant to this Decree.

31. Pursuant to Rule 9 of the Uniform Local Rules for All State Water Court Divisions, upon the sale

or transfer of the conditional water rights confirmed herein, the transferee shall file with the

Water Court a notice of transfer stating: (a) the title and case number of this case; (b) a

description of the conditional water rights transferred; (c) the name of the transferor; (d) the name

and mailing address of the transferee; (e) a copy of the recorded deed or other conveyance

instrument. The new owner of the conditional water rights shall also notify the Clerk of the

Division 1 Water Court of any change in mailing address. The Clerk shall place any notice of

transfer or change of address in the case file in which the conditional decree was entered and in

the case file in which the Court first made a finding of reasonable diligence.

Dated April 25, 2023 

John S. Cowan, Water Referee Water 
Division One 

DECREE OF THE WATER COURT 

No protest was filed in this matter. The foregoing ruling is confirmed, approved and hereby made the 
Judgment and Decree of this Court. 

Dated: May 23, 2023 

Todd Taylor, Water Judge Water 
Division One 
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Appendix E-1: Rainfall Runoff and Rain Barrel Filling and 
Emptying Technical Memorandum 

Subject: Summary of NMC’s methods for CWCB SCU Final Report 

WWE project #: 221-103.000 

Author: Natalie M. Collar, P.E., Ph.D., Wright Water Engineers, Inc. 

Document last updated: 09/15/2023 

Rainfall-runoff calculations 

a. Data collection and pre-processing
i.Urban polygons and Colorado roundtable basins (units of analysis)

WWE began by creating an ArcGIS Pro project in the NAD 1983 UTM Zone 13N projection. A 
polygon shapefile of Colorado’s state border was selected as the study domain and was used 
to clip any conterminous United States-scale (CONUS) datasets to limit unnecessary processing 
time. A polygon shapefile of Colorado’s Basin Roundtable Boundaries was downloaded from 
https://cdss.colorado.gov/gis-data/gis-data-by-category and a polygon shapefile of the U.S. 
Census Bureau’s 2020 urban-rural polygons was downloaded from 
https://www2.census.gov/geo/tiger/TIGER_RD18/LAYER/UAC20/ in February 2023. More 
information on the urban polygon layer is available at https://www.census.gov/programs-
surveys/geography/guidance/geo-areas/urban-rural.html. Each urban polygon was assigned a 
unique numeric identifier (1 through 65), and the total area in acres was calculated with the 
Calculate Geometry command within the shapefile’s attribute table. 

The urban polygon layer was clipped to Colorado’s state boundary, resulting in 60 unique urban 
polygons. Then, the Identity tool in ArcGIS Pro was used to determine which roundtable basin 
in which each urban polygon resided. When an urban polygon intersected more than one 
roundtable basin, the Identity tool split the urban polygon into individual polygons such that no 
polygon intersected more than one roundtable basin. This resulted in 73 unique urban polygons. 
For example, the “Colorado Springs, CO” urban polygon intersects the Arkansas, South Platte, 
and Metro Basin Roundtable polygons, so it was split into three separate polygons. However, 
note that the Metro Roundtable Basin polygon is nested inside of the South Platte basin 
roundtable polygon, meaning urban polygons split into Metro and South Platte polygons are 
redundant. To overcome this, the redundant South Platte urban polygons were removed which 
resulted in 65 unique urban polygons. The urban polygons that were split by the Identity tool 
included Colorado Springs (Arkansas, Metro), Denver–Aurora (Metro, South Platte), Grand 
Junction (Colorado, Gunnison), Lafayette-Erie-Louisville (Metro, South Platte), and Woodland 
Park (Arkansas, Metro). 

ii.Percent imperviousness

The 2019 National Land Cover Database (NLCD) “Urban Imperviousness” 30-meter raster was 
downloaded in February 2023 from the Multi-resolution Land Characteristics Consortium 
(MRLC): 
https://www.mrlc.gov/data?f%5B0%5D=category%3AUrban%20Imperviousness&f%5B1%5D=regi
on%3Aconus&f%5B2%5D=year%3A2019. The Tabulate Intersection tool in ArcGIS Pro was used 

https://cdss.colorado.gov/gis-data/gis-data-by-category
https://www2.census.gov/geo/tiger/TIGER_RD18/LAYER/UAC20/
https://www.census.gov/programs-surveys/geography/guidance/geo-areas/urban-rural.html
https://www.census.gov/programs-surveys/geography/guidance/geo-areas/urban-rural.html
https://www.mrlc.gov/data?f%5B0%5D=category%3AUrban%20Imperviousness&f%5B1%5D=region%3Aconus&f%5B2%5D=year%3A2019
https://www.mrlc.gov/data?f%5B0%5D=category%3AUrban%20Imperviousness&f%5B1%5D=region%3Aconus&f%5B2%5D=year%3A2019
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to calculate the percentage of each land cover type comprising Colorado’s 65 urban polygons, 
including “pervious” and numerous impervious (“Primary Road,” “Secondary Road,” “Tertiary 
Road,” “Thinned Road,” and “Non-road Impervious”) land cover classifications. This information 
was stored in a lookup table that included the percentage cover types by the unique urban 
polygon identifier number. 

iii.Elevation 

A 1 arc-second (approximately 30-meter) elevation raster was downloaded from Landfire in 
February 2023 here: https://landfire.gov/elevation.php. 

iv.Precipitation 

Daily 1-kilometer precipitation depth rasters (January 1, 1990 through July 31, 2022) (most recent 
day Parameter-elevation Regressions on Independent Slopes Model (PRISM) rasters were 
available at time of download) were downloaded from Oregon State Univers ity’s PRISM program 
in February 2023 from: https://prism.oregonstate.edu/recent/. 

b. Data extraction post-processing

The urban polygon shapefile was imported into the R programming environment and converted 
to a data frame object. Similarly, the elevation raster was imported into R, and then the 
exact_extract tool from the “exactextractr” package was used to calculate the area-weighted 
mean of the elevation raster cells underlying each urban polygon, which were subsequently 
appended to the master data frame. The same workflow was used to extract the area-weighted 
mean of the stacked 1-kilometer PRISM precipitation rasters at each urban polygon to generate 
a daily precipitation time series. Following, the precipitation time series was transformed into a 
runoff time series using runoff coefficients described in Pitt (1987). The appropriate runoff 
coefficient to use was determined by the daily precipitation depth. Runoff was forced to zero 
inches/day if the daily precipitation depth was less than or equal to 0.08 inches/day Since 
events of this magnitude and smaller do not typically produce runoff.  

The runoff time series was then converted to runoff volumes from impervious acres by 
multiplying the mean daily runoff depth of each urban polygon by the number of impervious 
acres comprising the polygon. Precipitation that likely fell as snow was removed from the runoff 
volume calculation by removing “winter months,” where non-winter months were defined as 
April through October for polygons with mean elevations less than 8,500 feet above mean sea 
level (famsl) and June through September for polygons with mean elevations greater than or 
equal to 8,500 famsl. While harvesting runoff from snowmelt is possible, water harvesting in 
winter months is uncommon due to the need to winterize harvesting systems to endure freezing 
conditions and the lack of outdoor uses for harvested runoff outside of the growing season. 

i.Statistical summaries 

Yearly and period-of-record statistical summaries of the runoff time series were generated for 
each urban polygon and basin roundtable in R. Summaries included the mean annual volume of 
impervious runoff produced over the 32-year period of record, the mean annual depth 
(normalized by area) of impervious runoff produced over the 32-year period of record, and 
metrics that described the distribution of the runoff series to gain an understanding of what 
wet, normal, and dry periods looked like (e.g., standard deviation, 5th percentile, 50th percentile, 
95th percentile, etc.).  See Table E-1 and Table E-2 for outputs. 

Continuous simulation modeling of rain barrel filling and emptying 

https://landfire.gov/elevation.php
https://prism.oregonstate.edu/recent/
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As a separate exercise, a continuous simulation model was constructed to understand how 
storm frequency and irrigation demands impact rain barrel filling and emptying. The rain barrel 
filling/emptying model was built in R using the precipitation and runoff time series described 
above. First, to understand the typical duration of interevent periods in Colorado, the number 
of dry days (24-hour precipitation depth less than 0.08 inches) between rain events was 
calculated for each urban polygon over for the entire precipitation time series (1990 to 2022). 
To remove any potential precipitation that fell as snow from the analysis, data were filtered to 
only include April through October (for urban polygons with mean elevations below 8,500 famsl) 
and June through September (for urban polygons with mean elevations equal to or exceeding 
8,500 famsl). The median number of dry days between precipitation events was calculated for 
each urban polygon from the remaining dataset. 

The continuous simulation model was built to evaluate the volume of roof runoff captured in 
the rain barrel of a single house with a given roof size and capture utilization rate. For each 
model run, the user defines the rain barrel capture volume (gallons), roof area size (square feet), 
and capture utilization rate (%). Output was formatted so a daily time series was generated for 
every urban polygon over the entire data period (1990 to 2022). For each step in the precipitation 
time series, the daily precipitation depth is transformed to a runoff volume in gallons. Runoff 
accumulates in the barrel until the rain barrel capture volume is reached. Once full, the rain 
barrel cannot capture additional runoff until it empties. Similarly, if rain begins accumulating in 
the rain barrel but then it stops raining before the full capture volume is reached, the volume 
in the barrel remains static until the barrel empties or it starts raining again, whichever happens 
first. A rain barrel empties once the number of consecutive dry days calculated in the previous 
step occurs. Specifically, the median duration of the calculated interevent period for each urban 
polygon was used as the required number of consecutive dry days, meaning this input value 
varied by urban polygon. Summary statistics were calculated from the model output, including 
the average annual roof runoff volume captured for each urban polygon.  
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Appendix E-2: Housing Units per Roundtable Basin Technical 
Memorandum 

Housing Units Per Roundtable Basin Technical Memorandum 

Author: Morgan Shimabuku 

Urban Areas and Housing Unit Numbers by Type 

The total number of residential households (1-4 units in size) were calculated for each Urban 
Area in the state using a combination of tabular and spatial data sets. Urban Areas were 
designated using the US Census Bureau 2020 Urban Area polygons (2023). Th is included 60 
total Urban Areas in the state. American Community Survey data from 2021 provided an 
estimate of total number of residential households by county (US Census Bureau 2021). For 
each county, household counts were given by housing type (e.g., 1 unit detached, 1 unit 
attached, 2 units, etc.). The estimate of total number of residential households was calculated 
from total number of 1 unit detached, 1 unit attached, 2 units, 3 or 4 units, and mobile homes, 
by county. US Census data from 2020 was also used to understand the total number of 
residential housing units per Urban Area. Because there was no single data set for Urban 
Areas that indicated number of housing units in the 1-4 unit range, a method was developed in 
a geographic information system (GIS) to estimate the number of households for each Urban 
Area in this unit size range.  

In GIS (ArcGIS Pro v3.2), a polygon shapefile of Colorado counties was joined with the data 
table with total housing units by type (still including all housing types, including those with 1-4 
units or more) using the name of the county. Then the intersect tool was used to demarcate 
where Urban Area polygons crossed county boundaries. This changed the total number of 
Urban Area polygons from 60 to 76 and created a new attribute table. The newly created 
attribute table, containing county, housing number by type, Urban Area, and total number of 
housing units by Urban Area, was exported as a .csv, opened in Microsoft Excel, and converted 
to a .xlsx file. In the spreadsheet, the proportion of each housing type within each county was 
calculated, and then multiplied by the total number of housing units by Urban Area (Equation 
1). 

PT = HT/HC Equation 1

Where HT is the number of housing units by type, T (e.g., 1 unit detached, 1 unit attached, etc.), 
HC is the total number of housing units in county, C, and PT is the proportion (%) of housing 
units of each type. 

For Urban Areas that crossed multiple counties, an area-weighted average of the proportions 
was calculated for each housing type, based on the amount of the Urban Area polygon 
residing within each county. Urban Areas that crossed multiple county boundaries included: 
Basalt, Colorado Springs, Denver-Aurora, Fort Collins, Lafayette-Erie-Louisville, Longmont, and 
Woodland Park.  

Proportions of housing unit types were then multiplied by the total number of housing units 
within each Urban Area for 1 unit detached, 1 unit attached, 2 units, 3 or 4 units, and mobile 
homes (Equation 2). 

HUA,T = PT * HUA Equation 2
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Where HUA is the number of housing units in each Urban Area based on 2020 census data and 
HUA,T is the number of housing units by type within a specific Urban Area.  

Housing Units by Basin 

Because the project’s focus for outputs is at the Roundtable Basin scale, each Urban Area was 
assigned to a Roundtable Basin. Nine (of 60) Urban Areas cross more than one basin (including 
Castle Rock, Colorado Springs, Denver-Aurora, Evergreen, Grand Junction, Lafayette-Erie-
Louisville, Roxborough Park, The Pinery, and Woodland Park). Six of these nine Urban Areas are 
in both the South Platte and Metro Basin in equal proportion due to the Metro Basin being a 
political demarcation within the South Platte Basin rather than hydrologic-based area. For all 
of these Urban Areas, we assigned them to the Metro Basin because the Metro Basin. For the 
other three Urban Areas that cross multiple basins, the intersect tool in GIS was used to 
calculate the total area of each Urban Area within each basin. Then, using a simple majority 
rule, each Urban Area was assigned to a single Roundtable Basin. There was one exception to 
this rule which we applied to Woodland Park. Woodland Park fell slightly more in the Metro 
Basin, but the project team assigned it to the Arkansas Basin under the assumption that a 
majority of runoff from the urban area flows into Foutain Creek, which is part of the Arkansas 
Basin. 

Using these assignments, a spreadsheet was created containing the number of housing units 
by type within basin by Urban Area. These values were later combined with rain barrel and 
cistern adoption rates and rainwater harvesting estimates for both 110-gallon rain barrels and 
500-gallon cisterns to estimate rainwater harvesting potential for a range of scenarios at the
Roundtable Basin scale.
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Appendix F. Summary of Rainwater Harvesting Volumes and 
Number of Barrels by Urban Area (F1, F2, F3) 

Table F1. Summary of Rainwater Harvesting Volumes by Urban Area (Two 55-gallon Rain Barrels). 

Annual Roof Runoff Volume (Gal) Captured at 
a Single Household 

Urban Area Basin 

Number of 
Residential 

Households (1-
4 units) 

Average Dry Wet 

Buena Vista Arkansas 1,981 691 496 888 

Cañon City Arkansas 10,391 761 644 891 

Colorado Springs Arkansas 211,786 964 813 1,173 

Falcon Arkansas 5,522 980 780 1,196 

La Junta Arkansas 3,249 698 577 873 

Lamar Arkansas 3,144 773 528 958 

Leadville Arkansas 2,472 522 398 657 

Pueblo Arkansas 47,078 714 514 876 

Pueblo West Arkansas 8,765 719 551 864 

Salida Arkansas 3,258 635 492 751 

Trinidad Arkansas 4,104 819 591 1,091 

Woodland Park Arkansas 5,253 654 458 806 

Aspen Colorado 4,033 993 775 1,167 

Basalt Colorado 2,209 846 637 1,008 

Battlement Mesa Colorado 2,237 717 523 896 

Breckenridge Colorado 5,691 530 402 675 

Carbondale Colorado 2,512 844 688 996 

Eagle Colorado 1,712 760 619 914 

Edwards—Avon Colorado 7,233 968 783 1,124 

Fraser Colorado 4,179 466 335 607 
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Table F1 (Continued). Summary of Rainwater Harvesting Volumes by Urban Area (Two 55-gallon Rain 
Barrels). 

Annual Roof Runoff Volume (Gal) Captured at 
a Single Household 

Urban Area Basin 

Number of 
Residential 

Households (1-
4 units) 

Average Dry Wet 

Frisco Colorado 2,025 524 359 647 

Glenwood Springs Colorado 4,004 835 607 1,008 

Grand Junction Colorado 53,556 556 373 703 

Grand Lake Colorado 2,366 809 634 967 

Gypsum Colorado 1,833 747 597 913 

New Castle Colorado 1,938 773 615 927 

Rifle Colorado 3,551 749 605 918 

Silverthorne—
Keystone Colorado 6,624 535 393 645 

Snowmass Village Colorado 1,252 972 740 1,118 

Vail Colorado 5,235 987 795 1,148 

Delta Gunnison 3,435 514 328 636 

Gunnison Gunnison 2,729 679 545 835 

Montrose Gunnison 10,555 615 452 757 

Castle Rock Metro 25,896 906 673 1,090 

Denver—Aurora Metro 833,389 883 671 1,137 

Evergreen Metro 3,505 1,013 826 1,192 

Roxborough Park Metro 2,725 915 711 1,115 

The Pinery Metro 4,151 922 662 1,092 

Alamosa Rio Grande 4,027 578 440 705 

Cortez Southwest 3,787 605 397 795 

Durango Southwest 8,171 751 508 986 

Table F1 (Continued). Summary of Rainwater Harvesting Volumes by Urban Area (Two 55-gallon Rain 
Barrels). 
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Annual Roof Runoff Volume (Gal) Captured at 
a Single Household 

Urban Area Basin 

Number of 
Residential 

Households (1-
4 units) 

Average Dry Wet 

Pagosa Springs Southwest 3,853 755 521 936 

Telluride—Mountain 
Village Southwest 3,069 468 323 667 

Boulder South Platte 39,315 887 658 1,102 

Brush South Platte 2,046 773 589 924 

Eaton South Platte 1,939 788 592 942 

Estes Park South Platte 5,041 971 768 1,141 

Firestone—Frederick South Platte 10,888 764 553 969 

Fort Collins South Platte 114,828 762 522 973 

Fort Lupton South Platte 2,452 782 553 988 

Fort Morgan South Platte 4,573 789 589 992 

Greeley South Platte 45,437 806 537 1,022 

Johnstown South Platte 6,015 764 612 962 

Lafayette—Erie—
Louisville South Platte 29,107 806 612 1,022 

Longmont South Platte 32,247 777 558 964 

Severance South Platte 1,869 781 523 940 

Sterling South Platte 5,125 895 758 1,051 

Wellington South Platte 3,247 755 554 950 

Craig Yampa-White 3,817 764 612 981 

Steamboat Springs Yampa-White 7,733 936 802 1,085 
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Table F2. Summary of Rainwater Harvesting Volumes by Urban Area (500-gallon Cistern). 

Annual Roof Runoff Volume (Gal) Captured at a 
Single Household 

Urban Area Basin 

Number of 
Residential 

Households (1-
4 units) 

Average Dry Wet 

Buena Vista Arkansas 1,981 2,025 1,427 2,584 

Cañon City Arkansas 10,391 2,387 1,749 2,932 

Colorado 
Springs Arkansas 211,786 3,207 2,439 3,996 

Falcon Arkansas 5,522 3,339 2,460 3,993 

La Junta Arkansas 3,249 2,336 1,811 2,905 

Lamar Arkansas 3,144 2,794 1,868 3,617 

Leadville Arkansas 2,472 1,557 1,185 1,895 

Pueblo Arkansas 47,078 2,354 1,772 2,935 

Pueblo West Arkansas 8,765 2,295 1,812 2,892 

Salida Arkansas 3,258 1,878 1,197 2,510 

Trinidad Arkansas 4,104 2,671 2,077 3,562 

Woodland Park Arkansas 5,253 2,217 1,630 2,733 

Aspen Colorado 4,033 3,225 2,808 3,674 

Basalt Colorado 2,209 2,577 2,048 3,130 

Battlement 
Mesa Colorado 2,237 2,100 1,285 2,657 

Breckenridge Colorado 5,691 1,628 1,162 2,006 

Carbondale Colorado 2,512 2,503 1,965 3,271 

Eagle Colorado 1,712 2,201 1,649 2,796 

Edwards—Avon Colorado 7,233 2,918 2,468 3,552 

Fraser Colorado 4,179 1,483 1,114 1,811 

Frisco Colorado 2,025 1,531 1,115 1,963 
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Table F2 (Continued). Summary of Rainwater Harvesting Volumes by Urban Area (500-gallon 
Cistern). 

Annual Roof Runoff Volume (Gal) Captured at a 
Single Household 

Urban Area Basin 

Number of 
Residential 

Households (1-
4 units) 

Average Dry Wet 

Glenwood 
Springs Colorado 4,004 2,730 2,190 3,364 

Grand 
Junction Colorado 53,556 1,577 1,040 2,103 

Grand Lake Colorado 2,366 2,433 1,959 3,002 

Gypsum Colorado 1,833 2,113 1,476 2,634 

New Castle Colorado 1,938 2,365 1,801 2,865 

Rifle Colorado 3,551 2,138 1,496 2,870 

Silverthorne—
Keystone Colorado 6,624 1,548 1,140 1,878 

Snowmass 
Village Colorado 1,252 3,170 2,673 3,681 

Vail Colorado 5,235 3,360 2,667 4,173 

Delta Gunnison 3,435 1,417 790 2,076 

Gunnison Gunnison 2,729 1,785 1,253 2,498 

Montrose Gunnison 10,555 1,790 1,232 2,340 

Castle Rock Metro 25,896 3,226 2,277 3,903 

Denver—
Aurora Metro 833,389 2,902 2,177 3,491 

Evergreen Metro 3,505 3,366 2,723 4,149 

Roxborough 
Park Metro 2,725 3,148 2,343 3,845 

The Pinery Metro 4,151 3,262 2,453 3,894 
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Table F2 (Continued). Summary of Rainwater Harvesting Volumes by Urban Area (500-gallon Cistern). 

 
Annual Roof Runoff Volume (Gal) Captured at a 

Single Household 

Urban Area Basin 

Number of 
Residential 

Households (1-
4 units) 

Average Dry Wet 

Alamosa Rio Grande 4,027 1,588 1,080 2,014 

Cortez Southwest 3,787 1,903 1,206 2,571 

Durango Southwest 8,171 2,506 1,257 3,374 

Pagosa Springs Southwest 3,853 2,655 1,881 3,436 

Telluride—
Mountain 
Village Southwest 3,069 1,668 1,086 2,159 

Boulder South Platte 39,315 3,023 2,236 3,612 

Brush South Platte 2,046 2,600 1,947 3,149 

Eaton South Platte 1,939 2,514 1,686 3,176 

Estes Park South Platte 5,041 3,019 2,587 3,619 

Firestone—
Frederick South Platte 10,888 2,503 2,004 3,268 

Fort Collins South Platte 114,828 2,548 1,814 3,250 

Fort Lupton South Platte 2,452 2,469 1,805 3,201 

Fort Morgan South Platte 4,573 2,704 2,165 3,212 

Greeley South Platte 45,437 2,567 1,858 3,123 

Johnstown South Platte 6,015 2,476 1,869 3,152 

Lafayette—
Erie—Louisville South Platte 29,107 2,694 1,980 3,361 

Longmont South Platte 32,247 2,638 1,994 3,199 

Severance South Platte 1,869 2,493 1,823 3,239 

Sterling South Platte 5,125 3,062 2,375 3,949 

Wellington South Platte 3,247 2,513 2,029 3,267 

Craig Yampa-White 3,817 2,282 1,768 2,886 

Steamboat 
Springs Yampa-White 7,733 3,076 2,260 3,768 
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Table F3. Number of 55-gallon Rain Barrels Across Adoption Rates by Urban Area. 

Urban Area Basin 

Number of 
Residential 
Households 
(1-4 units) 

5% 10% 25% 50% 

Buena Vista Arkansas 1,981 198 396 990 1,981 

Cañon City Arkansas 10,391 1,039 2,078 5,195 10,391 

Colorado 
Springs Arkansas 211,786 21,178 42,357 105,893 211,786 

Falcon Arkansas 5,522 552 1,104 2,761 5,522 

La Junta Arkansas 3,249 324 649 1,624 3,249 

Lamar Arkansas 3,144 314 628 1,572 3,144 

Leadville Arkansas 2,472 247 494 1,236 2,472 

Pueblo Arkansas 47,078 4,707 9,415 23,539 47,078 

Pueblo West Arkansas 8,765 876 1,753 4,382 8,765 

Salida Arkansas 3,258 325 651 1,629 3,258 

Trinidad Arkansas 4,104 410 820 2,052 4,104 

Woodland Park Arkansas 5,253 525 1,050 2,626 5,253 

Aspen Colorado 4,033 403 806 2,016 4,033 

Basalt Colorado 2,209 220 441 1,104 2,209 

Battlement 
Mesa Colorado 2,237 223 447 1,118 2,237 

Breckenridge Colorado 5,691 569 1,138 2,845 5,691 

Carbondale Colorado 2,512 251 502 1,256 2,512 

Eagle Colorado 1,712 171 342 856 1,712 

Edwards—Avon Colorado 7,233 723 1,446 3,616 7,233 

Fraser Colorado 4,179 417 835 2,089 4,179 

Frisco Colorado 2,025 202 405 1,012 2,025 

Glenwood 
Springs Colorado 4,004 400 800 2,002 4,004 

Grand Junction Colorado 53,556 5,355 10,711 26,778 53,556 

Grand Lake Colorado 2,366 236 473 1,183 2,366 

Gypsum Colorado 1,833 183 366 916 1,833 

New Castle Colorado 1,938 193 387 969 1,938 

Rifle Colorado 3,551 355 710 1,775 3,551 

Silverthorne—
Keystone Colorado 6,624 662 1,324 3,312 6,624 

Snowmass 
Village Colorado 1,252 125 250 626 1,252 

 

 



64 
 

 pacinst.org 

Table F3 (Continued). Number of 55-gallon Rain Barrels Across Adoption Rates by Urban Area. 

Urban Area Basin 

Number of 
Residential 
Households 
(1-4 units) 

5% 10% 25% 50% 

Vail Colorado 5,235 523 1,047 2,617 5,235 

Delta Gunnison 3,435 343 687 1,717 3,435 

Gunnison Gunnison 2,729 272 545 1,364 2,729 

Montrose Gunnison 10,555 1,055 2,111 5,277 10,555 

Castle Rock Metro 25,896 2,589 5,179 12,948 25,896 

Denver—
Aurora Metro 833,389 83,338 166,677 416,694 833,389 

Evergreen Metro 3,505 350 701 1,752 3,505 

Roxborough 
Park Metro 2,725 272 545 1,362 2,725 

The Pinery Metro 4,151 415 830 2,075 4,151 

Alamosa Rio Grande 4,027 402 805 2,013 4,027 

Boulder South Platte 39,315 3,931 7,863 19,657 39,315 

Brush South Platte 2,046 204 409 1,023 2,046 

Eaton South Platte 1,939 193 387 969 1,939 

Estes Park South Platte 5,041 504 1,008 2,520 5,041 

Firestone—
Frederick South Platte 10,888 1,088 2,177 5,444 10,888 

Fort Collins South Platte 114,828 11,482 22,965 57,414 114,828 

Fort Lupton South Platte 2,452 245 490 1,226 2,452 

Fort Morgan South Platte 4,573 457 914 2,286 4,573 

Greeley South Platte 45,437 4,543 9,087 22,718 45,437 

Johnstown South Platte 6,015 601 1,203 3,007 6,015 

Lafayette—
Erie—
Louisville South Platte 29,107 2,910 5,821 14,553 29,107 

Longmont South Platte 32,247 3,224 6,449 16,123 32,247 

Severance South Platte 1,869 186 373 934 1,869 

Sterling South Platte 5,125 512 1,025 2,562 5,125 

Wellington South Platte 3,247 324 649 1,623 3,247 

Cortez Southwest 3,787 378 757 1,893 3,787 

Durango Southwest 8,171 817 1,634 4,085 8,171 

Pagosa 
Springs Southwest 3,853 385 770 1,926 3,853 

Telluride—
Mountain 
Village Southwest 3,069 306 613 1,534 3,069 

Craig Yampa-White 3,817 381 763 1,908 3,817 

Steamboat 
Springs Yampa-White 7,733 773 1,546 3,866 7,733 
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