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communities, our mission is to create and advance solutions to the world’s most pressing water
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Mandate, a global commitment platform that mobilizes a critical mass of business leaders to address
global water challenges through corporate water stewardship. For more information, visit pacinst.org
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Founded in 1961, Wright Water Engineers is an employee-owned and operated, full-service water
resources, environmental, and civil engineering firm based in Denver, Colorado, with outlying offices
in Glenwood Springs and Durango. WWE’s staff of approximately 50 people include professional
engineers, hydrologists, scientists, biologists, chemists, geologists, and hydrogeologists. Areas of
service include stormwater and drainage engineering, water rights, water conservation, watershed
management, wildfire hydrology, water and wastewater system planning and design, wetlands, and
water supply. For more about Wright Water Engineers, Inc., please visit wrightwater.com
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One Water Econ is a small economics consulting firm known for innovation and leadership within
the water sector. We bring economic and policy expertise to help solve complex water sector
challenges. One Water Econ’s clients include water utilities, government agencies, research
foundations, and nonprofit organizations. We routinely partner with engineers, scientists, and other
multidisciplinary team members to provide a holistic approach to water resource management.
Examples of our key services include benefit cost, triple bottom line, and economic impact analysis;
ecosystem service valuation; market-based solutions for water resource management; affordability
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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 .
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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.

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

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).

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

e 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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» 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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* 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.

e 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.

e 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.

e 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. To read the full report, click here.

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