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Introduction
Communities in the arid southwestern US are especially vulnerable
to water shortages due to the limited supply of available water.
These problems are exacerbated by the inherent uncertainties of
desert hydrology in which long dry periods are interspersed by brief
but intense precipitation events. The water supply challenges for
these communities are compounded by increased demand to meet
the needs of growing communities and diminishing water resources
resulting from climate change. These factors have increased awareness of the impacts of limited water supplies and is generating a
search for new supplies to meet future demands.
The options that are usually considered for meeting future demand include: (1) conservation, (2) interbasin transfer, (3) brackish
water desalination, (4) wastewater reuse, and (5) rain or stormwater
capture. Each has its own challenges and/or limitations. In recent
years considerable attention has been given to water conservation
with remarkable success. For example, in Albuquerque, New
Mexico, voluntary conservation programs have reduced the per
capita daily (pcd) water demand from greater than 950 Lpcd
(250 gpcd) in 1995 to less than 500 Lpcd (130 gpcd) in 2019
(ABCWUA 2019). This has caused a 25% decrease in the community’s total water demand even though the population served
has increased by more than 50% over this period.
Interbasin transfers have public appeal as there is the common
misconception that neighboring basins have excess water that can
be acquired and diverted to a neighboring basin experiencing
chronic shortages. While this may have been true decades ago,
it is certainly not the case at present where water resources in
virtually all basins in the western US are overallocated, meaning
the rights to divert water exceed the actual supply of wet water.
Fleck (2016) and Kuhn and Fleck (2019) have recently summarized
the conflicts associated with interbasin transfers in the Colorado
River basin and the resulting social, political, economic, and environmental consequences. Though it’s a bit dated, the US Bureau
of Reclamation published a study of potential regional water
shortages in the western US (BOR 2005), which found that water
conflicts are occurring or are likely to occur in every western
metropolitan area south of the 42nd parallel (i.e., the Oregon–
California border).
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Brackish water desalination is another option that has public
appeal, however, it is technically complex, energy intensive, and
very expensive (Buono et al. 2016). Furthermore, while desalination is feasible on ocean coasts, there are additional complexities
that limit application of this technology in inland regions. These
include the difficulty of desalinating ground water containing high
concentrations of scale forming constituents and the difficulty and
costs associated with disposing of waste salts. A further constraint
is that brackish ground water resources are limited in volume, not
renewable, and the costs of developing the resource (i.e., construction of wells and pipe systems) are large.
There is considerable interest in wastewater reuse for either indirect potable reuse (IPR) or direct potable reuse (DPR) projects. The
National Research Council summarized the issues associated with
reuse projects (NRC 2012; NAS 2016). However, at inland locations wastewater discharged by one community often constitutes
part of the supply for downstream users or contributes to the aquatic
environment of the receiving water (i.e., provides an environmental
service). Thomson and Shomaker (2009) showed that wastewater
reuse doesn’t necessarily result in conservation if the community’s
consumptive use isn’t reduced. The technical and administrative
challenges of IPR and DPR for small inland communities have
been discussed by Scruggs and Thomson (2017).
This paper discusses the challenges of capturing stormwater to
augment urban water supplies in the arid southwest. Stormwater
capture and use has considerable appeal largely based on three
common perceptions. First, stormwater is visible every time it rains
and water flowing down the streets, storm drains, creeks, and arroyos appears to be water that is wasted. Second, it is easy to imagine methods of capturing and using stormwater; collect it in ponds
and reservoirs, provide appropriate treatment, and use it for potable
or nonpotable purposes. Finally, in western states stormwater
doesn’t have an obvious water right and therefore appears to be
water that is there for the taking.
Based on these perceptions, stormwater capture is often proposed as an alternative source of supply by both professional water
managers and the public. For example, in a series of workshops
Albuquerque residents ranked stormwater capture as the second
highest of 10 alternatives considered for augmenting the community’s water supply (ABCWUA 2019). Yet there has been little formal consideration of the constraints and challenges associated with
this concept. In the case of the Albuquerque study, utility managers
listed the advantages of stormwater capture but gave no information
on the costs, complexities, or consequences of this strategy.
This paper suggests that there are five major challenges to
stormwater capture and use for inland communities:
• Regulatory challenges, especially water rights and downstream
delivery requirements;
• Hydrologic challenges associated with the transient nature of
storms in arid environments and the limited volume of water
generated;
• Engineering and infrastructure challenges required to capture,
store, treat, and transport stormwater to potential users;
• Water quality challenges due to the poor quality of runoff from
urban watersheds; and
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• Capital costs of infrastructure and subsequently operating and
maintaining a stormwater capture, storage, treatment, and distribution system.
The first four issues affect the costs of a stormwater capture
project and are specific to the individual project. Therefore, this
paper focuses on the first four constraints to provide a discussion
of the noneconomic factors affecting the viability of a stormwater
capture project in an arid climate. The intent is to identify the issues
that must be addressed when considering urban stormwater runoff
as a source water supply. This discussion is presented using issues
in the Middle Rio Grande watershed of central New Mexico
(Fig. 1).
Note that the focus of this paper is on community-scale stormwater capture and use. It does not address low-impact development

(LID) strategies such as on-site rainwater harvesting or diverting
on-site runoff for landscape irrigation (Jiang et al. 2015).

Regulatory Challenges
The New Mexic state constitution, adopted in 1911, states that “all
water of every stream, perennial or torrential, within the state of
New Mexico is hereby declared to belong to the public and to be
subject to appropriation for beneficial use” (Article XVI, Section 2,
Toulouse Oliver 2021). This section also states that the right to
use water (i.e., a water right) is granted based on the principal
of prior appropriation in which the holder of the most senior right
has precedence over the holder of junior rights. Water rights are

Fig. 1. Map of the river basins of New Mexico. [Republished with permission of Taylor & Francis Ltd. Books, from “Water Resources of
New Mexico, Chapter 3,” Water Policy in New Mexico: Addressing the Challenge of an Uncertain Future, D. Brookshire, O. Matthews, H. Gupta,
(editors), © 2011; permission conveyed through Copyright Clearance Center, Inc.]
© ASCE
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administered by the Office of the State Engineer (OSE). A comprehensive summary of water law and administration in New Mexico
has been published as a series of papers by the Utton Transboundary Resources Center (Utton Center 2016).
Though the state constitution explicitly refers to streams, it does
not mention stormwater capture or on-site retention. Stormwater
capture is addressed in state law, which states that “the water shall
not be detained in the impoundment in excess of 96 h unless the
state engineer has issued a waiver to the owner of the impoundment
(NMAC 19.26.2.15.B).” This allows an entity to detain stormwater
for the purposes of attenuating a flood wave but all of the water
must be released within 96 h unless it is associated with a water
right. This is known as the “96-h rule.”
The 96-h rule brings to light a subtle but important distinction
between two terms used in arid region stormwater management;
retention and detention. Retention refers to capturing and retaining
runoff indefinitely whereas detention refers to capturing then releasing all stormwater within a short period. In New Mexico retaining water for later use requires a water right. Detention requires
releasing it within 96 h.
Virtually all urban stormwater ponds and reservoirs in New
Mexico must comply with the 96-h rule. Therefore, stormwater detention ponds are not designed to hold a permanent pool of water so
that the dams creating the pond or reservoir are referred to as dry
dams. This has important consequences on dam design as well as
potential use of these ponds and reservoirs for stormwater capture
and storage as will be discussed later.
In addition to state law, New Mexico is party to eight interstate
stream compacts (NMISC 2020b) which are federally approved
agreements between states that govern the use of water in rivers
or streams that flow across state boundaries. Discussions of the role
of compacts in administering western water resources have been
provided by Muys et al. (2007) and Schlager and Heikkila (2009).
Compliance with compacts is delegated to the Interstate Stream
Commission (ISC) (NMISC 2020a). Because stormwater is an important component of stream and river flows, the ISC works with
the OSE to ensure that stormwater capture does not affect downstream water deliveries.
The Rio Grande Compact of 1938 allocates water between the
states of Colorado, New Mexico, and Texas. Disputes over deliveries of water to southern New Mexico and to Texas have been
frequent and contentious (Bushnell 2015). The most recent dispute
was in the form of a lawsuit filed in federal court by Texas against
New Mexico and Colorado in 2013 and is currently before the US
Supreme Court (US Supreme Court 2020). The potential consequences of violation of the compact provide a strong incentive
for state water managers to assure the maximum delivery of river
water to downstream users.
Although stormwater runoff cannot be retained without a water
right, the New Mexico Office of the State Engineer allows harvesting of on-site rainwater provided that the amount captured does not
reduce the amount of runoff beyond that which occurred from the
land in its natural, predevelopment state (NMOSE 2020). For example, if a piece of property produced 500 m3 of runoff prior to
development and 1,500 m3 of runoff after development, the land
owner is allowed to capture and use 1,000 m3 of stormwater. This
policy only applies to on-site capture; once runoff leaves the property it becomes publicly owned and is subject to the 96-h rule.
It is clear from this analysis that the regulatory challenges
of stormwater capture and use in New Mexico are substantial. If
there are no downstream water users there are some circumstances
where runoff capture may be allowed. The first scenario might be in
hydrologically closed basins, which do not have surface water
drainage from them. Notable closed basins in New Mexico include
© ASCE

the Estancia Basin, Tularosa Basin, and the Mimbres Basin (Fig. 1).
The second circumstance where stormwater capture might be allowed is in basins that are not subject to interstate stream compacts
such as the Texas Gulf basin. The third hydrologic circumstance
might be on the Rio Grande below Elephant Butte Reservoir, which
is the delivery point for waters to the lower Rio Grande and Texas
under the Rio Grande Compact. The OSE has allowed additional
flexibility for stormwater capture in these areas, though formal policy pertaining to this practice is not established.
Regulations affecting stormwater capture in other southwestern
states are inconsistent. The California State Water Board has
adopted policies that encourage stormwater capture and set a goal
to capture 1.2 × 109 m3 =year (1 million acre-ft/year) by 2030
(Shimabuku et al. 2018). But California is a downstream state with
only one compact dealing with flow of water out of the state, the
California–Nevada Interstate Compact. Indeed, many of the communities in California with the greatest need for additional water
are on the coast with no downstream water users. Luthy et al.
(2019) discussed stormwater capture options in California focusing
on Los Angeles, a community with no downstream users or delivery requirements.
Until April 2016 the state of Colorado, which is subject to nine
interstate compacts, prohibited all stormwater capture to assure
maximum delivery of water to downstream users. Legislation
passed in 2015 allows residential rooftop runoff collection but it
is limited to 420 L (110 gal. or two 55 gal. drums), a much more
restrictive policy than in other southwestern states (CO DWR
2020).
The state prohibition against retaining stormwater in New
Mexico recently led to a noteworthy conflict between state water
law and the federal Clean Water Act (CWA). New Mexico does not
have primacy for administering the National Pollutant Discharge
Elimination System (NPDES) permit program under the CWA.
The NPDES program is administered by EPA Region VI in Dallas.
The EPA proposed a regional stormwater discharge permit for the
urban area near Albuquerque that required retention of runoff from
the 2-year precipitation event (i.e., the 90% storm) (EPA 2014).
However, this requirement is inconsistent with the state’s 96-h rule
and it was protested by the Director of the New Mexico Interstate
Stream Commission (Dunlap 2015). This resulted in an example of
green versus green conflict in which one environmental regulatory
program conflicts with another. In response, EPA modified the
NPDES permit to clarify that in the event of a conflict over stormwater retention, state water law would hold priority.
At some locations in the arid southwest, urban runoff is an
important source of in-stream flows necessary to support the
aquatic and riparian environment. Discussions of the ecological importance of in-stream flows, commonly referred to as environmental flows, have been published by Gillespie et al. (2015), Poff and
Zimmerman (2010), and Poff and Matthews (2013). Bardwell and
Oglesby (2014) summarized the importance of maintaining adequate flow in the Rio Grande and other New Mexico rivers to support endangered and threatened species.

Hydrologic Challenges
The hydrology of the arid southwest consists of long dry periods
punctuated by short but intense storms. In New Mexico roughly
half of the annual precipitation occurs in the form of thunderstorms
associated with late summer monsoons, and yet most of the flow
in the three major rivers is due to spring snow melt. For example,
the average monthly flow in the Rio Grande shows negligible
effect from summer rains (Fig. 2). Annual average rainfall at the
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Fig. 2. Plot of average precipitation and Rio Grande flows in
Albuquerque, New Mexico. (Data from USGS 2020.)

Albuquerque airport is 23 cm=year (9.1 in:=year) with 10.0 cm
(4.0 in.) on average occurring during the monsoon months of July
through September. However, both annual and monsoonal precipitation is highly variable (Fig. 3).
The North Diversion Channel (NDC) in Albuquerque is a large
concrete lined trapezoidal channel with a capacity of 1,250 m3 =s
(44,000 cfs) that collects stormwater from eight large arroyos that
drain nearly 260 km2 (100 mi2 ) that drains roughly half of the
urbanized area of the city. From a stormwater capture perspective,
it is notable that the channel passes less than 1 km from the San
Juan Chama drinking water treatment plant, a 3.4 × 105 m3 =day
(90 million gal:=day) plant that treats Rio Grande water and provides roughly 75% of the city’s water supply. The proximity of
the NDC to this plant has led utility managers to consider diverting
stormwater to supplement the community’s potable water supply.

Fig. 3. Annual rainfall, and rainfall occurring during monsoon months
of July, August, and September as measured at the Albuquerque International Airport. (Data from NWS 2020.)
© ASCE

Equally important, the NDC is one of only a few large stormwater
drainage channels in the arid southwest with a long period of
flow data.
There are over 50 years of data on flows from the NDC that can
be used to illustrate the hydrologic challenges associated with
stormwater capture. Over the period 1999–2016 total average annual outflow from the channel was 8.0 × 106 m3 (6,500 acre-ft)
and ranged between 13.4 × 106 m3 (10,900 acre-ft) and 4.6 ×
106 m3 (3,700 acre-ft). Flows during monsoon months average
3.6 × 106 m3 (2,900 acre-ft) and ranged between 10.2 × 106 m3
(8,300 acre-ft) and 1.1 × 106 m3 (900 acre-ft). Note that the NDC
passes the drinking water treatment plant at approximately its midpoint so flow at this location is collected from roughly half of the
flow at the outfall gage. Though this location would be most convenient for a diversion, the amount of water available would be
roughly half of the total flow.
In addition to the annual and monsoonal flows, the hydrologic
challenge of capturing stormwater is exacerbated by the nature
of storm events: long dry periods interspersed with storms of short
duration but high rainfall intensity. This is illustrated by a plot of
hydrographs for monsoon months in 2017 and 2018 (Fig. 4). These
are representative of flows during years with average summer
precipitation of 11.5 cm (4.54 in.) and 10.2 cm (4.00 in.) for
2017 and 2018, respectively, compared to a 50-year average of
10.3 cm (4.06 in.) for the same months (NWS 2020).
The data show that storms producing peak flows greater than
55 m3 =s (2,000 cfs) generally occur two to five times per year.
The storm of July 26, 2018 produced a peak flow of 206 m3 =s
(7,280 cfs), the highest flow in more than 5 years. The storm of
August 11, 2017 is representative of more frequent storm events
with a peak flow of 122 m3 =s (4,300 cfs) (Fig. 5). The very sharp
and short duration hydrograph illustrates one of the engineering
challenges of stormwater capture. In the vernacular of the southwest they are often referred to as flash floods. During the August
11, 2017 storm flows increased from 0 to 122 m3 =s in less than 1 h
then dropped back to near 0 m3 =s less than 6 h later. Rainfall in the

Fig. 4. Discharge flows during the monsoon months from July 1
through September 30 from the North Diversion Channel, which drains
the northeast quadrant of Albuquerque, New Mexico for 2017 and
2018. Rainfall measurements are from the Albuquerque International
Airport. (Data from USGS 2020; NWS 2020.)
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Fig. 6. Example of an earthen dam design to retain a permanent pool of
water. (Adapted from BOR 1987.)

Fig. 5. Hydrograph of flows in North Diversion Channel for storm
occurring on August 11, 2017. (Data from USGS 2020.)

watershed averaged about 2.3 cm (0.9 in.) in for this storm and
ranged from less than 1.3 cm (0.5 in.) to greater than 4.1 cm
(1.6 in.) (CoCoRaHS 2020).
The total volume of runoff from the August 11, 2017 storm was
427,000 m3 (346 acre-ft), which should be placed in context of the
region’s water resources and demand. The average annual volume
of water in the Rio Grande flowing past Albuquerque is 1.2 ×
109 m3 =year (950,000 acre-ft=year) with a 10-year low flow of
less than 0.5 × 109 m3 =year (400,000 acre-ft=year) (Thomson
2012). The total consumptive water use for customers of the local
water utility is 50 × 106 m3 =year (40,000 acre-ft=year) (ABCWUA
2019). The total annual average stormwater runoff in the 100-mi
long middle reach of the Rio Grande has been estimated at 25 ×
106 m3 =year (20,000 acre-ft=year), while that from the NDC is
8.0×106 m3 =year (6,500 acre-ft=year), of which 3.7 × 106 m3 =year
(3,000 acre-ft=year) occurs during the monsoon months (Thomson
2012). These statistics illustrate the point that though flow during a
storm event seems like a large volume of water, urban stormwater
runoff constitutes a small fraction of the total supply of water in the
middle Rio Grande basin. Furthermore, the sharpness of the storm
hydrographs presents a difficult challenge to capture a large volume
of water over a very short time.

Engineering and Infrastructure Challenges
In order to capture and use stormwater the community must address
the complicated, large, and expensive challenges of providing the
physical infrastructure needed to match the supply of stormwater
with its potential uses. This requires capturing, storing, treating,
and transporting the water to its point of use. The hydrologic
characteristics of an arid watershed introduce enormous complexities. Stormwater in Albuquerque is jointly managed by the city,
Bernalillo County, and a regional flood control authority [Albuquerque Metropolitan Arroyo Flood Control Authority (AMAFCA)]
(see Thomson 2020). Together these agencies operate a system
of storm drains, arroyos, and more than 50 flood control ponds
and reservoirs. The total storage capacity of these ponds and reservoirs is about 8.6 × 106 m3 (7,000 acre-ft). However, this number
is somewhat misleading as one reservoir is an 18-hole municipal
golf course that has 1.4 × 106 m3 (1,100 acre-ft) capacity while
© ASCE

most other ponds have less than 62,000 m3 (50 acre-ft) capacity.
Furthermore, all of the stormwater reservoirs and ponds must drain
within 96 h and are retained by ungated dry dams with one
exception.
The nature of the stormwater management system in Albuquerque brings to light several infrastructure challenges for any stormwater capture project. First, although there is large and expensive
existing stormwater management infrastructure in place, it was
designed solely for flood protection. In order to modify it for
stormwater capture additional storage capacity must be provided
by constructing new reservoirs or raising existing dams and increasing the inundation area. Yet all of the land surrounding
the arroyos, ponds, and reservoirs in the metropolitan area is fully
developed or protected as public open space. Expanding the volume of existing ponds reservoirs or constructing new ones to provide permanent storage would therefore require acquisition of
developed or protected land that would be very costly and politically challenging.
As noted, stormwater in all existing ponds and reservoirs in the
Middle Rio Grande watershed is retained by dry dams. There are
two important characteristics of these dams. First, all but one of
them is ungated and designed to drain a full reservoir in 96 h.
Therefore, there is no way to control releases and retain water
for future use. In order to use these facilities to store stormwater
the outlet works would need to be replaced with controllable gates
or valves. Second, and more importantly, dry dams are not designed
to retain water. As soil becomes saturated it loses its strength
(Duncan et al. 2014). For this reason, wet dams include features
to prevent leakage and maintain their integrity. An example of
an earthen dam design to retain a permanent pool of water is presented in Fig. 6 (adapted from BOR 1987). Some of the key features of the design include a thick impervious core, a foundation
excavated and keyed into the underlying strata, upstream and
downstream erosion protection, and a toe drain to prevent upward
ground water flow from fluidizing downstream soils. For contrast, a
schematic cross section for the John B. Robert Dam is presented in
Fig. 7 and a photograph in Fig. 8. This dry dam is 20 m (65 ft) tall
and retains an 813,000 m3 (659 acre-ft) reservoir. This dam is

Fig. 7. Schematic cross section of the John B. Robert Dam, the tallest
stormwater dam in Albuquerque, New Mexico. (Adapted from
AMAFCA 2020.)
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Fig. 8. Photograph of the John B. Robert detention dam, a 20-m tall
earthen dry dam owned and operated by the Albuquerque Metropolitan
Arroyo Flood Control Authority (AMAFCA). (Image by author.)

familiar to many as a frequent location used in the television series
“Breaking Bad.”
With few exceptions, urban stormwater is captured and stored in
reservoirs and ponds located in or adjacent to arroyos, creeks, or
channels. However, most potential users of this water are not
nearby. A large capacity conveyance system through an urban area
would be needed to transfer water from the storage reservoir to its
point of use.

Water Quality Challenges
Urban stormwater quality is often of very poor quality and must
be treated before it can be used. Its quality is highly variable,

especially in arid environments and depends on several factors, notably when samples are collected during the storm hydrograph, the
type of land development in the watershed, and antecedent conditions (NAS 2009; EPA 1999; Smullen et al. 1999). Chong et al.
(2013) considered the chemical, toxicological, and microbial risks
associated with harvesting urban stormwater as a means of supplementing municipal water supplies in Australia. They found that
while chemical toxicants in stormwater were less than in recycled
wastewater, the concentrations of metals including cadmium and
lead were much higher.
This is illustrated by stormwater quality data for the NDC in
Albuquerque, New Mexico (Table 1). Note that the median concentrations of biochemical oxygen demand (BOD), total suspended
solids (TSS) nitrogen, and phosphorous compounds are all much
greater than reported by EPA (1999) for stormwater from a mixed
land use watershed. The concentrations of lead, copper, and zinc
are lower in the NDC stormwater, possibly because EPA reported
total not soluble concentrations. The high concentration of fecal
indicator bacteria is consistent with the findings of others
(Chong et al. 2013; NAS 2009; EPA 1999). The high variability
in the NDC data is due in part to antecedent conditions (the length
of time since the last rainfall) but more importantly, to when in the
hydrograph the water samples were collected. The water quality
during the rising limb of the storm hydrograph is extremely poor
due to the first flush effect. Regardless of whether stormwater is
used for irrigation or public supply it will require treatment.
Besides water quality considerations, any project to capture
stormwater for subsequent use must consider the very large volumes of sediment, trash, and debris associated with urban runoff.
This is illustrated by the data shown in Table 2. Any strategy to
collect storm water must consider design of facilities to remove this
material and identify options for disposing of it.
An alternative to treatment and direct use of stormwater is to use
it to recharge an underlying aquifer (Ferguson 1994). This would
seem easy to accomplish in a location such as Albuquerque in
which surface soils are dominated by sands except in the ancestral
flood plain of the Rio Grande. However, even these soils have small
amounts of clays, which accumulate in stormwater ponds and form
natural liners that prevent infiltration.
The vulnerability of dry dams to failure and the limited infiltration that occurs were described by Larry Blair (L. Blair, personal
communication, 2017). A small earthen detention dam owned

Table 1. Stormwater quality data for the North Diversion channel, Albuquerque, New Mexico for the period 2003–2012
Water quality
Parameter
BOD (mg=L)
COD (mg=L)
TDS (mg=L)
pH
TSS (mg=L)
Temperature (°C)
NH3 and organic N (unfiltered as N)
NO3 and NO2 (filtered)
Soluble phosphorous (mg=L)
Soluble lead (ug=L)
Soluble copper (ug=L)
Soluble zinc (ug=L)
E. coli (MPN=100 mL)

No. of Analyses

Minimum

Median

Maximum

EPA mediana

17
21
16
24
23
27
24
23
9
19
19
11
29

7.2
34
24
6.8
68
6
0.95
0.26
0.1
0.16
5
0.01
1

16.1
220
100
8.2
1,520
19
2.86
0.61
0.14
2
5.38
12.4
2,420

207.0
770
278
9.3
6,160
25
7.46
1.24
0.33
6.93
25.7
44
261,300

7.8
65
—
—
67
—
1.29
0.56
0.056
114b
27b
154b
—

Source: Data from USGS (2015).
Note: COD = chemical oxygen demand; and TDS = total dissolved solids.
a
Median stormwater quality for mixed land use watershed. Source: Data from EPA (1999).
b
EPA (1999) reports total concentrations of lead, copper, and zinc.
© ASCE
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Table 2. Annual volume of sediment, trash, and debris collected from
ponds in the watershed of the North Diversion channel
Annual volume collected (m3 )
Description
Sediment
Trash and debris

2019

2018

20,400
885

17,800
1,070

Downloaded from ascelibrary.org by UNIVERSITY OF NEW MEXICO on 03/17/21. Copyright ASCE. For personal use only; all rights reserved.

Source: Data from Lovato (2020).

by the City of Albuquerque failed in the early 1980s due to the
presence of an inadvertent permanent pool of water behind it.
At the same time, the John Robert Dam (Fig. 8) also had developed
a small permanent pool over a period of 2 years. Following
failure of the small dam the John Robert reservoir was drained
and the saturated soil were excavated to the bottom of the wetting
front. It was found that saturated soil only extended to a depth
of 2.4 m (8 ft) because of fine sediments in the reservoir bottom.
This gives a crude approximate infiltration rate of 1.2 m=year
(4 ft=year) and confirms limited infiltration from stormwater ponds
and reservoirs.
Clogging of soils by sediments in urban stormwater has been
recognized previously (Wang et al. 2012; Al-Rubaei et al. 2013).
Studies to identify aquifer recharge zones in the Albuquerque basin
have found that the best locations are where high energy flowing
water provides continuous removal of fine particles as occurs in
alluvial fans at the foot of steep mountains (i.e., mountain front
recharge) (Hawley and Whitworth 1996). Thus, both theory and
local experience confirm that infiltration through stormwater
detention ponds is not a viable method of recharging underlying
aquifers.

Conclusions
This paper suggests that there are five major constraints that limit
the ability to capture urban stormwater and use it to augment a community’s water supply in arid regions: (1) acquiring water rights to
allow capture, retention, and use of stormwater; (2) the hydrology
of arid regions result in infrequent but intense runoff events that
provide a limited volume of water compared to a large urban utility’s demand; (3) capturing and storing urban runoff requires additional storage volume beyond that used for flood control and dams
would require rebuilding to allow long-term stormwater retention
and control release; current dry dams cannot serve either function;
(4) urban stormwater in arid regions is of very poor quality and
would require treatment to remove large amounts of sediment,
debris, and dissolved organic and inorganic pollutants; and (5) the
cost of infrastructure to capture, convey, store, and treat urban runoff to address the previous four constraints will be very expensive.
This paper did not consider the economics of stormwater retention
and reuse because the uniqueness of every such project would be
entirely location-dependent and generalized cost estimates cannot
be developed.
These challenges were discussed in the context of the water
laws, hydrology, watershed characteristics, and stormwater quality
of Albuquerque, New Mexico, but they would also apply to almost
every inland municipality located in the arid southwest.
Instead of community-scale stormwater retention and reuse, onsite retention and reuse may be a more realistic strategy for urban
stormwater capture. In addition to recovering the value of water
and reducing the demand on the community’s water supply, it
would allow a reduction in the size of stormwater management systems. However, there are negative aspects as well. They require
© ASCE

significant land area for on-site ponds or an investment in water
tanks; land owners must maintain the retention system; and there
is potential mosquito growth in standing water. If it can be successfully implemented, on-site retention will decrease the volume of
water returned to the river, which may impact downstream water
supplies and/or have environmental consequences by diminishing
in-stream flows.
Perhaps the most important conclusion of this discussion is that
it draws awareness to the multiple regulatory, hydrologic, infrastructure, and environmental factors associated with stormwater
management. The discussion shows that though large-scale stormwater capture and reuse concept has public appeal, the regulatory
and infrastructure challenges are so great that a project to recover
the comparatively small volume of water available is not likely to
be feasible. As communities seek to address the conflicting challenges of water supply shortages and need for flood protection, a
holistic evaluation of all constraints is needed to develop best management practice.
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Arroyo Flood Control Authority (Lovato 2020).
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