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The Southern Sandoval County Arroyo Flood Control Authority (SSCAFCA) is very proud to be
able to provide this booklet for you and your staff. The booklet contains an update on flood
control projects and initiatives that are currently the focus of our organization. This year we are
pleased to be able to present an overview of our success stories as we see our efforts come to
fruition.
We have included a summary of all the projects that have received, or are in the process of
receiving, the benefit of federal funding. We are very grateful for the federal support that has
allowed these projects to move forward and we are pleased to be able to show you the progress
we have made on those projects.
We have also included a study on the benefits of natural arroyo preservation. In a nation with
aging infrastructure that is failing faster than it is replaced, the preservation of natural arroyo
systems has a beneficial impact on storm flows and does not add new infrastructure. As a flood
control agency in an area that has not completely developed, we can see the benefits of a natural
arroyo system first hand and have worked to incorporate maintaining these natural systems into
our business model. We have consolidated the information that shows the significant advantages
to this and will highlight them in this report.
I hope that you find the information in this booklet informative and useful. As always, if you
would like further detail or information on any of the enclosed materials, we are available for
further discussion.
Sincerely,

James Fahey, Jr., M.D.
Chairman, Board of Directors SSCAFCA

www.sscafca.com

Southern Sandoval County Arroyo Flood Control Authority
Flood Control Today - for a Safe Tomorrow

What is the Southern Sandoval County Arroyo Flood Control Authority?
The Southern Sandoval County Arroyo Flood Control Authority (SSCAFCA) is an independent corporate political body with an
elected board empowered to undertake the acquisition, improvement, maintenance and operation of flood and storm water
control facilities on streams and watersheds which enter, originate or cross the Authority’s facilities. SSCAFCA was
established in 1990 by New Mexico Statute Section 72-19-1 through 72-19-103.

THE MISSION OF SSCAFCA IS TO:
Protect citizens and property by implementing proven flood control solutions that:
•

manage our watersheds prudently for future generations

•

enhance the Quality of Life

•

create the most appealing multi-use facilities

•

set an example of quality, integrity, leadership, and professionalism

•

educate the public concerning flood hazards

•

administer public funds prudently

SSCAFCA Goals and Commitments:
GOAL #1: To provide flood protection up to the 100 year storm for the public health, safety and
welfare of residents and properties within its boundaries.
GOAL #2: To recognize the value of land purchased or controlled for floodways as areas with
multi-use potential.
GOAL #3: To reduce sediment and erosion within the boundaries of the flood control authority.
GOAL #4: To assist in the coordination of flood control with other entities for the common good
of the public.

Unique Features of SSCAFCA’s
Jurisdiction:
Natural Arroyo Systems
•

Increased sediment and erosion

•

Lateral channel movement

•

Slower moving stormwater

•

Improved Wildlife Habitat and corridors

•

Opportunity for Multi-use facilities
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SSCAFCA’s has over 510,000 feet of channel in its jurisdiction and of
that only 7% or approximately 33,103 feet is hard-lined channel. The
majority of SSCAFCA’s water conveyance systems are natural sandy
sided and sandy bottom arroyos. Natural arroyos allow for infiltration of
rain and snow melt into the ground with the possibility of recharging the
aquifer. Another advantage of a natural arroyo is the reduced speed at
which the stormwater travels down the arroyo unlike a hard lined
channel. On sunny days, citizens can enjoy taking a hike in an arroyo
or spend time at a multi-use facility where soccer fields reside in a dam
basin. Natural arroyos provide habitat to a wide variety of species
along with corridors for wildlife to travel.

Although the natural arroyos have many benefits for the community they can also be hazardous in large storm events when
water carries sediment and errodes the arroyo sides. The sediment can quickly fill in the space under bridges and crossing
structures causing water and debris to back log and expand the flood area. Rapid moving stormwater has undercut roads and
culverts leaving large gulleys and washes. SSCAFCA has established a Lateral Errosion Envelope (LEE Line) to protect
citizen from buidling too close to the edge of an arroyo.

Current Arroyo Channel
LEE Boundary – Area at
risk from lateral migration
of the arroyo

1041 Commercial Drive S.E., Rio Rancho, NM 87124 (505) 892-RAIN (7246) www.sscafca.com
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Montoyas Watershed
60.6 square miles
Hydrology: 2011

Coronado
Watershed
0.5 square miles
Hydrology: 2009

Venada Watershed
16.4 square miles
Hydrology: 2012

Qp: 470 cfs
V: 45 ac-ft

Barranca Watershed
12.5 square miles
Hydrology: 2010

Qp: 3,150 cfs
V: 750 ac-ft

Willow Creek
Watershed
2 square miles
Hydrology: 2013

Calabacillas Watershed
69.2 square miles
Hydrology: 2014

Qp: 380 cfs
V: 62 ac-ft
Qp: 670 cfs
V: 37 ac-ft
Qp: 210 cfs
V: 17 ac-ft

Qp: 3,840 cfs
V: 451 ac-ft

Qp: Peak Flow
V: Runoff Volume
Existing conditions
as of model date,
SSCAFCA 100-year
design storm
* Calabacillas results
above confluence
with West Branch
Tributary

Qp: 9,120 cfs
V: 2,588 ac-ft

Black Watershed
10.2 square miles
Hydrology: 2013

Qp: 3,050 cfs
V: 709 ac-ft

Qp: 11,000 cfs*
V: 1,799 ac-ft*
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Southern Sandoval County Arroyo Flood Control Authority
A Work in Progress

Expanding into New Territory
In the late 1980s, a group of concerned citizens formed the Corrales Watershed District to begin addressing flood and
drainage concerns brought about by the development of a new City, the City of Rio Rancho, which was located on
the escarpment overlooking the Village of Corrales. They quickly realized that the flood issues were regional in
nature and could not be solved by a single small farming community.

Inheriting a Clean Slate
From this realization, the Southern Sandoval County Arroyo Flood Control Authority (SSCAFCA) was formed in 1990,
with the goal of resolving the drainage issues impacting the Rio Grande Valley from the southeastern portion of
Sandoval County. This turned out to be no small task. As part of the Rio Grande Valley, two of the communities
within SSCAFCA’s jurisdiction, the Village of Corrales and the Town of Bernalillo, were longstanding historic
communities that had been established as early as 1695. However, due to their beginnings in agriculture and trading,
development of the communities was not formally planned, and no major flood control infrastructure was planned for
or created.
Moving upstream and uphill, the City of Rio Rancho began forming very recently, in 1961, making it a new community
within the region. However, the creation of the City did not follow a more modern planned model, as might have been
expected. The Rio Rancho area was originally part of the Alameda Grant, which was founded by the Spanish in
1710. By the early 20th century, much of the land grant had been sold to land investment companies. AMREP
Corporation purchased 55,000 acres (22,000 ha) in 1961 and turned the land into a housing development called "Rio
Rancho Estates", with the first families moving in the early 1960s. The population grew ten-fold between 1970 and
1980, and the City of Rio Rancho was incorporated in 1981. Unfortunately, the initiation as a housing development
followed by unforeseen rapid growth did not result in robust drainage infrastructure being created. Thus, SSCAFCA
inherited a jurisdiction almost entirely devoid of any regional drainage infrastructure.

Figure 1 - Brochure from AMREP advertising Rio Rancho Estates
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First Steps – Acquiring Right of Way
As the Corrales Watershed District, the amount of property held by the Agency was limited to infrastructure transfers
from the local developers that were wholly within the village of Corrales municipal boundary. Even after creation as
SSCAFCA, the property acquired by the Agency in the first decade was limited to parcels associated with projects
within the jurisdiction of the Village Corrales.
Beginning in 2000, SSCAFCA began acquiring significant holdings in the five major arroyos represented within our
jurisdiction. This was property that could not be developed and was essentially an administrative burden to the
holding development company, AMREP. Although this was critical property to acquire, obtaining ownership of just the
platted arroyo parcels did not allow for sufficient footprint to construct needed regional flood control projects. Also, as
the platting was completed in the 1960s and the arroyos remained in a natural state, by the time SSCAFCA acquired
the parcel, the arroyos had shifted their positions, sometimes shifting wholly out of the designated parcel. This
created additional property acquisition needs to begin the process of “chasing” the dynamic meandering of the
arroyos.

Figure 2 - These two images show the impacts of the existing subdivision of seemingly vacant land that complicated ROW
acquisition. The red outline identifies the parcels that would need to be acquired to capture the arroyo.
Further acquisition of adjacent parcels, many of them outside of any existing drainage footprint or floodplain, ran into
significant difficulty in the 2000s as land speculation was at an all-time high in the years leading up to the eventual
economic collapse in 2008. Prior to this timeframe, some vacant parcels were being appraised as high as $100,000
per acre, even without the presence of any utilities or public infrastructure within a one mile radius.
Following the economic downturn, land speculation came to an abrupt halt and property values have decreased
significantly, allowing SSCAFCA to move forward with acquisition of parcels necessary for regional flood control
projects again. A map has been included following this which shows the timeline of property acquisition for
SSCAFCA.

Right of Way Acquisition Status
4,315 Acres Acquired
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Figure 3 - This figure shows the remaining Right of Way needed for flood control. Cost = $39,000,000.
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Defining the Problem
Concurrent with the property acquisition, SSCAFCA began the process of defining the problem. Although it was very
clear flood control facilities were needed, until a complete regional hydrologic plan was developed for each
watershed, it would have been impossible to accurately identify the location and scope of the needed infrastructure.

Beginning in the late 1990s and continuing into the 2000s, SSCAFCA developed five Watershed Management Plans
for each major watershed in our jurisdiction. These plans identified the base hydrology and the flows to be expected
currently as well as in fully developed conditions. Although full development of these watersheds is not an immediate
threat, prudence dictated ensuring that all our facilities were developed to maximize the life cycle of each facility.
We have continued to add new Watershed Management Plans for smaller watershed basins within our jurisdiction as
well as continuing to update the existing plans as new information becomes available. These documents have proven
invaluable for planning our facilities as well as for our municipal partners and local private developers when they are
planning needed drainage infrastructure at the local level.
Figure 4 - The cover of a typical Watershed Management Plan developed by SSCAFCA.

Identified Flood Control Projects - Cost
$47,622,957 Completed
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$20,000,000

$40,000,000
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$80,000,000
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Figure 5 - This figure shows the current funding status of identified near term (15-20 years) flood control projects for
SSCAFCA.
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Building Flood Control Projects
As you can see from the previous graphic, there is still a significant amount of need in terms of flood control projects.
However, although we have been effective, SSCAFCA is not an agency with a large independent source of funds.
The New Mexico State constitution limits the amount of general obligation debt that SSCAFCA can have outstanding
to $60,000,000. Currently, as of 2017, SSCAFCA has $23,820,000 outstanding in general obligation bonds and is
39.7% bonded to capacity, further limiting our available funds.
Existing flood control projects have been developed with the SSCAFCA jurisdiction in three distinct phases. In the
early years of SSCAFCA, most of our facilities that we obtained ownership and responsibility for had been previously
created independently by private developers. As such, many of these facilities required improvements to ensure that
they met the standards adopted by SSCAFCA for permanent regional flood control facilities.
Following this in the late 1990s and early 2000s, several significant flood control facilities were created in partnership
with local developers. These projects were necessary for several large-scale developments and were overseen by
and turned over to SSCAFCA for long-term operation and maintenance.
After the economic crash, local development essentially came to a halt, with very little development activity, and more
significantly, no development of needed drainage infrastructure being driven by private developers.
Considering the “new normal” created by the historic economic downturn, SSCAFCA evaluated its existing funding
capacity and determined that SSCAFCA could not complete all the required flood control within the ideal timeframe
independently. Starting in 2011, SSCAFCA began pursuing partnerships with local, state and federal public agencies
to continue addressing the significant flood control deficiencies within our jurisdiction. These partnerships have been
successful in the completion of several key flood control projects and have been invaluable to an agency with limited
resources and a demonstrably great need for flood control projects to protect the citizens and property within our
jurisdiction.
Recent projects completed since 2011 with federal, state and local partnerships currently tally at nine separate
projects with a total cost of $10,771,000, including the Lower Montoyas Water Quality Project pictured below at a
ribbon cutting. A map has been included following this which shows the timeline of project completion for SSCAFCA.

Figure 6 - The ribbon cutting for the Lower Montoyas WQ Project with U.S. Senator Udall and Congressman Lujan in attendance.
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Multi-Use Access & Trails
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Federal Funding – Local Benefits
Report on Projects
Executive Summary:
Since 2012, the Southern Sandoval County Arroyo Flood Control Authority has completed several
projects that have benefited from federal funding with additional projects that are funded and are
currently in design or construction. These projects would not have been possible to complete within
this timeframe without the inclusion of federal funding and we feel that it is important to let all of our
federal partners know of the success that we have achieved by working together.
In order to achieve the milestones that we have accomplished so far, we have taken a strategic
approach to project funding and development which has hinged on three guiding principles:
1. Be Prepared. Before we seek funding to complete a project, SSCAFCA completes a detailed plan of
the project, sometimes including a full design. This includes completing a cost-benefit analysis to
verify that the benefit provided by the project will exceed the cost of development.
2. Engage our Community. Whether it is ensuring we have met with local residents or working with
other state and local partners to secure matching funds, we want to make sure we are proceeding
with a project that is fully funded and has broad local support.
3. Be Efficient. In today’s economy, we understand that every dollar, federal or otherwise, is a
precious resource and we strive to ensure the funding is spent in a timely and effective manner. For
the list of projects included in this report, the average time for SSCAFCA to take a project from grant
award to completion is only 19.5 months, less than two years. We feel this demonstrates the
success of our strategic approach.
In addition to providing details of the flood control projects that SSCAFCA has successfully advanced
using federal partnership, we have also provided three graphics on the following page showing where
we have achieved these partnerships and, more globally, showing why it is critical to SSCAFCA that these
partnerships with federal agencies continue.
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Federal Fund Portfolio (2012 – 2017)*
*Includes recently awarded projects

FHWA

$2,700,000
$2,114,070

FEMA
EPA

$6,895,986

The following charts identify SSCAFCA’s current status in terms of acquiring both the property needed
for our projects and completing all of the flood control projects that we have identified as critical to
ensure protection of the citizens, property and infrastructure within our jurisdiction.
At an average cost of $10,000 per acre, the right of way needs currently total almost $40 million by
itself, and combined with the funding needed for flood control projects, our total fiscal need for the next
15-20 years exceeds $115 million, far beyond the limited bonding capacity authorized by law for our
agency, which currently only generated approximately $2 million annually for capital projects.
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Harvey Jones Channel Improvements
Federal Fund Source
Total Project Cost
Federal Fund Share
Federal Fund Award Date
Project Completion Date
Population Benefitted

FHWA TIP
$1,343,330
$600,000
10/9/2013
5/22/2015
5,500

The Harvey Jones Channel was constructed by the Soil Conservation Service (now the Natural Resources
Conservation Service (NRCS)) in 1987 in cooperation with the Corrales Watershed District. When SSCAFCA
was established in 1990, it took over operation and maintenance of the Montoyas watershed, including
the HJC.
The configuration of the channel did not anticipate the effects of the undeveloped natural watershed and
arroyo system feeding it in the form of sediment entering the concrete lined channel. The original design
incorporated a stilling basin at the downstream end of the channel to reduce flow velocities of storm
water prior to the storm flows reaching the Rio Grande. However, when sediment enters the channel
during extreme rainfall events, this material settles in the base of the channel and severely degrades the
hydraulic capacity of the channel to convey water under Corrales Road to the Rio Grande.
A series of rain events in the summer of 2006 overwhelmed existing flood control infrastructure which
received flows from the Montoyas and Lomitas Negras Arroyos, resulting in water flowing over the top of
the Corrales Road Bridge and buildup of sediment that reached within one foot of blocking flow
underneath the bridge completely. The sides of the bridge were breached and temporary dams erected
at the south and north ends to allow water to flow across the bridge, back into the channel and to the Rio
Grande, instead of overtopping the channel wall and flooding the Village of Corrales.
SSCAFCA completed improvements to the Harvey Jones Channel to increase the channel capacity
underneath NM 448. In the process of determining a solution to prevent damage to state highway
infrastructure, we determined that the best solution would be to construct improvements to the bottom
of the channel itself, as the flat grade of the channel proved to be the overriding factor in reducing the
flow capacity under the bridge.
The improvements consisted of creating a positive grade sloped trapezoidal channel within the existing
structure. This increased the flow capacity under the bridge to 112% of the maximum flow required
capacity for the 100-year event. Additionally, by working in the channel instead of adding another culvert,
state highway NM 448 could remain open during the project.
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Figure 1 - Damage to the Harvey Jones Channel in 2006 and 2010.
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Figure 2 - Completed trapezoidal channel improvements.
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Black Arroyo Bridge & Trails, Phase 1
Federal Fund Source
Total Project Cost
Federal Fund Share
Federal Fund Award Date
Project Completion Date
Population Benefitted

FHWA TAP
$1,115,036
$620,480
8/8/2014
4/13/2016
3,250

The Black Arroyo Pedestrian Bridge provides children with safe access across the arroyo to Maggie
Cordova Elementary School. Prior to the completion of this project, many children walk down into the
arroyo and across the bottom to get to the school. The Black arroyo is a natural active flood channel with
sheer walls and is not safe for children to walk through as a route to school. By including connecting trail
systems, this project also provides safe pedestrian/bike access from the West Unser and Cabezon
neighborhoods to Maggie Cordova Elementary and Puesta Del Sol Elementary.
The total trail length is just over one mile and connects two major arterials, Southern Blvd. and Unser Rd.

Figure 3 - Site Plan showing location of improvements.
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Black Arroyo Bridge & Trails, Phase 2
Federal Fund Source
Total Project Cost
Federal Fund Share
Federal Fund Award Date
Project Completion Date
Population Benefitted

FHWA TAP
$469,703
$351,422
9/11/2015
Projected May 2017
3,250

This project is an extension of the previously completed bridge and trail system for the Maggie Cordova
and Puesta del Sol Elementary Schools. The Black Arroyo splits into two channels as it moves north, and
this project adds an additional bridge combined with a grade control structure on the Lisbon Arroyo just
before it joins the Black.
This project will create a trail “loop” providing greater connectivity with the local elementary school,
Maggie Cordova Elementary School.

Figure 4 - Site plan showing location of improvements.

15

Figure 5 - Photos showing the new trail extension (top) and construction of grade control bridge support (bottom).
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Lisbon Channel Access and Trail Improvements
Federal Fund Source
Total Project Cost
Federal Fund Share
Federal Fund Award Date
Project Completion Date
Population Benefitted

FHWA TAP
$689,501
$542,168
3/1/2017
Projected February 2018
11,600

In it’s current state, the Lisbon Channel is a narrow steep walled arroyo channel. Receiving drainage from
developed neighborhoods has created significant erosion within the channel, deepening the channel and
causing the upper banks of the arroyo to encroach upon the adjacent existing homes. The steep walls
and narrow channel make it nearly impossible for heavy equipment to be used for the maintenance of
this channel. The channel improvements are critical to proper maintenance of this channel by adding key
grade control structures and vehicular access into the channel.
Building further upon the work completed as part of the Black Arroyo, the Lisbon Channel Access and Trail
Improvements will extend safe pedestrian access further up the Lisbon Arroyo from Southern Blvd. to
Tarpon Rd. This will extend the trail improvements into an additional developed subdivision, opening up
the use of the system to a significantly higher population base.

Figure 6 - Plan sheet showing deep incision of existing channel.
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Figure 7 - Photos showing deferred maintenance due to inaccessibility.
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Lower Montoyas Water Quality Improvements
Federal Fund Source
Total Project Cost
Federal Fund Share
Federal Fund Award Date
Project Completion Date
Population Benefitted

EPA CWSRF
$2,138,190
$2,000,000
3/5/2013
10/7/2015
11,300

The Montoyas arroyo watershed is the second largest watershed feeding the Rio Grande in the middle
Rio Grande Valley. It is approximately 60 square miles in area and runs thru unincorporated Sandoval
County, the City of Rio Rancho and the Village of Corrales. Approximately 75% of this watershed is
currently undeveloped. The outfall of this arroyo to the Rio Grande runs thru the Village of Corrales via a
concrete U-channel called the Harvey Jones Channel (HJC). The HJC has two inlets, the main stem of the
Montoyas Arroyo and the Dulcelina Curtis Channel (DCC), a smaller concrete U-channel fed by the Lomitas
Negras Arroyo (part of the Montoyas watershed). This area of the watershed is currently the area of
greatest concern due to the potential for damage to property.
This project was undertaken to apply Green Infrastructure (GI) and Low Impact Development (LID)
concepts and practices to a large scale regional flood control facility. Located at the downstream end of
the largest watershed within the Southern Sandoval County Arroyo Flood Control Authority (SSCAFCA)
jurisdiction, this facility was designed to handle flows of up to 6,500 cubic feet per second (cfs) during the
100 year storm event.
The facility was completed in September of 2015 and has already demonstrated key successes. This
project incorporated three key concepts: Minimal hardened elements, water harvesting and
incorporation of vegetation as part of the treatment process.
In order to accomplish these multiple goals, the design incorporated a treatment train-like design where
storm water passes through the different elements of the treatment process, involving multiple structures
and landforms to provide the desired effect. In addition to the overall functionality of the project, it was
critical to consider that a portion of the project concept was to incorporate vegetation to help remove
floatable debris and provide additional habitat. The design of the hardened elements had to include
protection of these plants and provide the ability for them to perpetuate themselves. Additionally, several
graded levels were incorporated between the hardened elements, along with stream braids, to promote
harvesting of the storm water as it passed. These elements were designed not just to achieve the primary
goal of the project (e.g. sediment removal), but also to retain water in the subgrade to provide a water
source for incorporated landscape elements.
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Figure 8 - Photos showing the upper sedimentation basin (bottom) and close up of inlet grade control (top).
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Figure 9 - Outlet grade control structure from upper sedimentation basin showing plant growth.
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Figure 10 - Lower sedimentation basin grade control showing plant growth.
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Natural Playa Preservation
Federal Fund Source
Total Project Cost
Federal Fund Share
Federal Fund Award Date
Project Completion Date
Population Benefitted

EPA CWSRF
$700,000
$700,000
10/11/2016
Projected June 2018
18,660

As property develops for use within an urban environment, there are two general results of this
development. First, the quantity and frequency of storm water runoff increases due to the increase in
impermeable surface that inevitably comes with development. Secondly, developed areas traditionally
increase the number and level of contaminants carried in the storm water runoff, whether the
development is residential, commercial or industrial. The increase in the storm water runoff creates
additional cost downstream by requiring agencies to invest in larger facilities with greater capacities to
handle the increase. Additionally, the increase in contaminants carried by the storm water runoff can
negatively impact the downstream receiving body of water the Rio Grande, as well as create compliance
issues with the Clean Water Act as the Calabacillas Watershed is within the jurisdiction of the Middle Rio
Grande Watershed Based MS4 Permit.
The solution is a simple one, to purchase the Playas and restrict access. The entire watershed has been
subdivided and is currently owned by a variety of individuals, corporations, and other entities, which mean
that development of any given parcel of land within the watershed could occur at any time. As part of
the Watershed Management Plan, we have identified several large naturally occurring playa systems
within the watershed that are currently completely undeveloped. Playas act as natural recharge points
for the groundwater and capture and retain any surface contaminants within their localized watershed.
SSCAFCA is proposing to purchase not only the Playas, but the entire contributing watershed for each
playa to ensure that these natural groundwater recharge points are protected as natural open space in
perpetuity.
By protecting these playas, SSCAFCA will accomplish several goals: 1) Reduce the amount of storm water
generated for downstream management, reducing the cost of future facilities. 2) Reduce the level of
contaminants potentially transported in storm water runoff within the Calabacillas Watershed. 3)
Preserve recharge points for the groundwater table, which is a critical source of water in the arid
southwest and in the Middle Rio Grande in particular. 4) Provide over 117 acres of natural habitat with
an enhance source of water due to the nature of the playa.
In a typical 100 year storm event, this project will conserve approximately 90 acre feet of water, or
3,290,400 gallons.
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Figure 11 - An overview if identified Playa areas (top) and a closer view of one Playa area (bottom).
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Figure 12 - A Google Earth view of a Playa (top) and a photo of the same area (bottom).
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Montoyas Arroyo Bank Stabilization
Federal Fund Source
Total Project Cost
Federal Fund Share
Federal Fund Award Date
Project Completion Date
Population Benefitted

FEMA HMGP
$366,051
$274,538
9/15/2015
7/15/2016
14,100

SSCAFCA completed a bank stabilization project along approximately 850-ft of the south bank (right bank
looking downstream) of the Montoyas Arroyo between Broadmoor Blvd. and Loma Vista Blvd. The
alignment of the Montoyas Arroyo through this reach was significantly altered as a result of the large
rainfall events experienced during the monsoon seasons of 2006, 2010 and 2013. In some locations, the
right bank shifted over 30-ft to the south as a result of the events. Consequently, the arroyo meander is
encroaching on both public and private rights-of-way, threatening public and private land, storm water
infrastructure, and sanitary sewer utilities.
The purpose of this project is to provide permanent erosion protection and to provide adequate armoring
of the bank with freeboard for the 100-year runoff event, which produces approximately 8,800 cfs.
Additionally, this project will mitigate damage and/or failure of the existing sanitary sewer line within the
Montoyas Arroyo, which has been seriously damaged in the past due to high runoff events, resulting in
sewer discharge to the Montoyas Arroyo and ultimately the Rio Grande. The proposed improvements will
include a sloped shotcrete section that will extend up the arroyo side slope to an elevation sufficient to
provide 2-ft of freeboard above the 100-yr water surface elevation and will extend below the channel
invert approximately 10-ft for long-term scour protection.

Figure 13 - Site plan showing extent of bank protection.

26

Figure 14 - Photos showing pre-construction and completed improvements.
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Alberta Road Drainage Improvements
Federal Fund Source
Total Project Cost
Federal Fund Share
Federal Fund Award Date
Project Completion Date
Population Benefitted

FEMA HMGP
$1,811.422
$1,004,096
2/4/2015
3/31/2017
1,100

This project was identified after severe flooding in 2006, 2010 and again most recently this past summer
in 2013, severely damaged roadways and utilities in the project area. Phase 1 of this project was
completed by the City of Rio Rancho and included the construction of storm water detention ponds and
storm drain east of NM 528. The area is currently served by community water (supplied by the City of Rio
Rancho) and underground electric service provided by the Public Service company of New Mexico.
Significant damage to utility and roadway systems could occur in a severe storm event.
The goal of this project (Phase 2) is to provide a drainage system to protect residents’ properties, the
vulnerable dirt roadway and underground utilities. This project will capture storm flows in two detention
basins and divert them into storm drain piping which will carry the storm water safely through the
subdivision. Surface flows on the roads will be captured by the addition of inlets, further reducing the
potential storm impact. Storm flows are diverted to an existing detention pond for future transport
downstream thru drainage infrastructure that is currently in place.
In addition to the preservation of the infrastructure in the immediate vicinity of the project, the mitigation
effort will help the downstream system by preventing additional sediment from the project area from
being added to the overall balance of sediment impacting downstream facilities.
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Figure 15 - Photos showing flooding in the same area in 2006 and 2013.
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Figure 16 - Photos showing the completed upper detention pond and paved road with storm drain infrastructure.
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Lomitas Negras Flood Control, Phase 2
Federal Fund Source
Total Project Cost
Federal Fund Share
Federal Fund Award Date
Project Completion Date
Population Benefitted

FEMA HMGP
$5,449,238
$4,086,619
Projected April 2017
Projected June 2019
12,100

SSCAFCA is proposing a hydrograph attenuation and bank stabilization project along the Lomitas Negras
Arroyo from immediately west of Saratoga Rd. to State Road NM 528 in Rio Rancho, NM. Culvert crossings
at Saratoga Road and NM 528 are undersized to pass the 100-year storm. The arroyo banks also have a
particularly low profile adjacent to the Enchanted Hills Elementary School on the north side and further
downstream on the south side, which threatens a large critical sewer lift station and church. All three
facilities were damaged as a result of the large rainfall events experienced during the monsoon seasons
of 2006 and 2010 and both Saratoga Rd. and NM 528 were overtopped, causing damage and closing both
roadways.
The purpose of this project is to provide stormwater flow attenuation, permanent facility protection, and
to provide adequate armoring of the bank with freeboard for the 100-year runoff event, which produces
approximately 2,161 cfs under current conditions and 3,966 cfs under developed conditions. This project
will mitigate flood damage to the Enchanted Hills Elementary School, Saratoga Road, NM528 and the local
church. This project will also mitigate damage and/or failure of the existing sanitary sewer lift station
which has been seriously damaged in the past due to high runoff events, resulting in sewer discharge to
the Lomitas Negras Arroyo and ultimately the Rio Grande. Proposed project improvements include the
construction of an off-channel stormwater detention facility, diversion weirs and structures and arroyo
slope reinforcement/paving to prevent lateral migration of the arroyo.
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Figure 17 - The modeled inundation map (top) and flood damage taken from Point 1 on the inundation map (bottom).

32

Figure 18 - Conceptual drawings showing the proposed improvements.
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Cactus Ponds Flood Control
Federal Fund Source
Total Project Cost
Federal Fund Share
Federal Fund Award Date
Project Completion Date
Population Benefitted

FEMA PDM
$1,874,406
$1,405,805
Projected May 2017
Projected July 2018
850

This project is necessary to correct a hidden flood threat to an existing subdivision. The upper portion of
Tributary P drains south towards the intersection of Northern Blvd and 5th Street. The flow path of
Tributary P can be identified as a valley on a topographic map, but no incised channel is evident in the
field. This is probably due to the fact that no large storm has occurred in the area in the recent past. The
lack of an incised arroyo, however, does not allow the conclusion that this is a minor drainage. Due to the
significant size of the upstream drainage basin, the hydrologic model indicates that peak flows of 667 cfs
must be expected at the upper end of the developed area under current conditions during the 100-year
24-hour storm. For fully developed conditions, peak flows at the same location are 1,179 cfs.
In the lower portion of the reach between approximately 13th Ave and Northern Blvd, a number of
residential homes have been built in the flow path. This poses a danger for properties and residents,
potentially even from storms much smaller than the 100-year event.
Looking further downstream, the crossing of Tributary P and Northern Blvd consists for three 48”
corrugated metal pipes. Under ideal conditions, the estimated total capacity of the crossing is 258 cfs. The
actual capacity may be significantly less due to heavy vegetation at the inlet of all three pipes. Even under
ideal conditions, the crossing structure is insufficient to convey the current or fully developed conditions
flows (1,092 cfs and 1,699 cfs, respectively). The result will be overtopping of the roadway and ponding
upstream of the road embankment, with potential flooding of adjacent residential structures.
The proposed solution to address the conveyance issues north of Northern Blvd is a combination of ponds
and conveyance improvements. In addition, the lack of a defined incised channel affords the opportunity
to incorporate elements of climate resiliency, by allowing for continued infiltration of storm flows as well
as the capture and detention of portions of the flow in small off-channel basins downstream of the first
detention basin.
The property on either side of the channel will incorporate off-channel basins and a natural meander to
reduce the velocity of flows to reduce erosion and increase infiltration, as well as provide additional
storage to address potential impacts of climate change.
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The first proposed pond in tributary P is located just upstream of 14th Ave. The pond would extend north
past 15th Ave and require that a portion of the roadway be vacated. Under fully developed conditions,
the pond would store 42 AC-FT of runoff and reduce the peak flow to 126 cfs.
Outflow from the first pond would then flow south in an improved conveyance incorporating slight
meanders to reduce the downstream channel slope and two grade control structures to reduce flow
velocity and provide additional time for infiltration. Remaining flow would enter a small pond just south
of 12th Ave. This pond would serve as the inlet to a storm drain (CA_01S), which in turn would convey
runoff to an outlet pond at the north-east corner of Northern Blvd. and 5th St (CA_11P).
All improvements proposed above would drastically reduce the 100-year peak discharge from the upper
portion of Tributary P to meet the capacity of the existing culverts underneath Northern Blvd.

Figure 19 - conceptual drawing showing the proposed improvements.
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Figure 20 - Conceptual renderings illustrating the CRMA elements.
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Benefits of Natural Arroyo Preservation
Executive Summary:
The American Society of Civil Engineers’ (ASCE) evaluation of our infrastructure has shown a nation with
a dire need to replace and upgrade existing facilities. The 2017 Infrastructure Report Card issued by
ASCE lists the overall national grade as a ‘D+’, with dams, levees and other drainage infrastructure
slightly lower at a D.
One method of addressing this urgent need is with the practice of preserving natural arroyos through
land conservation. Through protection of the arroyos and the adjacent land, both flood risks and cost of
infrastructure can be significantly reduced by minimizing future construction and reducing storm flows
through infiltration.
SSCAFCA is in a unique position to acquire ownership of several thousand acres of property
encompassing the arroyos and adjacent parcels to make this strategy a reality. However, acquisition of
this much property without assistance will be a daunting task.

Figure 1 - Calabacillas arroyo shortly after a large rain event.
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Worsening Situation:
Flood disasters, such as Katrina and most recently the Oroville Dam, have highlighted how failing or
inadequate infrastructure has exacerbated the overall damage and consequences of these events.
However, the cost to repair, replace or improve these facilities is enormous. The ASCE Report Card
(attached) states that, “It is estimated that it will require an investment of nearly $45 billion to repair
aging, yet critical, high-hazard potential dams.” Further, the report states, that, “As development
continues to encroach in floodplains along rivers and coastal areas, an estimated $80 billion is needed in
the next 10 years to maintain and improve the nation’s system of levees.”
Those numbers reflect the funds needed to repair and improve existing infrastructure and do not speak
to the need for new infrastructure. As communities continue to grow, such as those within the
jurisdiction of SSCAFCA, new flood control facilities and related infrastructure will be needed and will
likely include enlarging existing downstream infrastructure that receive discharge from the new
facilities. As noted earlier in this annual report, the cost of the flood control facilities identified by
SSCAFCA for the next 15-20 years will cost an estimated $78 million.
The effects of climate change are also adding to the problem by redefining what constitutes a 100-year
event with extreme events happening at a greater intensity and frequency than ever before. In our
jurisdiction for example, over the past ten years we have had one storm exceed the 1,000-year event
and seven storms larger than the 200-year event.
In 2015, SSCAFCA was part of the Central New Mexico Climate Change Scenario Planning Project, led
by the Mid-Region Council of Governments (MRCOG) and the U.S. Department of Transportation’s Volpe
Center. This project analyzed strategies to prepare for the impacts of climate change in the greater
Albuquerque area. One of the anticipated impacts of climate change is an increase in the magnitude and
frequency of extreme precipitation events, leading to an increase in extreme floods. SSCAFCA conducted
a case study to assess potential implications for existing and future urban development, infrastructure,
and public safety, in the upper Calabacillas Arroyo.
As noted in the conclusion of this study, attached:
Higher magnitudes of extreme rainfall will lead to increased peak flows. The Calabacillas case
study shows that a 10 percent increase in precipitation could lead to a 25 percent increase in
peak discharge; a 25 percent increase in precipitation could lead to a 75 percent increase in
peak discharge.
Higher peak discharge may overwhelm existing drainage infrastructure, as well as planned
facilities designed based on current standards; furthermore, the extent of floodplains in low
lying areas will increase. More frequent storm flows and higher peaks will increase bank erosion
and accelerate the lateral migration of natural arroyos. Preservation of buffer areas adjacent to
natural arroyos that account both for floodplains and lateral migration will therefore become
increasingly important in the future.
As funding levels to complete this work stagnate or even decrease, communities have been forced to
look at alternative approaches to manage storm water runoff and flood prevention in hopes of reducing
costs or to continue to defer needed maintenance and improvements.
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Preservation of Natural Arroyos:
In recent years, the terms “Green Infrastructure” and Low Impact Development” have begun to
dominate the strategies pursued for management of storm water flows through the nation. The ability
of these practices to deliver multiple ecological, economic and social benefits or services has made
green infrastructure (GI) an increasingly popular strategy in recent years.
SSCAFCA supports the use of GI within our jurisdiction and recently completed the Lower Montoyas
Water Quality Project, a GI project on a regional scale, developed for an arroyo system carrying over
6,200 cubic feet per second (cfs) from a 100-year storm event. However, most GI projects are
completed on a much smaller, local scale and do not significantly address the need referenced in the
first portion of this paper.
Here at SSCAFCA, we feel that preservation of the natural arroyo systems can be a powerful tool to
address the magnifying effects of climate change and an ever-aging infrastructure. The benefits of this
approach are two-fold:
1. Reduced Infrastructure Cost.
2. Reduced Storm Water Management.
Reduced Infrastructure Cost. Although ephemeral, arroyos behave very similar to natural rivers in that
the defined banks of the system will move over time, creating an area known as an ‘Erosion Hazard
Zone’ or ‘Lateral Erosion Envelope’. This is the buffer zone on either side of the arroyo where it is likely
that that the dynamic nature of the system could impact, making unprotected development with these
areas at significant risk for failure.
The traditional approach to mitigating this situation is to hardline the entire channel. This stabilizes the
channel and generally reduces the size of the channel needed due to a more efficient geometry, making
more adjacent right of way available for development. However, this also results in more infrastructure
being created that needs to be maintained indefinitely.
By leaving the arroyos in their natural state and acquiring the right of way within the Lateral Erosion
Envelope, the amount of infrastructure is greatly reduced without impacting the capacity of the arroyo
system. This reduces the capital cost of construction as well as long term maintenance costs.
Reduced Storm Water Management. As part of our ongoing goal to develop ever more precise
hydrologic models to more accurately predict our flood control needs, SSCAFCA staff identified a critical
factor that applied to our natural systems but was absent in more traditional pipe and hard-lined
channel networks - infiltration.
Initial evaluation appeared to show that infiltration within the arroyos themselves accounted for a
greater portion of storm flows than previously thought. SSCAFCA has recently completed a study of this
issue which was recently published in the ASCE Journal of Hydrologic Engineering, “Quantifying
Transmission Losses in a New Mexico Ephemeral Stream: A Losing Proposition”. This technical study is
attached following this paper.
As shown in this study, infiltration was identified as a significant factor in reducing downstream storm
flows, primarily due to two factors. First, arroyo channel bottom sediments are typically composed of
coarser grain sizes than the surrounding overland areas, because fine particles are transported
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downstream with the runoff. Infiltration rates in arroyos are therefore typically much higher than in the
overbank areas adjacent to the channel.
Secondly, the dynamics of arroyo generation that created these infiltration zones also exist in
equilibrium, meaning that the infiltration rates identified in the study are stable and will continue to
infiltrate flows, allowing this infiltration to be accounted for in hydrologic modelling.
So what does this mean? This stable infiltration in natural systems means that storm flows will be
reduced as they travel through these natural infiltration systems. By reducing the downstream flows,
preservation of natural arroyo systems provides additional mitigating effects that will reduce the size of
downstream infrastructure, reducing future capital costs.
SSCAFCA has established recording rain and flow gauges through our jurisdiction so that we can
accurately track and respond to rainfall events. This monitoring infrastructure was an invaluable tool in
calibrating our hydrologic models and verifying the effects of infiltration presented in our published
article. This effect is shown in the graphics on the following pages.

The graphic above shows the Montoyas Watershed overlain with a storm event that struck the
watershed in 2016. Within the main arroyo, SSCAFCA maintains two flow gauges that recorded flow
from this storm event. These stations are shown with the blue and orange arrows respectively. The next
graphic shows the gauging stations and evidence of the storm flow at the lower gauge.

40

This final graphic shows the flow measurements at each station. As can be easily seen, the total flow
and peak flow at the lower station are significantly reduced. This clearly demonstrates the value of
natural channels in mitigating storm flows and mitigating the cost of future flood control infrastructure
and validates our proposed strategy to acquire as much of the natural arroyo systems as possible.
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Case Study

Quantifying Transmission Losses in a New Mexico
Ephemeral Stream: A Losing Proposition
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Gerhard Schoener 1

Abstract: Under natural conditions, stormwater runoff in much of the semiarid Southwest drains through a network of unlined stream
channels called arroyos. Dry during most of the year, arroyos are transformed into raging rivers for short periods of time following intense
rain events. As stormwater travels downstream, a portion of the flow is lost to the highly permeable arroyo bed. The purpose of this study was
to quantify these so-called transmission losses for a 13-km reach of one New Mexico arroyo. Infiltration rates were tested in the field using a
double-ring infiltrometer. Test results varied considerably from 3.0 to 19.6 cm=h, with a median rate of 9.4 cm=h. Additionally, three streamgauging stations were installed along the arroyo; for two storms in 2015, they measured a dramatic decrease in peak discharge (91 and 84%,
respectively) and runoff volume (90 and 80%, respectively). Gauge data was used to successfully simulate transmission losses in a hydrologic
model of the drainage system; the average loss rate for the arroyo was found to be 3.8 cm=h. On average, infiltrometer results overestimated
reach-scale loss rates by 60%. DOI: 10.1061/(ASCE)HE.1943-5584.0001473. © 2016 American Society of Civil Engineers.

Introduction

respectively, over a 6-km reach in the Walnut Gulch watershed in
Arizona. McMahon et al. (2008) found that, on average, losses
equaled 77% of the total flood volume for a reach (approximately
250 km) of the Diamantina River in the Lake Eyre Basin, Australia.
Lange (2005) studied a 150-km reach of the Kuiseb River in
Namibia and concluded that transmission losses ranged from 29
to 94% of the upstream inflow volume.
In summary, research shows that transmission losses play an
important role in the hydrology of arid and semiarid regions, both
at large and small scales, and should therefore be included in hydrologic models that simulate rainfall-runoff processes.

Under natural conditions, stormwater runoff in the greater Albuquerque area and much of New Mexico drains through a network
of unlined stream channels called arroyos. Dry during most of the
year, arroyos are transformed into raging rivers for short periods of
time—often only hours—following intense rain events. Channel
bottom sediments are typically composed of coarser grain sizes
than the surrounding overland areas, because fine particles are
transported downstream with the runoff. Infiltration rates in arroyos
are therefore typically much higher than in the overbank areas
adjacent to the channel. This is important because, as stormwater
flows through an arroyo towards the receiving water body, a portion
of the flow infiltrates the channel bed. Abstractions from the flood
hydrograph due to infiltration are called transmission losses.
Transmission losses have been described for ephemeral streams
in arid and semiarid regions worldwide (Pilgrim et al. 1988) using
various methods. Belmonte and Beltrán (2001) qualitatively described observations of transmission losses for ephemeral streams
in the Valencia region of Spain. Hughes and Sami (1992) estimated
transmission losses for two events in a semiarid watershed in South
Africa based on moisture measurements of the alluvium. They concluded that during the first event, 75% of the flow infiltrated the
channel bed; for the second event, transmission losses were estimated at 22% of the total volume.
Multiple studies quantify transmission losses by calculating the
water balance for a reach with at least two stream-gauging stations.
Greenbaum et al. (2002) studied a 5.5-km reach of the Nahal Zin in
Israel’s Negev desert; they found that transmission losses reduced
the discharge volume 20% for large flows and up to 85% for small
flows. Goodrich et al. (2004) reported losses of 26 and 31% of the
annual discharge volume for the years 1999–2000 and 2000–2001,

Objectives
The aim of this study was to quantify transmission losses along a
13-km reach of the Montoyas Arroyo in Sandoval County, New
Mexico. The study approach was to
• Analyze and describe the alluvial sediments along the study
reach;
• Conduct in situ infiltration tests at numerous locations along the
arroyo, and evaluate whether any correlation exists between soil
properties and infiltration test results;
• Measure discharge at three stream-gauging stations and quantify
transmission losses by calculating a reach water balance based
on hydrographs measured during storm events; and
• Use results from in situ testing and gauging stations to assess
whether transmission losses can be successfully incorporated
into an existing hydrologic model for the watershed.

Study Area
The Montoyas Arroyo, located in Sandoval County, New Mexico,
was selected for this study. The arroyo drains a 150-km2 watershed
and discharges into the Rio Grande just north of Albuquerque.
Approximately 20% of the watershed is urbanized. The arroyo remains largely in its natural condition (Fig. 1), except for the last
3 km, where storm flows are conveyed in a concrete channel to
alleviate flooding in the lower watershed. On average, the watershed receives approximately 250 mm of rainfall per year, with annual values ranging from 100 to 400 mm (NOAA 2016).
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sand horizons are expected to slow infiltration when reached by the
wetting front. At Site 1, a layer of silt that would largely impede
the vertical movement of water was found at a depth of 7 m. Depth
to groundwater along the study reach decreases from approximately 200 m at Site 1 to 30 m at Site 4 (McAda and Barroll
2002).
To quantify surface infiltration rates, infiltration tests were conducted at regular intervals along the arroyo, as indicated by the blue
bars in Fig. 2, using a double-ring infiltrometer according to ASTM
Standard D3385 (ASTM 2009). The infiltrometer consists of two
steel rings that are driven into the ground to a depth of 15 cm. Both
rings are filled with water, and the water level is held constant.
Water seeping into the ground from the outer ring is intended to
constrain lateral movement of water from the inner ring so as to
not overestimate infiltration. The volume of water added to the inner ring was recorded in intervals of 3 min. Initial testing indicated
that infiltration rates approached a constant value after approximately 15 min. Tests were therefore conducted for a 30-min period
at each site, and results for the last 15 min were averaged to estimate the infiltration rate at each test site.
Infiltration test results are displayed as blue bars in Fig. 2.
Although arroyo bottom sediments were fairly uniform and consistently low in fines, infiltration rates varied considerably from
3.0 to 19.6 cm=h, with a median infiltration rate of 9.4 cm=h.
A box-and-whisker plot of test results can be seen in Fig. 3.
Grab samples of arroyo bottom sediments at 16 infiltration test
sites were subjected to particle size analysis in accordance with
ASTM Standard D422 (ASTM 2007). Thirteen samples were classified as sands with trace amount of fines (<5%); three were found
to be sands with silt (5–12% fines). No strong correlation between
particle size characteristics and measured infiltration rates at the
corresponding 16 test sites could be established (Fig. 4). The three
test sites with the highest content of fines consistently resulted in
low infiltration rates. Sites with soils low in fines (less than 5%),
however, showed no correlation between measured infiltration and
percent fine material. Since most of the arroyo bottom sediments
fall into the sand category, the percentage of fines in a soil sample is
not a good predictor for expected infiltration rates at any given site.
Other soil parameters based on the particle size analysis (D10 , D50 ,
Cu , Cc ) showed no correlation with measured infiltration rates.
During some of the infiltration tests, a blue food-grade dye was
added to the water in the inner ring. After completion of the 30-min
test, the steel rings were removed and a trench was excavated

Fig. 1. (Color) Montoyas Arroyo after a storm; at this location, the
arroyo is approximately 40 m wide (image by author)

This study examined the 13-km-long main stem of the arroyo
upstream of the concrete channel. The arroyo bottom is composed
of alluvial sediments dominated by sand. Arroyo cross sections are
characterized by wide, very flat channel beds and often incised vertical banks. Arroyo bottom widths range 25–90 m, with an average
width of approximately 45 m (Fig. 1).

Soil and Infiltration Testing
Surface sediments within the Montoyas Arroyo are the result of
relatively recent transport and deposition in the active stream channel. To characterize the depth and properties of channel sediments,
test borings were drilled to a depth of 15.5 m at four sites along the
arroyo using a truck-mounted drilling rig (Fig. 2). Lithologic logs
of the test borings were recorded by a field engineer, and samples of
subsurface materials were taken at selected intervals. The multicolored columns in Fig. 2 represent the soil types and their respective
thickness encountered at each site. Boring results show that surface sediments comprise sands with trace amounts of fines (Fig. 2,
yellow) or sand with silt (orange, 5–12% fines). Because of their
unconsolidated nature and small amount of fines, these sediments
were expected to result in high infiltration rates. The depth of the
sandy surface layer ranged from 4 m (Boring Sites 2 and 3) to 13 m
(Site 4). At Sites 2–4, the sandy surface layer was underlain by silty
sand (red). The higher content of fines (>12%) means that the silty
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Sand with Silt (5-12% Fines)
Silty Sand (>12% Fines)
Silt or Clay

4

Fig. 2. (Color) Lower Montoyas watershed showing boring locations
and soil columns as well as infiltration test locations and results (blue
bars)
© ASCE

Fig. 3. Box-and-whisker plot summarizing infiltration test results from
22 test sites along the Montoyas Arroyo
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Fig. 4. Scatter plot comparing measured infiltration rates and % fines
from soil samples at 16 sites in the Montoyas Arroyo

Fig. 6. (Color) Montoyas watershed showing extent of the June 16,
2015, storm (shaded background) and decreasing storm flows in the
arroyo as stormwater moves downstream

Stream Gauging
In addition to soil and infiltration testing, three stream-gauging
stations were installed along the Montoyas Arroyo (for station locations refer to Fig. 6). The concept being tested was that transmission losses should be reflected in decreasing runoff volume shown
in the hydrograph at each gauging station (a hydrograph is a plot of
discharge over time) as stormwater travels downstream. For the
experiment to work, several conditions had to be met:
• A storm of sufficient intensity and duration to result in runoff;
• A storm occurring high in the watershed and upstream of the
uppermost gauging station so that no significant runoff would
enter the arroyo between gauging stations (no lateral inflow);
and
• Peak discharge small enough so that transmission losses were a
significant portion of total flow.
Each gauging station was located at a hardened structure in the
arroyo to avoid changes to the channel cross section due to erosion.
Measurement of discharge in the field during a flow event is typically not possible because flow durations are short and storms
often occur at night. Even in cases where storm flows can be observed directly, high velocities and debris in the floodwaters make
field measurements difficult and dangerous. At each station, flow
depth was therefore recorded automatically at 5-min intervals using
a pressure transducer (In-Situ Level TROLL 500, Fort Collins,
Colorado). Discharge was estimated by means of a theoretical rating curve developed in HEC-RAS (USACE 2010) for each station.
Two storms that met the criteria listed previously occurred in 2015
and are described in detail next.

Fig. 5. (Color) Dye added to the inner ring of a double-ring infiltrometer showing the extent and direction of flow after removal of steel rings
(tape measure scale: in inches; 1 in. = 2.54 cm) (image by author)

through the center of the test area (Fig. 5). The depth to which the
inner and outer rings penetrated the ground is indicated by black
lines in Fig. 5. The dye-stained portion of the soil profile reveals
that once the wetting front reached the lower end of the inner ring,
water started moving laterally. The double-ring infiltrometer test
therefore likely overestimates actual infiltration rates in the arroyo
during flow conditions.
Lai and Ren (2007) studied the effect of inner-ring dimension on
the variability in double-ring infiltrometer test results in heterogeneous soil. They found that variability in measured infiltration
rates was greatest for smaller inner rings, particularly rings with
a diameter of less than 30 cm. Swartzendruber and Olson (1961)
found that for inner rings with a diameter of 40 cm or less, measurements were as much as double the actual infiltration rate. The
diameter of the inner ring used in this study was 30 cm.
The high variability in test results and the lack of correlation
with particle size characteristics indicates that the test is very sensitive to small, local variations in soil composition, layering, and/or
density, in addition to variability and bias associated with the test
methodology itself (Lai and Ren 2007; Swartzendruber and Olson
1961). Test results provide some insight into variability of infiltration rates across the study area, but are probably not suitable for
characterizing infiltration on a reach scale.
© ASCE

Storm of June 16, 2015
On June 16, 2015, an intense thunderstorm impacted the upper
reach of the Montoyas watershed. Rainfall estimates derived from
radar data indicated total precipitation depths of 3–5 cm in little
more than 1 h at the center of the storm (orange to red shading,
Fig. 6).
Storm flows had to travel through more than 10 km of arroyo
before reaching Gauging Station 1. Because peak discharges in the
arroyo closer to the center of the storm were of interest, three locations with relatively uniform reach geometry were selected in the
upper watershed (Fig. 6, white circles). Debris transported with
storm flows (pine needles, branches, etc.) left distinct high-water
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Fig. 7 illustrates the effect of transmission losses on the flood
hydrograph below Gauging Station 1. At Station 2 (orange circle),
peak discharge was reduced to approximately 6 m3 =s, and at Station 3 (green circle) to only 3 m3 =s (84% reduction from Station 1).
The total runoff volume also decreased in the downstream direction
from approximately 59,000 m3 at Station 1 (blue) to 25,000 m3 at
Station 2 (orange), and finally 17,000 m3 at the outlet of the watershed (Station 3, green).
Most of the runoff from the July 7 storm originated upstream of
Gauging Station 1. However, some lateral inflow caused by precipitation lower in the watershed entered the arroyo between Stations 1
and 2. Lateral inflow was simulated in HEC-HMS based on rainfall measurements from 10 tipping bucket–recording rain gauges
(SSCAFCA, unpublished data). Lateral inflow was subsequently
removed from the measured-flow hydrograph at Station 2 (Fig. 8).
The total volume of lateral inflow between Stations 1 and 2 was
estimated at 6,000 m3 , with a peak discharge of 1.5 m3 =s. Lateral
inflow (Fig. 8, gray area) did not coincide with the main portion
of the hydrograph for Station 1 (Fig. 8, dotted area). Not accounting for lateral inflow, runoff volume between Stations 1 and 3 decreased by approximately 80%.

marks along channel banks and vegetation. At each location, highwater marks and channel geometry (cross sections and slope) were
surveyed using a TOPCON AT-G series auto level (TOPCON,
Livermore, California). A theoretical rating curve for each reach
was developed in HEC-RAS, and peak discharges were estimated
based on high-water marks. The analysis yielded estimated peak
discharge rates of 5 and 24 m3 =s in Tributaries B and A, respectively, and approximately 28 m3 =s below the confluence of the two
tributaries (Fig. 6).
Fig. 6 illustrates how the runoff hydrograph decreased because
of transmission losses as it moved downstream through the arroyo.
Peak discharge decreased from an estimated 28 m3 =s just below the
tributary confluence to 16 m3 =s at Gauging Station 1 (blue circle,
Fig. 6). At Station 2 (orange circle, Fig. 6) peak flow was less than
4 m3 =s. A temporary pond built in the arroyo just upstream of Station 3 as part of a project under construction at the time of the storm
event captured the remainder of the hydrograph, and no flow
reached the outlet of the watershed. Runoff volume decreased from
approximately 47,000 m3 at Station 1 to 14,000 m3 at Station 2. A
field survey following the storm event revealed that approximately
10,000 m3 of runoff was captured in the temporary pond. No lateral
inflow entered the arroyo between Stations 1 and 3. Model results
(discussed later) indicate that without the temporary pond, peak
discharge at Station 3 would have been 1.5 m3 =s—a 91% decrease
compared with Station 1. Runoff volume at Station 3 would have
decreased by 90%, to 4,600 m3 compared with Station 1.

Modeling Transmission Losses in HEC-HMS

The storm of July 7, 2015, impacted the majority of the upper
Montoyas watershed. Radar data indicate that at the most intense
locations of the storm between 1 and 3 cm of rain fell in approximately 30 min. The storm resulted in a measured peak discharge of
approximately 16 m3 =s at Gauging Station 1 (Fig. 7, blue circle),
with a total runoff volume of approximately 59,000 m3.
It is noteworthy that peak discharge at Station 1 was identical to
the June 16 storm, even though storm intensity and total rainfall
depth for the July 7 storm was lower. This apparent discrepancy
can be explained by the fact that the June 16 storm occurred much
higher in the watershed and peak flows estimated at 28 m3 =s (see
previous) were reduced by transmission losses as they traveled
through more than 10 km of arroyo to Station 1.

Several methodologies for modeling transmission losses can be
found in the published literature. Some methods do not route the
flood hydrograph along the channel, but focus on predicting outflow volume (Geith and Sultan 2002; Wheater 2007; Greenbaum
et al. 2002) and peak discharge (Lane et al. 2007). Rew and
McCuen (2010) developed a model that accounts for transmission
losses using Horton’s infiltration methodology while routing a
hydrograph downstream. Another model capable of flood wave
routing, published by Costa et al. (2012), uses a modified form of
the Green-Ampt method to estimate transmission losses. BatlleAguilar and Cook (2012) used results from a reach-scale infiltration
experiment to calibrate a two-dimensional (2D) infiltration model
built in Hydrus 2D (Šimůnek et al. 2008).
Transmission losses are rarely the main focus of analysis in the
southwestern United States, with some exceptions, such as research
based on the Walnut Gulch experimental watershed in Arizona
(Goodrich et al. 2004). Many hydrologic design manuals published
by regulatory agencies in Colorado, Nevada, and New Mexico do

Fig. 7. (Color) Montoyas watershed showing extent of the July 7,
2015, storm (shaded background) and decreasing flows in the arroyo
as stormwater moves downstream

Fig. 8. Measured hydrograph at Gauging Station 2 for the storm of July
7, 2015; the portion of the hydrograph caused by lateral inflow is
indicated in gray

Storm of July 7, 2015
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not mention transmission losses (UDFCD 2016; CoRR 2009;
CABQ 2008; CCRFCD 1999). Transmission losses are mentioned
under limitations of the recommended hydrology procedures in the
drainage design manual for Maricopa County, Arizona (FCDMC
2013). The design manual for Yavapai County, Arizona (YCFCD
2015), has a section on transmission losses, and, where applicable,
recommends use of the percolation method available in HEC-HMS.
This study has shown that transmission losses have a significant
impact on flood peaks and runoff volumes, and should therefore
be included in hydrologic models, even if the main focus of the
model is flood control or infrastructure design. Methodologies for
simulating transmission losses are available in various hydrologic
modeling programs, and some examples are listed subsequently.
HEC-1 (USACE 1998) and HEC-HMS (USACE 2015) can account
for channel infiltration using a unit loss rate. MIKE 11, coupled
with the groundwater model MIKE SHE, can simulate transmission
losses by assigning a riverbed leakage coefficient (Thompson et al.
2004). FLO-2D estimates transmission losses from the floodplain
using the Green-Ampt method. The soil and water assessment tool
(SWAT) simulates transmission losses from ephemeral channels using the effective hydraulic conductivity of the alluvium (Neitsch
et al. 2011).
HEC-HMS was selected for this case study because it is the
recommended software for hydrologic analyses in the study area
(NMOSE 2008; CoRR 2009) and because a comprehensive HECHMS model for the watershed draining to the study reach already
existed (SSCAFCA, unpublished data).
The existing model of the Montoyas watershed (HEC-HMS 4.0)
was modified to account for transmission losses in the 13-km reach
between Gauging Stations 1 and 3. The arroyo was divided into 25
subreaches, each approximately 0.5 km in length. The average
width of each reach was determined by mapping the arroyo bottom
area based on aerial photography, and dividing the total area of each
reach by its length. Reach slopes were estimated from a digital
elevation model for the watershed, and Manning’s roughness coefficients were determined by field investigation. Reaches were modeled with rectangular cross sections; this simplifying assumption
can be justified because the arroyo bottom is generally very flat and
field observations by the author confirm that even during small
flows (discharges less than 0.5 m3 =s), the entire channel bottom is
inundated. The percolation loss methodology available in HECHMS was used to model transmission losses for the two storms observed in 2015. A constant infiltration rate was assigned to each of
the 25 routing reaches. At each reach, the model multiplied infiltration rate and inundated area to estimate transmission losses for each
time step (USACE 2015, p. 192). The inundated area is computed
based on reach geometry and flow depth for each time step. Losses
are then subtracted from the flood hydrograph. The hydrographs
measured at Gauging Station 1 during the June 16 and July 7 storms
were routed through the model, and the results were compared to the
measured data. Three transmission loss scenarios were evaluated
(results are shown in Figs. 9–13):
1. No transmission losses: the hydrograph measured at Station 1
was simply routed through the arroyo without accounting for
infiltration into the channel bed;
2. Transmission loss ¼ 3.8 cm=h for each reach: all reaches were
assigned a uniform loss rate of 3.8 cm=h; this loss rate was
found iteratively by comparing observed and modeled peak discharges and runoff volumes at gauging Stations 2 and 3; and
3. Transmission loss = 35% of measured infiltration: measured infiltration rates for each reach based on the corresponding double-ring infiltrometer test were adjusted iteratively until model
peak discharges and runoff volumes most closely matched observed data; the closest match was achieved using 35% of the
© ASCE

Fig. 9. Comparison of simulated and measured peak discharges based
on three transmission loss scenarios

Fig. 10. Comparison of simulated and measured runoff volumes based
on three transmission loss scenarios

measured rate for each reach (reach specific infiltration rates
ranged 0.4–6.8 cm=h, with an average rate of 3.4 cm=h).
Fig. 9 compares simulated and observed peak discharges at
Stations 2 and 3 for the storms of June 16 and July 7. Data points
to the right of the line of agreement (dotted line) indicate that the
model overpredicted the measured data. Points that fall on the line
indicate agreement between the model and the measured flows. Not
surprisingly, model peak flows were higher than the observed data
when transmission losses were ignored (Fig. 9, squares). Using
35% of measured infiltration rates (circles), and using a uniform
loss rate of 3.8 cm=h for each reach (crosses), both yielded model
results that were close to the measured data (points fall close to the
line of agreement).
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Fig. 11. Comparison of measured (solid) and simulated (dotted,
dashed, dash-dotted) hydrographs at Gauging Station 2 for June 16,
2015, storm

Fig. 13. Comparison of measured (solid) and simulated (dotted,
dashed) hydrographs at Gauging Station 3 for July 7, 2015, storm

The receding limb of the modeled hydrograph differs from
the observed hydrograph in that the observed flow recedes faster
initially but tapers off more gradually after reaching a flow rate
of approximately 0.5 m3 =s. This discrepancy is due to the location
of Gauging Station 2 at the outlet structure of a flood control dam.
In HEC-HMS, flow through the dam is modeled using a simple
storage-discharge relationship. This can causes problems during
small flow events due to routing effects in the flood pool. When
inflow into the dam is small (approximately 0.5 m3 =s or less), a
low-flow channel conveys all discharge directly to the outlet structure and no attenuation occurs. If the capacity of the low-flow channel is exceeded, stormwater spreads out over the 3-ha flood pool.
At the receding end of the hydrograph, water slowly drains from the
flood pool, which is essentially flat, toward the outlet. This phenomenon cannot be simulated with one storage-discharge curve because the same discharge value can be associated with different
storage values in the rising and receding limb of the hydrograph.
For this study, the model was calibrated based primarily on peak
discharge, runoff volume, and timing of the peak at Station 2.
Discrepancies in the receding limb of the hydrograph were accepted as limitations of the hydrologic model.
Fig. 12 shows the measured hydrograph (solid line, lateral inflow removed) at Gauging Station 2 for the July 7 storm compared
to the model hydrograph with no transmission losses (dash-dotted
line), with uniform transmission losses of 3.8 cm=h for all reaches
(dashed line), and losses equal to 35% of the measured rate for each
reach (dotted line).
Fig. 13 shows the same comparison at gauging Station 3. The
example illustrates that the difference between the modeled and the
observed flows becomes larger going downstream when transmission losses are ignored. Both scenarios of accounting for transmission losses adequately replicated measured hydrographs, with the
exception of the receding limb of the hydrograph at Station 2.

Fig. 12. Comparison of measured (solid) and simulated (dotted,
dashed, dash-dotted) hydrographs at Gauging Station 2 for July 7,
2015, storm

Fig. 10 compares simulated and observed runoff volumes at
Stations 2 and 3 for both storms, as well as volumes at the temporary pond for the June 16 storm. Again, model results overestimated runoff volumes when transmission losses were ignored
(Fig. 10, squares). Using 35% of the measured infiltration rates
(circles) and using a uniform loss rate of 3.8 cm=h for each reach
(crosses), both resulted in simulated volumes that closely matched
the measured data.
Fig. 11 shows the measured hydrograph (solid line) at gauging
Station 2 for the June 16 storm compared with the model hydrograph with no transmission losses (dash-dotted line), with uniform
transmission losses of 3.8 cm=h for all reaches (dashed line), and
with losses equal to 35% of the measured rate for each reach (dotted
line). The comparison shows that both loss scenarios were almost
identical.
© ASCE

Conclusions
This study shows that transmission losses can have a significant
impact on flood hydrographs by reducing peak discharges and runoff volumes. Borings and soil testing in the Montoyas Arroyo revealed that channel bottom sediments are composed of sands with
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small amounts of fines. Sandy layers are underlain by sediments
with more fines and lower infiltration rates. However, because of
the depth of the sand layer and relatively short duration of many
storms, infiltration rates are expected to remain high for the duration of most runoff events.
Quantifying channel bottom infiltration rates using a double-ring
infiltrometer proved to be challenging. Although arroyo bottom
soils were found to be fairly uniform, measured infiltration rates
varied considerably between test sites and no correlation between
particle size characteristics and measured infiltration rate could be
established. Variations in test results are likely due to problems with
the test method itself (Lai and Ren 2007; Swartzendruber and Olson
1961), the selection of test sites, and local variations in soil characteristics such as soil density and layering. On average, infiltrometer results overestimated reach-scale loss rates by 60%.
Measuring flood hydrographs at various locations along the arroyo proved to be the best method for determining actual transmission losses. Results from two storms observed during June and July
of 2015 clearly show that flood hydrographs decreased in size as
they traveled downstream. During the June 16 storm, storm flows
did not even reach the outlet of the watershed. This study also demonstrates that transmission losses can be modeled successfully with
the simplified method available in HEC-HMS. The loss methodology assumes a constant infiltration rate into the channel bed; over
longer periods of time (days or weeks), this assumption may be
violated because of sediment layers with a reduced hydraulic conductivity or if the channel sediments became fully saturated. The
latter is unlikely in the case of the Montoyas Arroyo because the
regional water table is at a significant depth below the channel surface and impermeable sediments that would allow formation of a
shallow, perched aquifer were only encountered at one site outside
of the study reach. Typical runoff events in New Mexico only last
hours, so assuming a constant loss rate seems justified.
Modeled hydrographs closely matched observed flows with
respect to peak discharge, runoff volume, timing, and overall hydrograph shape. Assigning reach-specific loss rates based on a
percentage of infiltration rates measured with a double-ring infiltrometer did not improve the model results. Applying a uniform
loss rate of 3.8 cm=h for all reaches resulted in the best agreement
between observed and modeled flows.
Transmission losses not only impact flood hydrographs; they
also have a beneficial impact on water quality, especially in urbanized areas, where pollutants associated with hard-surface runoff
are of concern. Natural, unlined arroyos act as natural infiltration
galleries, reducing the volume of runoff and thereby the pollutant
loads to the receiving water body.
Moreover, transmission losses are thought to be an important
source of groundwater recharge in arid environments (Shanafield
and Cook 2014; Goodrich et al. 2004; Greenbaum et al. 2002;
Geith and Sultan 2002). Many communities in western states rely
on groundwater as their sole source of potable water. Increasing
urbanization is putting more strain on an already limited resource.
Urbanization, however, also increases the frequency and magnitude
of runoff events because of an increase in impervious surfaces.
If arroyos prove to be important recharge zones for aquifers, quantifying transmission losses can have far-reaching consequences for
water management in the future.

Consultants, Inc., and Daniel B. Stephens and Associates, Inc., for
geotechnical services, as well as Adrienne Martinez for her help
with infiltration testing.

Notation
The following symbols are used in this paper:
Cu = coefficient of uniformity;
Cc = coefficient of curvature;
cm=h = centimeters per hour (infiltration rate);
D10 = grain diameter (in millimeters) for which 10% of the
sample (by weight) is finer;
D50 = median grain size, grain diameter for which half the
sample (by weight) is smaller and half is larger;
m3 =s = cubic meters per second (flow rate); and
m3 = cubic meters (runoff volume).

References
ASTM. (2007). “Standard test method for particle-size analysis of soils
(withdrawn 2016).” ASTM D422-63, West Conshohocken, PA.
ASTM. (2009). “Standard test method for infiltration rate of soils in field
using double-ring infiltrometer.” ASTM D3385, West Conshohocken,
PA.
Batlle-Aguilar, J., and Cook, G. (2012). “Transient infiltration from ephemeral streams: A field experiment at the reach scale.” Water Resour. Res.,
48(11), 1–12.
Belmonte, A. M. C., and Beltrán, F. S. (2001). “Flood events in Mediterranean ephemeral streams (ramblas) in the Valencia region, Spain.”
Catena, 45(3), 229–249.
CABQ (City of Albuquerque). (2008). “Development process manual.”
Albuquerque, NM.
CCRFCD (Clark County Regional Flood Control District). (1999). “Hydrologic criteria and drainage design manual.” Las Vegas, NV.
CoRR (City of Rio Rancho). (2009). “Development manual. Volume 2:
Design criteria.” Rio Rancho, NM.
Costa, A. C., Bronstert, A., and Araújo, J. C. (2012). “A channel transmission losses model for different dryland rivers.” Hydrol. Earth Syst. Sci.,
16(4), 1111–1135.
FCDMC (Flood Control District of Maricopa County). (2013). “Drainage
design manual for Maricopa County, Arizona.” Phoenix, AZ.
FLO 2D [Computer software]. FLO-2D Software, Inc., Nutrioso, AZ.
Gheith, H., and Sultan, M. (2002). “Construction of a hydrologic model for
estimating Wadi runoff and groundwater recharge in the Eastern Desert,
Egypt.” J. Hydrol., 263(1–4), 36–55.
Goodrich, D. C., et al. (2004). “Comparison of methods to estimate ephemeral channel recharge, Walnut Gulch, San Pedro River Basin, Arizona.”
American Geophysical Union, Washington, DC.
Greenbaum, N., Schwartz, U., Schick, A. P., and Enzel, Y. (2002). “Paleofloods and the estimation of long term transmission losses and recharge to the Lower Nahal Zin Alluvial Aquifer, Negev Desert,
Israel.” American Geophysical Union, Washington, DC.
Hughes, D. A., and Sami, K. (1992). “Transmission losses to alluvium and
associated moisture dynamics in a semiarid ephemeral channel system
in Southern Africa.” Hydrol. Process., 6(1), 45–53.
Lai, J., and Ren, L. (2007). “Assessing the size dependency of measured
hydraulic conductivity using double-ring infiltrometers and numerical
simulation.” Soil Sci. Soc. Am. J., 71(6), 1667.
Lane, L. J., et al. (2007). “Transmission losses.” National engineering
handbook, NRCS, USDA, Washington, DC.
Lange, J. (2005). “Dynamics of transmission losses in a large arid stream
channel.” J. Hydrol., 306(1–4), 112–126.
McAda, D. P., and Barroll, P. (2002). “Simulation of ground-water flow
in the Middle Rio Grande basin between Cochiti and San Acacia,
New Mexico.” Water-Resources Investigations Rep. 02-4200, U.S.
Geological Survey, Albuquerque, NM.

Acknowledgments
The author thanks Charles Thomas (SSCAFCA) for his technical
review and guidance, as well as Catherine Conran (SSCAFCA)
for her review and comments. The author also thanks Terracon
© ASCE

05016038-7

48
J. Hydrol. Eng., 05016038

J. Hydrol. Eng.

Downloaded from ascelibrary.org by Gerhard Schoener on 10/25/16. Copyright ASCE. For personal use only; all rights reserved.

McMahon, T. A., Murphy, R. E., Peel, M. C., Costelloe, J. F., and
Chiew, F. H. S. (2008). “Understanding the surface hydrology of the
Lake Eyre Basin. Part II: Streamflow.” J. Arid Environ., 72(10),
1869–1886.
Neitsch, S. L., Arnold, J. G., Kiniry, J. R., and Williams, J. R. (2011). “Soil
and water assessment tool theoretical documentation, version 2009.”
Technical Rep. No. 406, Texas A&M Univ. System, College Station,
TX.
NMOSE (New Mexico Office of the State Engineer). (2008). “Hydrologic
analysis for dams.” 〈http://www.ose.state.nm.us/DS/dsReferences.php〉
(Jun. 16, 2016).
NOAA (National Oceanic and Atmospheric Administration). (2016).
“U.S. annual climatological summaries.” 〈https://data.noaa.gov/dataset
/u-s-annual-climatological-summaries〉 (Jun. 20, 2016).
Pilgrim, D. H., Chapman, T. G., and Doran, D. G. (1988). “Problems of
rainfall-runoff modeling in arid and semiarid regions.” Hydrol. Sci. J.,
33(4), 379–400.
Rew, S. N., and McCuen, R. H. (2010). “Analysis and synthesis of transmission loss hydrographs.” J. Irrig. Drain. Eng., 10.1061/(ASCE)IR
.1943-4774.0000228, 637–645.
Shanafield, M., and Cook, P. G. (2014). “Transmission losses, infiltration
and groundwater recharge through ephemeral and intermittent streambeds: A review of applied methods.” J. Hydrol., 511, 518–529.
Šimůnek, J., van Genuchten, M. T., and Šejna, M. (2008). “Development
and applications of the HYDRUS and STANMOD software packages
and related codes.” Vadose Zone J., 7(2), 587–600.

© ASCE

Swartzendruber, D., and Olson, T. C. (1961). “Sand-model study of buffer
effects in the double-ring infiltrometer.” Soil Sci. Soc. Am. J., 25(1),
5–8.
Thompson, J. R., Sorenson, H. R., Gavin, H., and Refsgaard, A. (2004).
“Application of a coupled MIKE SHE/MIKE 11 modelling system to a
lowland wet grassland in southeast England.” J. Hydrol., 293(1–4),
151–179.
UDFCD (Urban Drainage and Flood Control District). (2016). “Urban
storm drainage criteria manual. Volume 1: Management, hydrology,
and hydraulics.” Denver.
USACE (U.S. Army Corps of Engineers). (1998). “HEC-1 flood hydrograph package user’s manual version 4.1.” Hydrologic Engineering
Center, Davis, CA.
USACE (U.S. Army Corps of Engineers). (2010). “HEC-RAS river
analysis system user’s manual version 4.1.” Hydrologic Engineering
Center, Davis, CA.
USACE (U.S. Army Corps of Engineers). (2015). “Hydrologic modeling
system HEC-HMS user’s manual version 4.1.” Hydrologic Engineering
Center, Davis, CA.
Wheater, H. (2007). “Modelling hydrological processes in arid and
semi-arid areas: An introduction to the workshop.” Hydrological modelling in arid and semi-arid areas, Cambridge University Press,
Cambridge, U.K.
YCFCD (Yavapai County Flood Control District). (2015). “Drainage
design manual for Yavapai County.” Prescott, AZ.

05016038-8

49
J. Hydrol. Eng., 05016038

J. Hydrol. Eng.

Flood Risk Analysis: Potential Impacts of Climate Change on
the Upper Calabacillas Arroyo
Prepared by Gerhard Schoener, Watershed Scientist
Southern Sandoval County Arroyo and Flood Control Authority

1. Background
The Central New Mexico Climate Change Scenario Planning Project, led by the Mid-Region Council of
Governments (MRCOG) and the U.S. Department of Transportation’s Volpe Center, analyzed strategies
to prepare for the impacts of climate change in the greater Albuquerque area. One of the anticipated
impacts of climate change is an increase in the magnitude and frequency of extreme precipitation
events, leading to an increase in extreme floods. The Southern Sandoval Country Arroyo Flood Control
Authority (SSCAFCA) conducted a case study to assess potential implications for existing and future
urban development, infrastructure, and public safety, in the upper Calabacillas Arroyo.
The first step in this study was to determine if a link could be established between climate change and
increased flood risk based on general circulation models. Once established, SSCAFCA applied factors by
which the 100-year flood event may increase over time and modeled the assumed increase in storm
magnitude through hydrologic and hydraulic models for the Calabacillas Arroyo watershed.
Baseline Climate Model Data
Global climate models, or general circulation models (GCM) are global scale atmospheric and ocean
circulation models used to estimate changes in temperature and precipitation, among other variables,
as a result of increased greenhouse gas concentrations in the atmosphere. The World Climate Research
Programme’s Coupled Model Intercomparison Project Phase 5 (CMIP 5) represents an archive for output
from GCM runs by different models for different emissions scenarios. These results (typical spatial unit
of one or two degrees square) have been bias corrected and spatially downscaled to 1/8th degree square
(approximately 56 square miles) based on historic point observations. Downscaled CMIP 5 data for one
grid cell in the SSCAFCA/ City of Rio Rancho area was obtained from the website http://gdodcp.ucllnl.org/downscaled_cmip_projections/ (see Figure 1).
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Figure 1: Spatial extent of the 1/8 degree model grid cell analyzed in this study

A total of 67 different GCM model runs with precipitation data at a daily time step were available for the
time period 1950-2099 (see Figure 2).

Figure 2: GCM models and emissions scenarios used for the analysis.
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2. Methods
To analyze changes in precipitation patterns over time, an annual maximum series (highest annual 24hour rainfall) was assembled for each GCM run for the historic period (1950-1999). The annual
maximum series were utilized to estimate the 100-year 24-hour storm using the Extreme Value Type I
Distribution. Using the same approach, 100-year 24-hour precipitation values were estimated for each
GCM run for the periods 2000-2049 and 2050-2099.1
Figure 3 shows boxplots of the percent change in the 100-year 24-hour precipitation value for both
future time periods compared to the historic period for each of the 67 GCM model runs.

% Change compared to 1950 to 1999
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2050 to 2099

Figure 3: Box plots of the percent change in 100-year 24-hr precipitation from 67 GCM runs for one 1/8 degree grid cell (56
square miles) in Sandoval County.

The comparison shows a small increase in the median 100-year 24-hour precipitation value for the
period ending in 2049 (not statistically significant), and a significant increase for the latter time period.
The median percent increase for the time period 2050-2099 was 10 percent, with the 95 percent
confidence interval ranging from approximately 1 percent to 15 percent (confidence interval based on
the non-parametric sign test).
Precipitation projections based on climate models are associated with large uncertainties; rather than
focus on the absolute magnitude of the increase, it is noteworthy that many of the GCM runs predict an
increase in precipitation variability and extreme events. It is also worth noting that this case study

1

This methodology was devised by Jesse Roach, at the time with Sandia National Labs, for use in the analysis of
CMIP data in the Central New Mexico Climate Change Project.
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analyzed only one model grid cell (56 square miles), but results predicting increased magnitude of
extreme events are consistent with other studies (Bureau of Reclamation, 2013).
In short, CMIP-5 data establishes that there is a need to prepare for more extreme precipitation events,
even though the exact magnitude of increase cannot be determined due to uncertainty in the data. To
assess the impacts of climate change on variable precipitation and greater flood risks, SSCAFCA assessed
the impacts of hypothetical storm events on the Calabacillas Watershed.
Case Study of Potential Climate Change Impacts
Potential impacts of increasing extreme events were explored using the Calabacillas Watershed, located
in Sandoval and Bernalillo Counties, New Mexico (see Figure 4).

Figure 4: The Calabacillas Watershed (black outline) drains to the Rio Grande from the west.
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A hydrologic model for the upper portion of the watershed was developed by SSCAFCA in cooperation
with the Albuquerque Metropolitan Arroyo Flood Control Authority (AMAFCA) as part of a regional
watershed management plan (SSCAFCA, 2014).
To assess the potential impacts of increased extreme rain events on the Calabacillas Watershed, the
hydrologic model was run using three different scenarios:
-

-

-

The 100-year 24-hour design storm, a hypothetical storm based on point precipitation estimates
from the NOAA 14 Atlas (SSCAFCA, 2009). In the Calabacillas Watershed, current point precipitation
estimates for the 100-year 24-hour storm range from 2.6 to 3.1 inches. The design storm is utilized
to design drainage infrastructure such as road crossings, channels, ponds and dams, and to
delineate floodplains; this is the current standard used by SSCAFCA.
A hypothetical storm based on 10 percent higher 100-year 24-hour point precipitation; it was
assumed that incremental rainfall would increase uniformly by 10 percent for every time increment
of the storm.
A hypothetical storm based on 25 percent higher 100-year 24-hour point precipitation; it was
assumed that incremental rainfall would increase uniformly by 25 percent for every time increment
of the storm.
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3. Results
Impacts of higher magnitude extreme events in the Calabacillas Watershed can be assigned to three
general categories: existing flood control infrastructure, floodplains, and erosion.
Existing Flood Control Infrastructure
Due to higher peak flows resulting from higher precipitation extremes, existing flood control
infrastructure can be adversely affected by climate change. In the Calabacillas Watershed, the road
crossing structure at Southern Blvd already has insufficient capacity under existing conditions.

Figure 5: Storm flows in the Calabacillas Arroyo overtopping Southern Blvd during the flood of September 13, 2013 (Source:
koat.com).

Figure 5 shows the Southern Blvd crossing during the storm of September 13, 2013. Storm flows
overtopped the roadway resulting in localized flooding upstream due to the ponding effect of the road
embankment (Figure 6).
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Extent of flooding

Figure 6: Extent of flooding upstream of Southern Blvd during the storm of September 13, 2013 (Source: koat.com).

Any further increase in flows would exacerbate the capacity and flooding problems at Southern Blvd.
This example illustrates how increased peak discharge can negatively affect existing drainage
infrastructure.
The predicted peak flow rate at Southern Blvd resulting from the 100-year design storm is approximately
8,000 cfs. The hydrologic model for the Calabacillas Watershed predicts that a 10 percent increase in the
100-year precipitation would lead to a 25 percent increase in peak flow at this point (see Table 1); a 25
percent increase in 100-year precipitation would lead to a 75% increase in peak flow at Southern Blvd.
Table 1: Approximate flow rates at Southern Blvd for existing conditions compared to hypothetical increases in the 100-year
24-hour rainfall due to climate change.

Model Scenario

Southern Blvd
Peak Flow Rate

Increase

Existing Conditions 100-year 24-hour design storm

8,000 cfs

--

10 percent increase of 100-year 24-hour rainfall

10,000 cfs

25%

25 percent increase of 100-year 24-hour rainfall

14,000 cfs

75%

Even moderate changes in precipitation can have dramatic impacts on peak discharge during extreme
storm events.
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Floodplains
Floodplains are areas inundated
during peak flow conditions. The
extent of a floodplain depends
largely on the topography.
Minimally incised channels with
wide, flat overbank areas are
more susceptible to increased
flooding, since a small rise in
water surface elevation can
substantially increase the
inundated area. Deeply incised
channels on the other hand may
only see a small floodplain
change, even if the flow rate
increases. Susceptibility to
flooding therefore has to be
analyzed on a case-by-case basis.
Figure 7 shows an area in the
Calabacillas Arroyo where an
increase in the 100-year storm
would dramatically alter the
floodplain and impact existing
development along the eastern
edge of the Arroyo. Approximately
30 homes would be completely in
the floodplain with a 10% increase
in the 100-year storm (yellow
line).

Figure 7: Existing 100-year floodplain (blue) in the Calabacillas Arroyo north of
Southern Blvd. Yellow and red lines indicate the estimated flood plain extents
for 10% and 25% higher precipitation.
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Erosion
Soils in the Calabacillas Watershed are predominantly sandy loams and are highly erosive. Flood waters
erode and transport large amounts of sediment, and arroyos migrate laterally over time. Erosion and
lateral migration can pose a significant threat to private property and public infrastructure adjacent to
arroyos, even in areas that are not within the floodplain.

Figure 8: Lateral migration of the Calabacillas Arroyo between 1952 and 2014.

Figure 8 illustrates how one reach of the Calabacillas Arroyo has changed over time. In the 60-year
period between 1952 and 2012, the banks of the arroyo moved more than 300 feet. One large storm in
2013 shifted the southern bank 70 feet further to the south (see yellow line, Figure 8). As extreme
events become more frequent and greater in magnitude, the rate of lateral migration will likely increase.
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4. Conclusions
This case study illustrates how anticipated increases in the magnitude and frequency of extreme rainfall
events due to climate change could have detrimental impacts on public health, safety and welfare,
particularly adjacent to major natural drainage ways such as the upper Calabacillas Arroyo.
Higher magnitudes of extreme rainfall will lead to increased peak flows. The Calabacillas case study
shows that a 10 percent increase in precipitation could lead to a 25 percent increase in peak discharge; a
25 percent increase in precipitation could lead to a 75 percent increase in flow.
Higher peak discharge may overwhelm existing drainage infrastructure, as well as planned facilities
designed based on current standards; furthermore, the extent of floodplains in low lying areas will
increase. More frequent storm flows and higher peaks will increase bank erosion and accelerate the
lateral migration of natural arroyos. Preservation of buffer areas adjacent to natural arroyos that
account both for floodplains and lateral migration will therefore become increasingly important in the
future.
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SUMMARY
Dams provide vital service and protection to our communities and economy. The average age of the
90,580 dams in the country is 56 years. As our population grows and development continues, the overall
number of high-hazard potential dams is increasing, with the number climbing to nearly 15,500 in 2016.
Due to the lack of investment, the number of deficient high-hazard potential dams has also climbed to
an estimated 2,170 or more. It is estimated that it will require an investment of nearly $45 billion to
repair aging, yet critical, high-hazard potential dams.

CONDITIONS & CAPACITY
Dams come in a variety of sizes and serve a number of purposes. Our nation’s dams provide essential
benefits such as drinking water, irrigation, hydropower, flood control, and recreation. The public most
commonly thinks of engineering marvels like the Hoover Dam in Nevada rather than the smaller
structure that created the lake at the center of a planned community. No matter how large or small,
dams have a powerful presence that frequently is overlooked until failure has occurred.
The safe operation and proper maintenance of dams is critical to sustaining the benefits, while
mitigating the risk of a dam failure. Yet despite their importance, thousands of dams remain in need of
rehabilitation to meet current design and safety standards. These structures are not only aging, but are
subject to stricter criteria because of increased downstream development and advancing scientific
knowledge predicting flooding, earthquakes, and dam failures.
Dams are classified based on their hazard potential, or anticipated consequences in the case of failure.
The failure of a dam that is classified as high-hazard potential is anticipated to cause a loss of life. The
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number of high-hazard potential dams is
growing rapidly; as of 2015, there are
approximately 15,500 dams in the United
States that are classified as high-hazard
potential. This number has climbed from
10,213 high-hazard potential dams in
2005 and is anticipated to continue to
climb as areas below dams continue to be
developed. With population growth
expected to slow, the U.S. has an
opportunity to more methodically
develop currently unpopulated areas to
avoid placing homes and other structures
below dams, thereby reducing the
number of structures classified as “highhazard potential.” Another 11,882 dams
are currently labeled as significant hazard potential, meaning a failure would not necessarily cause a loss
of life, but could result in significant economic losses. While these figures climb, the increase has slowed
because more dams are inspected on a more regular basis, allowing for the identification of deficiencies
before they lead to a failure.
The average age of our nation’s dams is 56 years. By 2025, seven out of 10 dams in the United States will
be over 50 years old. Fifty years ago dams were built with the best engineering and construction
standards of the time. However, as the scientific and engineering data have improved, many dams are
not expected to safely withstand current predictions regarding large floods and earthquakes. In
addition, many of these dams were initially constructed using less-stringent design criteria for lowhazard potential dams due to the lack of development.

FUNDING & FUTURE NEED
Investment is needed to rehabilitate deficient dams and to improve the efficacy of policies and
regulatory programs that oversee dam safety programs. Upgrade or rehabilitation is necessary due to
deterioration, changing technical standards, and improved techniques, as well as better understanding
of the area's precipitation conditions, increases in downstream populations, and changing land use.
When a dam's hazard classification is changed to reflect an increased hazard potential, the dam may
need to be upgraded to meet an increased need for safety. Many dam owners, especially private dam
owners, find it difficult to finance rehabilitation projects.
The Association of State Dam Safety Officials estimates that the combined total cost to rehabilitate the
nation’s non-federal and federal dams exceeds $64 billion. To rehabilitate just those dams categorized
as most critical, or high-hazard, would cost the nation nearly $22 billion, a cost that continues to rise as
maintenance, repair, and rehabilitation are delayed.
The U.S. Army Corps of Engineers estimates that more than $25 billion will be required to address dam
deficiencies for Corps-owned dams. At current investment rates, these repairs would take over 50 years
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to complete. The Bureau of Reclamation has identified approximately 20 of its high- and significanthazard potential dams as in need of repair or upgrade. The cost of those actions is estimated at $2
billion over the next 15 years.
The Water Infrastructure Improvements for the Nation (WIIN) Act signed into law in 2016 authorized a
national dam rehabilitation and repair program, which would help fund the repair, removal, or
rehabilitation of the nation’s non-federal, high-hazard potential dams. When fully appropriated the
provision has the potential to help to repair some of the highest priority dam safety rehabilitation
projects in the country. Until this program is funded a lack of financial resources will continue to be a
reason dam owners are unable to implement needed repairs and upgrades.
Nearly half of all states have a grant or low-interest revolving loan program to assist dam owners with
repairs. This local commitment of funds can help to make the potential federal grants go even further.
Overall, state dam safety program staffing has increased over the past several years. In 2015 state
programs spent over $49 million1 on their regulatory programs, a 10% increase from just four years ago.
The federal National Dam Safety Program was reauthorized by the Water Resources Reform and
Development Act (WRRDA) in 2014 but has not seen a full appropriation at authorized levels.

PUBLIC SAFETY & RESILIENCE
In order to improve public safety and resilience, the risk and consequences of dam failure must be
lowered. Progress requires better planning for mitigating the effects of failures; increased regulatory
oversight of the safety of dams; improving coordination and communication across governing agencies;
and the development of tools, training, and technology.
Dam failures not only risk public safety, they also can cost our economy millions of dollars in damages.
Failure is not just limited to damage to the dam itself. It can result in the impairment of many other
infrastructure systems, such as roads, bridges, and water systems. When a dam fails, resources must be
devoted to the prevention and treatment of public health risks as well as the resulting structural
consequences. For this reason, emergency action plans (EAPs) for use in the event of an impending dam
failure or other uncontrolled release of water are
vital. The number of high-hazard potential dams
with an EAP has increased in recent years; as of
2015 77% of dams have EAPs – up from 66% in the
2013 Report Card and marked progress toward the
national goal of 100%.
Our nation’s dams are owned and operated by
many different entities including all levels of
government. However more than half are owned by
a private entity. The federal government owns
3,381 dams, or approximately 4% of the nation’s
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dams. The U.S. Army Corps of Engineers owns only 709 dams, more than half of which are 50 years old.
With the majority of dams privately held, these structures likely rely on state dam safety programs for
inspection. State dam safety programs have primary responsibility and permitting, inspection, and
enforcement authority for more than three-quarters of the nation’s dams. Therefore, state dam safety
programs bear a large responsibility for public safety, but unfortunately, many lack sufficient resources,
and in some cases, enough regulatory authority, to be effective. The national number of dams per state
safety program employee totals 205. For perspective, some of the top state dam safety programs such
as California, Colorado, New Jersey, and Pennsylvania have less than 135 dams per staff member (the
California Division of Safety of Dams, a robust state dam safety program with regulatory oversight over
many of the nation’s most consequential dams, has only 20 dams per staff member). Despite continued
efforts by public safety and engineering advocacy groups, Alabama continues to remain the only state
without a dam safety regulatory program.
EAPs play the biggest role in keeping people and property safe in the event of a dam breach or failure.
As of 2013, just five states had 100% of high-hazard potential dams with EAPs. Several states are making
notable progress on increasing the percentage of dams with EAPs, including Hawaii, which went from
having 2 dams with EAPs in 1999 to 120 in 2015.
Innovative approaches in risk management have the potential for seeing the costs of rehabilitation go
down. The dam safety engineering practice is moving towards a risk-based decision-making process for
the design, rehabilitation, and operation of dams. Risk-based decisions enable the dam owner to better
utilize limited funding and prioritize projects by focusing on repairs and operational changes that reduce
risk to acceptable levels, thus improving community resilience. Engineers, dam owners, regulators, and
emergency management professionals should be engaging communities potentially affected by a dam
failure in order to provide a fair portrayal of risk. Through broader community collaboration,
stakeholders w ill be better able to support land use decisions, emergency action planning, and
maintenance and rehabilitation funding, which will reduce community risk in the long term.
a

RAISING THE GRADES—SOLUTIONS THAT WORK NOW








Fund the national dam rehabilitation and repair funding program to cost-share repairs to nonfederal, high-hazard potential dams.
Develop emergency action plans for every high-hazard potential dam by 2021.
Implement a national public awareness campaign to educate individuals on the location and
condition of dams in their area and become more “dam aware.”
Implement better public education about high-hazard potential dams, specifically ensuring the
public has a better understanding of the dam rating system and how we determine condition.
Encourage incentives to governors and state legislatures to provide sufficient resources and
regulatory authorities to their dam safety programs.
Require federal agencies that own, operate, or regulate dams to meet the standards of Federal
Guidelines for Dam Safety.
Encourage improved land use planning at the local level so that communication about how
dams affect local areas is more accurately known and considered in future planning.
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DEFINITIONS
Emergency Action Plan - A formal document that identifies potential emergency conditions at a dam
and specifies preplanned actions to be followed to minimize property damage and loss of life should
those conditions occur. The EAP contains procedures and information to assist the dam owner in issuing
early warning and notification messages to responsible downstream emergency management
authorities. It also should include inundation maps to show the emergency management authorities the
critical areas for action in case of an emergency.
Dam Owner – Party or parties responsible for the safety and liability of the dam and for financing its
upkeep, upgrade, and repair.
Dam Regulator – Party or parties responsible for dam safety enforcement including the safety
evaluations of existing dams, review of plans and specifications for dam construction and major repair
work, periodic inspections of construction work on new and existing dams, and review and approval of
emergency action plans.
High-Hazard Potential Dam – A dam in which failure or mis-operation is expected to result in loss of life
and may also cause significant economic losses, including damages to downstream property or critical
infrastructure, environmental damage, or disruption of lifeline facilities.
Significant-Hazard Potential Dam – A dam in which the failure or mis-operation is not expected to cause
loss of life, but results in significant economic losses, including damages to downstream property, critical
infrastructure, environmental damage, or disruption of lifeline facilities.
Low-Hazard Potential Dam – A dam located in a rural or agricultural area where failure would not only
cause the loss of the dam itself but may cause minor damage to nonresidential and normally unoccupied
buildings, or rural or agricultural land.
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OVERVIEW
A nationwide network of 30,000 documented miles of levees protects communities, critical
infrastructure, and valuable property, with levees in the U.S. Army Corps of Engineers Levee Safety
Program protecting over 300 colleges and universities, 30 professional sports venues, 100 breweries,
and an estimated $1.3 trillion in property. As development continues to encroach in floodplains along
rivers and coastal areas, an estimated $80 billion is needed in the next 10 years to maintain and improve
the nation’s system of levees. In 2014 Congress passed the Water Resources Reform and Development
Act, which expanded the levee safety program nationwide, but the program has not yet received any
funding.

CAPACITY AND CONDITION
Levees are usually earthen embankments or concrete floodwalls, which have been designed and
constructed to contain, control, or divert the flow of water to reduce the risk of temporary flooding.
Vertical concrete floodwalls may be erected in urban areas where there is insufficient land for an
earthen levee.
Most of the levees across the country were built in the middle of the last century by federal, state, and
local agencies or by private property owners. The average age of levees in the U.S. is 50 years and many
are showing their age. While there are newer or reconstructed levees, a large number of levees were
built in response to the widespread flooding on the Mississippi River in 1927 and 1937, and in California
after catastrophic flooding in 1907 and 1909.
Every state in America and the District of Columbia rely on levees for flood control to reduce risk to
homes, businesses, and property. The nationwide network of levees consists of 30,000 documented
miles and up to an estimated 100,000 miles of levees protects millions of people in cities large and
small. Levees are critical to reducing risk to the public and property from devastating floods caused by
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the rising of rivers during high rain events or from surge and waves during large coastal storm events.
With more than half of the U.S. population living within 50 miles of a coast and continued development
in flood plains, levees play a critical life safety role. Unfortunately, because this infrastructure often goes
unnoticed, citizens are frequently unaware of the risks associated with possible failure of a levee.
According to the U.S. Army Corps of Engineers’ (USACE) National Levee Database (NLD), levees are
found in approximately 35% of the nation’s counties, with nearly two-thirds of Americans living in a
county with at least one levee. Earthen embankments make up 97% of all the levees in the USACE Levee
Safety Program, while floodwalls make up the remaining 3%. The NLD contains 11,900 individual levee
systems accounting for the nearly 30,000 miles of documented levees. The USACE maintains authority
over 13,700 miles, while other federal, state, or local agencies are responsible for the remaining 15,400
miles in the NLD. Due to the large inventory of levees outside of USACE’s authority, the condition of the
nation’s levees is largely unknown, but future efforts are planned to gain a better understanding of the
nation’s levees, as authorized in Water Resources Reform and Development Act of 2014.
The USACE has performed engineering inspections and risk assessments to understand the condition
and characterize the flood risk associated with levees in their authority. Currently, USACE has completed
risk assessment on over 1,200 levee systems out of the 2,500 in the USACE program. The risk
assessment shows that of USACE-owned levees, 5% are high to very high risk, 15% moderate risk, and
80% low risk. The assessments are based on several criteria, including possible loading events such as
floods, storms, and earthquakes; level of performance; and consequences of failure. Major deficiencies
include culverts, seepage – the biggest risk driver – and vegetation. The numbers of high and moderate
risk levees are expected to grow as more inspections are performed, raising awareness of their
conditions. Currently, less than half of the levees in USACE’s authority have risk assessment and risk
characterizations.
Levees function passively or may require active mechanical operations. For example, some levees have
gates and pumps, which may require personnel to operate them in times of floods. Levees require
regular maintenance and periodic upgrades to retain their level of protection.

FUNDING & INVESTMENT
It is estimated that $80 billion is needed in the next 10 years to maintain and improve the nation’s
levees. Federal funding is available only for USACE-owned levees. More than half of levees are owned by
states and localities, which often have limited budgets for repairs and maintenance.
The 2014 Water Resources Reform and Development Act (WRRDA) created a new National Levee Safety
Initiative (NLSI). This program will promote consistent safety standards, create levee safety guidelines,
and provide funding assistance to states for establishing participating levee safety programs. WRRDA
authorized $395 million to support levee safety initiative. However, since the NLSI was passed, not a
single dollar has been appropriated for the program, nor has the program been identified in the
Presidential Budget Request as a priority. Even if funds are appropriated for this program, they are not
intended to be used for levee repairs, maintenance, or rehabilitation of the infrastructure. Funding the
National Levee Safety Initiative to create state programs would be a major step toward improving the
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nation’s levee infrastructure. Without investment in this program, levees will continue to languish and
much of this critical infrastructure’s condition will remain unknown.

PUBLIC SAFETY, RESILIENCE & INNOVATION
Levees play a critical role in protecting many American communities and their economies at risk of
dangerous flooding. Those in the USACE Levee Safety Program protect over 300 universities, 30
professional sports venues, 100 breweries, and an estimated $1.3 trillion in property. During floods in
the summer of 2015, the U.S. Army Corps of Engineers estimated that levees in the South, Central, and
Southwestern United States prevented more than $13.1 billion in damage. Along the Mississippi River
decades of levee upgrades have prevented $306 billion in flood damage prevention, equating to a 24-to1 return on investment of that infrastructure. The National Flood Insurance Program (NFIP), which
encourages flood risk mitigation activities and requires at-risk homeowners to purchase insurance, saves
the national economy $1.7 billion in avoided losses due to flooding.
With ownership and maintenance responsibilities for U.S. levees spread across multiple jurisdictions, the
Federal Emergency Management Agency (FEMA), USACE, and local partners have undertaken efforts to
increase coordination across agencies for levee inventories, inspections, safety ratings, and public
awareness, including development of public safety and information programs.

RECOMMENDATIONS









Fully fund the National Levee Safety Program passed in the Water Resources Reform and
Development Act of 2014.
Complete the National Levee Inventory for both federal and nonfederal levees.
Adopt a levee hazard potential classification system.
Complete levee mapping as outlined in the National Flood Insurance Program reform bill and
implement FEMA’s new levee mapping and analysis program.
Increase funding at all levels of government and leverage private funds to address structural and
nonstructural solutions that reduce risk to people and property.
Require insurance where appropriate, and create emergency action plans for levee-protected
areas.
Ensure that operation and maintenance plans cover all aspects of a complex levee system.
Assess levees using updated hydrology and hydraulic analyses that incorporate the impact of
urbanization and climate change, particularly for coastal levees.

GLOSSARY OF TERMS
Culvert – An opening through an embankment for the conveyance of water by mean of pipe or an
enclosed channel.
Seepage – The slow movement of water through small openings and spaces in the surface of
unsaturated soil into or out of a body of surface or subsurface water.
Levees – Manmade barriers (e.g., as an embankment, floodwall, or other structure) that are built to
provide protection from hurricane, storm, or flood protection relating to seasonal high water, storm

67

surges, precipitation, or other weather events; such a barrier is normally subject to water loading for
only a few days or weeks during a calendar year.
Earthen levees – constructed from compacted soil that is typically covered with various surface
materials, such as grass, gravel, stone, asphalt, or concrete, to help prevent erosion.
Acceptable Levee Condition – The inspected system is in satisfactory condition, with no deficiencies,
and will function as intended during the next flood event
Minimally Acceptable Levee Condition – One or more items have a minor deficiency that need to be
corrected, and an engineering determination concludes that the items would not prevent the segment
or system from performing as intended during the next flood event
Unacceptable Levee Condition – An unacceptable rating means that one or more items that make up
the levee system would prevent the system from performing as intended. It may also mean that a
serious deficiency noted in past inspections has not been corrected within the established timeframe
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