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To whom it may concern:
The Southern Sandoval County Arroyo Flood Control Authority (SSCAFCA) is pleased
to submit the 2016 Annual Report for NPDES Permit No. NMR04A000. SSCAFCA’s
permit tracking number, as assigned in our letter from EPA “Coverage under Middle Rio
Grande (MRG) Watershed Based Municipal Sewer Separate Storm Sewer System
General Permit (NPDES No. NMR04A000) is NMR04A001. This report covers the
period from July 1, 2016 (the date of the letter from EPA authorizing coverage under
NPDES Permit No. NMR04A000) to June 30, 2017.
Materials contained within this transmittal include our Annual Report compiled using the
EPA’s suggested Annual Report Format, a 2017 Annual Report Supplement, the River
Xchange 2017 report, the Summary of Outcomes Report for the Mid Rio Grande
Stormwater Quality Team, a profile of water quality projects that have been completed
within the reporting period, and memorandums developed on behalf of the Compliance
Monitoring Cooperative for the wet season compliance sampling in 2016 and the dry
season compliance sampling in 2016-2017. EPA has authorized data entry of sample
results for the Compliance Monitoring Cooperative to be entered into NetDMR by a
single entity on behalf of other entities. A copy of the memorandum of understanding
between SSCAFCA and AMAFCA as well as the letter from EPA authorizing this action
are included in this report.
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2017 Annual Report Supplement (Reporting period 7/1/16 – 6/30/17)
NPDES Permit NMR04A001
Southern Sandoval County Arroyo Flood Control Authority (SSCAFCA)
This document is being provided as a supplement to the form that was provided by the EPA as the
format for the Annual Report. The supplement is being used to provide more explanation to responses
provided in the Annual Report form where specific circumstances of SSCAFCA’s status require more
information to be provided than is allowed on the form.
Section 1, NPDES Number: The pdf form provided by the EPA does not allow for non-numeric data
entry in this field. The NPDES number for our permit is NMR04A001
Section 4.A, “Do you have an ordinance or other regulatory mechanism stipulating: erosion control
requirements; other construction waste control requirements; requirement to submit construction
plans for review; and, MS4 enforcement authority?”
Response: On the form, SSCAFCA has indicated “yes” to all of these program elements. It should be
noted that SSCAFCA only has jurisdictional authority over SSCAFCA-owned projects. The indication
of “yes” on the Annual Report shall be in the context of SSCAFCA-owned projects only.
Section 4.B, “Do you have written procedures for: reviewing construction plans; performing inspections;
and, responding to violations?”
Response: On the form, SSCAFCA has indicated “yes” to all of these program elements. It should be
noted that SSCAFCA only has jurisdictional authority over SSCAFCA-owned projects. The indication
of “yes” on the Annual Report shall be in the context of SSCAFCA-owned projects only.
Section 4.F, “Do you prioritize certain construction sites for more frequent inspections?”
Response: On the form, SSCAFCA has indicated “no” to this program element. Since SSCAFCA only
has jurisdiction over SSCAFCA-owned projects, SSCAFCA inspects these projects with the same
priority.
Section 4.H, “Do you use an electronic tool (e.g. GIS, data base, spreadsheet) to track locations,
inspection results, and enforcement actions of active construction sites in your jurisdiction?”
Response: On the form, SSCAFCA has indicated “no” to this program element. Since SSCAFCA only
has jurisdiction over SSCAFCA-owned projects and since there are relatively few of these projects
underway at any one time, the usage of an electronic means of tracking was deemed to be not
necessary and would provide more burden than assistance with regard to tracking these program
items.
Section 4.I, “What are the 3 most common types of violations documented during the reporting
period?”
Response: During the reporting period, SSCAFCA had three active SSCAFCA-owned construction
projects. This project was inspected by SSCAFCA personnel and contractor personnel frequently and
no violations were identified during the project.
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Section 6.A, “Have stormwater pollution prevention plans (or an equivalent plan) been developed for:
All public parks, ball fields, other recreational facilities and other open spaces; all municipal construction
activities including those disturbing less than 1 acre; all municipal turf grass/landscape management
activities; all municipal vehicle fueling, operation, and maintenance activities; all municipal maintenance
yards; and all municipal waste handling and disposal areas?”
Response: On the form, SSCAFCA has indicated “no” to these program elements. SSCAFCA does not
currently own or operate any of the types of facilities indicated in the Annual Report form.
Section 6.B, “Are stormwater inspections conducted at these facilities?”
Response: On the form, SSCAFCA has indicated “no” to this program element. Since SSCAFCA does
not own or operate any of these facility types, no inspections have occurred.
Section 7.A, “Do you have an ordinance or other regulatory mechanism to require: Site plan reviews for
stormwater/water quality of all new and re-development projects; long-term operation and
maintenance of stormwater management controls; retrofitting to incorporate long-term stormwater
management criteria?”
Response: On the form, SSCAFCA has indicated “yes” on all program elements. SSCAFCA does not
have jurisdiction outside of SSCAFCA-owned projects. SSCAFCA does have internal polices directing
staff with regard to the program elements. However, SSCAFCA does participate in some plan
reviews with the City of Rio Rancho for those developments that may impact SSCAFCA facilities.
During this annual report year, SSCAFCA reviewed four development plans meeting these criteria
and identified Low Impact Development opportunities one three of these plans.
Section 7.D, “Do you require water quality or quantity design standards or performance standards,
either directly or by reference to a state or other standard, be met for new development and redevelopment?”
Response: On the form, SSCAFCA has indicated “yes” on this program element. On SSCAFCA-owned
projects, SSCAFCA is required by State Law, to abide by the 96 hour rule, requiring all flood control
facilities to discharge all detained stormwater within 96 hours. Therefore, all SSCAFCA flood control
projects drain within 96 hours.
Section 7.E, “Do these performance or design standards require that pre-development hydrology be
met for: flow volumes; peak discharge rates; discharge frequency; and, flow duration?”
Response: On the form, SSCAFCA has indicated “no” on all program elements except for Peak
Discharge Rates. SSCAFCA-owned projects are flood control projects that generate little to no
excess stormwater on site as the vast majority (>99%) of these projects are not constructed from
impermeable materials. These projects are constructed to manage up-stream flows from
development and attenuate the hydrograph so that stormwater can be conveyed safely through
downstream facilities. However, SSCAFCA-owned projects are designed to provide for attenuation
of stormwater hydrographs from upstream and discharge at historical levels.
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Section 7.I, “How many privately owned permanent stormwater management practices/facilities were
inspected during the reporting period?”
Response: On the form, SSCAFCA has indicated “0” for this program element. SSCAFCA does not
have statutory authority to regulate private development, including regulation of post-development
conditions.
Section 7.J, “How many practices/facilities identified in I were found to have inadequate maintenance?”
Response: On the form, SSCAFCA has indicated “0” for this program element. SSCAFCA does not
have statutory authority to regulate private development or post-construction conditions in private
development. However, SSCAFCA facilities inspected for routine maintenance during the reporting
cycle had maintenance needs identified and carried out.
Section 7.L, “Do you have authority to take enforcement action for failure to property operate and
maintain stormwater practices/facilities?”
Response: On the form, SSCAFCA has indicated “No” for this program element. SSCAFCA does not
have statutory authority to regulate private development or post-construction conditions in private
development.
Section 7.N, “Do you use an electronic tool (e.g. GIS, database, spreadsheet) to track post-construction
BMPs, inspections, and maintenance?”
Response: On the form, SSCAFCA has indicated “Yes” for this program element. SSCAFCA uses a
spreadsheet for reporting maintenance activities to the U.S. Army Corps of Engineers (USACE) as
part of the Letter of Permission for maintenance work within the Waters of the United States.
SSCAFCA facilities are, for the most part, considered Waters of the United States by the USACE.
Section 8.A, “What was the annual expenditure to implement the MS4 permit requirements this
reporting period?”
Response: On the form, SSCAFCA has indicated a value of $741,859.97. This amount includes
capital funds that were expended for the Bosque de Bernalillo Water Quality Facility project on the
Coronado Arroyo, dues to the Stormwater Quality Team, expenditures for operating the Arroyo
Classroom program in Sandoval County through Cuidad Soil and Water Conservation District, and
SSCAFCA’s contribution to the Compliance Monitoring Cooperative.
Section 8.B, “What is next year’s budget for implementing the requirements of your MS4 NPDES
permit?”
Response: On the form, SSCAFCA has indicated a value of $50,240.00. This amount does not include
salaries for personnel working on permit compliance issues. There are no projected capital outlay
projects targeted at stormwater quality during the 2017-2018 reporting year, hence the reduced
number.

STORMWATER QUALITY PROJECTS
COMPLETED

Project Name:

Bosque de Bernalillo Water Quality project

Project Status (6/30/17):

Construction Completed

Project Summary:

This project is located in Bernalillo, NM along Sheriff’s Posse Rd.
approximately 0.25 miles south of US 550. This new facility is located on
the Coronado Arroyo, which conveys storm water from portions of the
City of Rio Rancho and the Town Bernalillo, ultimately discharging to the
Rio Grande. The water treatment portion of this site is being
constructed approximately 900-ft upstream of the confluence with the
Rio Grande.
Designed by SSCAFCA's internal engineering design team, the concept
for this project is to divert runoff from smaller, more frequent storms
into a meandering water quality (WQ) channel where the flow is
passively treated before it returns to the main arroyo. As flow enters
the meandering WQ portion of this project, it is provided the
opportunity to infiltrate into the surrounding sandy soils and get
“cleaned” in a variety of ways:


The WQ channel will include gabion basket side walls. The
gabion baskets are filled with basalt rock, a porous igneous rock,
which will promote a “wicking” effect on the passing storm
water and allow it to soak into the native soils and provide
moisture to the native vegetation.



The WQ channel will include a natural sandy-soil bottom. The
soils in this area are naturally sandy in nature and have
excellent infiltration rates. This sand acts as a natural filter for
oils and other suspended contaminants commonly found in
urban/rural storm water discharges.



The longitudinal slope of the WQ channel is very flat in
comparison to the main arroyo. This flat slope will work to
reduce flow velocities and allow the storm water to infiltrate.



The WQ channel outlet pipe, which conveys flow from the WQ
channel back into the main arroyo, is set above the channel
grade, creating a ponding effect which further promotes
infiltration of storm water.

In addition to the WQ component of this project, we have designed a
significant amount of improvements to the main Coronado Arroyo
including:
 Providing a more efficient, trapezoidal design of the arroyo to
increase flow-carrying capacity and protect adjacent property
and citizens from runoff resulting from the 1% Chance Annual
Storm (100-yr Storm).



Stabilizing the channel banks strategically with riprap armoring
to reduce project cost and impact to the environment.



Providing grade control structures to mitigate increased flows
from future upstream development and preserve the channel’s
“equilibrium slope”.



Providing maintenance access for the arroyo (where there was
previously none) in order to monitor the condition of this
system and conduct annual maintenance as required.



Designing a weather station and flow gauge to improve
SSCAFCA's in-house storm data collection and provide the public
with realistic “on-the-ground” information on rainfall events.

Water Quality Component:

See project summary.

Watershed:

Coronado

Pre-construction photo. Main arroyo channel straight and no treatment within watershed prior to
discharge to the Rio Grande

Project Site. Water quality meander to right of main channel, post construction

Flows diverted from south barrel of road crossing to water quality meander for treatment. This barrel
has a stormdrain inlet from large commercial development west of project site

Project Name:

Campus Dam Construction

Project Status (6/30/17):

Construction Completed

Project Summary:

This project consists of construction of a flood pool, stabilized entrance
to flood pool, spillway with ported riser inlet for water quality purposes,
dam embankment, and emergency overflow

Water Quality Component:

This facility is equipped with an inverted ported riser located in line with
the primary spillway. This ported riser is designed to prevent floatables
from passing from the flood pool through the primary spillway,
containing all floatables within the flood pool.

Watershed:

La Barranca

Inverted ported riser at dam outlet

Campus Dam embankment showing ported riser outlet
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Assessment of findings regarding
GI/LID/Sustainable Practices at SSCAFCA

Assessment of findings regarding GI/LID/Sustainable Practices at SSCAFCA
As required in permit Part I.D.5.h.(iv)
The Southern Sandoval County Arroyo Flood Control Authority (SSCAFCA) has long been a proponent of
GI/LID/Sustainable Practices within the jurisdictional area of the Authority. This is evidenced by the
construction techniques used at the SSCAFCA headquarters building in Rio Rancho, New Mexico. Prior
to the requirement for GI/LID/Sustainable Practices mandate in the watershed based permit, SSCAFCA
installed demonstration GI/LID elements at its headquarters building, integrating them into the site and
structural design. These demonstrations have been used as an example of GI/LID
As stated in SSCAFCA’s Stormwater Management Plan (December, 2016), SSCAFCA does not have
statutory authority to regulate development or develop ordinances governing development within the
agency’s jurisdictional boundaries. In order to promote GI/LID/Sustainable Practices within the
jurisdiction, SSCAFCA must work with the City of Rio Rancho and leverage their authority to enforce
ordinances to such ends.
However, this statutory limitation does not impede SSCAFCA from implementing GI/LID/Sustainable
Practices related to SSCAFCA facilities and property. The one external impediment for implementation
of GI/LID/Sustainable Practices on SSCAFCA –owned projects is State of New Mexico water rights law,
which requires SSCAFCA (or any other stormwater management agency or individual) to release all
stored or impounded surface water from storm events within 96 hours of capture. New Mexico State
Water Law is administered by the New Mexico State Engineer (State Engineer).
As an agency, SSCAFCA has always maintained that keeping the arroyos in the most natural state
possible provides a GI/LID benefit to the entire jurisdiction, including urban runoff from rooftops,
driveways, parking lots, and roadways. Since the inception of the agency, SSCAFCA intuitively believed
that leaving the arroyos natural would promote infiltration of stormwater, thereby depositing urban
runoff contaminants in the sandy bottom of the arroyo. However, until recently, the infiltrative effect of
arroyos had not been quantified.
In 2015, SSCAFCA’s staff hydrologist, Gerhard Schoener, began a study to quantify the infiltrative impact
of the arroyos. His findings, as detailed in the article published in the American Society of Civil Engineers
Journal (Attached), are that, especially at low flow, water quality storm events, the arroyos are highly
effective at infiltrating significant percentages, if not the entire volume, of an annual storm event.
SSCAFCA’s continuing commitment to keep the arroyo system as natural as possible provides
jurisdiction-wide green “infrastructure”, accepting and treating flows from urbanized areas that drain to
the arroyos.
The State Engineer has interpreted State Water Law to allow stormwater managers to infiltrate
stormwater, but continues to require discharge or any surface water within 96 hours of capture and
impoundment.
CASE STUDY – MONTOYAS ARROYO
The Montoyas Arroyo watershed is the most highly urbanized watershed within SSCAFCA’s jurisdiction.
This arroyo receives flows from the urban core of the City of Rio Rancho as well as significant amounts of
urbanized area in the upper Montoyas watershed. Depending on where stormwater discharge from
urbanized areas enters the Montoyas arroyo, significant lengths of natural arroyo may exist between the

urbanized area and ultimate discharge to the Rio Grande. For water quality, the ideal situation for
making this a successful strategy to limiting water quality impacts on the Rio Grande is to work to limit
the flow rate of discharge from urbanized area to a level where the arroyo’s natural infiltrative process
can adsorb or infiltrate the entire volume of stormwater runoff.
In the case of the Montoyas arroyos, there are several facilities (various ponds specific to subdivisions
and the Sportsplex Dam) located within this watershed that help attenuate flows from the urbanized
area to the arroyo. This attenuation assists infiltration by lowering flow rates to the arroyo (versus free
discharge) so that larger quantities can be infiltrated by the arroyo bottom over this prolonged period of
time. All of these facilities are required to fully drain within 96 hours of stormwater capture.
In addition to infiltration by the arroyo bottom, SSCAFCA has constructed a stormwater treatment
facility at the bottom of the Montoyas Arroyo watershed. This treatment facility was constructed using
GI/LID concepts, incorporating vegetation into hardened structures to capture floatables, providing
large ponding areas to slow down stormwater and settle sediment, and retain natural arroyo bottom
along the length of the facility to continue infiltrating stormwater until ultimately discharged to the
concrete lined Harvey Jones Channel. To supplement the GI/LID features incorporated into this facility,
SSCAFCA incorporated hardened more traditional engineering methods for treating stormwater for
floatables, including two in-line inverted ported risers and a water quality structure with inverted large
diameter ports . In combination, this facility provides for excellent flow-through treatment of
stormwater flows.

SUMMARY
In summary, SSCAFCA has no internal impediments to implementing GI/LID/Sustainable practices. The
only external impediment is New Mexico State Water Law. In order to comply with state water law but
still provide for the maximum amount of water quality treatment, SSCAFCA uses a combination of
natural arroyo bottom, flow attenuation facilities, and engineered water quality structures to provide
treatment for the water quality storm volume.

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
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,
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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.

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).

05016038-1

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.

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

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

Kilometers
0

1

1

2

2

3
Boring Site
Sand (< 5% Fines)
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)
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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

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

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.
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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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.

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%.

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).

05016038-5

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.

Fig. 11. Comparison of measured (solid) and simulated (dotted,
dashed, dash-dotted) hydrographs at Gauging Station 2 for June 16,
2015, storm

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

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.

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.

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

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).
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MONITORING ACTIVITIES
(see separate file for results)

PUBLIC OUTREACH AND EDUCATION
(see separate file for Outcomes Report)

Chuck,
Thank you for your support and sponsorship of the 2017 Land & Water Summit, “Growing
Community Relationships: Just Add Water!”. We had a very diverse population of attendees this
last year and I wanted to share the information with you.

Profession

No. Attending

Landscape Architect / Designer
Landscape Contractor / Nursery
Professional Engineer
Architect
Planner
Policy
Agriculture
Stormwater
Water Conservancy / Environment
City / County / Government
Utility
Educator
Student
Supplier
Citizen
Other

29
11
14
1
5
4
2
5
8
18
6
11
11
5
13
3

Total

146

As you know, producing a high-caliber conference such as the Land & Water Summit is costly.
It is through continued sponsorship, such as yours, that makes this conference such a success
with attendees from not only New Mexico, but also coming from neighboring states such as
Texas, Oklahoma, Arizona, and Colorado.
We look forward to continuing our partnership with you for the 2018 Land & Water Summit,
“The Ripple Effect: Stormwater & Tree Canopy”.
Marian Wrage
Secretary, Xeriscape Council of New Mexico

PO Box 6186

Albuquerque, NM 87197-6186

(505) 468-1021

