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in Texas

' The 164-foot Medina Dam was
completed in November 1912.
Photo courtesy of edwardsaquifer.net

Regional partnership increases efficiency, decreases loss

by Adam Conner and Katherine Tillison, San Antonio Water System

A water improvement district and a public
water and wastewater utility in Texas em-
barked on a parternership that will save
water and modernize its delivery.

The Water
Control & Improvement District No. 1

Bexar-Medina-Atascosa

(BMA) is responsible for providing a reliable
water conveyance system from Medina Lake
for irrigation purposes. It requires all new
customers along the canal to implement
efficient irrigation best practices. In 2012,
San Antonio Water System (SAWS), a public
water and wastewater utility that serves

approximately 1.6 million people in Bexar
and surrounding counties, became a BMA
customer and its largest source of revenue.
Both SAWS and BMA have a stake in
increasing the efficiency of BMA's canal
system. Immediately after joining BMA,
SAWS began finding ways to improve the
efficiency of BMA's canal system. The first
step was opening lines of communication
between SAWS contractors and BMA so
BMA would know about upcoming SAWS
pipe replacement projects to allow BMA to
reuse that pipe in its canal system. At first

somewhat piecemeal and uncoordinated,
the program improved when SAWS began
using ArcGIS to alert BMA of upcoming pipe
replacement projects.

Not Alone

Irrigation districts across the nation are
embarking on modernizing and optimiz-
ing their water delivery systems. According
to the United States
Agriculture (USDA), irrigated agriculture

Department of

across the western United States con-
sistently accounts for 80 to 90 percent of
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consumptive water use in the United States.
Nearly 57 million acres were irrigated in the
United States in 2007, an area slightly larger
than the state of Minnesota.

Medina Dam, the source of BMA's water,
stands 164 feet tall and has a capacity of
254,000 acre-feet. When it was constructed
in 1912, it was the largest dam in Texas and
the fourth largest in the United States. The
extensive 250-mile canal system down-
stream of Medina Lake, which is entirely
gravity fed, was constructed at the same
time and was then the largest irrigation pro-
ject west of the Mississippi River.

Installing pipe (or piping) in a canal
system keeps more water (and therefore
money). Piping Medina Lake would allow
BMA to deliver water faster. Because
Medina Lake is one of SAWS's many water
sources, more water in the lake means
SAWS can rely on it longer during a drought.
This is especially crucial after 2011, the
single worst meteorological year on record,
which has been followed by years in which
rainfall seemed to skirt Medina Lake’s rela-
tively small 609-square mile watershed. As
of August 2013, storage in Medina Lake was
at less than 5 percent capacity.

BMA Medina System

Start of Piping
Strategy Study Area

%f\tascosa

BMA is a relatively small organization
with a permanent staff of less than a dozen.
Most staff are out in the field. In light of the
complexity of its canal system, with many
turnouts, gates, and laterals in its canal
system, BMA had the foresight to recognize
the value of ArcGIS and acquired a license.
However, being headquartered in Natalia,
Texas, a town of approximately 1,400 resi-
dents located 30 miles from San Antonio,
made getting ArcGIS training difficult.

SAWS is a utility of more than 1,500 em-
ployees with significantly more resources.
When SAWS learned of this need for train-
ing, it sent staff to Natalia to demonstrate
useful ArcGIS applications. During this visit,
SAWS discovered that BMA had conducted
a preliminary study on canal piping but
didn’t have a strategy for prioritizing which
stretches to pipe first. SAWS decided to use
ArcGIS to assist BMA by prioritizing poten-
tial problem areas in the canal system.

After numerous conversations with BMA
and other irrigation districts, along with
extensive research, SAWS determined there
are four main indicators of canal efficiency
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that could be incorporated into a simple for-
mula. The first and most important variable
is the soil type within each stretch, because
the canal system is almost entirely open
ditch. However, because the main canal
above Pearson Lake has a relatively effec-
tive clay lining, it was not considered for this
piping study. Soil type was given a weight of
40 percent. The agricultural demand within
each stretch was also important. Piping
these segments would yield discernible ben-
efits, so this was given a weight of 30 percent.
Slope and susceptibility to wind and solar
evaporation were considered to be of equal
importance, and each was given a weight of
15 percent.

After determining that soil characteristics
are the most important variable, SAWS
began scouring various databases for soil
data that could be used in ArcGIS. The
most useful data was downloaded from the
United States Department of Agriculture
Natural Resource Conservation Service
(NRCS) website that identifies dozens of soil
classifications and geographically allocates
them into thousands of soil parcels. SAWS
generalized the dozens of classifications
down to six: clay, silty clay, clay loams, loams,
sandy loams, and sandy soils. A numerical
value was assigned to each soil parcel in the
attribute table. Clays were given a value of 50,
silty clay 30, clay loams 25, loams 20, sandy
loams 10, and sandy soils 5. Finally, this
vector shapefile was rasterized to create a
raster to input in the Raster Calculator.

BMA’s canal system has a significant con-
centration of agricultural demand that
justified a higher priority for piping. SAWS
used an image file showing crop loca-
tions, obtained from the NRCS website, to
digitize vector polygons for each crop type.
Subsequently, SAWS assigned values in the
shapefile’s attribute table to approximate
the water demand for each crop. According
to the Texas Board of Water Engineers, small
grains (wheat and oats) in this region require
the most water per acre, followed by cotton,
corn, and sorghum. This vector polygon was
rasterized to create another raster.
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1 Soil characteristics are the most important variable. This map shows regional soil types in

relation to the BMA canal system.

Slope

Although BMA's canal system is entirely
gravity fed, there certainly are low points
prone to losses from ponding, which causes
evaporation and infiltration. A digital eleva-
tion model (DEM) was downloaded from the
NRCSwebsitethatwasusedtocreatearaster
that illustrated slope (i.e., change in eleva-
tion). The Slope tool in ArcGIS for Desktop
easily converted the DEM to a raster that
contained values between 0 and 50. This
was the first of five rasters that would later
become input for the Raster Calculator in
ArcGIS. Since this range (0 to 50) would have
been difficult to edit, it served as the range
for the other rasters. A slope of 0 represents

an area that is extremely flat and therefore
an area of high priority, while a slope of 50
signifies an area of low priority.

Evaporation

SAWS determined that susceptibility to
evaporation would account for 15 percent of
the canal efficiency, allocated between wind
evaporation at 10 percent and solar evapo-
ration at 5 percent. To determine which
canal segments are most exposed to wind
evaporation, SAWS determined that south-
east/northwest was the predominant wind
direction. SAWS used the Azimuth tool to
select only canal segments oriented in two

ranges—140-160 and 320-340 degrees—
and created a separate polygon shapefile for

those segments that were given a high prior-
ity. This vector shapefile was rasterized as

the fourth raster.

SAWS used the same methodology to de-
termine canal segments with the most expo-
sure to solar evaporation and selected seg-
ments oriented east to west. This selection
resulted in the creation of the fifth and final
raster. Although canopy cover could be seen
as a better variable for dictating how much
solar evaporation occurs, riparian vegeta-
tion results in significant transpiration that
negates the reduction in evaporation.

Optimized Canal Piping Strategy
The final step in this multicriteria analysis
adds the five rasters to the Raster Calculator
tool in ArcGIS for Desktop and plugs in a
simple formula that assigned the weights
to the four factors considered. The Raster
Calculator uses Python syntax in a calcula-
tor-like interface that doesn’t require coding
experience. The output was a raster showing
which canal segments to focus on piping
first and which were of lower importance
and could accommodate used pipes. If at
any time these weights need to change, all
BMA has to do is add the same five input ras-
ters in the Raster Calculator tool, change the
formula, and create a new raster.

This analysis is different from a suitabil-
ity analysis because, rather than identifying
one or two siting locations, this analysis
prioritized every foot of the 250-mile canal
system. Although a similar analysis could
have been done using the Weighted Overlay
Analysis tool, preparing the input rasters for
the Raster Calculator tool forced SAWS to
better understand the data.

Conclusion

In these arrangements, such as the one
between BMA and SAWS, partners share
experience and learn from each other—both
stand to gain. This type of collaboration
builds trust among regional players. It dif-
fers from regionalization because it brings
cost savings associated with having special-
ized and responsive staff available to assist
in the operation of a rural water system.
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™ The SAWS Optimized Canal Piping Strategy

The budding partnership between SAWS
and BMA comes at the 100-year anniversary
of the Medina Lake system and represents a
new era for the region. During the previous
century, Medina Lake stakeholders experi-
enced extremes in conditions that ranged
from eight years of crippling drought in the
1950s to torrential flooding in 2002. Piping
the canal system will make Medina Lake
more reliable during droughts. Considering
the amount of federal, state, and regional
funding currently available, both partners
understand that it's better to act now. As
the saying goes, “Every time history repeats
itself, the price goes up.”

P Low Priority

I High Priority

For more information, contact Adam Conner
at 210-233-3452 or adam.conner@saws.org.
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MASTERS OF SCIENCE IN
GEOGRAPHIC INFORMATION SCIENCE
AT LEHMAN COLLEGE,

CITY UNIVERSITY OF NEW YORK (CUNY)
Study Geographic Information Science (GISc) in
New York City, the living urban laboratory.
Concentrations are available in:

Environmental and Health Spatial
Sciences, Urban Sustainability,
or GISc Technology.

HIGHLIGHTS OF LEHMAN’S MS-GISC PROGRAM

m GISc Faculty - renowned and active GISc
professionals, practitioners, and researchers

m Small classes and individualized mentoring
and advisement

m Professional internship opportunities

B GISc lab: state-of-the-science equipment,
and wide range of industry-standard software

m Study part-time or full-time

m All GISc courses are offered in evenings, with
some on-line electives

m Beautiful historic campus, easily accessible by
public transit and major transportation routes

FOR MORE INFORMATION, CONTACT:
juliana.maantay@lehman.cuny.edu
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