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Arundo Donax Removal in the 
Santa Ana River Watershed
Jenny Glasser – Orange County Water District 

On June 6, 2003, Orange County Water 
District (OCWD) was awarded the Ruth 
Anderson Wilson Award by the Santa 
Ana Watershed Project Authority for 
its collaborative efforts in a program to 
remove Arundo donax (arundo) from the 
Santa Ana River watershed. The arundo 
removal program is also one reason the U.S. 
Environmental Protection Agency selected 
OCWD as a Clean Water Partner for 2003.

Arundo donax, or the giant cane, is a non-
native, abundant bamboo-like grass that 
invades the habitats of native flora and 
fauna, all the while consuming enormous 
amounts of water. In addition, it is extremely 
flammable, it clutters beaches, and it clogs up 
streams and waterways, causing flooding and 
even bridge damage. Eight thousand acres of 
arundo use 20,000 to 30,000 acre-feet (about 
10 billion gallons) of water per year more 

than does native habitat, enough water for 
100,000 people. 

Arundo, nicknamed “the plant from hell,” 

was introduced into Orange County from 
Europe in the late 1800s as a means of 
preventing erosion of irrigation ditches. It 
is a member of the grass family, although it 
looks more like bamboo. It is primarily found 
along the Santa Ana River and its tributaries, 
but can also be found in neighborhoods 
throughout Orange County and all the way 
down to the beach. Given sufficient sunlight 
and water, it can grow up to 10 inches per 
day in the summer and reach a height of 
more than 25 feet. Arundo grows so densely 
in pure stands that it is virtually impenetrable. 

An estimated 8,000 to 10,000 acres of arundo 
inhabit the Santa Ana River watershed. To 
date, about 1,500 acres have been removed. 
Initial removal of one acre of arundo costs 
$5,000 to $9,500, but removing the plant by 
cutting it off above ground only stimulates 
additional growth from its massive root 
system. Full control requires decades of 
follow-up treatment of the regrowth by 
additional manual cutting and treatment with 
herbicides. Removal of the root systems is 
impractical. Furthermore, arundo removal 
must be initiated at the top of each watershed 
because the persistent plant has the ability to 
break off and transplant itself downstream. 
However, after the long battle against arundo 
is waged, native willows, sycamores, and 
cottonwoods can be replanted or regenerate 
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see Arundo, page 33

Arundo donax. Photo by Orange County Water District.
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on their own. Restoration of the natural 
habitat supports local flora and fauna and 
saves water. 

OCWD has not tackled arundo removal 
alone; the agency has partnered with 
several others, including the Santa Ana 
Watershed Association, which consists of 
the Riverside-Corona, East Valley, San 
Jacinto Basin, and Inland Empire West 
Resource Conservation Districts; the U.S. 
Fish and Wildlife Service; the Santa Ana 
Regional Water Quality Control Board; 
the U.S. Army Corps of Engineers; the 
California Department of Fish and Game; 
and area counties, cities, and private 
landowners abutting the Santa Ana River 
and its tributaries. To date, more than 
$17 million has been raised for arundo 
removal. The resource conservation 
districts either perform or oversee most of 
the work on the ground.

Compounding problems in removing 
arundo is the fact that some commercial 
nurseries sell it for use as a privacy screen 

because of its dense growth. It is hoped 
that soon the California Department of 
Food and Agriculture will ban the sale of 
arundo in the state.

The Ruth Anderson Wilson Award is 
named after a co-founder of the Tri-County 
Conservation League. The group aims 
to keep a “soft bottom” to the river for 
recreational use when it is not in flood 
conditions, let the natural effects of flooding 
be accommodated so that new soil and 
seeds can create young forage for wildlife, 
and retain water in the Santa Ana River to 
refill the local groundwater reservoirs. The 
Santa Ana Watershed Project Authority, 
which sponsors the award, is a group of 
water agencies that collaborate to protect 
and improve the environment and water in 
the land drained by the Santa Ana River. 
The Authority includes the Inland Empire 
Utilities Agency, Eastern Municipal Water 
District, Orange County Water District, San 
Bernardino Valley Municipal Water District, 
and Western Municipal Water District.
Visit www.ocwd.com for more information.

Arundo, continued from page 6efforts of scholars, scientists, and water 
resources organizations worldwide. It 
aims to advance research in the provision 
and preservation of water resources, 
particularly in arid regions.

Categories for the first award include:

• Surface Water: effective flood  
control methods

• Groundwater: artificial  
groundwater recharge

• Alternative (nontraditional) Water 
Resources: economical technologies  
in seawater desalination

• Water Resources Management: effective 
new techniques of irrigation  
water conservation 

• Protection of Water Resources: 
protection of groundwater from 
agricultural pollutants 

Nominations for individual and 
organization awards will be accepted 
through Oct. 30, 2003. Winners will be 
announced in May/June 2004.

Visit www.psipw.org for details.
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Siphon-Infiltration Trench  
Field-Tested in Albuquerque 
James A. Kelsey, Senior Scientist and John T. 
Kay, Hydrogeologist – Daniel B. Stephens & 
Associates

Daniel B. Stephens & Associates 
(DBS&A) recently designed and field-
tested a self-cleaning infiltration trench. 
DBS&A’s siphon-infiltration trench offers 
a low-cost, low-maintenance solution 
to the sedimentation and performance 
problems associated with traditional 
agricultural drains and other infiltration 
trenches. The trench intercepts surface 
runoff and diverts it to the subsurface, and, 
depending on the location, can result in 
increased groundwater recharge, decreased 
erosion, improved water quality, and 
improved riparian habitat. A siphon creates 
periodic, rapid-flow conditions that flush 
sediment out of the infiltration system, 
thus providing a self-cleaning function. 

With the assistance of the Albuquerque 
Metropolitan Arroyo Flood Control 
Authority (AMAFCA), DBS&A installed 
a 50-meter-long siphon-infiltration 
trench adjacent to an unlined arroyo in 
Albuquerque, New Mexico. The trench 
was outfitted with multiple flow meters 
and pressure transducers to monitor flow 
rates and water levels at different locations 
along the trench. Self-cleaning ability and 
infiltration potential are currently being 
monitored and assessed.

How It Works
As far as DBS&A has been able to 
ascertain, siphons have not previously 
been used in a similar infiltration 
application. Almost no relevant literature 

exists on this subject. The design and 
installation of this system were determined 
from bench-scale results obtained in the 
DBS&A laboratory.

The siphon-infiltration trench is essentially 
an infiltration trench connected to a siphon 
at the outlet, and consists of a perforated 
water supply line, gravel backfill, 
the surrounding soil, and the siphon 
mechanisms, as shown in the illustration 
above. As the infiltration trench fills, 
water replaces the air at the top of the 
siphon mechanism, activating the siphon. 
Once activated, the siphon flushes water 
from the trench under high velocities until 
the trench empties, at which point air 
enters the system and breaks the siphon. 
When the siphon breaks, the trench 
begins to refill, thus repeating the cycle. 
Infiltration of water into the surrounding 
vadose zone occurs continuously during 
each phase of the cycle.

Self-Cleaning Ability
For a trench to be self-cleaning, discharge 
velocities must be greater than the velocity 
of flow into the trench. The maximum 
observed inflow rate in DBS&A’s trench 
was approximately 0.62 meters per 
second (m/s). According to Stokes’ Law 
and the Impact Law (Gibbs and others, 
1971), this velocity will entrain a particle 
approximately 5 millimeters (mm) in 
diameter. During siphoning, observed 
velocities ranging from 1.33 m/s to 1.92 
m/s were observed (see chart on page 9). 
These velocities can be expected to flush 
particles larger than 16 mm in diameter.

During a controlled experiment conducted 
on Aug. 29, 2002, substantial amounts 
of sediment previously deposited in the 
trench were discharged from the siphon 
during the first cycle. It is estimated 
that approximately 1,300 kilograms (kg) 
(0.5 cubic meters) of sand and small 

Schematic diagram of a typical siphon-infiltration trench. The infiltration trench can be applied to 
most locations where diversion of surface water to the subsurface is desirable.

AMAFCA assists with construction of the trench
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gravel were flushed during this one cycle. 
To quantify the siphon’s capability to 
entrain particles further, known masses of 
different-sized particles were introduced to 
the trench during a controlled experiment 
conducted on Oct. 29, 2002. All sediment 
with a diameter less than 9.5 mm (40 kg) 

was discharged during one siphon cycle. 
Approximately 70 percent of the sediment 
with a diameter ranging from 9.5 to 19 
mm (20 kg) was discharged, and the 
remaining sediment was near the upper 
end of this range. 

Conclusions
The design of the siphon-infiltration 
trench is very flexible, making it suitable 
for a wide range of applications and site 
locations. Trench design must consider 
local flow regimes and potential sediment 
loads, and allow a period and magnitude 
of siphon discharge sufficient to prevent 
clogging. The design goal is to discharge 
only as much water as necessary to 
prevent the buildup of sediments, thus 
maximizing infiltration while maintaining 
long-term performance. A few of the 
applications for which siphon-infiltration 
trenches can be used are (1) increasing 
groundwater recharge, (2) vadose zone 
filtering and treatment of coliforms, 
pesticides, or other compounds, and (3) 
promoting plant growth to reduce erosion 
near unlined ephemeral waterways. 

Contact James Kelsey at jkelsey@dbstephens.com or 
John Kay at jkay@dbstephens.com.
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Flow rates under siphoning and non-siphoning conditions. When water levels rise to an engineered 
height, the siphon is actuated. The three peaks in flow rate correspond to three separate siphoning 
events. After the trench drains, the siphon is broken, and water levels begin to rise again. 
Infiltration into the surrounding soil occurs continuously.
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WDC will present our drilling methods seminar at your office during a WDC 
provided lunch. 
Our seminar’s duration is about one hour and addresses the following topics:
•  Drilling Fundamentals
•  Site Safety
•  Air Rotary Casing Hammer (ARCH)
•  STRATEX Under-reaming Casing Advance
•  Continuous Core Casing Advance
•  Sonic Drilling
•  Mud Rotary
•  Large Diameter Reverse Circulation
•  Hollow Stem Auger

• Geothermal Heat Exchange Wells
•  Well Development & Abandonment
•  Depth Discreet Water Sampling
•  Permanent and Temporary Conductor   
 Casing Installation to Avoid Cross   
 Contamination When Drilling Through   
 Perched Water Bearing Zones.

WDC Exploration & Wells (formerly Water Development Corp. & THF Drilling) is a 53 year old environmental, water supply 
and geotechnical drilling company with offices in Elko, Sacramento, Los Angeles, Phoenix and Albuquerque. We have 50 
state of the art (all year 2000 or newer) rigs. WDC has drilled at virtually every superfund site, military base and landfill 
in the Western United States in addition to many commercial sites and gas stations. WDC offers exceptionally broad 
experience with multiple, complex drilling and well installation methods.

1O1DRILLING 

seminar!

NO GROUP IS TOO SMALL OR LARGE
Call a WDC office near you to reserve your next complimentary seminar!




