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Overview

 Irrigation canals can often experience signifi cant 
variations in fl ow with little or no change in water level. 
In these cases, the traditional relationship that ties stage 
to discharge (generally known as a Stage-Discharge rela-
tionship) is signifi cantly less effective in the estimation of 
fl ow, and a more accurate approach needs to be taken.
 At the Chiltean Dam, in central Mexico, the Mexi-
can Institute of Water 
Technology (IMTA 
– In-stituto Mexi-
cano de Tecnología 
del Agua) operates a 
canal that has these 
conditions. Contract 
engineers, working 
in cooperation with 
IMTA engineers and 
SonTek hydrologists, 
installed, calibrated, 
and programmed an 
Argonaut-SL to con-
tinuously compute dis-
charge in the canal at 
a location about 300 
meters downstream of 
the dam’s discharge point. The purpose was to estab-lish 
a monitoring site that could provide accurate, real-time 
discharge data.
 This report describes the step-by-step process 
used to accomplish these tasks and demonstrates the use 
of complementary SonTek instruments in concert with 
SonTek’s Velocity-Indexing soft-ware, FlowPack.
The Velocity-Index rating method described in this paper 
develops a Mean-Velocity and Area rating from measur-
able stream variables (such as stage and velocity measured 
by the Argonaut-SL) using regression analysis. After the 
ratings have been developed, they are programmed back 

into the Argonaut-SL allowing for continuous discharge 
calculations and output. The Mean-Velocity is the aver-
age velocity of the surveyed cross-sectional area. The 
Index-Velocity is a sub-section of stream velocity actually 
measured by the Argonaut-SL.

Step 1: Selection of the measurement section
 
 The 3.0-MHz Argonaut-SL was installed in a con-

crete-lined trapezoidal-
shaped canal about 300 
meters downstream from 
the exit-point of a large-
diameter concrete effl u-
ent pipe (coming from a 
dam). Located 1.5 kilo-
meters downstream of the 
site is a “vertical-lift gate” 
control structure. This 
site was selected primarily 
because it was far enough 
away from the turbulence 
and air-bubbles created 
by the water exiting the 
effl uent pipe, and because 
the channel-section was 
rela-tively straight with no 

nearby bends in the canal. In addition, the location was 
far enough away from the downstream control structure 
such that the effects of variable-backwater were consid-
ered minimal.

Step 2: Mounting the Argonaut-SL in the canal
 
 The canal was de-watered at the time of the 
Argonaut-SL installation in order to perform main-ten-
ance on a separate monitoring device. The installation 
and channel survey was planned to co-incide with this 
maintenance in order to expedite the installation.

Establishing a Discharge Monitoring Site

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

Figure 1. Canal downstream of Chiltean Dam 
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 An aluminum frame mount provided by SonTek 
was installed along the left bank of the concrete trapezoi-
dal channel. This mount is modular. Constructed in 1.2-
m (4-ft) sections and designed to be quickly and easily 
anchored to a concrete bank using either concrete anchor 
or lag-type bolts. An internal sliding mecha¬nism in the 
mount allows the Argonaut-SL to be lowered to a specifi c 
depth for measurement, quickly retrieved during main-
tenance, and then returned back to the original location. 
The mount has signifi cant advantages that work well in 
these types of canals: it is relatively light-weight, installs 
quickly, and because of its low profi le, the potential for 
debris collecting on the mount is minimized.
 During the installation, the Argonaut-SL was 
leveled by rotating the aluminum back-plate forward or 
backward. A system with its beams parallel to the water 
surface maximizes its measurement range and mini-
mizes the possibility of surface/riverbed refl ections by the 
acoustic beams. Observation of the compass/tilt data and 
X- and Y-velocities assists in proper system alignment.
 With the instrument securely in place and leveled, 
the power-communications cable was connected to the 
Argonaut-SL and fed through protective conduit up to 
the equipment shelter. The photos show the Argonaut-SL 
mounted in the canal and the equipment shelter housing 
the power supply, the SonTek digital fl ow display, and 
the telemetry system (the telemetry was not provided 
by SonTek).
 The entire process of installing the mount, at-
taching and leveling the Argonaut-SL, and running the 
power/communications cable to the equipment shelter 
took about two hours to complete.  (Please contact SonTek/YSI, 

Inc. for more information on purchasing this type of mount.)

Step 3: Instrument setup and diagnostics test

 The Argonaut-SL was installed such that the 
instrument could properly measure both water level 
and water velocity across the canal’s entire operational 
range. Normal canal operations at this site control the 
water level to be nearly constant at most fl ows, with the 
result being that water-level fl uctuations are relatively 
small compared to the total depth of the canal.
 The Argonaut-SL was installed 0.4 meters below 
the minimum expected water depth. This depth was 
selected so that the sensor would collect data at all times 
but still be high enough that meas-ured velocities at high 

 

Figure 3. Leveling the Argonaut-SL 

Figure 4. Installation complete 

Figure 2. Installing the mount 

Figure 5. Equipment shelter and Flow Display 
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fl ows would be signifi cant. A test of the measurement vol-
ume of the Ar-gonaut-SL using BeamCheck diagnostics 
software showed a refl ection from the opposite con-crete 
bank at approximately 6.0 meters with no obstructions 
located within this zone. The maxi-mum range for the 
system was conservatively set at 5.5 meters. It is highly 
recommended that a BeamCheck diagnostic (a part of the 
ViewArgonaut software) be performed prior to any data 
col-lection to verify adequate clearance of the acoustic 
beams.

Step 4: Surveying the measurement section

 It is important to accurately represent the channel 
geometry at the point of Argonaut-SL installa-tion. The 
cross-sectional area derived from this geometry should 
always be used to calculate the channel’s Mean Veloc-
ity.
 This channel is trapezoidal-shaped. The basic 
dimensions (top width, bottom width, and channel 
depth) for the trapezoid were measured with graduated 
tape. Three independent measurements of each dimen-
sion were made to ensure accuracy. The elevation of the 
Argonaut-SL vertical-beam (transducer) was surveyed 
from the bottom of the channel (the bottom was consid-
ered to be zero elevation) by taking several points along 
the bottom-width and taking the average of the differ-
ent readings. Considering the channel bottom is nearly 
fl at, elevation differences between each of the vertical 
measurements were negligible. Finally, nearby reference 

marks were established in order to check and verify that 
the Argonaut-SL remained at the same elevation over 
time.
 Using the ViewArgonaut “Deployment” module 
(Figure 6), a trapezoid geometry was selected, and the 
channel dimensions and instrument elevation were 
input. For other section geometries, individual eleva-
tions (referenced to a specifi c datum for this site) can be 
entered. A fi le contain-ing the geometry and instrument 
confi guration was saved and downloaded automatically 
to the Argonaut-SL prior to deployment.

Step 5: Collecting discharge measurements using a 
RiverCat

 Discharge measurements are always required in 
the development of a Velocity-Index rating. They are used 
to calibrate the rating and each observation of the mean 
velocity is computed by dividing the measured discharge 
by the corresponding cross-section area (computed from 
the cross-sectional geometry and the water level at the 
time of the measurement).
 Figure 7 shows the calibration section, located 
about one kilometer downstream from the Argo-naut-SL, 
that was used to collect calibration discharge measure-
ments. At this location, a catwalk across the canal facili-
tated the use of the RiverCat. The canal was operated such 
that four differ-ent discharges were obtained in a rela-
tively short period of time. Following each fl ow change 
in the canal, a 1½-hour waiting period was observed 

Figure 6. Input geometry 
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before calibration measurements began to as-sure that 
the fl ow stabilized. In total, the four discharge calibration 
measurements were made at the site in one day using a 
3.0-MHz RiverCat using the Stationary method. The Ar-
gonaut-SL was measuring stage and velocity throughout 
the entire discharge calibration process.
 The stationary measurements were made in 
compliance with USGS/ISO protocols for conducting a 
mid-section discharge measurement. Calibration mea-
surements made at the times when the ca-nal was oper-
ated at different discharges ranged from 5.5 to 17.5 cubic 
meters per second, water level ranged from 1.63 to 2.86 
meters, and index-velocity (the velocity measured by the 
Argo-naut-SL) ranged from 0.31 to 1.0 meters/second. 
Nearly the entire water-level range was covered, and 
about 80% of potential velocity and discharge conditions 
were measured. However, consid-ering that calibration 
measurements were made over one day, the Velocity-In-
dex rating devel-oped with this data should be considered 
preliminary. As more data is collected over a wider range 
of conditions, the Velocity-Index rating can be updated 
accordingly.
 Figure 8 shows the results from one of the four 
RiverCat calibration measurements using the Sta-tion-
ary Measurement software. The three plots from top to 
bottom show:  the percentage of fl ow measured within 
a single sub-section; the “true-velocity” vectors (red ar-
rows) plotted against the “normalized” velocity vectors 
(blue arrows); the channel cross-section.
 Clearly, the horizontal velocity distribution was 
evenly distributed in magnitude and direction across the 
measurement location with a slight increase occurring 

towards the middle of the canal. Each sub-section was 
sampled for 60-seconds, and 22 sub-sections were mea-
sured with no more 10% of the total fl ow being captured 
in a single section, which follows USGS/ISO guidelines. 
These results were consistent for each of the four calibra-
tion measurements. Each of the four dis-charge measure-
ments took about 25 minutes to complete.

Step 6: Developing a Velocity-Index rating using Flow-
Pack

 The Velocity-Index rating for this site was devel-
oped using SonTek’s FlowPack software. FlowPack was 
developed to provide a set of fast, robust, and reliable 
discharge rating tools in accordance with USGS/ISO 
standards.
 A signifi cant benefi t to using FlowPack is that it 
allows quick and confi dent development of Ve-locity-
Index equations using advanced analytical techniques. It 
also provides you with a simple way to make rational and 
effi cient decisions for additional data collection that will 
further improve measurement results. Multiple sites can 
be stored for easy access and updating as new calibration 
measurements are made.
 Data from the Argonaut-SL and RiverCat mea-
surements were seamlessly imported into the FlowPack, 
and the full analysis was completed within several min-
utes requiring only a few basic steps. If necessary, data 
import from any velocity and/or level sensor is also 
possible. Figures 9 through 12 show the results of the 
preliminary Velocity-Index analysis along with some 
of the steps in the software used to develop the rating.  

Figure 7. Making a discharge measurement 

Figure 8. Discharge measurement results 
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Figure 9. Overview 

Figure 10. Site information 

Figure 11. Stage-Area information 

Figure 12. Analysis results 

Figure 12 shows the actual rating equation that was 
developed by FlowPack along with several descriptive 
statistics indicating the quality of the rating.
 Considering the limited time-series and calibra-
tion data set, results were acceptable and showed a good 
correlation between mean-velocity and index velocity 
(r2 = 0.99) and a low standard error estimate of mean 
velocity (0.007 m/s). It should be remembered that the 
rating developed in this instance is preliminary, but 
provides reasonably reliable results until more data can 
be added over a longer period of time.
 The results of the FlowPack Velocity-Indexing 
analysis were then loaded into the Argonaut-SL to pro-
vide a more accurate estimate for real-time discharge 
calculation. As more calibration data is collected over 
time the index values may be improved and discharge 
accuracy further im-proved.
 Through the use of SonTek’s FlowPack software, 
an accurate assessment of the discharge at this site 
can now be obtained using the Velocity-Index rating 
method. This method combined with the continuous 
monitoring of velocity and water level provides a level 
of quality assurance and ensures higher data confi dence 
than that provided by a Stage-Discharge relationship.

For additional information on establishing a discharge 
monitoring site, contact a SonTek Applications Special-
ist directly at inquiry@sontek.com

SonTek/YSI
9940 Summers Ridge Road
San Diego, CA 92121
Tel: +1 858 546 8327
Fax: +1 858 546 8150
Email: inquiry@sontek.com
Web: www.ysi.com 

Last revised: February 2007
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 Keith Ging, senior hydrologist in the Hydromet 
Operations group of the Lower Colorado River Authority 
(LCRA), has a Texas-sized challenge.  “Our main purpose 
is to determine how much water is fl owing into streams 
and canals, how much water is fl owing into our lakes 
and out of our lakes, and to make sure that data gets to 
the people who can use it in their decision-making,” says 
Ging in LCRA’s headquar-
ters in Austin, Tex.
 The stakes are 
high.  When thunder-
clouds build over the 
state’s central Hill Coun-
try, discharge data from 
his team’s 60 stream 
gauges forms a key line 
of defense in the fi ght to 
keep residents of more 
than 30 counties safe 
from fl ash fl oods, which 
can swell a 60 cfs stream 
to 300,000 cfs in a mat-
ter of hours.  On a day-
to-day basis, it’s a vital 
tool for optimizing lake 
levels and ensuring proper 
water delivery to the orga-
nization’s three irrigation 
systems.  And it’s part of 
LCRA’s crystal ball as the 
organization considers whether it can modify its stor-
age and conveyance systems to link with the city of San 
Antonio while still meeting the needs of its own growing 
population, its farmers, and the Matagorda Bay ecosystem 
fed by the lower Colorado.
 Capturing the data is no small task.  LCRA’s 60 
stream gauges and eight SonTek/YSI Argonaut®-SL canal-
monitoring gauges are the backbone of the organization’s 
237-station hydrological/meteorological data acquisition 

network.  Called the Hydromet for short, the network 
is scattered across LCRA’s territory of 600 river miles, 
18,000 square miles of drainage area, 1,100 miles of 
canals, and six impoundments called the
 Highland Lakes.  Stage and fl ow through streams 
and canals, water levels at LCRA’s six dams, and weather 
data feed into LCRA’s headquarters via its own 900 MHz 

radio system.  
 The system is slat-
ed for expansion – LCRA 
is expanding to 270 Hy-
dromet stations over 
the next two years to 
improve river and lake 
forecasting models.

Counting Every Drop

 Hard data and 
solid models are in-
creasingly important to 
LCRA.  “We’re trying to 
count every drop now, 
more so than we ever 
have in the past,” says 

Ging.  Situated between 
a $115-million-per-year 
recreation industry on 
the lakes, a $234-million 
annual rice crop and a 

$63-million-per-year commercial fi shing industry on 
Matagorda Bay, LCRA’s water touches a lot of lives and 
a sizable chunk of the regional economy.
 In November 2005, Ging’s team conducted a 
study of groundwater infl ows into the LCRA system, 
part of a feasibility study exploring a proposed connec 
tion between LCRA and the city of San Antonio.  For fast, 
accurate fl ow data at various points along the river chan-
nel, the hydrologists used FlowTracker® acoustic Doppler 

TODAY, TOMORROW AND TWO GENERATIONS AHEAD
Lower Colorado River Authority data delivers on-the-spot forecasts and 80-year projections

David Murdoch of the Lower Colorado River Authority deploys a trima-
ran-mounted RiverSurveyor to measure fl ow throughout the vertical water 
column.  In obstructed reaches, the instrument’s stationary software deliv-
ers excellent data to a simple, intuitive interface, says Murdoch’s colleague, 
Keith Ging.

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 
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velocimeters mounted on wading rods.  Quantifying 
the water that fl ows into the river from underground is 
helping LCRA’s Operations team fi ne-tune its releases to 
most effi ciently maintain in-stream fl ow requirements 
and send enough fresh water into Matagorda Bay.  Fine-
tuning releases for irrigation is also a big improvement.  
Ging’s team used acoustic Doppler fl ow meters (which 
measure both water velocity and stage) to make index 
velocity ratings to ascertain how much water is really 

fl owing through the system.  “By measuring both level 
and velocity, then indexing that velocity to the mean 
channel velocity, our discharge data improved dramati-
cally,” Ging says.  “We are in a variable backwater envi-
ronment.  Flow from pump ratings is just a snapshot 
in time, but conditions are constantly changing, which 
requires more advanced technology, measuring velocity 
directly.  
 An accurate tab on water in the canals is vital to 
meet state reporting requirements on diversions.  Know-
ing the difference between the run of the river and stored 
water also helps LCRA bill appropriately for the water 
– each is billed at a different rate.  Water diversion data 
can also be linked with weather data to help determine 
just how much water to send on its three-to-fi ve-day 
journey from the lakes to the irrigation systems.  Send-

ing a full allocation down the river – then encountering 
rain events – means the volume of the lake releases is 
lost, fl owing to the bay instead of feeding municipal and 
industrial demands along the river.

Life or Death

Counting every drop takes on special urgency when 
fl ash fl oods blast through LCRA’s area.
 When clouds gather in the hills, LCRA’s staff 
meteorologist and hydrologists begin assessing weather 
data, including feeds from the Hydromet system.  LCRA 
models predict lake levels and downstream fl ows, which 
guide decisions on emergency releases from the lakes.
 Getting that data isn’t easy.  Measuring fl ow dur-
ing fl oods is dangerous work, and traditional methods 

are often inaccurate.  Ging describes fl ow meters with 
100-pound weights being pulled nearly horizontal by 
rushing currents.  And when depth can change by four 
to eight feet per hour, sampling protocols that take an 
hour or more can yield vastly different readings between 
start and fi nish.
 LCRA has added three SonTek/YSI RiverSurvey-
ors®, trimaran-mounted, 3-D river discharge systems 
that use Doppler sonar to take quick, accurate discharge 
readings as the units transect the channel.  “We’re able to 
take measurements in conditions that we really couldn’t 

David Murdoch of the Lower Colorado River Authority deploys a 
trimaran-mounted RiverSurveyor to measure fl ow throughout the 
vertical water column.  In obstructed reaches, the instrument’s sta-
tionary software delivers excellent data to a simple, intuitive interface, 
says Murdoch’s colleague, Keith Ging.

John Roberts of the Lower Colorado River Authority’s Hy-
dromet Operations Group used FlowTracker acoustic Doppler 
velocimeters to conduct a study of water discharged from 
one of its dams, checking hydroturbine ratings.  The group 
also used the FlowTrackers to study fresh water infl ows from 
groundwater – vital information for exploring a proposed 
interbasin water sharing plan, and for managing the LCRA’s 
extensive system.
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get into with mechanical fl ow meters,” Ging says.  “The 
RiverSurveyor has allowed us to get some measurements 
we couldn’t have taken in the past because of safety con-
cerns, and others because submerged debris would have 
interfered with mechanical fl ow meters.  We’re looking 
at the whole vertical column, not just surface velocity.  
And we can get our measurements in 20 or 30 minutes 

and we’re done.  Safety-wise, that’s a huge improvement.” 
Environmental Watch

 The fl ow data collected by Ging and his team 
of 16 complements the work of LCRA’s Environmental 
team, headed by senior aquatic scientist John Wedig.  
With four YSI 600XLM sondes and grab sample kits, the 
team gathers 30 to 32 pieces of information at each of 
more than 70 sampling sites around the lower Colorado 
system.  Data is available to the public online at http://
waterquality.lcra.org, and drives operational decisions 
at headquarters and the Hydro Operations Control 
Center at Buchanan Dam.
 Close tracking of temperature and dissolved 
oxygen (DO) levels deep in the lake behind Mansfi eld 
Dam track the thermocline and signal potential problems 
with hypoxia.  If DO falls below safe levels, Wedig can 
alert Operations, which can engage an aeration system 
on one of their hydropower turbines.  The aeration 

system can raise DO by 2 mg/L, signifi cantly improving 
water quality downstream, notes Wedig.  He points out 
that operating the aeration system reduces the effi ciency 
of the hydropower generators by about 10 percent, so 
knowing when the aeration is really needed can make a 
difference on the bottom line.
 The Environmental team’s data also looks into 
the future.  When Wedig picked up signals indicating 
nutrient enrichment in the Highland Lakes, LCRA 
began developing a water quality model.  “It’s the fi rst 
modeling effort we’ve ever done for water quality,” 
he says.  “We’ve completed the second year of data 
collection, and we’ve collected some highly relevant 
stormwater runoff data.”

Big Study, Big Plans

 LCRA’s most ambitious studies to date will be 
key to deciding whether to proceed with an ambitious 
interbasin water sharing plan that would help meet future 
water needs in the lower Colorado basin and the San 
Antonio area.  The plan was developed during a regional 
water planning process that occurs statewide in Texas 
every fi ve years.  Regional planning groups for the lower 
Colorado River basin and the city of San Antonio – now 
the seventh-largest city in the U.S. – both identifi ed future 
water needs in their regions.
 The project would capture and store excess and 
unused river fl ows in one to three new holding basins 
near the Gulf Coast.  Intake structures would transport 
water from the river to the basins.  A 160-mile-long water 
line would deliver the water to San Antonio Water System 
(SAWS), the city’s water utility.
 LCRA would deliver up to 150,000 acre-feet of 
water annually to SAWS for up to 70 years.  The amount 
of water sent to SAWS gradually would decline during the 
last 10 years of the agreement, after which water supplies 
would stay in the lower Colorado basin to meet future 
water needs.
 The project, called the LCRA-SAWS Water Project, 
is under tremendous scrutiny during the six-year study 
period.  Consultants, scientists and technical experts 
are studying the project’s environmental, engineering, 
conservation, groundwater and socioeconomic impacts.  
LCRA and SAWS have agreed the project won’t proceed 
if the six-year study period shows that costs are too high, 
not enough water is available, or the project doesn’t meet 

Lower Colorado River Authority senior hydrologist Keith Ging uses a 
FlowTracker acoustic Doppler velocimeter to gather fast, accurate data for 
fl ow studies.
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specifi c legislative requirements.
 San Antonio, which anticipates a 40-percent 
shortfall in drinking water by the time its population 
doubles in 2050, wants the water.  Farmers in LCRA’s 
service area want a reliable source of water to help even 
out weather-related swings in irrigation availability, but 
they’ll have to fi ne-tune 
farming tactics and ir-
rigation systems to con-
serve 118,000 acre feet 
per year to make the deal 
work.  And environmen-
tal groups and fi shermen 
are worried about making 
sure enough fresh water 
makes it downstream to 
Matagorda Bay.
 LCRA is halfway 
through the six-year 
study period, and early 
feedback from scientists 
and regulators indicates 
that the organization is 
proceeding with due care 
and attention to detail.
 “What’s nice to 
see is that they’ve been 
very proactive on two fronts,” says Barney Austin, Direc-
tor of the Surface Waters Resources Division of the Texas 
Water Development Board.  “One, involving stakeholders 
– anyone with an interest in the river and bay ecosystems 
has been invited to participate throughout the process.  
There are different kinds of stakeholders out there, from 
the non-technical to the extremely technical, and each 
one brings something to the table.  LCRA has done a great 
job of keeping all those stakeholders involved while col-
lecting data in a scientifi cally rigorous manner.  Second, 
they are also being extremely vigilant in bringing in the 
scientifi c peer review process, and on a step-by-step basis 
ensuring the science is properly vetted.”
 Years of data have been augmented by laser-sharp 
focus on key elements of the system.  For instance, in 
an intensive 72-hour component of the study, Wedig’s 
team took salinity, temperature, DO and pH readings at 
eight sites in a 350-square-mile area of Matagorda Bay.  
Meanwhile, Ging’s team was aboard boats in the river, 
measuring discharge into its delta, running among six 

locations to keep the data fl owing.
 Together, the teams built a comprehensive view 
of fl ow in and out of the bay – from both the river and 
the Gulf of Mexico – and building a knowledge base on 
the effect of those fl ows on salinity and other quality 
parameters.  LCRA’s Matt Ables even animated the data 

using a Flash-driven 
program, bringing 
the numbers to life 
for stakeholders.
 
Vital Information

 LCRA’s compre-
hensive studies of 
the LCRA-SAWS 
project won’t be 
completed unti l 
2010 at the earli-
est.  Before then, the 
lower Colorado and 
its Highland Lakes 
w i l l  sure ly  face 
fl oods and drought.  
Water skiers will 
play on the lakes, 
oystermen will ply 

the bay, and farmers will fl ood their rice fi elds – and all 
will benefi t from the behind-the-scenes work of Ging, 
Wedig and their teams at LCRA.  So will their children 
and grandchildren.
 “The need to understand and quantify the 
amount of water we have available – and to understand 
the environmental impacts of using the water – is par-
ticularly important, and will become even more so in the 
future,” says Austin.  “It’s very important to get as much 
data as we can on our water resources.”
For additional information on the Lower Colorado River 
Authority, visit www.lcra.org. 

SonTek/YSI
9940 Summers Ridge Road
San Diego, CA 92121
Tel: +1 858 546 8327
Fax: +1 858 546 8150
Email: inquiry@sontek.com
Web: www.ysi.com 

A Lower Colorado River Authority hydrologist remotely directs a cata-
maran mounted  RiverSurveyor along a transect across a canal.  Along 
a transect or using stationary software, the RiverSurveyor uses Doppler 
sonar to quickly, accurately measure fl ow in the vertical water column.



Application Note

Contributed by: Bob Strand, Electrical Engineer for the U.S. 
Arid-Land Agriculture Research Center.

In February 2006 fi eld tests began on the SonTek® Modbus 
Interface Module (MIM.)  
These tests were conducted 
by the Central Arizona Ir-
rigation District (CAIDD) 
of Eloy, AZ and the USDA’s 
U.S. Arid-Land Agricul-
tural Research Center from 
Maricopa, AZ (formerly the 
U.S. Water Conservation 
Laboratory in Phoenix).  

In August of 2002, CAIDD 
decided to upgrade their 
telemetry system.  To date, 
they have outfi tted 118 
regulating structures with 
new remote terminal units 
(RTS’s).  They also upgraded their homegrown SCADA 
system to GE iFix.  Communication with the fi eld devices 
is through serial Modbus over new spread spectrum radios.  
This confi guration provided an excellent environment to 
test the MIM.

The test location is on 
the fi rst pool of CAIDD’s 
NC lateral.  The device is 
installed approximately 60 
meters upstream from a 
sub-lateral offtake and 90 
meters upstream of the fi rst 
check structure on the NC 
lateral.  It was known that 
the proposed meter location 
in the backwater upstream 
of the check and that refl ec-
tion waves would probably 
be seen in the data when fl ow changes were routed through 
the lateral.  As this was primarily a test of the MIM device, 
site selection was based on available infrastructure as op-
posed to optimal fl ow measurement.  

The nearby sub-lateral offtake structure is currently oper-

A YSI Environmental Company

ated manually.  However, it was originally designed to be 
operated as part of a remote control system.  The site has 
AC power, a pole to mount a radio, an empty RTU box to 
mount the MIM, and fencing to provide protection from 

vandalism.  A shallow trench 
was dug from this site to the 
location of the device up-
stream.  To minimize vandal-
ism and rodent problems, the 
MIM was connected to the Ar-
gonaut with extended distance 
serial cable in buried conduit.  
A junction box was installed 
in the conduit near the meter 
to connect the Argonaut cable 
to the extended distance serial 
cable.

The CAIDD SCADA system 
polls the MIM every fi ve 

minutes through the GE MB1 Modbus driver.  The device 
has been under continual operation since installation and 
has performed almost perfectly.  In over 30,000 polls, the 
SCADA system has only issued four retry polls.  In all cases, 
the second poll successfully retrieves the data so there are 
no lost samples (this is done automatically).

To date, the CAIDD district 
personnel manage their sys-
tem solely on water level in-
formation.  With the addition 
of this test device in the fi rst 
pool, SCADA operators have 
come to realize the benefi t of 
knowing the infl ow to laterals.  
Once they get the infl ow set, 
the matter of managing the 
downstream water levels, as 
well as velocity, is greatly   

            simplifi ed.

For more information on this application note, or the MIM, 
email SonTek® at inquiry@sontek.com.

Note: the reference to CAIDD and the USDA in the article does not 
constitute US Government endorsement of this product.

MIM Simplifi es CAIDD/USDA Telemetry Monitoring System
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Product Specifi cations
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SonTek’s MIM enables quick and 
easy integration of your Argonaut-
SL/SW/XR into any Modbus-en-
abled system using Modbus RS-232 
protocol. Acting as an RTU slave 
device, the MIM stores the Ar-
gonaut data in a series of specifi c 
Modbus registers so that the data 
can be reported to the master unit 
in real time.

For SCADA systems compatible 
with Modbus, the MIM offers access to a wide range of 
output variables that provide a more comprehensive view of 
your Argonaut data.

 Features/Specifi cations:

 •   Standard Modbus Status LEDs 
 •   Reset switch 
 •   Argonaut and Modbus serial ports (DB9) 
 •   Argonaut-SL/SW/XR compatible (fi rmware   
          v11.3 or later) 
 •   Input power: 9-16 VDC (commonly the same   
        supply as the Argonaut) 
 •   Typical power consumption: 0.4 W

 MIM Data Parameters

The Argonaut data parameters are stored in a sequential 
series of Modbus input registers on the MIM.  Primary 
Argonaut parameters are always found in the same register 
locations.  The only data not available through the MIM is 
multi-cell (profi ling) data and raw pressure time series used 
for wave height spectra.

 Flow Rate Total Volume 
cfs or ft3/s (cubic feet per second) acre-ft 
gpm (U.S. gallons per minute) gallons 
mgd (million of U.S. gallons per day) gallons 
m3/s (cubic meters per second) m3(cubic meters) 
l/s (liters per second) liters 
mld (millions of liters per day) m3 (cubic meters) 
  

Primary Output Parameters

Sample number    Stage    Mean Velocity   SNR Beam 1 
Sample time    Flow Rate   Temperature   SNR Beam 2 
X velocity    Total Volume   Pressure    SNR Beam 3
Y velocity   Flow Area   Battery voltage   Cell End
Recorder Space

Product Dimensions

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable 
acoustic Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  
Headquarters are located in San Diego, California. Additional information can be found at www.sontek.com



Y S I  Environmental    Pure Data for a Healthy Planet.®

Ambitious Water Quality Study 
Could Guide Development for Years

The City of Kissimmee, Fla., has embarked on an ambitious water 
quality study that could provide a road map for development in 
the fast-growing tourist mecca – and save millions of dollars as 
the city begins to comply with water quality regulations.
Eric Gurr, the city’s stormwater utility manager, has designed 
a water quality study on a grand scale. He’s identifying the 
waterborne pollutants that enter and leave his city of 47,000 
residents (and up to 6 million tourists per year) and building a 
model to predict their future movements.

Kissimmee is crossed by 
a maze of low-velocity 
streams and man-made 
canals, and dotted with 
natural and man-made 
lakes. The city is perched 
on the shore of Lake 
Tohopekaliga, a famous 
bass fishing destination. 
The local watersheds 
ultimately connect to the 
Gulf of Mexico and the 
Atlantic, as well as the 
fragile Everglades.

To understand what’s 
happening within city 
limits, Gurr took on a 
data-intensive mission: 
sampling from 20 stations 
around Kissimmee for an array of 40 to 50 contaminants and 
water quality parameters. “We want to isolate which pollutants 
are going to be important in the future, where they are coming 
from, and what the ultimate discharge is,” he says.  

Race Against Time
Gurr races like a man who’s running out of time. In the public 
works conference room, his laser pointer jumps across an aerial 
composite photo shot in 2004, showing wooded tracts that are 
now subdivisions and commercial developments. TMDLs, or 
total maximum daily loads, loom over most of the city’s water 
bodies.  

Gurr knows that if the state doesn’t set scientifically justified 
TMDLs for Kissimmee’s water bodies, U.S. EPA will use its 
land-use data and in-house estimates to set target loads for key 
pollutants in streams and lakes.  The resulting requirements 

– from remediation efforts to best management practices 
– could cost a fortune, especially if they’re based on erroneous 
assumptions and over-conservative estimates.

“You’re looking at expenditures that can be in the tens or hundreds 
of millions of dollars,” notes Eric Livingston, chief of the Florida 
Department of Environmental Protection’s Bureau of Watershed 
Management in Tallahassee, Fla. “You want to be sure that you 
have as much accurate data as you can when you’re creating 

your Basin Management 
Plan.”

Gurr figures the $1.4 
million budget of his 
study – covered mostly 
by grants – will be just 
a fraction of what the 
city will save by carefully 
target ing  it s  water 
quality efforts.

Data First
Before jumping into 
action, Gurr – a long-
time hydraulics and 
hydrology consultant 
– wants to see some 
data first, to make sure 
engineering solutions 
are on target.

“If you don’t know what the problem is, how do you solve it?” he 
asks. “Once I identify what the pollutants are, I’ll be able to track 
where they’re coming from.  I can isolate them before they interact 
and dilute. Then we can sit down and decide whether we could 
approach them with baffle boxes, small vortexes, or leaf screens. 
It will cost less money to do these small interventions, and they’ll 
have less impact on the systems and residents.”

Integrated Solution
Part of keeping the big project under control is integrating 
several components of the hardware and software through a 
single supplier. At the heart of the system, a suite of YSI 6600EDS 
multiparameter sondes gather and transmit data on dissolved 
oxygen (DO), turbidity and pH every 15 minutes, providing a 
detailed look at water quality – right down to diurnal cycles and 
the effects of storm events. At 11 sites, SonTek/YSI Argonaut 

0406 A536
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Water quality station near development.
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SL (side-looking) flow meters provide stage and velocity data 
through the same YSI EcoNet wireless data uplink as the YSI 
sondes. At the other nine sites, which feature extremely shallow 
water, Gurr and SonTek installed concrete sumps to house the 
6600EDS sondes and Argonaut SW (shallow water) units to keep 
an eye on flows that often slow to a trickle.

Meanwhile, grab samples are collected manually three times 
per month; the collection units and are also triggered to 
make automatic collections when rainfall events deliver more 
than 0.1 inch of precipitation. Those samples are analyzed for 
nutrients, metals and other contaminants, coliforms and other 
bacteria. Sediment and biological samples are also analyzed to 
assess the impact of the water quality parameters that are being 
measured.  

Once he has sifted through the vast array of variables gathered 
during the four-month initial collection process, Gurr says he 
plans to zero in on the most pressing parameters for future 
monitoring efforts.

The second phase of the Kissimmee project is running the data 
through the Danish Hydrology Institute’s MIKE SHE software, 
which melds a surface water model with a 3-D groundwater 
model. Gurr says, “With MIKE SHE, you can track a pollutant 
and find out the hydrology going into it, the hydrology when it 
gets there.” 

Be Prepared
Gurr plans to have his data collected and put through the first, 
skeletal run-through of the model in October 2006. Fine-tuning 
could take another year, and is expected to help identify locations 

for 12 more sampling sites. In the meantime, Gurr expects 
to have a good grasp of the mounds of data he’s collecting 
to help write targeted, science-based Basin Management 
Plan for local TMDLs.  

“The more information we have about our own water bodies 
and discharges, the better off we’re going to be,” he says.  

For additional information please contact 
YSI Environmental
Tel.+1 937 767 7241
US 800 897 4151
Fax +1 937 767 1058 
Email. environmental@ysi.com 
Web. www.ysi.com

Written by Steve Werblow for YSI Environmental.  A version of 
this application note was published by Water & Waste Digest.

0406 A536
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Eric Gurr (right) discusses a monitoring site with David Brooks, 
SonTek/YSI (left) and Brian Bendis, AMJ Equipment Company 

(center) - a YSI Selling Partner.
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Current Monitoring at Shinnecock Inlet
Long Island, New York 

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

A 0.5-MHz Side-Looking Acoustic Doppler Profi ler (ADP) is pres-
ently monitoring currents at Shinnecock Inlet on Long Island in New 
York. The project features an array of SonTek/YSI instruments, and 
is a cooperative partnership of the U.S. Army Corps of Engineers, 
the State of New York, SUNY Stony Brook, and Offshore and Coastal 
Technologies, Inc.

The ADP is mounted off the east jetty, and was chosen for this job 
to profi le currents into the channel and determine the predominant 
fl ow patterns.

The large-diameter transducers in SonTek ADPs produce extremely 
narrow beams, offering distinct range advantages for horizontal 

profi ling. Additionally, the use of a transducer shading technique minimizes side lobe interference, further increasing the 
maximum horizontal range of the system.

The graph shows the actual performance of the side-looking 
ADP. Note that when the instrument was deployed 1.2 m below 
the surface, it was able to accurately measure currents out to 50 
m. This represents a phenomenal aspect ratio of over 40 (i.e., the 
SL-ADP achieved a horizontal range that was at least 40 times its 
distance to the nearer boundary). This suggests that placing the 
ADP at a depth of just 2-3 m may allow a 0.5-MHz side-looking 
ADP to achieve its full profi ling range of 70 to 110 m.

This graph shows the actual performance of the side-looking 
ADP at Shinnecock Inlet, New York. Note that the main along-channel fl ow was reached at a distance of about 20 m from 
the ADP. What is astonishing here is that the ADP was submerged just 1.2 m below the surface and was able to accurately 
measure current data out to 50 m!
 

Live data from the Shinnecock Inlet project can be viewed at 
http://www.lishore.org/shinnecock/latest.htm.

In addition to the side-looking ADP, the Shinnecock Inlet Field 
Monitoring Project is also using the following SonTek systems 
for the listed purpose. The locations of these systems can be 
found at http://www.offshorecoastal.com/GaugeDescript.htm.
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SonTek/YSI
9940 Summers Ridge Road
San Diego, CA 92121
Tel: +1 858 546 8327
Fax: +1 858 546 8150
Email: inquiry@sontek.com
Web: www.ysi.com
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Kankakee River Discharge Monitoring with Argonaut-SL
Indiana, USA 

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

Overview

The USGS Water Resources Division has developed an Argo-
naut-SL standard cross-section to monitor river discharge in 
the Kankakee River. The cross section is about 20-m wide by 
2-3 m deep, and is located downstream of a highway bridge. 
The Argonaut-SL was located on the left bridge abutment 
about 1.5 m from the bottom.

A series of discharge measurements were made at the site 
by passing a mobile current profi ler over the cross-section 
several times. These discharge measurements were then used 
to develop calibration relations for monitoring discharge 
from real-time Argonaut-SL data. Figure 1 shows the actual 
instantaneous discharge data (in red) obtained with the SL. 
The black line represents instantaneous discharge calculated 
via the USGS’s standard stage-area relation.

Higher variabilities are expected in a velocity-based method 
when compared to a state-area method, and the graph shows 
good agreement between the two methods.

The USGS Indiana Offi ce reports that they have had good 
results when they compare the discharge data computed us-
ing the Argonaut-SL to discharge data computed using con-
ventional methods. As a result, they have made available the 
real-time data computed with the Argonaut-SL from two of 
their streamfl ow-gauging stations in northwest Indiana. Here 
are the links to those sites (please note that these stations may 
occasionally be down for maintenance):

Kankakee River at Davis, Indiana* 
h t t p : / / w a t e r d a t a . u s g s . g o v / i n / n w i s / d v / ? s i t e _
no=05515500&PARAmeter_cd=00060,00065

Iroquois River near Foresman, Indiana*
h t t p : / / w a t e r d a t a . u s g s . g o v / i n / n w i s / d v / ? s i t e _
no=05524500&PARAmeter_cd=00060,00065

*Graph and real-time data courtesy of the USGS. Data are provisional 
and subject to revision.

SonTek/YSI
9940 Summers Ridge Road
San Diego, CA 92121
Tel: +1 858 546 8327
Fax: +1 858 546 8150
Email: inquiry@sontek.com
Web: www.ysi.com

Figure 1. Discharge Data from the Kankakee River Using 
an Argonaut-SL*



©2007 SonTek/YSI           +1 858 546 8327              Fax +1 858 546 8150           inquiry@sontek.com               www.sontek.com

Application NoteSound Principles. Good Advice.

Abstract

 In 1913 it was thought to be the demise of the 
Owens River when it was diverted to feed a thirsty 
growing urban population in Los Angeles, CA. The 
Owens River sustained a complex riparian habitat and 
provided a constant fl ow of run-off from the snow 
pack in the High Sierras of Eastern California which 
also provided irrigation water for an agricultural 
community in the Owens Valley. A few years after the 
diversion began and the Los Angeles Aqueduct was 
completed the river lay dormant. Litigation that com-
menced in the early 1970’s was a catalyst which began 
a long litigious exercise with the objective of local and 
state governments along with a handful of environ-
mental groups to mitigate and ensure this ecological 
lifeline for the Owens valley was restored. In 2005 an 
adjudicator in Inyo County made it offi cial the Owens 
River will fl ow again to some semblance of its past.

 Thus began the Lower Owens River Project 
(LORP) with the objective to move and maintain a 
40 ft3/s (cubic feet per second) fl ow rate with at least 
200 ft3/s “fl ushing” cycles designed to re-invigorate the 
dormant riverbed. This paper will briefl y describe the 
SCADA technologies, fl ow instrumentation and sensor 
hardware used to maintain and control in real-time 
a once dormant river. This document will highlight 
the electronic hardware integrated with a combina-
tion of gates for fl ow augmentation, and an elaborate 
pumping mechanism to return water to the LA aque-
duct or to the Owens Lake Dust Mitigation Project to 
ensure this fl ow rate will be maintained along a 62 mile 
stretch of the Owens River in the Owens Valley. 

Introduction

 After approximately 93 years of remaining 
dormant, dry, and to a greater extent lifeless, a deci-
sion had been made to move water through the Lower 
Owens River which starting at the point where it had 
been diverted at the upper end of its reach with the Los 
Angeles Aqueduct. The objectives to the decision were 
many, but some specifi c are:

Restore the pre-existing riparian habitat.• 
Development of a plan for indigenous threat-• 
ened and endangered (T & E) species of fi sh, 
wildlife and plants, and other biodiversity
Create new recreational opportunities such as • 
fi shing, birding, hiking, etc.
Identify, manage and audit the 4 areas that will • 
benefi t from this endeavor which are irriga-
tion, ranching, recreation, and ultimately water 
export from the southern end.

 Specifi cally, the decision also mandated not 
just the task of returning fl ows to the parched river, 
but measuring and monitoring fl ow rates along its 62 
mile stretch. In addition, the monitoring of 9 reaches 
was specifi cally to be implemented using a “real time” 
technology, and, make it available on public domain. 
The results near term for this project will show that 
the monitoring and implementation of real time data 
to the public is practical, real, but at a substantial cost 
and resources in the early stages. With the growing 
concern over environmental issues and sustaining our 
most valuable natural resource, water, this project will 
pave the way and become a litmus test for what will be 
a trend for decades to come which may well entail re-
storing rivers, lakes and ground water aquifers for use 
to supplement very ineffi cient methods of irrigation 

Using SCADA and acoustic fl ow meters to tame a once dormant river:
A case study in the Lower Owens River Restoration Project.

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

This Application Note is made possible courtesy of Ronald Nauman, 
President, HydroScientifi c West  and Steven Keef, Chief Hydrographer, 
Los Angeles Department of Water and Power
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for agriculture and urban sustenance of water. With a 
25 million dollar budget and the green light from the 
City of Los Angeles, the project began in fall/2005.

River Sections or Reaches that require fl ow 
monitoring

 In the early stages of the project fl ow values 
from the intake are approximately 60 ft3/s rate which 
will hopefully allow the system to equilibrate at 40 
ft3/s while the water snakes its way through the 62 
mile river section until it reaches the Owens River 
Pumpback Station, where at that point the water will 
be pumped to the Los Angeles aqueduct or the Owens 
Lake Dust Control project. Because of the potential for 
losing and gaining reaches within the river channel, 
specifi c sites had to be located to accommodate fl ow 
instrumentation. Some sites will make use of exist-
ing man made structures and others will be installed 
new. With this combination it is hoped it will meet 
and exceed the real time fl ow monitoring and control 
needs, and allowing the fl exibility to utilize the existing 
infrastructure of laterals and the Los Angeles Aqueduct 
to augment the system on the reaches to sustain the 
40 ft3/s rate. Figure 2 shows the geographic location of 
each monitoring site along the river between the intake 
and the pumping plant at the tail end of the system.

 The instrument site selection by the Los Ange-
les Department of Water and Power consisted of the 
following criteria:

Based on data collected during the 1993 fl ow 1. 
study for losing and gaining reaches
Use existing man made structures2. 

culvertsa. 
bridgesb. 

Natural lined  Cross Sections3. 
Site locations required sections of a. 
hundreds of feet of a straight chan-
nel, which at times was very diffi cult 
to locate. This ensures a more uniform 
or homogenous fl ow condition for the 
fl ow instrument.
No boulders, trees protruding from the b. 

canal bottom or sides, or desert scrub 
would be conducive for laminar fl ow 
conditions
Because these conditions were hard to c. 
fi nd it was determined by The Depart-
ment of Water and Power that some 
modifi cations had to be made with 
minimal intrusion to the natural land-
scape

4 natural site sections rocked i. 
and formed to create a uniform 
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geometry, and lined with a 160 
millimeter geo-textile lining to 
inhibit biological growth and 
minimize friction which will 
result in a more laminar fl ow.
Concrete trapezoidal sec-ii. 
tions installed at intake, and a 
concrete box weir installed at 
Pumpback station
Culverts installed at 4 locationsiii. 
2 each Langemann Gates to iv. 
control fl ow to the delta at 
Pumpback Station

Instrumentation Selection

 Many factors 
were considered in 
choosing an instru-
ment that would pre-
cisely measure a pa-
rameter such as water 
level or velocity or a 
combination of both 
to compute discharge. 
In any site evaluation 
it is imperative that 
an understanding of 
level/stage or velocity 
values be known or 
has a level of predictability before choosing an 
instrument. This can be determined prior to an instal-
lation by:

Analyzing historical stage/discharge data com-1. 
piled by the user, if available
Analyzing historical area ratings from the site, 2. 
if available

 In the instance of the Lower Owens River Proj-
ect this scenario was not a luxury as the river had not 
seen any water since 1913. So how do we know what 
the conditions are going to be like at some of the site 
selection points? How is the river going to behave once 
fl ows are ramped up to 40 ft3/s? How much change is 

going to occur at the measuring stations with velocity 
or level? How many of the sites will see a backwater ef-
fect from miles of decomposing vegetation?

 Since none of these questions had answers The 
Los Angeles Department of Water & Power determined 
an acoustic method would be the favorable solution 
for the following reasons:

Measure both velocity and level acoustically1. 
Low maintenance2. 
Low power3. 
The hardware should interface with SCADA, 4. 
data loggers, etc.
Easy installation of the hardware5. 
Can be deployed autonomously for indefi nite 6. 
periods of time

No instrument 7. 
calibration

Most important, 8. 
can measure velocity 
and level and com-
pute fl ow in very 
low and high water 
conditions  (inches 
to several feet of 
water)

After evaluating 
these factors the Los 
Angeles Department 

of Water and Power chose the Argonaut SW 
ADVM (acoustic Doppler velocity meter) 

manufactured by SonTek/YSI Figure (3)

Instrument Deployment Locations

 In determining the measuring sites the same 
principles were used as on any other site selection 
exercise for any hydraulic monitoring project sampling 
for physical parameters such as level or velocity. The 
criteria used were:

Is there existing infrastructure to mount, 1. 
maintain, and periodically conduct site cali-
bration measurements?
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What modifi cations and alterations are al-2. 
lowed to the natural habitat, if any?
Can I get to the site easy?3. 
What is available for power?4. 
How can I control existing or future condi-5. 
tions at the site to minimize the changes in the 
cross sectional area? Sediment transport and/
or biological growth?
What kind of fl ow conditions might we expect 6. 
at the site? Is it at a bend or curve?
Can we move data easily from the site if re-7. 
quired?
Is the correct installation method within our 8. 
budget?

 By adhering to the above criteria it was con-
cluded that the use of existing culverts was one method 
where installation and construction costs could be kept 
to a minimum. In addition, the cross sectional area 
should not change substantially and remain defi ned 
for a longer period of time. 4 sites with 2 culverts each 
were selected in the initial planning stage. All of the 
culvert sites had substantial bio growth as standing and 
fl ood waters were drawn to most of the culvert sites.

 These site conditions were typical of most of 
the culvert sites. As previously noted earlier in this pa-
per that because of the natural conditions of the dor-
mant river bed and environmental regulations that do 
not allow for removal of vegetation it is not conducive 
to predicting or affi rming what kind of fl ow conditions 
may exist at these sites once a fl ow rate of 40 ft3/s is 
established in the system. Thus it is believed the correct 
technology for fl ow instrumentation was selected.

 Other site selections included a concrete lined 
trapezoidal shaped fl ume. It was constructed at the 
intake which included a structure for the Langemann 
gate, and an Argonaut SW mounted in the apron fur-
ther downstream.

 The other method used to control site condi-
tions and maintain a uniform cross sectional geometry 
was by installing a fabricated 160 mil Geo-Textile Liner 
manufactured by Teranap in Irving, TX. Department 
of Water and Power personnel installation crews were 

trained briefl y on-site on the installation procedures 
by Teranap personnel. Once the demonstration period 
and training was completed DWP installation crews 
were skilled and profi cient enough to install the liner 
at the remaining sites. Once the liners were installed el-
evations were shot to ensure cross sectional geometries 
were uniform and instrument elevations were consis-
tent and updated as referenced to the site benchmark.

 Installation of the liner material could be 
considered relatively simple in nature. The mechan-
ics of hauling and rolling out the pre-cut rolls specifi c 
to the site is very diffi cult if improper or undersized 
heavy equipment is not available. In installing a geo-
textile liner the site preparation is paramount to ensure 
uniformity, as well as reduce the possibility of the liner 
buckling upstream or downstream at the leading or 
trailing edge of the material. 

SCADA and Radio Hardware and Software

 The SCADA hardware selected for each of the 
monitoring sites and back at the operations head-
quarters in Bishop, CA is manufactured by Rugid 
Computer. The Aqueduct Division of the Los Angeles 
Department of Water and Power has standardized the 
complete SCADA system in the Owens Valley using a 
combination of Rugid Computers RUG 3’s, Rug 5’s, 
and RUG 9’s. There are over 100 remote monitoring 
and control sites plus several radio repeater sites that 
the department polls real time. The main reason the 
Department of Water and Power have standardized on 
this platform include:

Can withstand extreme temperatures (-40 to 85 C)1. 
small, lightweight, and consumes little energy 2. 
(50mW to 5W)
12 bit resolution on 6 analog inputs3. 
4 digital outputs4. 
has peer to peer and store and forward communi-5. 
cation features
Setup of RTU is relatively easy compared to other 6. 
hardware 
Open architecture7. 
Built in LCD display 8. 
Integrated Watchdog timer9. 
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Each site is collecting fl ow and level values from the 
Argonaut SW that has an averaging interval of 300 sec-
onds sampling every 900 seconds. Polling of the sites 
from the master PLC is every 5 minutes. Data is moved 
through a combination of 950 MHz radios (Motorola) 
or spread spectrum radios (~ 900 MHz) (Microwave 
Data Systems). 

 HydroScientifi c West was the integrator cho-
sen for this task. All site hardware was built in its 
warehouse in Poway, CA and shipped to Bishop, CA, 
where installation occurred over several months. Cur-
rently there are 16 stations interfaced directly with the 
SonTek Argonauts. Some culvert stations employ 2 
Argonauts. 

 The HMI (human machine interface) was de-
signed and built by Los Angeles Department of Water 
and Power personnel. Using the existing Intellution 
Human Machine Interface (HMI) allowed the develop-
ers to enhance existing displays and easily add remote 
stations as needed. Real time data from the sites can be 
viewed at http://wsoweb.ladwp.com/Aqueduct/real-
time/realtimeindex.htm.

 Part of the MOU (memorandum of understand-
ing) between Inyo County, Sierra Club et al mandated 
use of current technology to present real time fl ow data 
to the public at large. The HMI software allows this on a 
web based server and provides the Department of Water 
and Power the ability to archive all time series data from 
the Argonauts and water quality sondes deployed in the 
reaches of the Lower Owens River Basin.

Short and Long Term Issues to maintain 
accurate fl ow data

 The Lower Owens River has been modifi ed in 
places to accommodate very accurate fl ow instrumen-
tation. State of the art data platforms are monitoring 
the in-situ instrumentation, and high speed radios are 
moving data across the Owens Valley using repeaters 
on the Sierra’s and White Mountain Range. However, 
present and past real time data is not refl ecting actual 
hydraulic conditions at the sites. What is happening?

Remote Site Enclosure

Concrete Box Weir
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We have tamed this river to fl ow from point A to point 
B, however it is in a state of fl ux due to natural condi-
tions that are changing instantaneously due to decom-
posing vegetation, and moving sediment and debris, 
canals geomorphic conditions that due not allow the 
river to move in a laminar or homogenous fashion. 
This is reality between the intake and the pumping 
plant at the end of the river. 

 Velocity Indexing is going to be an integral 
function of this project for years to come. It would not 
be unusual to witness more than a couple of shifts in 
the existing rating curves at these sites. Department of 
Water and Power personnel are currently conducting 
instantaneous discharge measurements on a weekly 
basis at every site on the system, and using the FloPAK 
software from SonTek/YSI they are using linear regres-
sion tools in the software to calculate new equations 
and build newer geometry fi les when required. The 
Reinhackle site is refl ecting a change of 20% - 30% of 
computed fl ow, sometimes daily. 

 The losses throughout the system can be at-
tributed to evaporation and seepage mostly. When fl ow 
values at the intake are not substantial to maintain a 
40 ft3/s (cubic feet per second) in between reaches and 
throughout the system fl ows are augmented by addi-
tional water deliveries through diversions from the Los 
Angeles Aqueduct.

 In addition the fi nal draft of the project man-
dated 2 each 200 ft3/s fl ushing cycles for 24 hour dura-
tion to occur next fall and a year thereafter. Nobody 
can really forecast how the system will react during the 
1st fl ushing cycle. Department of Water and Power per-
sonnel will closely monitor the event, and when practi-
cal they will conduct discharge measurements to verify 
fl ows and how the river would behave during a fl ood 
event. In addition, biologists will be an integral part of 
this exercise to determine the relevance and positive or 
negative results to a controlled high fl ow event.

Conclusion

  The purpose of this paper was to highlight 
the signifi cance of major components of the SCADA 

system that is monitoring and controlling the Lower 
Owens River Project deployed fl ow instrumentation 
and gates. Due to legal circumstances that initiated the 
project and requirements, it was essential that the Los 
Angeles Department of Water and Power designed, 
purchased, and tested a SCADA system with off the 
shelf components interfaced with robust fl ow instru-
mentation that would provide real time data from 
remote sites with confi dence that accurate data will 
be made available to the public without interruption. 
Many public and private entities are monitoring on 
line data from the 16 sites along the 62 mile stretch to 
ensure restoration of the river riparian habitat.

President, HydroScientifi c West, 13135 Dan-1. 
ielson St. #207, Poway, CA 92064, rnauman@
hydroscientifi cwest.com
Chief Hydrographer, Los Angeles Depart-2. 
ment of Water and Power, 300 Mandich Street, 
Bishop, CA 93514, Steve.Keef@WATER.LAD-
WP.com
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River Discharge and Water Supply Canal Monitoring with Argonaut-SL
 

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

Overview

The SonTek/YSI Argonaut current meters are world-renown 
for their compact size, high accuracy, ease of use, and low 
power consumption. These instruments can be classifi ed as 
range-integrating current meters that use the acoustic Doppler 
technique to precisely measure water currents. The Argonaut 
is presently available in three models:

Mooring-Deployed Argonaut-MD - Designed for offshore • 
mooring applications 
Extended Range Argonaut-XR - Intended for shallow-• 
water current measurement 
Side-Looking Argonaut-SL - Designed to be used where • 
beams need to be directed away from boundaries or ob-
jects that might cause fl ow interference 

This article describes a practical approach to carrying out river 
gauging using an Argonaut-SL, which provides considerable 
improvement in velocity accuracy over travel-time systems, 
while reducing operational costs. Also discussed are some 
advantages as compared with more traditional practices.

Previously Used Techniques

Most commonly, river fl ow is estimated by measuring water ve-
locities at several locations across a channel, and then integrat-
ing these velocities over the cross-sectional area of the river. 
This approach involves extensive spatial mapping of the fl ow 
(usually several times a year) which produces what is known 
as a calibration curve; that is, the total discharge as a function 
of the water level and velocity at one particular location (e.g., 
center of the channel). This calibration information is later 
combined with real-time velocity measurements, yielding an 
estimate of the discharge between the calibrations.

Alternatively, in the case of a small canal or waterway, an 
electromagnetic coil-based system can be implemented that 
provides true discharge without relying upon any assumptions 
(although the exact channel cross-section needs to be known). 
However, this method requires signifi cant installation efforts, 
is rather costly, and is not very fl exible when it comes 
to changing the location of the measurements.

When the channel cross-section is regular and of a known 
shape, an estimate of the discharge can be obtained by simply 
measuring the averaged fl ow either across the channel at some 
depth or over depth in the center of the channel.

Acoustical travel-time systems have been previously deployed 
to provide a path-average velocity across a river or a channel. 
Their installation involves an extensive site survey, accurate 
positioning, and careful alignment of both the transmitter and 
the receiver along with a cable connection between the two 
sides. This is rather expensive, time consuming, and can be 
hazardous. Travel-time systems are also susceptible to fouling 
and require continuous maintenance and periodic calibration. 
When the water level changes signifi cantly, the acoustic path 
traverses at a different depth, relative to the water level, which 
may affect discharge calculations. In addition, in order to take 
measurements at a different location the whole procedure 
needs to be repeated each time.

Using the Argonaut-SL for River Discharge

The Argonaut-SL range-integrating acoustic Doppler cur-
rent meter provides an attractive alternative to traditional 
methods of measuring river discharge. The Argonaut-SL fea-
tures state-of-the-art Doppler technology, remote sampling, 
resistance to fouling, and requires no calibration. The most 
unique feature of the Argonaut-SL is adjustable location and 
size of the sampling volume (i.e., the volume from which the 
velocity measurements are made). The sampling volume can 
be pre-programmed by the user to be as close as 0.25 m away 
from the sensor and can extend as far as 15 m. The Argonaut 
SL will then compute a mean velocity of the water within 
this volume. While mechanical or electromagnetic current 
meters are limited to measuring flows in the immediate 
vicinity from the sensor, the Argonaut-SL allows a user to 
extend the measurement area away from the instrument and 
avoid signal contamination due to boundaries or mounting 
structure (Figure 1a).
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Another unique feature of the Argonaut-SL is AutoTideTM. 
A bottom-mounted Argonaut-SL (Figure 1b) detects the 
location of the surface for each sample using an integrated 
pressure sensor and automatically adjusts the extent of the 
sampling volume accordingly. This is designed to avoid data 
contamination from acoustic signals refl ecting from the sur-
face when the water level changes with the tide or river stage. In 
addition to measuring velocity, the Argonaut simultaneously 
records the water level.

A bottom-mounted Argonaut-SL with the beams oriented 
in the along-fl ow direction will provide a depth integrated 
velocity (Figure 1b) while the Argonaut-SL mounted on a 
bridge piling or a riverbank (Figure 1a) gives a range-averaged 
velocity that can be incorporated into the discharge calculation 
scheme in real time. In both confi gurations, the Argonaut-SL’s 
integrated pressure sensor also provides the water level re-
quired for discharge calculations. If the channel cross-section 
has a known regular shape, this velocity/water level can be 
combined with the existing analytical or numerical model 
to estimate discharge. In cases where the channel has an ir-
regular shape, the Argonaut-SL can provide an index velocity 
for real-time discharge monitoring in between cross-sectional 
calibrations of the channel.

Given the small size and weight, the installation of the Ar-

gonaut current meter is fairly straightforward and can be 
done without extensive surveys or special equipment. The 
Argonaut-SL can report data in real time when connected to 
a shore computer via cable, or it can record data internally 
when outfi tted with external batteries. When compared to 
cumbersome, traditionally deployed travel-time systems, the 
easy-to-use Argonaut-SL saves time, money, and headaches.

SonTek/YSI
9940 Summers Ridge Road
San Diego, CA 92121
Tel: +1 858 546 8327
Fax: +1 858 546 8150
Email: inquiry@sontek.com
Web: www.ysi.com

(a) Monitoring channel fl ow with an Argonaut-SL 
pointing across

(b) Flow monitoring with a bottom-mounted Argonaut-SL

Figure 1.
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Travel-Time Discharge Measurements
Rotterdam, Netherlands

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

Overview

Henk Cox and Anne Wijtzes, of the Rijksinstituut voor Kust 
en Zee (RIKZ) in the Netherlands, have recently completed 
an extensive comparison test of the Argonaut-SL with a travel 
time system installed at the Spijkenisse Bridge (shown here) 
near Rotterdam.

The RIKZ was interested in evaluating the Argonaut-SL as 
a potential replacement for the travel time systems typically 
used for these measurements, at least in part because of the 
lower costs associated with installation and maintenance of the 
Argonaut-SL. A preliminary cost analysis done by the RIKZ 
shows that, when installation and maintenance are included, 
a site equipped with an Argonaut-SL is about one-third the 
cost of a site fi tted with a travel time system.

The RIKZ generally recommends a stage-velocity calculation 
for discharge monitoring, with the discharge calculated as:

Q=kvA(h)

where v is the velocity and A(h) is the wetted surface area 
(which is a function of water level). The constant k accounts 
for variations from site to site and for deviations of v from 
the vertically-averaged velocity.

Two tests were carried out at the Spijkenisse Bridge, a site 
near Rotterdam harbor already equipped with a travel time 

system. As shown in the drawing below, the Argonaut-SL was 
located on the “backside” of the bridge piling for maximum 
protection.

The following graph shows the results from the second test (the 
fi rst test results were similar). In both tests, the relationship 
between the velocities measured by each instrument was quite 
linear. While there was no reason to expect the relationship 
between the measured velocities to be perfectly one-to-one, 
in both tests, regression analyses show that a one-to-one re-
lationship is very nearly the case.

(next page)

The RIKZ was interested in evaluating the Argonaut SL as

Location of the Argonaut-SL on a piling of the Spijkenisse 
Bridge.
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The overall result of this test is that the RIKZ is confi dent that 
the Argonaut-SL is a suitable substitute for travel time systems 
in any location similar to this test site.

SonTek/YSI
9940 Summers Ridge Road
San Diego, CA 92121
Tel: +1 858 546 8327
Fax: +1 858 546 8150
Email: inquiry@sontek.com
Web: www.ysi.com

Test results comparing the Argonaut-SL with an installed travel time 
system



©2007 SonTek/YSI           +1 858 546 8327              Fax +1 858 546 8150           inquiry@sontek.com               www.sontek.com

Application NoteSound Principles. Good Advice.

Pollution Monitoring Station with Argonaut-SL
For rivers, estuaries, and other watersheds.

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

Overview

Having revolutionized the monitoring of fl ow in open 
channels, SonTek/YSI has extended the capability of the 
Argonaut-SL (side-looking) Doppler current meter to in-
clude over ten additional water quality parameters.

Combining the SL with the YSI 6820 Sonde multiprobe of-
fers the ultimate solution to monitoring water quality and 
to evaluating Total Maximum Daily Loads (TMDL). The 
SL’s unique ability to measure currents remotely gives you 
the capability to measure the total fl ux of pollutants.

Features: 
Fully integrated data acquisition and recording • 
2-dimensional current over a 15-20 m range • 
Advanced Doppler Technology • 
No velocity calibration required • 
Water level • 
Proven reliability • 
Low power consumption • 
Comprehensive software • 
Easy to set up and use • 
RS-232/485 and SDI-12 output • 

Environmental Parameters:
Ammonium-Nitrogen • 
Dissolved oxygen • 
Nitrate-Nitrogen • 
Temperature • 
Ammonia • 
Turbidity • 
Chloride • 
Salinity • 
ORP • 
pH  • 

SonTek/YSI
9940 Summers Ridge Road
San Diego, CA 92121
Tel: +1 858 546 8327
Fax: +1 858 546 8150
Email: inquiry@sontek.com
Web: www.ysi.com

An example of a Argonaut-SL river application

The 6820 V2 sondes are cost
effective systems for profi ling 
and spot-checking in rivers, 
lakes, wetlands, wells, estuaries, 
and coastal waters.



©2007 SonTek/YSI           +1 858 546 8327              Fax +1 858 546 8150           inquiry@sontek.com               www.sontek.com

Application NoteSound Principles. Good Advice.

Canal Mount for Argonaut-SL
For rivers, estuaries, and other watersheds.

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

If you are concerned about spending time and money to fabricate mounting apparatus for your Argonaut-SL, our canal 
mount option may be the solution. This mount, especially designed for the SL, makes instrument installation and recovery 
a snap. Intended for use on canals and waterways, this hardware allows you to set the SL at the proper depth AND at the 
proper angle.

SonTek/YSI
9940 Summers Ridge Road
San Diego, CA 92121
Tel: +1 858 546 8327
Fax: +1 858 546 8150
Email: inquiry@sontek.com
Web: www.ysi.com

An example of a Argonaut-SL river application
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Mooring Dolphin Deployment of Argonaut-SL

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

The SonTek/YSI Argonaut-SL (side-looking) measures 2-D current from a sampling volume that can be located up to 15m 
from the instrument. The size and extent of the sampling volume is programmable, allowing currents to be measured in por-
tions of channels that are of the most interest to mariners.

The SL’s ability to be mounted on the side of an existing structure greatly reduces installation time and costs. Loss or damage 
to the instrument due to anchoring, dredge spoils, or fi shing nets is eliminated.

Figure 1 shows one approach to mounting an SL on a mooring dolphin (or a wharf or pier). The mechanism allows the SL to 
be lowered and retracted easily without the use of divers.

Figure 1. Example of Mounting Argonaut-SL on a Mooring Dolphin*
*Drawing courtesy of Marimatech in Denmark

SonTek/YSI
9940 Summers Ridge Road
San Diego, CA 92121
Tel: +1 858 546 8327
Fax: +1 858 546 8150
Email: inquiry@sontek.com
Web: www.ysi.com
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ADPs and Argonauts in Bosphorus Straits VTMIS

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

July, 2002 - A massive Vessel Traffi c Management Informa-
tion System (VTMIS) combines a large number of SonTek 
and Endeco systems into real-time data collection plat-
forms. These platforms are to be installed in the high-pro-
fi le Bosphorus Straits, Turkey, where high current speeds 
prevail and operational effi ciency is paramount.

Each of the 15 data collection platforms (see fi gure) inte-
grates a vertically-downlooking 0.5-MHz ADP mounted 
on the base, and an Argonaut-SL mounted horizontally 
on the side of a fully self-powered EMM2000 buoy. A solar 
panel recharges the onboard battery pack, so the system 
can remain operational indefi nitely. Real-time data from 
the buoys is transmitted in a single collected-data stream to 
the VTMIS by telemetry.

Based on the reported water current velocities from the 
buoys, the vessel traffi c controller and oil tanker pilots can 
make informed decisions as to the safest and most effi cient 
course of action and navigational path.

SonTek/YSI
9940 Summers Ridge Road
San Diego, CA 92121
Tel: +1 858 546 8327
Fax: +1 858 546 8150
Email: inquiry@sontek.com
Web: www.ysi.com
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One of Strainstall UK Limited’s primary marine 
safety systems is their Berth Management System, 
which is used chiefly for the docking of VLCCs (oil 
tankers) and LNG (liquid natural gas) carriers.  
The Berth Management System provides assistance 
to vessels on their approach to the berth and 
during mooring by monitoring the conditions of 
the sea and surrounding area to ensure the 
complete safety of the vessel.  The system 
undertakes continuous surveillance of the mooring 
and vessel related parameters, such as speed and 
position of the vessel on approach, weather 
conditions and oceanographic parameters.

An example of a berth vessel 

A system such as Strainstall’s needs to be in place 
to ensure that the docking operation is performed 
within defined environmental limits and strict 
approach speed limits, as large impact on the 
fenders and jetty equipment may cause 
considerable damage.  In relations to this 
environmental monitoring of parameters such as 
current and tides needs to be undertaken as the 
conditions will affect the manoeuvring of the ship 
during berthing.

Strainstall use SonTek’s Argonaut-SL sideways 
facing ADCP in their Berth Management Systems to 

The Argonaut-SL range

monitor the current present at the time of 
berthing.  SonTek recognised the need to measure 
water velocity and level in open channels during 
applications such as this and the SL was their 
solution.  The SL, known as the Side-Looker, is 
intended for side mounting on bridges, canal walls 
and riverbanks, ideally on an existing structure.  It 
is available in three models all with different 
sampling ranges, the SL3000’s being 0.1m - 5m, 
the SL1500 0.2m - 20m and the SL500 reaching up 
to 120m.  The assortment of ranges mean that the 
SL is suited to a variety of channels from narrow 
rivers to wide ports.

The Argonaut-SL’s narrow beam width, combined 
with unmatched side lobe suppression, provides 
the superior acoustic directivity necessary for 
achieving maximum horizontal range, which is 
free of interference from boundaries and 
obstacles.  The SL comes with the Windows 
software packages ViewArgonaut and FlowPack, 
but it is also compatible with other software, 
which Strainstall illustrates by using it with their 
Berth Management software.  

The right position for the Argonaunt-SL needs to
be ascertained for each Berth Management System 
set up by Strainstall so that sufficient data can be 
provided.  To achieve the most accurate results in 
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this application, Strainstall considered the 
installation, survivability, maintenance and cost
constraints of the SL and deduced that the berth 
itself would be the most appropriate structure for 
the sensor.  From this position the SL can monitor 
the current as the vessel is approaching the berth 
which is the primary operational requirement and 
when current measurement is most critical.

Within the berth, Strainstall must also take  
practical restraints into consideration.  The 
mooring dolphins can have an affect on the water 
flow into the berth and, therefore, can affect the 
data recorded.  From this Strainstall have 
deduced that whenever possible the SL should be 
deployed from a catwalk, which is a walkway 
that links the mooring dolphins.  To install an 
Argonaut-SL onto a catwalk a deployment frame 
or support is needed which must be designed to 
suit the structural design of the catwalk, allowing 
for easy deployment and recovery.  The frame 
will need to be light enough so that it can be 
lifted for cleaning and be stiff enough to avoid 
vibration in strong currents.

A typical deployment frame

If deploying the SL on a catwalk the signal cable 
can be routed to a junction box on the catwalk 
which is then connected to a central control room 
via fixed site cabling.  A PC is located in the
control room running Strainstall’s Berth 
Management software which integrates the SL’s 
data with the other measured parameters.

An example of the SL in use

Mr Dave Vodden, Engineering Manager at 
Strainstall, explains that the Argonaut-SL  
was chosen because, “being an ADCP, marine 
fouling is far less of a problem than with impellor 
type current meters.” This means that time can 
be saved by only having to clean the instrument  
every three months.

For further information please contact:
OSIL
Culkin House
C8 Endeavour Business Park
Penner Road
Havant
Hampshire
PO9 1QN
Tel: +44 2392 488 240
Fax: +44 2392 488 241
Email: info@osil.co.uk
Web: www.osil.co.uk
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