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EFFECTS OF USE OF GIS AS A REAL TIME DECISION SUPPORT SYSTEM 
FOR IRRIGATION DISTRICTS IN TEXAS 

 
Gabriele Bonaiti, Ph.D.1 
Guy Fipps, Ph.D., P.E.2 

 
ABSTRACT 

 
Most irrigation districts use GIS primarily for simple organization of spatial data. GIS is 
often put on a lower priority and managed by part-time personnel, which leads to datasets 
being out-of-date and disconnected from the water daily management. An effective use of 
GIS is integration with district operations as a real time decision support system. 
 
This paper discusses the development of GIS as a real time decision support system for 
two irrigation districts in the region of Texas along the Mexican border. Further 
improvement was made in the Brownsville Irrigation District project, which started in 
2009, by introducing an efficient data transfer and by managing all data through a SQL 
server database. The Cameron County Irrigation District No 2 project started in 2010. 
This project includes an on-line tool with dynamic and static maps. The dynamic maps 
display real time Rubicon gate data (on/off, current flow, upstream and downstream 
water level, and gate position) and water account status (e.g. pending orders, payment 
delinquents, water balances), and they are designed to assist district personnel with water 
scheduling and management. The static maps enable a friendlier and quicker access to the 
frequently used data. 
 
Project work resulted in the identification of limits in the existing database, and 
recommendations for further improvement. In this paper the process of implementing the 
projects and the problems encountered, and their effects on the district activities will be 
presented. Examples of effects include changes in the water management organization, 
upgrades to new technology, and water and cost savings. 

 
INTRODUCTION 

 
Irrigation districts in Texas are aware that more is to be done in terms of efficiency and 
data management, and that GIS can be a useful tool. SCADA systems and online 
information are more being used and linked to GIS (Fipps and Leigh, 1998, Fipps and 
Leigh, 2003, Bonaiti and Fipps, 2010). The integration of these tools, though, is hardly 
achieved, and security is an issue when sensitive data are to be displayed online. 
 
We are currently assisting several irrigation districts in the Lower Rio Grande River, 
which have detailed information on water accounts and flows in the canals, with the 
objective to improve the efficiency of daily water management. In this paper we present 
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Table 1.  Identified problems and recommended changes for BID (2011 update) 
  Problems  Suggestions 

W
at

er
 a

cc
ou

nt
 d

at
ab

as
e 

1. Multiple databases* 1. Need one unified database 
2. Obsolete database software* 2. Move to a new open source database 
3. Output data are in a proprietary format 3. A routine had to be added that converts 

output in a text file format every day. 
Convert other database files if needed  

4. Irrigated fields (Locations) are not 
considered. As a result, water orders 
acreage do not match water account 
acreage* 

4. Add Locations 

5. Crop management data are not available 5. Add planting date, harvest date, and 
irrigation method 

S
C

A
D

A
 

6. There is no communication with the 
internal network. Connection is needed 
to directly retrieve data without using 
Internet 

6. Connect the computer to the internal 
network 

7. Output data are in a proprietary format. 
Set up is not stable* 

7. A routine had to be added that converts 
output in a text file format every 15 
minutes. Add pump on/off information 
in the output data  

G
IS

 

8. Multiple databases* 8. Need one unified database 
9. The information is not up to date* 9. At least yearly update is needed 
10. Irrigated fields (Locations) are not 

mapped* 
10. Add Locations (use the same code or 

name used in the water account 
database)  

11. Turnouts are not mapped  11. Add turnouts and command areas  
12. Maps are not properly drawn* 12. Add spatial references, snap beginning 

and ending points of canals and 
pipelines, add direction of flow to 
canals and pipelines, edit at scale equal 
or larger than 1:10,000 

13. Water account number in the database 
includes a prefix number. This can lead 
to errors in data processing* 

13. Split water account number and prefix 
in two separate columns in the database 
table 

*Primary problems  

The transfer of data is made possible through the SshSendFile.msi protocol, installed in 
the computers hosting the SCADA unit and the water account database. It enables 
transfer of all output files through the Texas A&M University (TAMU) firewall. SCADA 
data are sent every 15 minutes, while water account data are sent daily. All data, 
including spatial data, are now stored in a SQL Server database. Links to spatial data are 
ensured using the ArcGIS Server software, version 10.0. GIS data are manually modified 
every time there is an update.  
 
A new open source database was adopted by the district to manage the water accounts. 
Therefore, it has been necessary to re-establish the extraction, transfer, and elaboration of 
data. By adopting the new database, new information became also available, which can 
now be retrieved from the web applications. 
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An evaluation form was periodically distributed to the district personnel for feedback on 
the effectiveness of the product and on the potential for water and cost saving. Such 
suggestions will help with the development of new recommendations for further 
improvement. 
 
Cameron County Irrigation District (CCID2) 
 
A new project started in 2010 with CCID2, one of the biggest districts in the Lower Rio 
Grande Valley. The district provides municipal water for San Benito, Rio Hondo and 
East Rio Hondo Water Supply Corporation (WSC), American Electric Power/Central 
Power and Light Company (AEP/CPL), and over 57,000 acres of irrigated farmland. The 
delivery network includes about 20 miles of resacas3, 100 miles of pipelines, 200 miles of 
open canals (mostly unlined), one pump on the Rio Grande, 15 lift pumps , and 10 
automated gates (Fig. 2). The project included the following steps:  

1. analysis of the current database management  
2. list of identified problems and recommended changes  
3. demonstrations on proposed improvements  
4. set-up of a pilot project to improve data management and availability through the 

Internet  
 
Database analysis and recommendations. We examined the district’s internal computer 
network to ascertain if and how computers are interconnected, how data is stored, what 
software is used for data acquisition and management, and what level of training does 
district personnel receive on the use of computer systems and associated software. Data 
recorded at the district office were identified, along with storage and use details. We also 
determined what type of information district personnel considered the most useful and 
what improvements were desirable. 
 
The pump on the Rio Grande River, and several gates (Rubicon technology) are equipped 
with remote terminal units (RTUs) for remote control. They are operated remotely with 
two SCADA units, which are installed on two separate personal computers (PC1 and 
PC2) disconnected from the internal network (Fig. 3). The first SCADA unit interrogates 
the river pump RTU for equipment status (whether pumps is on or off), flow rate, and 
cumulated flow. The second SCADA unit interrogates the Rubicon gates RTUs for 
upstream and downstream water level, gate opening, and water flow. This SCADA unit is 
also operated via the Internet by specialized district personnel using a laptop. 
 
Water account information is stored and updated in the server using a Microsoft 
Windows Access database (Fig. 3). The district manages water orders by selling “water 
tickets,” which specify detailed information such as date of purchase and delivery, 
amount of water ordered, name of landowner and grower, and crops grown. The GIS 
database is managed with a third PC (PC3) disconnected from the internal network. 

                                                 
3 An area of river bed that is flooded in periods of high water; an artificial reservoir (Dictionary of 
American Regional English, 2011. [online] URL: http://dare.wisc.edu/?q=node/144) 
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ENCOUNTERED PROBLEMS AND EFFECTS OF INTRODUCED CHANGES 
 
Problems and Solutions 
 
Data management. The SCADA database was in a proprietary format and required the 
intervention of the contractor to be converted into a format that could be used by district 
personnel. The polling interval and method varied according to the contractor. The set-up 
of a routine creating output data every 15 minutes was a feasible solution for all 
contractors, and acceptable for the time step required by the district personnel. Water 
account databases were also in a proprietary format in some cases, requiring the same 
solution adopted for SCADA systems. In the case of CCID2 the database was a Microsoft 
Access database, which is a simple database to deal with. Also in this case, though, the 
extraction of selected data was a process not performed on a regular basis, which required 
some set-up time by the IT consultant. We preferred to let the consultant deal with the 
processing of the database, even if the data were available in accessible format. Over all 
this phase required long time, but in our opinion was a successful process. 
 
The other problems related to data management were automatically transferring them to 
our server, and storing and connecting them to spatial data. The issue with the firewall 
protecting the TAMU server was solved by writing a specific code (SshSendFile.msi 
protocol), while the storage and management of data was all done using a SQL server 
database. Also the spatial data were converted to geodatabases and stored in the SQL 
database, and dynamic links were managed with the “join” operation within the ArcGIS 
projects. 
 
Collaboration with contractors and consultants. The involvement of the contractors was 
needed because most of the time they were the only ones that could manipulate the data. 
Often they also were the only ones that knew exactly what data were available. 
Contractors sometime saw us as competitors, so cooperation was lacking at times. This 
problem was resolved through negotiations that involved all of the people, sometimes 
being very time consuming. In one case we didn’t reach agreement. Except for a few 
times, the district encouraged us to be involved with the contractors.  
 
As mentioned above, we always involved the consultants when managing data within the 
district office. This involvement was beneficial not only in terms of knowledge and future 
collaboration, but also in terms of minimizing any impediment to the current organization 
of the system. For example, minor issues needing resolution included the set up of 
additional users and passwords, and the choice of the best time of the day to extract and 
transfer files in case that the computer would be switched off at night. 
 
Identification of district needs and best solutions. A challenging activity within the 
project was to identify solutions that would suit the district needs. As the district was not 
familiar with the proposed technology we had to design the project based on our 
knowledge of the district, rather than on a specific request. Among other activities, we 
organized some GIS classes to ensure basic skills, and workshops to demonstrate and 
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discuss the features of the project. As a result we gained good understanding of the 
district activities, personnel skills, and potential for improvements. 
 
Security. One of the recurring requests by the district was a security system that would 
ensure protection to sensitive data, such as landowner names, addresses, water and 
money balances, and meter readings. A simple password system was enough for most 
data, and this was possible also for the ArcGIS Web applications. In some cases, such as 
when enabling the user to access money and water balances, we introduced an Hypertext 
Transfer Protocol Secure (HTTPS) to provide encrypted communication and secure 
identification. 
 
Data validation. Finally, another issue that we encountered was the management of un-
validated data, still present in the database because the district typically used SCADA 
data only as real time source of information. Considering the importance given to the 
historical data in our project, we set up some simple automatic strategies to overcome 
most of the common errors, such as setting of routines to delete data when outside a 
minimum or maximum threshold. 
 
Effects on district activity 
 
Our activity produced some effects that looked promising for the improvement of the 
water management efficiency. A direct effect of the project was the district’s newly 
adopted work strategies. Probably one of the most interesting feature was the ability of 
the account holders to read their own flow meters at the beginning and at the end the 
irrigation. District personnel evaluated the process periodically through an evaluation 
form process (Fig. 10). From these initial forms there was a consistent perception that the 
changes introduced could save water and costs. 
 
Another type of effect was the compliance to our recommendations for improvement, in 
addition to the changes required to develop the activity. For example, the district moved 
from an old-fashioned proprietary water account database to an open source database. 
Many other changes are being introduced, such as introducing other crop management 
data (e.g. date of planting and irrigation method), updating of water account information 
daily, and bringing GIS up to date. Overall, we observed an active response to our 
suggestions, and the development of new ideas. We therefore proposed an extended 
collaboration for a second phase with new goals based on such ideas.  
 
The promising results encouraged both districts to engage in funding the second phase of 
the project. The results also moved other districts to seek collaboration with us in order to 
set up similar systems. These districts found out about the program in various ways, such 
as workshops, word of mouth, etc. 
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CONCLUSIONS 
 
The project was developed in districts that were already feeling the urgency to upgrade 
their technologies, including GIS. Specific interests were to make best use of the large 
amount of available data, to adopt web applications, and to enable customers to access 
their data through the Internet. 
 
Despite the efforts and will, these changes required a long time to be fully implemented 
due to a number of issues, such as identifying district needs, accurately designing the 
project, integrating the non optimal existing data, securing sensitive data, and involving 
contractors and consultants. Referring to contracts, they should be specific in non-
propriety software in that any consultant should be able to modify in the future, and 
district personnel should be able to extract all data they need at any time. Nevertheless, 
collaboration with contractors resulted beneficial for the sound implementation of the 
project.  
 
The activity produced some effects that looked promising for improved water 
management efficiency. The districts adopted most of the new proposed strategies, 
promptly complied with many recommendations, started suggesting further steps, and 
directly began to participate in the project implementation expenses. Finally, other 
districts requested our collaboration to set up similar projects. 
 
There was an overall feeling from the districts that the adopted changes would help save 
water and costs, and this was assessed by means of periodical qualitative evaluations. 
Nevertheless, there is a need to quantitatively estimate such benefits. Water balances and 
reliable historical data might help to make these assessments in the future. An initial 
understanding of such benefits might be obtained with a description of improved services 
provided to growers (e.g. availability of flow meter readings on line reduces the number 
of calls to the canal rider). 
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