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Telemetry in an Automated Water Supply Control System

John Kilmer
Instrumentation Development Directorate
White Sands Missile Range, New Mexico

Abstract

The White Sands Missile Range (WSMR) Water Supply Control System (WSCS) controls
and monitors the water wells, tanks and booster pumps located at the southern end of the
missile range. Figure 1 is an overview of the WSMR water supply system. The WSCS
provides water for approximately 90 square miles of the 3,700 square mile missile range.
The WSCS was designed and installed in 1990 and in need of upgrading and repair. The
system was evaluated and found to be only moderately functional.

The WSCS consists of an IBM compatible personal computer (PC) based user interface,
located at the WSMR Water Plant and Fire Dept. and industrial-type computers called
Programmable Logic Controller (PLC) based stations at the Water Plant, water wells and
tanks. The stations communicate over a 400 MHz radio half-duplex link. The serial
message utilizes the Cyclic Redundancy Check (CRC) and Block Check Character (BBC)
type of error checking. The Master station controls pumping by downloading pump
settings to the slave stations. The slave stations upload data to the master such as tank
level, pump status, energy usage, gallons of water pumped and various alarms.

The system was analyzed and the design was found to be sound. The system did require
improvements. These improvements include adding surge suppressors, software upgrades,
absolute reading flow rate sensors, and providing adequate environmental cooling for the
control system. 

Procedures for periodic maintenance and calibration of the sensors and schedules for radio
equipment maintenance were also developed. 

Software modifications to reduce WSMR energy usage by reducing pumping during peak
energy demand times are being integrated into the WSCS. The peak energy demand times
are determined by historical energy usage data.
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INTRODUCTION

The Instrumentation Development Directorate (IDD), repaired and upgraded the WSCS by
re-engineering the system, identifying and replacing non-functioning hardware and making
improvements to the software. IDD also produced software and maintenance
documentation.

DESCRIPTION OF SYSTEM

The WSCS collects data about the water supply system and displays this information on
the PC. The WSCS uses sensors which measure the Kilowatt hours (KWH) used and
gallons pumped by the pumps. The system also uses pressure sensors which measure the
tank levels and the depth of the water table in the wells which is called the well
drawdown. The elapsed time that each pump has been operated is measured by the PC.
The data described above is also saved to the hard disk on the PC. The WSCS also has a
remote display at the WSMR Fire Dept. for monitoring alarms after regular working hours.

The WSCS also monitors several safety sensors and reports alarms to the operator on the
PC. These alarms are also printed out and saved on the hard drive. The alarms generated
by the WSCS include a "no communication" alarm which informs the operator the radio
link to a particular site is non-functioning. Another alarm is the "pump outlet pressure"
alarm which occurs when the pump outlet pressure is beyond safe limits. The pump outlet
pressure alarm is also used by the local slave PLC to switch the pump off to prevent
damage to the pump. Other alarms include tank alarms, pump bearing temperature alarms,
PLC cabinet door open alarms, PLC cabinet high temperature alarms, radio battery low
alarms and Chlorine leak alarms.

The WSCS monitors and displays data on the PC screen in graphical as well as numerical
format. The main screen is a summary of all alarms which gives a quick overview of the
system status. The lower level screens give more detailed information about a particular
well or tank. The tank and well drawdown levels are shown in bar-graph form and an
alarm level is indicated by flashing red bar. These levels are also displayed numerically as
a percentage of full. Other numerically displayed data include pump outlet pressure, pump
outlet flow rate in gallons per minute (GPM), total gallons pumped and total KWH used.
The pump status is displayed graphically by changing the pump symbol to green for pump
running, red for pump off and flashing yellow for pump failure. Other alarms are displayed
by using flashing text.



RADIO COMMUNICATION SYSTEM

The WSCS communication system consists of UHF FM radios and radio modems to
interface the radios to the PLC computers. The PLC computers use networking protocol
with the base station as the network master and all other sites as slaves. The master polls
each site for data. Any slave site which does not respond is made a lower priority by the
master and polled less often. 

These polling functions require very little main processor control to operate. The
programmer needs only to specify the data addresses at the slave and master PLC and set a
bit to start the data transfer. The program must then monitor another bit to determine when
the data transfer has been completed by the PLC communication module. When the data
transfer is completed, The program can then start another transfer. All error checking is
handled automatically in the PLC communication module. Any data transfers with errors
are discarded and the slave site is polled again.

HARDWARE IMPROVEMENTS

Hardware improvements to the system include adding surge suppression and providing
adequate cooling to the computer equipment. Also, an analog output capability was added
to existing water flow rate meters (FRM). Older versions had only a digital pulse output
which pulsed once for a factory preset number of gallons. The flow rate was calculated by
count the number of pulses for 3 minutes and then dividing by 3 to calculate the flow rate
in GPM. In some cases the error using this method was as much as 1000 GPM. The new
FRMs also output a 4-20 mA signal proportional to the flow rate. This analog output
provides an accurate and instantaneous reading of the flow rate.

SOFTWARE IMPROVEMENTS AND UPGRADES

Several software upgrades and improvements are currently being performed on the WSCS.
The upgrades include adding audio capability to the WSCS. The audio capability allows
the playback of prerecorded voice messages over regular phone lines. The PC can
automatically call personnel over regular phone lines and deliver alarm information in
human speech. The PC will also have the capability of paging personnel. Also, personnel
may call the WSCS and receive preselected information such as tank levels. 

Energy saving improvements are also being added to the WSCS to reduce the amount of
pumping during peak energy usage times. This will be accomplished by allowing tank
levels to drop during peak demand times and pumping mostly at night. Current plans are to 



use a time-of-day based approach to reduce pumping. Future improvements will include
monitoring WSMR main post electrical substation for energy usage and reduce pumping
based on this information.

CONCLUSION

The WSCS is a very useful tool in collecting and storing very data from many different
well and tank locations. This data can be accessed and analyzed by Water Plant operators
at the Water Plant main office. The operators can also monitor and quickly respond to
alarm conditions by using the WSCS.


