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The Fixed-base AMR 
 

In 2012 Port LaBelle Utility System (PLUS) installed core elements of a Fixed-base Automatic 
Meter Reading (AMR) system. Fixed-base AMR (central receiving antenna tower) enables water 
meters to be remotely monitored on a daily basis, facilitating customer management and in-
home leak detection. However, PLUS had a different objective in pursuing this system – locating 
leaks in its water distribution pipe network. 
 
In 1998 approximately 60 miles of the distribution pipes were installed throughout Port LaBelle 
in Hendry County and Glades County, but it now appears that much or all of these pipes were 
installed without proper bedding and backfill. Thus, starting in 2009 many sections the pipelines 
began to develop leaks due to the soft HDPE pipes continually rubbing against the hard, sharp 
limestone. The limestone subsoil also allows water to pass downward or laterally, not emerging 
to the surface where it could be detected as a leak location indicator. This makes the task of 
locating leaks a formidable challenge in the PLUS service area. An AMR system in combination 
with a DMA network can allow utility managers to monitor both distribution flow and household 
consumption and thus identify neighborhoods with high rates of distribution line leakage.  
 
The 2012 AMR infrastructure acquisition was made possible by grant funds received from the 
South Florida Water Management District’s (SFWMD) Water Savings Incentive Program 
(WaterSIP) with comparable matching funds and in-kind services provided by PLUS. So far, four 
antennas, one repeater, ten boosters, and one concentrator have been installed.  The web-
based MasterLinx system software has been activated and associated training completed. 
Additional boosters for those water meters out of reach of the antennas remains to be bought 
and installed to provide more complete customer coverage.  Working with SFWMD, Master 
Meter, Inc. and its Florida vendor Municipal Water Works, PLUS plans to complete development 
of its Master Meter FixedLinx system and its associated leak detection program within 5 years. 
 
While not a primary objective, the homeowner monitoring system will be more widely used by 
customers as monthly meter data slowly accumulate in the MasterLlinx database and as more 
home meters are equipped with boosters enabling the collection of daily and hourly data.  
 
 

 
Figure 1.  Information flow schematic for MasterLinx fixed-base AMR. 
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The WaterSIP Grant 
 
In the summer of 2011, PLUS applied for a grant through SFWMD’s WaterSIP program to aid 
the utility in acquiring an AMR system with the stated goal of achieving a 2MG potable water 
savings in the first year of the infrastructure project.  In its application PLUS divided the AMR 
development process into two phases. Phase 1 was to be implemented in 2012 with WaterSIP 
funds and Phase 2 implemented in the subsequent four years (see Table 1).  
 

Table 1. Objectives for Phase 1 and Phase 2 of the AMR-based leak detection program. 

 
 
Phase 1 was completed during the first eight months of 2012. SFWMD allocated $38,250 and 
PLUS matched with $11,675 for hardware and over $28,000 of contractor and in-kind services. 
With an AMR infrastructure budget of $49,925 PLUS purchased and installed a receiver system, 
a concentrator, 10 boosters, and MasterLinx software and training (see Table 2). 
 
Table 2. Phase 1 budget. 
 

Funding Item Budget 

Water SIP grant $ 38,250 
PLUS match $ 11,675 

Total budget $ 49,925 

Capital and installation for one radio signal receiver system on an existing tower $ 27,800 

Capital cost for one central processing computer, concentrator $ 11,100 

One time cost for MasterLinx software and training $ 5,475 

Annual fee for MasterLinx meter data management, web site, and data center $ 4,725 

Capital cost for 10 boosters installed at weak-signal homes $ 825 

Total Cost $ 49,925 

 

Phase 1 (implementation during 2012) Phase 2 (not part of the FY12 WaterSIP project) 

A. The ability for homeowners to view their own 
water use data via web page. 

A. Expansion of the Fixed Network AMR, adding 
repeaters and boosters until the system reaches 
optimal coverage. 

B. The capability for PLUS to receive home leak 
notices on a daily (rather than monthly) basis. 

B Addition of flow meters and repairing failed 
valves in the distribution line network to build a 
functional DMA/DMZ System. 

C. Conceptual development of a "District Metered 
Areas and Zones (DMA/DMZ) System" 
(automated real-time/near-real-time summation of 
home meter data for defined areas/zones) to 
assist in the detection of infrastructure leaks. 

C. Refining the DMA/DMZ protocol to accelerate 
detection and repair of distribution line leaks. 

 
 

D. Implementation of home leak repair programs 
to assist residents in more rapidly eliminating in-
home leaks. 
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After communications with the Master Meter vendor, Municipal Water Works, the concentrator 
and the MasterLinx systems were judged eligible for deferment to a later years of the 
infrastructure development program since only about 25% of the customers could be reached in 
the first year without vastly more boosters. A request was sent to SFWMD on June 21 asking to 
modify the scope of work for PLUS WaterSIP grant, citing the fact that this was one of the first 
fixed-base AMR projects for Municipal Water Works and they too were learning the system 
capabilities and how to best advise their clients.  
 
The $22,125 which would have become available from the change of scope was intended to be 
redirected to the purchase of 268 additional boosters. This would have added another 500 
customers for a total of 780 meters on the AMR, roughly 50% of the PLUS customer base. The 
requested modification was denied by the SFWMD and thus PLUS stayed with its initial 
purchase plan. The late date of the request was probably the reason for SFWMD denying the 
request for a change of scope. Therefore the concentrator, the MasterLinx software and training 
was bought in July 2012 and delivered August 8-10.  

Water Meters 
 
Radio-read water meters (see Figure 1) have been installed at all 1516 households in the PLUS 
service area. Around 200-400 can be monitored by the existing network, 287 on a daily basis. 
The remaining household meters will require boosters and/or additional towers. The meters 
were installed by PLUS in 2006 and have a 100% warranty from Master Meter that will last until 
2016. After the first 10 years, the warranty extends for an additional 10 years but on a pro-rated 
basis. To be able to associate each water meter with an exact physical location, each meters 
will need to be “geocoded” to specify latitude and longitude for each meter/booster.  Current 
coordinates for each meter are approximate, one set of coordinates roughly associated with 
rooftops and the other based on approximate pipe connections identified using Google Earth. 
 
 

 
 

Figure 1.  Typical PLUS water meter box. 
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Figure 2.  The location of the 1500 PLUS connections. 

OMNI Antenna 
 
To enable recording of the water meters either directly from the meter transmitter or from the 
booster transmitters requires the installation of one or more central receiving radio receiving 
antennas.  First among the design considerations for the central antenna is height. The antenna 
must be installed on a high structure to maximize its coverage area.  Second, the location of the 
antenna should be placed where the most water meters are located. Thirdly, the background 
disturbance, also called noise, should be held low to avoid interference with the communication 
between the meter and the antenna. Lastly, the radiofrequency (RF) shadow, an area where the 
transmissions are weak or unable to go through, should be minimized. The RF shadow is a 
resulting from high obstacles that partly or completely blocks the transmissions to the antenna. 
In Port Labelle there are only two existing high structures that are suitable for the receiver 
antenna. The hotel, whose approximate location can be seen as a dot marked 1 in figure 2 
below, and an old antenna tower that can be seen as a dot marked 2. Of the two the tower 
would enable communications with more meters.  
 
The receiving antennas were installed approximately 50 feet up a 110-foot tower by Master 
Meter on May 9, 2012. The OMNI-antenna installed on the tower is a 10017-8 Super 
Stationmaster supplied by Radio Frequency Systems, which has a beam width of 360˚ and is 
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installed with 0˚ of inclination to maximize coverage area. The antenna receives in the range of 
900 to 935MHZ. See Appendix A for more complete specifications.  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  Omni antenna installation on PLUS tower. 
 
The technical consultants from Master Meter assessed both the noise level in the area and the 
impact of the RF shadow before construction. The noise level in the region is about 60 dBI, 
which is considered to be low and thus minimal interference is expected. The effect of the RF 
shadow is regarded as being limited due to the fact that the antenna is placed about 30 cm from 
the tower and that the construction of the tower is not solid. The antenna is also placed so that 
the RF shadow is in the direction of the fewest water meters. 
 
It took about three weeks before the meter transmissions stabilized. Figure 4 shows the 
effective coverage area on August 10, 2012. Some meters as far as two miles are being 
received on a daily basis without a booster.  However signals from meters as near as a half mile 
are not being received. 
 
The PLUS tower is centrally located in the PLUS service area.  As such the extremities of the 
service area are as much as three miles from the tower – too far for some meters even with 
boosters.  Additional testing using the 10 initial boosters is needed to estimate the expected 
coverage radius of the first tower. 
 
If the effective radius of the tower is limited to two miles then even with boosters on the meters, 
at least two towers will be required to achieve 100% service area coverage.  However, given 
that the PLUS tower is centrally located, either three towers will be required or the antennas on 
the central tower will have to be relocated to a tower offset a mile along the service area’s SE to 
NE axis. The two optimal locations for additional receiving towers may be LaBelle High School 
and the PLUS water treatment plant.  Further signal analysis will be required for more precise 
determination of candidate sites. 
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Figure 4.  Meters in Port LaBelle Utility System service area and AMR reception frequency. 

FixedLinx Booster 
 
Booster transmitters will have to be installed for water meters out of reach by the OMNI 
antenna. There are two versions of the FixedLinx boosters. The pit booster is designed to fit into 
a 1.75-inch hole drilled through the meter pit box covers.  The second version of the booster is a 
rectangular box designed for mounting to the wall of an above-ground structure (see Figure 5).   
 
There are two transceivers in each booster. One low power that every 15 min listens to all 
meters equipped with 3G within a range of 2 meters. This might be something to consider 
during installation so that the booster is not placed too close to e.g. an electric meter. The high 
power transceiver gives the booster at minimum 1 mile range to send data to the tower and 
repeater.  
 
The booster will transmit data every 4 hours if the booster is synced to only one meter, or every 
6 hours if it is connected to two. These are the default settings to maximize the boosters battery 
life, and changes to the transmit interval may affect the 20-year battery warranty. See Appendix 
B for further information. 
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Figure 5.  Wall and pit booster configuration and dimensions. 
 
 
PLUS has chosen the pit mount version of boosters. During installation of the first 10 boosters 
on June 20 a hole was drilled in the lid and the boosters were placed tightly on top of the pits. 
There is a mark on the side of the booster that preferably should be oriented towards the 
direction of the nearest receiving tower.  
 
The boosters must be activated upon installation. This is accomplished by sweeping the top with 
a strong magnet. This information was not provided during the first installation attempt and so 
the activation of the boosters took place one week later on June 27. However during the 
activation attempt, it became clear that the boosters could not be activated by the magnets. The 
boosters turned out to be of a newer model that requires a special device for activation. Rick 
from Municipal Water Works did, however, manage to activate the boosters through his laptop. 
If PLUS wants to activate boosters itself, it will need to acquire a special activation tool. This 
small device is placed on top of the booster. A screen will show the booster number when the 
activation is successful. If the screen displays “Failed” then the device must be removed and 
once again placed on the booster. The procedure must be repeated if a booster is moved to a 
new location, serving a different meter.  
 
The 10 boosters purchased in the first year of the project will be moved repeatedly to assess the 
effective coverage area of the single tower. This will help estimate how many boosters and 
towers might be required in the future. As of July 2 the 10 boosters are placed reasonably far 
away from the antenna structure is all directions.  
 
Since PLUS has traditionally experienced problems with homeowners damaging pit covers by 
lawn mowers and vehicles, the fact that the booster are relatively unprotected is a significant 
concern. Homeowners will need to be notified when a booster is installed on their meter box and 
asked to take special precautions to avoid damage.  PLUS might also consider enforcing fines 
for damages caused to the boosters.  
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Figure 6.  Installation of boosters on meter box covers. 
 
 
After installing the first 10 booster, the transmissions could not be seen on the MasterLinx 
website. It turned out that master meter must synchronize the booster antenna system to the 
webpage for the transmissions to be available on the site. Therefore it took until July 9 before 
PLUS could start monitoring the booster transmissions. Table 3 presents the addresses and 
names of the homeowner where the 10 boosters are currently located as of August 10, 2012. 
 
 
Table 3. Locations of the 10 FixedLinx boosters as of August 10, 2012. 
 
Location House # Address Homeowner Booster # 

1. On Cover 2001 Showboat Lane West, Loretta 0 65 51 127 
    Separated Pits 2003  Pierre-Louise, Miche  

2. On Cover 3011 Cherry Lane Clark-Forbes, Tyron 0 65 49 642 
    Same pit 3013  Gaure, Dominique  

3. On Cover 4080 Blue Cypress Ct Almonte, Evangilita 0 65 49 754 

4. On Cover 4018 North Edgewater Cir Reyes-Pavon, Petra 0 65 49 455 
    Separated pits 4020  Sariol, Miguel G.  

5. On Cover 17/1102 River Run Perry, Cathy M. 0 65 50 495 
    Separated pits 18/1104  Capece, John  

6. On Cover 16541 Jay Terrace  0 65 51 878 
    Same 16551    

7. On Cover 8047 Rolling Circle Hilger, Robert Charles 0 65 50 570 
    Same pit 8049  Wilder, James Franklin  

8. On Cover 7058 Brazil Circle Gunter, Greg 0 65 48 535 

9. On Cover 5021 Grammarcyd Road Howard, Seth 0 65 54 636 
    Same pit 5023  Castro, Laura  

10. On Cover 3007 S. Balsam Circle Hall, Kristi A 0 65 50 897 
    Same pit 3009  Jones, Nyya Ronese  
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Booster Antennas 
 
The OMNI antenna listens only to the meters. For the boosters another type of antennas must 
be installed. The requirements for installation are the same as for the meter antenna see section 
2. 
 
The booster antennas are located at the same height as the OMNI antenna and on the same 
tower. The installment was carried out by Master Meter 7th of May. 
 

 
Figure 7.  Installation of booster reception antennas on PLUS tower. 
 
 
PLUS installed three antennas to receive signals from the boosters. These were supplied by 
Amphenol ANTENNA SOLUTIONS; with the product number WPA-800120-4CF-EDIN-X. This 
model has a horizontal beam width of 120˚, and a vertical beam width of 15˚. To maximize the 
coverage area, the antennas are installed with a 3˚ vertical inclination (see Figure 7).  
 
The installed antennas are able to receive signals in the range of 806-960 MHz as far as 2-3 
miles away. See Appendix C for complete specification. 

FixedLinx Repeater 
 
The repeater is the primary collection point for all data received by the antennas. The data are 
not stored in the repeater hardware, rather the receiver verifies, encrypts, and transmits the data 
to the FixedLinx concentrator, located in the MasterLinx server facility. 
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 Figure 8.  Horizontal and vertical beam width for booster antenna with a 3 deg inclination. 
 
 
 

 
Figure 9.  Installation of the FixedLinx Repeater at the PLUS tower. 
 
The repeater was installed by Master Meter on May 11. It is located in a small building 
underneath the antenna tower. The antennas are connected to the repeater through 4 channels 
with the booster antennas named mcmmr1 to mcmmr3 and the OMNI antenna called mcmmr4. 
The repeater system includes a GPRS modem with an assigned IP-address of 166.130.5.242. 
The effective range of the repeater system to the nearest cell phone tower is 1-2 miles. See 
Appendix D for additional information. 
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FixedLinx Concentrator  
 
The concentrator decrypts the data from the repeater. It provides preliminary processing of the 
data as well as addressing error codes to create “clean” data. In case of an IP loss the 
concentrator stores up 90 days of data. See Appendix E for additional information. It was 
concluded that for a small utility like PLUS with only 1500 connections, a concentrator could be 
delayed. However due to administrative limitations of the WaterSIP grant program making any 
delay impossible, the concentrator was purchased and installed at the MasterLinx server facility 
at a cost of $11,100. 

MasterLinx System Software 
 
The cost of software startup and training was $5,475. The meter data management website and 
data center has an annual fee of $4,725 that is typically billed at the end of each year.  
Therefore the next PLUS annual fee should come due around August 2014. There are several 
synchronizations that must take place, before the software is usable for the utility. This was 
performed by Master Meter and in the PLUS case several problems arose with synchronizing 
the HTE-billing system (IBM AS-400) to the MasterLinx software. Originally HTE wanted 
payment to do this for Master Meter, but given PLUS’ limited budget, Master Meter managed to 
resolve the programming and data reformatting problems internally. Activation of the software 
and associated staff training was accomplished August 8-10, 2012. 

Remaining Infrastructure Requirements 
 
PLUS must determine how many boosters will be needed to complete the AMR system. To 
make the installation as effective as possible full cover of a neighborhood should be achieved 
before moving on to the next neighborhood. This will enable the parallel construction of DMAs 
during the ongoing AMR development process. 
 
Boosters cost $82.50 each. At the moment there are somewhere between 200-400 households 
that can be detected with the existing system and therefore the amount of required boosters will 
be around 500-650. Since installation has taken around 1-4 minutes so far, an average 
installation time of 10 min per booster can be expected. With a salary of $ 11.00 an hour for a 
field technician, the total cost of purchase and installation should be approximately $42,000 to 
$55,000. 
 
Depending on the effective radius of the receiver tower under PLUS service area conditions, 
additional repeater systems would cost $27,800 and a new tower with power supply would cost 
around $50,000. If two additional towers are required, the AMR completion costs could be as 
high as $200,000. At this level of expense, a fixed-base AMR system is not financially warranted 
for customer service purposes in a utility of only 1500 customers. The only purpose justifying 
such an investment is the need to control system leakage, which for PLUS reached as high as 
27% of all potable water production in 2011. PLUS efforts in late 2011 and early 2012 
associated with the WaterSIP project brought this loss rate down to 9% as of July 2012. 
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Appendix A (Omni Antenna) 
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Appendix B (Booster) 
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Appendix C (Booster Antenna) 
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Appendix D (Repeater) 
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Appendix E (Concentrator) 
 

 


