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DILM()NQTRATI()N OF AN AUT()MAT!(, METER RE ADIN(. SYSTEM IN
ARMY FAMILY HOUSING

1 INTRODUCTION

Background

The increasing cost of encrgy has prompted the U.S. Deparimcnt of Defense (DOD) to provide
guidance for Amrmy-wide energy conscrvation. To meet the new guidelines, encrgy managers must know
how and where the énergy is being used. For most Amy installations, utility bills for the entire
installation are the cnly source of energy consumption information. These bills usually contain figures
for the wholc post and are not broken down by area or fcility. To address this pmblcm DOD guidance
now requires meters 1o he instailed in all new and renovated facilities.!

The growing number of meters provides installation Directorates of Enginecring and Housing
(DEHs) more information to track encrgy consumption, but most installations do not have enough
manpower available to read most of these meters. An automatic meter reading (AMR) system could solve
the problem of manpower constraints by reading large numbers of meters automatically. The information
from such systems is kept as digital clectronic data so it can be imported and analyzed by computer-based
energy reporting programs. This ability to capture and store this information in an electronic format can
reduce the number of errors associated with reading meters, recording the data, and transferring it to a

computer.

Meter readings collected automatically give DEH personnel a tool for identifying facilities that are
using more cnergy than cxpected. The information from an AMR system can be used to track a facility’s
energy use and detect sudden unexplained increases in energy consumption that may signal failing building
systems. DEH personnel can use historical data to help determine which facilities would be good
candidates for conservation technologies. This historical data could then also be used to accurately
calculate the encrgy savings from conservation retrofits or renovalmns

The U.S. Amy Constructic:i Engineering Research Laboratory (USACERL) installed and tested an
AMR system by Metretek, Inc., at Fort Benjamin Harrison, IN, as part of a Facilities Engincering
Applications Program (FEAP) demonstration.

Otjective

The objective of this FEAP demonstratior. was to test a commercially available AMR system on an
Army mstallauon to determine system cosis and performance.

! Military Handbook (MIL-HDBK) 1190, Facility Planning and De.s.gn Gu:de Chapter 13, Sections D.3.b.(4) and D.12.2.b..c.
(DOD, September 1987).




Approach

This demonstration consisted of the following steps:
1. A commercially available AMR system was selected for testing

2. An Amy installation currently reading meters for billing of energy reporting was sclected as the
demonstration site

3. The AMR system was installed and nomtored over time to detcrmine its operaticnal
characteristics and costs as compared to manual meter reading.

Scope

This report covers the findings from the FEAP demonstration of the Metretek AMR system in Hess
Court at Fort Benjamin Harrison. Due to lhe short duration of the testing, this report does not cover the
system’s long-term reliability.

Mode of Technology Transfer

This FEAP projéct was to result in an Engincer Technical Note and draft guide’ specifications on
automatic meter reading, but these documents were canceled by the sponsor due to equipment problems
during the demonstration and the immaturity of the technology. Guide specifications for AMR should
await the adoption of interconnectivity and guality assurance standards by the industry.




2 SYSTEM AND SITE SELECTION

System Selection

The selection of the AMR system for this FEAP demot:-tration was based on previous USACERL
rescarch. In that rescarch USACERL evaluated four AMR systems, and the findings were presented in
the USACERL tcchnical report Evaluation of Advanced Single-Phase Electricity Metering Products.
Three of the four AMR systems testcd used telephone lines to communicate between the field units and
the central computer. Telcphoae-based systems were selected because the telephone is one of the most
mature communication technologics. Telephone lines provide excellent post coverage. Ready access (o

“telepione lines is commonly available, and many installations even own and maintain their telephone
exchanges. - Of the four products tested, the telephone-based ones provided the best performance. The
AMR system manufactured by Metretek, Inc., provided the best performance and lowest cost nf the three
telephone-bascd systems tested. Based on its excellent performance in Iabomtory testing, the Metretek
AMR system was selected for this FEAP demonstration.

Site Selection

In order to determine any cost savings from the use of an AMR system, a post that reads meters for
billing or energy reporting was required. Adequate telephone service at the site was also necessary since
the Metretck system requires access to telephone lines at every metering point. Fort Benjamin Harrison
hosts a family housing arca called Hess Court, a mobile home park in which the residents are billed for
the clectricity they use. Hess Court can accommodate up to 100 homes, a number large enough to
adequatety test the AMR system but not so large as to cause undue logistical problems. Each trailer pad
has telephone lincs Installed, mecting one of the main site sclection criteria. - Before this FEAP
demonstration, installation personnel manually read the meters for billing. Utilities personnel at Fort
Benjamin Harrison expressed interest in adapting the AMR system to read gas meters if the technology

proved successful.

? Richard E. Rundus and Lee A. Edgar, Evaluation of Advanced Single-Prase Eleciricity Metering Products, Technical Report
(TR) E-90/04/ADB1448621 (USACERL, April 1990).
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3  DESCRIF ¥ OF THE METRETEK AMR SYSTEM

Overview

The Metrctck AMR system consists of four main components: a puise initiator, a residential
metering unit (RMU), a 300 baud smart modem (SMOD), and AMR system softwarc. The user must
supply a personal cemputer (PC) on which to implement the system. The system ‘s designed to count the
rotations of the customer’s eddy disk, transmit the infoimation to the central computer, and convert the
pulse count into useful meter rcadings. The pulse initiator converts the roation of the eddy disk to a

‘pulsed output. The RMU counts these pulses and transmits the count to the central computer. The centrai

computer uses a multiplicr to convert the pulse count into units of electrical consumption (kiloWatt-hours).
The ¢lectrical consumption data can then be used for billing or encrgy consumption reporting. :

The four components of the Metretek system are described in more detail below.

Puise Initiator

The pulse initiator converts rotations of the eddy disk on an induction Watthour meler into pulses.
The pulses are transmitted over a wire to the RMU, which counts the pulscs.

The pulse initiator consists of a circuit board attached under the eddy disk using the regi.tration
plate screw. The circuit board contains two infrared transmitter sensor pains that detect the passing of a
black line on the bottom of the eddy disk. The two sensor pairs arc uscd to detect the direction of the
rotation of the eddy disk. If someone tried to reduce their clectricity bill by tuming their meter upside
down, the meter would run backward but the pulse initiator would not generate pulses for counting. In
order to generatc a pulse, the black line must pass the sensor pairs in the correct order from forward
rotation of the eddy disk.

Two sensor pairs are used to eliminate false pulscs and increase accuracy. With a single sensor pair,
as the line passes the sensor a pulse is generated. When the disk rotates quickly, the sensor pair only has

time to generate a single pulse. If the eddy disk is rotating slowly or stops partially covering the sensor,

the sensor has ample time to generate a multitude of false pulses. The pulse initiator with the two sensor

-pairs does not generate a pulse-uniil it receives a matching line-detection signal from both sensors. Even

if the line stops over the first sensor pair and prompts several detection signals, a pulse will not be
generated until the line passes the second sensor pair. When the eddy disk begins rotating again and the
line passes the second sensor, a single pulse is gencrated. The pulse initiator uscs a small 3.6 volt lithium
battery for power. - '

6

RMU

The RMU is the box mounted at the residence that collects consumption information for

. transmission to the central computer (Figure 1). The RMU is housed in a grey plastic enclosure with a

cover held in place by four screws. When the screws and cover are removed, a single printed circuit
board is revealed (Figurc 2). A small magnet is attached on the inside of the cover, and a matching

.magnetic switch is mounted inside the enclosure. When the cover is removed, the magnetic switch is

triggered, causing the RMU to report a tamper alarm to the central computer. On the circuit board, the
RMU has inputs for up to four pulse initiators. It also has inputs for switches normaily open or normally




Figure 1. The Metretek RMU.

closed. which can be used to signal alarms. - The RMU contains a single board with an integrated
telephone modem, pul\u totalizer, and otner circuits for dctuung input switch pmm(m

111c board has a \(KkLlLd programmable read-only memory (PROM) chip that is used to program
the characteristivs of the RMU, The PROM contains the telephone number of the central computer plus
idormation on how the RMU pertforms its call-ins, call retries, and alarm calls. The board has a standard
RJ-11 jack tor connecting to the resident’s telephone line and two molex connectors for connecting the
lithium battery that powens the RMU. The second molex conncctor is used when the battery is changed:
ihc new battery is plugged into the open connector before the old battery is unplugged, preventing the

== RMU from losing information duc 1o the system reset caused by loss of power.

Onthe upper right-hand comer of the board is a magnetically triggered switch used during checkout
of the RMU. When a magnet is passed by the switch, it triggers an alarm that causes the RMU 1o call
_ ~the central computer. The magnetic switch atlows testing personnel to trigger an alanm scequence from
= eutside the RMU with the cover closed.

SMOD

The SMOD is a 300 baud sman modem used by the central computer to communicate with the
RMUs. The SMOD has standard RJ-11C jacks on the back for connecting a voice-grade telephone line.
It also has a standard DB-2S connector for attaching the SMOD to the serial port of the central computer.
On the front pancl of the SMOD is a power switch and a row of lights. These lights provide the user with
information on the speration of the SMOID.
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AMR System Software

The Metretek data collection software is the interface between the user and the meter data The
software censists of several modules, but in this demonstration only three were used extensively: the data
collection, data reporting, and display/maintenance modules. The display/maintenance module is used to
enter information ahout the RMU.  There are ficlds to enter the name of the person or business to bill,
the account number, and the address. There are several ficlds for information used to program the RMU.
The uscr can set the call period (time between calls), the date and time of the next call, the use of time-
tagged intervals, and meter configuration. Several ficlds are used by the software to process the pulse data
from thc RMU. The user must input the meter class, dial count, meter multiplier, meter offset, and meter
description. Setting values for these p.xmmclcrs enables the suflwarc 16 work with the basic pulscd d.nla
from g‘m or cleetric meters,

The dalu collection module is used to initialize the computer for collecting data from the RMUS.

The software waits for the SMOD to deteet a call from an RMU, then the software downloads the pulse-
count data from the RMU. After the data are collected and stored., the computer uploads the RMU's new
programming and the current time to refresh the RMU's clock. The software prints out a log of the call
time, datc. RMU account number, and any alann l'nC\s.lL.C\ (Flgurc 3). After the log is updated, the
software resunics its wait for the next call,

The software’s data reporting m(\dulc was used to print the Meter Reading/Billing Report (Figure
4), which contains the name, address, and account number of the resident to be billed.  The report also
lists the starting date and ending dates of the billing period, beginning meter reading, ending meter
rcading. and power consumption for the billing period. In this demonstration the Meter Reading/Billing
Report was not dircctly used for billing. The Fort Benjamin Harrison budget office uses a commercial
spreadsheet program to produce bills for installation residents. They took the total consumption numbers
from the Mcler Reading/Billing Report and entered them into the spreadsheet by hand.

Central Computer

The AMR system tested at Fort Benjamin Harrison was small enough not to require a dedicated PC.
This made it possible to load the soltware on the budget analyst’s computer. The budget analyst uscd the
computer as usual during normal working hours and left it in the data collection mode during nonwork
hours. The Metretek software requires a substantial amount of disk space—a 30 megabyte (Mb) hard disk
is rccommended. Metretek also recommends using an AT-class compultcr, a high density (1.2 Mb) diskette
drive, a dot matrix printer, and a tape backup system. The software was installed on an 80286-bascd PC

with a 40 Mb hard drive and 1 Mb of random access memory (RAM).- The system ran adequatcely on this -

machine, but would have run much faster on a 80386- or 80486-based PC. The hardware used in the
demonstration was not strained with only 100 accounts to process.

The central computer requires a dedicated telephone line to communicate with the RMUs. An in-
state WATS" linc was sclected to prevent the residents from having to pay for the calls from their RMU
to the ceatral computer. The local telephone company provides measured service, so the residents would
have been chargeg cach time their RMU called the central computer.

* WATS: Wide-Area Telecommumcations Service.
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Basic System Operation

Normal system operation begins at the pulse initiator. The pulse initiator converts the revolutions
of the meter's eddy disk into electrical pulses. The pulses are sent through a wire to the RMU, where the
pulsc count is stored. The RMU continues to track the pulse count until its intemal clock matches the call
time the unit received at its last call to the central computer. The RMU picks up the telephone line to
determince if it is being used by the resident. If the RMU detects that the telephone is being used. it
immediately drops the line and tries again later. If the line is free, the RMU begins to dial the telephone
number stored in the PROM. If the RMU receives a busy signal, it hangs up and calls again Jater. When
the central computer answers the catl, the RMU begins 1o download its pulse count and any alarms it may
have detected. The central computer stores the RMU data and transmits any new programming to the
RMU, as well as the new call time and date.  After receiving the new programming, the RMU hangs up
and retums to counting pulses. The central computer updates the printer log with the time, date, RMU
account number, and any alarms detected (as shown in Figure 3). '

If the resident picks up the telephone while the RMU is transmitting data, the RMU will
immediately relinguish the line to the resident and call the central computer later. In such cases, the
central computer ignores any partial data transmission. The amount of time the RMU waits to retry the
call is programmed into the RMU’s PROM. : '
|
Alarm Calls :

Certain [situations can trigger an alarm that prompts the RMU to call the central computer
immediately (c.g.. system reset, open door, magnetic switch alarms). The low battery alarm is reported
during nnrmaliy scheduled calls. The system resct alarm indicates that the RMU has been restarted and
requircs programming. When RMUs are first installed they report this alarm. The open door alarm
indicates that the RMU has been opened and could be tampered with, The magnetic switch alarm
indicates that a strong magnet has heen placed near the RMU in a possible attempt to affect its accuracy.




4 INSTALLATION

Pulse Initiator

The pulse initiators were mounted on General Electric form 28, class 200 meters using the
registration plate screws (Figure 5). Before the pulse initiator was attached, a black linc 0.5 in. (12.7 cm)
wide was painted across the bottom of the eddy disk. Once the unit was meunted, two wires from the
- onboard transformer were soldered to the top two tugs of the meter. A small hole was drilled in the rear
meter housing so the pulse initiator cable could be strung out the back. Once the cable was run out the
hole, silicoric cautk was uscd to scal the hole around the cable. The displaced registration plate was glued
to the inside of the clear plastic front cover. When the front cover was installed on the meter properly.
the registration platc appeared to he in its rcgular position.

RMU Installation

The RMUs were mounted to the freestanding meter pedestals by cach trailer pad. Five holes werc
drilled in the back of the RMU: four were used for attaching screws, and the fifth was uscd to pass the
pulsc initiator cable into the RMU enclosure. The pulse initiator cable was run out the back of the meter,
and through the pedestal to the RMU attachment point, then out through a hole in the pedestal and into
the RMU enclosure through the fifth hole drilled in its back (Figure 6). After the cable was strung, the
RMU was attached to the pedestal with four sheet metal screws. The pulse initiator cable was attached
to the terminals in the RMU. A PROM preprogrammed to USACERL specifications by Metretek was
insialled in its socket.

, The cable connecting tiic RMU to the resident’s telephone service was run out the lower right-hand
comer of the RMU where a plastic conduit is attached. The conduit carricd the cable down and
underground, then back up to the telephone network interface (TN box (Figure 7). The cable was
attached to the terminals inside the TNI box on the resident’s side.  Inside the RMU, the other end of the
cable was wired to an RJ- 11 telephonce jack. A short telephone cable with RJ-11 connectors on both ends
was plugged into the telephone jack and the RJ-11 socket on the RMU'’s circuit board. When the battery
was plugged into the molex connector on the circuit board, the RMU began operating.  The installer
recorded the time and the meter reading on a list that was uscd later to program the central computer.

Central Computer Setup

The central computer did not requirc much hardware sctup since the machine was alrcady set up
to handle budgeting chores (Figure 8). The SMOD was attached to the PC's COMU serial port, and the
WATS linc was plugged into the SMOD. The computer alrcady had a dot mairix printer attached to the
LPT1 parallel port. The AMR system software was installed by one of Metretek’s technicians.
Installation consisted of loading software from 13 diskettes onto the computer’s hard drive and sctting up
a file to hold the metering data. Once the software was installed, meter accounts for all participating
residents had to be set up.  Information about the resident and his or her meter was input into the
computer, including the iesident’s address and the type of meter gencrating the pulsed data. After the first
call from all RMUs, a list of the residents” current meter readings was keyed into the central computer.
With this information the computer would usc the pulsed data called in by the RMUs during cach billing
period to calculate the actual meter reading.




Meter Calibration

After the »_.sc initiators were retrofitted to the meters, they were recalibrated to-cnsure accurate
readings. A contractor was retained to recalibrate the meters.  Accurate readings were required since
Family Housing would be using the meter readings for billing. Figure 9 shows a sample of the meter test
cards used 1o record calibration information. The card records both the original accuracy of the equipment
and its accuracy after calibration. '

Figure 5. Pulse Initiator Mounted on Electric Meter. —
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5 AMR SYSTEM OPERATION

"Problems with the AMR system began surfacing immediatcly after installation was complcte. After
software installation the Metretek technician toured Hess Court to view the installed RMUs. He noted that
the wrong enclosures had been used for mounting the RMUs outdoors. The system USACERL tested
previously had included plastic enclosures. About the time that the equipment for this demonstration was
ordered, Metretek eliminated the weatherproof door scal from the plastic enclosures and designated them
for indoor use only, Company personnel filling USACERL s order assumed thai the equipment was 1o
be installed inside the meter pedestals. Rather than install the more costly steel outdoor enclosures offered
by Metretek, the researchers retrofitted the plastic RMU enclosures with wcalhcrpmof gaskcts pmvnd d
by the company.

Early accuracy testing of the AMR system showed that the system was providing incorrect meter
readings. The problem was detérmined to be in the pulse initiators. All meters with pulse initiators Lad
to be retumed to Metretek for rcpdlr After the pulse initiators were rcpalrcd the meters were reinstalled

. ard testing proceeded.

Accuracy testing of the AMR system continued, but the system was piagucd with a high failure rate.
The accuracy checks were performed at monthly intervals, and the failure rate was near 80 percent. The
RMUs were locking up, and had to be restarted by interrupting the battery power supply. When the
RMUs were restarted, the PROM settings in some of them were altered or missing completely. Metretek
provided capacitors to protect the PROMs and prevent locknps. The company also piovided new PROMs
to replace the damaged ones. When the capacitors were installed, the failure rate dropped to 50
percent—still unacceptably high. ' :

The RMU failures gencrally occurred within a few weeks. Close examination of the RMUs showed
traces of moisture. The gaskets provided adequate scaling, but moisture was still penetrating the
enclosures by traveling up the conduit and into the RMUs. The conduits were then scaled with duct-
sealing clay. At the same time, desiccant packs were taped inside the enclosures in an effort to rid the
RMUs of moisture. Humidity sensor cards were installed in the RMUs to track the moisture levels. With

- these retrofits in place, the failure rate fell to under 5 percent.

As the AMR system began to operate for periods longer than a month, problems with residents’
telephone service cropped up. The RMUs use a pulse dialing modem to call the central co:nputer. Pulse
dialing can cause telephones with clectronic ringers to ring softly. The RMUs were originally scheduled
to call starting at midnight. Several residents expressed irritation at the ringing of their phones at 2 a.m.
These RMUs had to be reprogrammed to call during the afternoon while the affected residents were at
work. The RMU’s pulse dialing also caused a similar problem with an answering machine at one
residence. Every time the RMU would try to call, the answering macline would detect the pulses,
interpret them as ringing, pick up the line, and record the RMU trying to transmit its data to the central
computer. Apparently this was more a problem with the answering machine than with the Metretck
system, however; when the resident exchanged the answering machine for an identical unit, the problem
ceased.

There were several other problems related to the telephone service. One resident did not have
telephone service so his meter had to be read manually. Also, Hess has a high level of residential
tumover, with people continuously moving in and out. Frequently, residents would have their telephone
service disconnected before moving out, so the meter had to be read manually for the final bill. Also,
residents moving in would oftcn move the TNI box to suit themselves, which required installation of a
new cable to reconnect the RMU. Generally, once or twice a month, the researchers had to reconnect the
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cquipment or install new cable. This would not normally be a pmblem if you were metering buildings
or houses. -

Several other problems had a negative impact on the effectiveness of the AMR system. At the
beginning of January 1990, the WATS service stopped operating. The RMUs were unable to 1each the
central computer with their monthly call. Due to this problem, all meters in Hess Court had to be read
manually. A side cffect of this problem was excessive wear on the RMU batteries as the units tried
repeatedly to connect with the central computer. It took several days for Indiana Bell to repair the WATS
service. Finally, 1 week after the WATS service was repaired, the central computer suffered a hard drive
failure. It took several weeks to repair the computer, reinstall the software, and reprogram the metering
and billing information. . :
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6 SYSTEM EVALUATION

Data Collection

Power consumption data were collected from Hess Court roughly every 30 to 45 days. Data were
recorded manually at Hess Court from the meters and automatically over the WATS line by the AMR
system. The actual meter readings were recorded along with the time that the readings were taken. Using
4 magnet to trigger the magnetic switch alarm described earlier, the rescarchers forced the RMUSs to call
th~ central computer with their pulsed data and the times at which those data were recorded. If the time
of a call by the RMU differcd from the time of a manual meter reoding by more than 5 minutes, that .
m~ter was reread. If the reading calculated by the central computer diftered from the actual meter reading
by more than 10 kiloWatt-hours, the computer's reading was reset to match the actual meter reading.

The period from 20 April 1990 to 14 November 1990 represents the longest continuous period
during which data were collected. . (Note that the data for Scptember are included in the October reading
due to the meter reading schedule. There is no gap in the data.) Data collected during this period are
presented in the Appendix. ‘

The tables for each data collection period list the accoumt nuinber (which matches the lot number),
the reading from the meter, and the reading from the Metretck AMR system for cach lot in Hess Court.
The zeros in the tables represent lots where the system was not operational.  Several lots were not
operational because they were vacant. Lot 70 remained vacant the entire time the system was installed
in Hess Court.

Accuracy

The accuracy of the Metretck AMR system was determined by calculating the percent difference
between the monthly consumption caiculated using values from the AMR system and consumption
calculated from the actual meter readings. Specifically, the difference is calculated using the following
formula: : -

PD = (1 - (K, -K,)/(M; -M,)) * 100 _ [Eq 1]

where PD = percent difference
K, = Current Metretek meter reading
K, = Previous Metretck meter reading
M, = Actual meter rcading
M, = Previous actual meter rcading.

The average percent difference, APD, for the entire data collection period was calculated by summing the
absolute value of each monthly percent difference, ABS(PD), and dividing by 5. The formula used is as
follows:

APD = (ABS(PD,) + ABS(PD;) + ABS(PD,) + ABS(PD,) + ABS(PD,))/: (Eq 2]

The monthly and average percent deviations are listed in Table 1. The table is so-cd by the average
percent deviation in ascending order. Figure 10 plots the top 10 accounts from Table 1 thosc that have
deviations of about 0.2 percent or lower and fall within acceptable limits for meter calibration in the ficld.
Of all AMR accounts listed in Table 1, 34 had avcrage deviations of less than 2 percent, which is the
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Table 1

Pervent Deviation Between AMR and Actual Readings

Aot Aperl May June Augost (k toher Average %
Sumber May June Auvust i toher November Deviation
m s (i1} wm 002 0.0 002
o) 0nd o} 006 o 008 0.04
14 not nng - o 0.00 .1 0.04
] 0od (] Kt .07 019 0.07
18 02 nns 002 042 -0.11 0.09
@ 0. 01 SN -0 0.0} 1
N (i o IXIN 0.04 -0.06 0.11
< ok X7} 017 .08 017 0.1
¢ o v [{IN 0,06 .50 019
? "y 02 124 0.08 Y 0.21
AT nes BN [T} -0.20 -0.23 0.23
] N 0 &e nn'a oY 001 0.23
M (1) ooy AN 4.0 -0.82 021
"~ 020 tol 002 014 S0.82 0.24
<y, 044 0,06 Y -0 BN/ ] 0.26
b ey 021 0.9 om0 072 031
He 114 D% .03 0.08 0.04 0.37
IT) 04 02 069 0.58 -0.04 0.41
67 "7 %) 0 008 To07s 0.42
9 AN 1.46 -0.87 0.16 0.04 0.45
20 - 002 0.02 016 1.03 1.29 0.50
a6 096 016 0.02 o1 2.34 0.62
] 0. 0.1 0. 112 178 0.67
16 192 044 .68 071 -0.04 0.67
ss 1.26 -1.63 -0.28 051 -0.07 0.78
) 079" aon 0.02 -0.08 -39 0.8%
69 -2.2% -6.68 -1.39 1.22 1.60 143
62 494 0.3 -0.0% -0.10 : 1.89 1.46
41 028 -1.7% -1.48 1.65 2.16 1.46 -
27 -0.17 1.61 071 0.26 -5.03 1.60
n 04 -2.68 1.8 -1.91 113 1.60
7% 204 126 4.6} 013 0.58 1.72
74 046 -2.47 0.ss 0.19 -587 191
6} [1N]] -0.10 -0.07 -0.13 T 9.28 1.94
ALK -6.%9 -N29 -0.04 0.06 T .09s 201
71 1.20 027 -0.2% 158 . 607 426
$9 1.%4 . 0m 0.30 6.26 386 241
4] o 0.1 0.9 6.28 6.29 ) 2.56
R Bt R T i 171 ) S 1117 BN 1 1) L IR | P 30
11 019 008 426 -6.09 848 181
"0 01 0on 4.00 BER: 1.87 392
“ 2 0.21 042 20,08 -0.0% R 5
“ 022 0w 082 2949 0.08 608
L3 2 006 029 0.26 -0.10 6.55
L Y] nn (181} 0.7 0.46 1.3 7.22
I 2en 9 1 047 1.54 -0.56 7.44
Hm W06 021 0 0.0 002 71.71
19 vy -2.50 .08 12 2.4 7.87
97 4420 0x0 002 .48 . 0.00 9.17
4 i EH .14 0R? 206 KX} 12.26




Table 1 (Cont'd)

Account Apnil May June August Octeber  Average %
Number May June August October  November Deviation
9 31.70 -26.6) .0.32 0.15 -3.69 12.50
48 17.98 628 -10.24 -0.37 31.25 13.22
83 63.62 092 -1.00 1.36 -0.01 13.38
98 814 02 012 027 0.0% 15.76 -
n 85.39 -1.87 -0.39 2.4 021 18.00 N
] 0.2% 018 0.03 -0.05 116,38 23.37
82 2643 6.00 .0.02 0.0 96.99 24.69
] 32.0 0.03 0.00 -0.07 103.51 2.3 :
49 -0.04 -0.14 C 007 60 87 79.03 28.03 :
[T 0.11 024 417 -1.07 4377 29.86
: 4 100.00 -96.11 018 0.02 594 40.44 \
‘ L] 78.78 11.00 -46.18 102.76 0.12 4176 :
12 $3.98 an 74.98 -99.36 8.9 55.87
96 -91.61 3298 6.79 -144.85 -3.91 68.02
48 0.9 17.70 63868  .-1120.90 743 356.90
'] -na7 14.30 85.61 -1698.00 322 174.66
4 0.02 0.02 .0.08 2017.97 0.27 403.67
90 -843.67 -70.74 -568.66 1270.28 0.4 550.72
2 005 -3063.39 853 1416.39 -0.88 897.88
1 0.08 -0.07 -0.04 0.00 2420749 1841.53
s 0.08 -0.20 0.21 0.08 N/A N/A
57 -0.25 -0.47 0.23 0.08 N/A N/A
26 0.66 -0.83 -0.14 0.7 N/A N/A
n -1.58 1.06 013 . 0.1 N/A N/A
53 78.11 14.60 60.98 -80.17 N/A N/A
38 2.5 34.61 100.00 -197.83 N/A N/A
6 51.54 7.84 128359  -1768.51 N/A N/A
37 14144.7 -1.52 1.20 1.94 N/A N/A
17 N/A 484 -0.47 -0.08 N/A N/A
18 N/A 527 2.48 -5.05 N/A N/A
28 N/A N/A N/A N/A N/A N/A
30 -0.02 N/A 128 nu N/A N/A
2 N/A N/A N/A N/A N/A N/A
33 N/A ~12.63 3.20 -0.67 N/A N/A
38 N/A -1.58 056 0.91 N/A N/A .
70 N/A N/A NIA N/A N/A N/A ’
7 N/A -87.63 0.38 -1.74 N/A N/A
7 N/A N/A N/A N/A N/A N/A
] N/A N/A NA ~ NA N/A N/A
o o M NIA N/A 16.50 2111 N/A N/A - i’
80 27.62 27.62 -1.03 1.92 N/A NA )
84 N/A N/A NA ~ NA N/A N/A
86 N/A NA - N/A N/A N/A N/A
88 2894 0.00 N/A -0.02 N/A N/A
9 N/A N/A N/A N/A N/A N/A
[ 7] N/A 30.78 .0.54 8.47 N/A N/A
93 N/A N/A N/A N/A N/A N/A
94 NA . N/A N/A N/A N/A N/A
95 N/A 11.89 100.00 -239.68 N/A N/A
9 N/A 0.00 -0.01 N/A N/A N/A
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maximum margin of error for billing purposes considered acceptable within the industry.3 These data

show that thc Mctretck AMR system is indeed capable of providing meter readings accurate cnough for

billing purposes.. However, due to the technical problems previously cited, 66 of the 100 AMR accounts
were not served with the required level of accuracy.. Funthermore, thinty of these did not even have
enough data to calculatc a meaningful average duc to lots being vacated or RMU failure.

Costs

The cost of the Metretck AMR system is compared to the cost of reading the meters manually in
Table 2. The system will never pay for itself duc to the cost of the WATS service charge. Even if the
WATS line was not used, the payback would still cxceed 50 years. The installed per-point cost for this
system is $576, and the cost to manually read a single meter for an entire year was $12. In order for a
system to provide paybacks shorther than 10 years, the installed per-point costs would have to be reduced
to under $120. The per-point installation charges for the Metretek system exceeded $240. Even if the
Metretek equipment were donated free of charge, it would still not be possible to get a payback of less
than 20 years duc to the high installation cost.

_Table 2

Cost of Metering for Hess Court

Monthly Operations Cost
Manual reading (4- man-hours/ _ ) '
for 100 meters) $100
Metretek AMR (WATS charge/ '
month for 100 meters) $130
Equipment and Installatior* Per Point Cost Total Cost (100 units)
RMUs 5225 22500
Pulse initiators 45 4,500 -
SMOD (300 baud)** 10 1,000
Software, training 15 1,500
AMR installation 240 23,980
TNI boxes, installation 41 4,100
GRAND TOTALS $576 $57.580

* Costs of retrofitting and troubleshooting are not included. Since these coats
would be unnecessary with a fully functioning system. they were accounted for
under testing costs. Equipment and nstallation costs apply to AMR system
only; no equipment or installation were required to support manual meter reading.

** Daes not include cost for central computer. Test used existing PC after butiness
hours.

3 American National Standards Institute (ANSI) Slandafd C12.1-1988, Electricity Metering (ANSI, 31 March 1989), p 141.
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7 CONCLUSIONS AND RECOMMENDATIONS

The FEAP demonstration of the Metretck AMR system at Hess Court, Fort Benjamin Harrison,
provided information on both the performance of the Metretck system and the commercial telephone
system as the communications medium for transmitting metering data.

On first examination the telephone system would seem to be an excellent medium for enabling the
automatic collection of family housing power consumption data. However, there are problems with this

approach. Although the telephone is the most well established clectronic communicauons technology. -

there are still residents without telephone service. Therefore, the power consumption of these people could

not be tracked with the AMR in this test.  Obviously, this problem would have to be addressed in any

permanent implementation of AMR for family housing. Also, this test revealed a problem with pulse-
dialing RMUs such as Metretek's:  pulse dialing apparently triggers a slight ringing of the residents’
telephone scts when the RMU is calling in data to the central computer. This nuisance factor makes pulse
dialing systems unsuitable for Army fumily housing applications. If Metretek upgraded its RMUS to use
tone dialing, this problem would be climinated. One other telephone-related factor proved to be a problem
in this test: reliance of the system on WATS service.  WATS was used to avoid having the power
customer pay for thc monthly telephone call from the RMU to the central computer.  This built an

overhead cost into the system that could never be recouped, because WATS service alone cost 30 percent -
more per point than manually reading the meters. A better approach in future tests and applications might

be to use the customers’ tclcphonc service, but issue them a credit on cach bill to offsct the cost of the
call from the RMU.

In terms of its metering performance. the Metretck AMR system was accurate cnough to meet
industry standards in a significant per¢entage ot cases. However, the test was seriously impaired due to
cquipment installation and reliability problems, and. for this reason, adequate data to confirm the system’s
effectiveness were not produced. In terms of its cost effectiveness, the Metretek system as currently priced
offers no practical payback period when compared to the cost of manually reading power meters. It
should be noted that neither the technical nor the cost problems experienced in this test need rule out
AMR as a viable altemative to manual meter reading. If Metretek can improve the reliability of its pulse

initiators and significantly decrease system costs, the company's AMR system might become a cost-

effective tool for the Ammy. Additionally, the cost effectivencss of AMR sysiems in general is likely to
improve simply as an effect of future Army personnel constraints:  the time and manpower costs of
reading meters manually are certain to risc as these constraints are implemented.

It is recommended that the Army postponc implementation of AMR systems until the technology

is more mature. The technical problems in setting up and operating the test system highlight a larger -

problem that extends beyond any one company: the lack of industry standards for interconnectivity and
quality assurance. Until industry standards cmerge. the Amny can implement AMR only at the cost of
being captive to a single vendor. When standards arc accepted by the industry and multiple products that
mcct these standards are available, the Army should be able to implement AMR systems made up of com-
poncnts from more than one vendor. If industry standards promote true component interoperability, indus-
try compctitivencss may improve as more manufacturers enter the market.  Manufacturers will be freer
to specialize in single components rather than supporting a whole proprictary system. It is reasonable to
assume that such developments would help reduce the costs and improve the quality of AMR technology.

The future of AMR in the Army will be driven by metering, energy management, and manpower
goals. Bascd on the changing cnvironment and prioritics for using resources, the need for cost effective
AMR systems will increase with new initiatives to track cnergy um\umplmn reduce utility bills, and
fulfill manpower allocation requirements.
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APPENDIX: AMR System and Actual Meter Readings, April-November 1990

Moter Readings for April 20, 1990

Account Number Meter Metretek Account Number © . Meter Metretek

1 32873 32875.78 ©s 20292 22532.65

_ 2 14963.5 14963.8 52 52613.% 52615.86

i 3 34192.1 34198.38 53 30341 30271

: 4 21597.6 21597.46 S4 32824 32827.51 -

' 5 13074 13077.37 S 11762 11776

: 6 21491 21913.65 . 56 4210 4210.47

! 7 7702 7702.48 57 8828 8828.14

T 8 1828 1828.1 58 : 45937.5 4£193.5

' 9 97874 9787.31 59 9047.5 9049.29

I~ 10 38360 - 3835%.09 60 16665 16665.32

1 n 2721 2721.24 3] . 1831.5 : 1832.36 E

12 9169 9164.66 62 14861 14827.25

13 B8460.6 88460.2 63 13414 13415.31

14 46727 46728.32 64 31913.75 31915.19

15 30304 30304.92 65 13880.25 13879.05
16 - 7981 ~7983.01 66 33823.5 33824.56 "~

17 11658 11599.5% 67 12638 12640.15

18 2965.3 2958.48 68 17353.5 17354.97

19 6171 6169.85 69 17515.5 17516.32

i : 20 5595.2 5595.5 70 0 | -0

21 10012 10012.37 7 6643.5 6643.36

; 22 39087 39087 72 6888.5 6688.42

i 23 20731 20731.63 73 . 6833.1 6833.07
| 26 34348 34352.26 _ 74 4182.5 4182.91 . -

25 19642 19642.04 75 9422.5 9422.46

26 5798 5798.4% ; 76 0 [0

‘ 27 1853 1852.79 77 2226 2300.29

° 28 ] ’ 0 - 78 0 0

29 753 - 751.6 79 0 0

30 39804 39812.79 80 971 1032.57

31 2684.1 2684.92 81 17395 17684.87

32 0 0 82 13372.75 13586. 11

33 32725 32640.5 ‘ 83 15997.75 . 16281.79

34 32095 609.08 84 0 0

35 20298.6 20301.4 85 2153 2199.17

36 12084 12087.63 85 0 0

37 529 7602.1 87 . 7903.25 7922.23

38 4382.5 4381.07 88 9884.9 9903

39 8797 8797.14 , 89 74287 74287.25

40 : 9387 9387.45 90 8153 8223.48

4 7856 7856.6 91 (] 0

2 7778 7779.57 92 2276.75 2356.59

43 11887 11888.0¢ 93 0 0

44 4902 4890.39 9% 0 0

45 15703.5 16097.72 - 0 0

46 15931 15929.53 96 16333.5 15052.07

47 8121 2090.71 97 19617 19971

48 17240 17240.32 98 34998.5 35725.11

49 17433 17434.5¢6 99 12045 12046.99

50 20917 20918.04 100 11392 11634.36




A e - o Lo

Account Number

OO0 N WV WN -

32725
33017

20298.6

12674
579
4508.5
8884.5
9460.5
7915
7832
12494
4997
16453
16527
8604
18014.5
18510.5
21553.5

Meter Readings for May 15, 1990

Metretek

34087.82
15942.78
35076.26
22413.22
13755.82
22246.78
7793.05
1907.04
10247.03
39668.77
2798.44
9183.53
89557.7
47537.04
31766.74
8055.59
11599.56

2958.48

6287.5
5653.89
11850.76
36848.41
21856.89
35549.75
20632.62
5893.27
1888.42

. (U
1023.57
0
2756.73
0
32640.%
2187.23
20301.4
12674.4
579.73
4510.27
8884.67
9459.43
7915.75
7779.57
12495.29
5009.64
16712.43
16528.3
8612.93
18015.54
18522.48
21555.67

Account Number

Meter

21220.5
53517.5

31203

33801
12243
4319
8o

47293.5

9155
17703.75
1937
15513
14209
32585.5
14493.5
34655.5
12938.5
18344
18415

0

6782
6888.5
6971
4232.5
9496

0

2313

0

0

971
18304
14182
16887
0

-, 2225
0

7962
9947
75496
8268.5
0
2276.75

oo

17002.5
20403.5
35926
12045
12032

Metretek

22729.92
53517.1
30459.65
33800.17
12250.95
4219.71
8911.35
47338.83
9155.13
17704.07
1938.06
15511.46
14209.4
32585.58
14499.28
34657.45

12961.85

18345.83 ==

L IA S AN,
IV e

0
6780.2
6688.42 :
6971.56 , .
4232.68 :
9497.46
0
2313
0
0
1032.57
18302.7
14181.45
16886.3
0
2225.36
0
7961.58
9947.13
75496.71
9313.42
0
2356.59
0
0
0
16333.93
20409.43
35927.87

© 12046.99

12030.78




- ) ' Meter Readings for June 14, 1990
Account Number Meter Metretek Account Number Meter Metretek
1 35188 35190.%7 5t 22448 24092.5
2 . 16948 16951. 64 52 54631.5 54629.5 ]
3 36004.5 36003.76 53 32223.5 - 3133116 ~
4 23445 23444 .L8 ] .13 - 35003 35002.86 —
b 14553 14556.L6 : 55 12824 . 12841.42
) 22768 22790.06 56 . 4455 4456.23 T
7 7901 7900.82 57 9008 $008.81
8 2009 2009.26 58 48663 48663.22
9 11232 11223.98 59 9248.5 9248.55 .
. 10 41000 - 41005.23 60 19053.5 19055.58 -
] 1" - 2925 2925.08 61 2058 . 2058.39
. 12 9266 9215.94 62 16465 1646661 .
o 13 90741 907421 63 15343 15342.32
I 1% 48549 48550.42 64 33472 33471.99
15 33552.5 33554.28 65 } 15292 15293.28
- 16 8129 8129.€2 ) 35532 35531.89
‘ 17 12945 12948.61 67 13311 13316.16
18 3072.5 3071.33 68 - 19402 104Nt 37
19 6400.5 6400, 1 69 i 19691 19720.79
. 20 5718.5 5718.88 70 1] 0
h 21 11941 11944 .08 7" 6948 - 6946.65
i 22 40780 69331.19 72 mz 7117.15 .
23 23115 23116.32 73 725 7129.68
24 36927.75 . 36930.92 74 4297 4298.77
25 21914 21917.82 ' 75 9595.5 9595.71
26 5994 5994.6 76 0 0
27 1953 ) 1951.88 . 77 2396 2397.3
28 -0 0 78 0 1]
29 1715.3 mr 79 0 0
30 0 0 80 1183 1186.02
31 2823.5 : 2824.09 81 19402 19400.41
32 0 0 82 14943 14942.42
33 34374.5 34498.31 83 17904 17902.65
34 34113 3126.55 : 84 -0 1]
35 22209 22242.02 85 2310 231114
36 13464 13465.31 . 86 )] 0
37 644 645.72 87 8051 8051.1
38 4604.5 4573.0% 88 0 0
39 8993 8991.59 89 77048 77048.88
40 9562.5 9561.22 90 8394 9527.7
[} 7982 . 7T981.53 9 0 0
42 7886.5 7886.45 . 92 2542 2540.28
43 13490.1 13492.78 93 0 1) ) .
44 5134 ) 513417 94 0 0
45 17532 17858.87 95 16198 14272
46 17352 17351.99 96 18001 17003.43
&7 9345.25 9056.66 97 21456 21470.35
48 19106.75 18914.46 98 36865 36868.91
49 19887 ; 19903.41 o9 14117 14119.03

50 22412 22461413 100 12631.5 12631.55




Meter Readings for August, 1990
Account Number ‘Meter : Metretek " Account Number Meter Metretek
1 38147.5 38151.22 51 | 26943.5 30663.91
2 19707 19711.26 52 58846.5 58846.75
3 39223.5 39222.23 53 © 35248.25 32511.42
4 27263.4 27265.88 . 54 38865 38867.17
H 16884.5 16891.93 - 55 14328 14349.24
[} 246693.5 0 o 56 5008 5008.54
7 8196 . 8196.53 b 14 9307 9307.12
8 2324 2323.58 i - 58 51757.75 51759.22
9 14185.75 . 14187.23 59 9620 9618.94-
10 . 45116 44954 .15 60 : 22868 22873.38
o 3259 3259.52 61 24643 2453.62
12 9510 9277.05 62 19802.5 19805.09
13 94723 94554 .64 63 19580.5 19582.61
14 51881 51881.43 64 36933 36932.15
15 37970.5 . 37673.28 : &5 . 17775 17777.06
6 8529 8532.23 ) 66 38628 ' 38498.79
17 15095 15102.57 67 ) 15334 15346.85
18 3278 32N.73 &8’ 22593.5 22595.99
19 6632.5 ‘ | 6632.29 ’ 69 23321.5 23401.8
20 5964.5 5965.28 70 0 0
21 ' 15012 15015.96 - n 7467 - T466.82
22 43708 72508.91 72 7s71 7569.42
23 27627.75 : 274629.48 . I 7431 7429.92
24 40256.5 4026%.21 7% o 4668 4667.74
25 0 0 75 ' 9915.25 9900.66
26 6295.25 6296.27 ’ 76 0 0
27 2258.75 2259.87 77 2625.25 . 2627.45
28 0 .0 : 78 0 0
29 0 0 . 79 1842 1538
30 41603 40249.68 80 ) 1616 | 1623.46
31 3033 3033.83 . 81 23380.25 : 23378.84
32 1] 0 82 17241 17240.8
33 36453.5 36510.88 83 21203.75 . 21211.84
34 37943 3677.67 84 L 0 0
35 26046.75 2610%1.1 85 . 2558 2561.62
36 15811 15811.51 : 86 0 [
37 . 896 900.75 87 8341 8343.15
38 4885 4573.04 ) 88 ) 0 . (1]
39 9333 9333.53 : 89 81546 81549.39
40 41.5 0 : 90 8761.75 11852.95
41 - 8088 8089.15 " ] -0
42 8093 . 8093.25 92 2841 2840.89
43 16274 16278.67 ' 93 -0 0
44 5507 5508.94 9% 0 0
45 20598 21238.91 95 19042 14272
46 20392.25 20392.76 96 21148.75 18048.87
47 12389 12431.3 97 25882 25710.71
48 22618 0 98 . 39973 39980.75
49 246473 24521.06 99 0 [}
50 0 0 100 ©14964.5 14969.46
31
2 \ \ - \ i i ! B ~
. 5 “ ” - — - ,
] ‘V’ . ,/ e e * X e




Account Number

OWNO VNN =

R

Meter

40544.5
f21462
41264.25
28685
18387
26096
8414
2496
15973.5
47511.8
3481
9627

97488 -

0
4097
8739
16413
3398.5
6825
6091
16833
45741.5
30085.5
42874
27668.6
6518.25
2385

0

6022
43477
3172.75
0

37633.5
39961
28274
17147

1036
5046
$492
247.5
8183
8216
17633
5638
22591

21853.5

13840.5

26532.5
27077

24417.5

i
\.
\
rees .
|
H
1
1
i
N
' i

Meter Readings for October 17, 1990

Metretek Account Number Meter
40548.24 51 29213
22145%.27 52 ] 61384
4126L.01 53 37121.5
0 S4 40924.5.
18393.27 55 19343.5
2620%.87 ' 56 } 5255
8414.36 57 9497
2495.5 58 54523
1577¢.32 59 9864.5
47674.08 60 24993.5
3481.59 61 2673
9510.3 62 21376.5
Q7LE7.9 63 21264.5
0 64 38677
40923.26 65 - 19242.5
8740.74 66 40463.5
16421.61 67 0
3392.31 68 24423.5
682€.95 - 69 © 25572
609C.48 70 . 0
16842.39 4l 7693.5
45740.12 7 7764.5
30087.72 73 : 7738
42880.14 74 4855
27684.73 75 52.5
6519.65 76 0
2385.79 7 2762.5
0 78 0
6022.89 79 1986
43477.52 80 1848
3172.0% 81 25386
)] 82 18552
37698.81 83 22374.5
39961.23 84 0
28307.98 85 ) 2735
17150.2 86 0
1038.04 87 8500.5
5047.72 88 244
9492.28 89 84121.5
247.3 90 8986.5
8182.58 o1 0
8216.22 92 3050.5
16810.47 93 0
5637.92 94 0
23239.25 95 21032
21855.66 96 22661
13852.83 97 27941
23374.22 98 42005.5
27110.07 99 v

24423 .65 100 16332.6

32

Metretek

30601.28
61384.39
35886.5
40927.16
15359.32
5182.7
9496.97
54522.87
9848.13
24865.48
2674.3%6
21380.69
21268.78
38678.65
19243.41
40464.14
0
24427.31
25624 .85

0
7685.28
7766.29
7762.77

4855.1
51.16

0
2761.35

0
1986.31

1851
25385.99
18551.71
22385.59

0
2736.22

0
8501.91

264,04
84124.47
8988.69
0
3032.64
0
0
21031.64
21751.61
27959.77
42018.64

0
16337.96




Account kumber

OOV WA -

Meter

42614
24234
42653
28803.5
19103.5
27412
8577
2567
16696.5
49273.5
3661
9681
99466.5

0
43067.5
8914
16982
3463
7050
6143.5
17918.5
47763.5
30085.5
45111.5
28973.5
6732
2640.5

7472
44318
3311

39084

- 41333.5

29965.5
18292.5
1097
5136
9565
313
8303.5
833
18312
5691
23608
22898
14270.5
25374.5
28221.5
25463

Meter Readings for November 14, 1990

Metretek Account Number
42617.45
24239.48
42651.59
28804.37
19113, 11
27723.12
8577.54
2567.08
16696.5
49272.34
3662.59
9627.13
99466.9
0
43077.36
8916.96

16993.58
3461.3
7053.57
6144.76
17925.41
47762.67
30087.72
45117.9
28972.8
6731.79
2640.3

0
7472.32
44318.84
3310.21
0
39222.25
6133427
30098.83
18296.51
1097.72
5132.26
9563.9
N7
8295.5
8329.92
17709.75
5690.63
24217.04
22900.67
14246.36
25375.76
28236.63
25469.45

33

Meter

1641.5

63631,

1941
42383
15756
. 5363

9610
56763

72
26196

2826
22147
21937
40031

19918.5
42013

0
25313
26591

0

7918
7846
8015
4933
122

0
2902.5
0
2170
" 1995
26479
19237
22801
0

28%

0

8566
335
85463.5
9196

0
3266.5
0

0

22842
23393.5
28815
43703.5
0
16927.5

Metretek

29771.57
63630.36
37121.5
42387.11
15766.42
5256 .95
9610.6
56763.22
55.26
26112.37
2706.42
22151.88
21941.33
40031.95
19920.86
41921.56
0
25315.72
26552.56
0
7918.56
7841.98
8928.7
4932.89
120.83

0
2902.58
0
2169.85
1988.14
26479.09
19237.79
22810.31
0
2895.77
0
8568.06
335
85467.63
9196.37
0
3268.12
0

0
22742.44
22661.29
28825.95
43708.15

0
16934.84




ABBREVIATIONS AND ACRONYMS

AMR :  automatic meter reading (system)
ANSI American National Standards lnstitqte
DEH = o Directorate of Engineering and Housing
DOD L | Department of Defense
ES | Energy and Utility Systems Division (USACERL)
- ETL Engineer Technical Letter |
FEAP Facilities Engineering Applications Program
Mb ' megabyte
PC . personhal computcr
PROM programmable read-only memory N
RAM ‘ random access memory |
RMU | ' residential metering unit
SMOD | smart modem
TNI | telephone network interface i
USACERL S | U.S. Amy Constrection Engincering Research Laboratories
_ USAEHSC_

U.S. Ammy Engineering and Housing Support Center

34
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Chief of Engineers
ATIN: CEHEC-IM-LH (2)
ATTN: CEHEC-IM-LP (2)
ATTN: CERD.L
ATTN: CECC.P
ATTN: CECW
ATIN: CECW.O
ATTN: CECW.P
ATTN: CECW.RR
ATTN: CEMP
ATIN: CEMP-M
ATTN: CEMP-O
ATTN: CEMPR
ATTN: CEMP.C
ATIN: CEMP-E
ATTIN: CERD
ATTN: CERD-C
ATTN: CERD-M
ATTN: CERM
ATTIN: DAEN-ZCE
ATTN: DAEN-ZC1
ATTN: DAEN.-ZCM
ATTN: DAEN-ZCz

CEHSC
ATTN: CEHSC-ZC 22060
ATTN: DET Il 79906
ATTN: CEHSC-F 22060
ATTN: CEHSC-TT-F 22060

US Anmy Engincer Districts
ATTN: Library (41)
Alsska 99506
ATTN: NAPEN-PL

US Army Engr Divisions
ATTN: Library (13)

US Army burope

ODCS/Engincer 09014

. ATTN: AEAEN-FE
ATIN: AEAEN-ODCS

V Corpe
ATTN: DEH (11)

VII Corps
ATTN: DER (1%)

21t Support Command
ATTN: DEH (12)

USA Berlin
ATTN: DEH (9)

Allisd Command Burops (ACE)
ATTN: ACSGEB 09703

77T 7T ATTN: SHIHB/Engincer 09708

USASETAFP
ATTN: AESE-EN-D 09613
ATTN: ACSEN 09029
ATTN: AESSE-VE 09029

$th USA, Kares
ATTN: DEI (19)

ROKAUS Cambined Forces Command 96208
ATTN: BUSA-HHC-CFC/Engr

PL Leansrd Wood, MO 65473
ATTN: ATZA-TE-SW
ATTN: Canadian Lisison Officer
ATTN: German Lisison Staff
ATTN: British Lisison Officer
ATTN: Allicd Lisison Office
ATIN: French Lisison Officer

* This publication was reproduced on recycled paper.
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USACERL DISTRIBUTION

USA Japan (USARJ)
ATTN: DCSEN 96343
ATTN: HONSHU 96343
. ATTN: DEH-Okinawa 96376

Area Enginer, AEDC- Ares Office
Amold Air Farce Sution, TN 37389

416th Engineer Command 60623
ATTN: Fuilities Engineer

US Miliary Academy 10996
ATTN: Pacilitiea Enginwer
ATTN: Dept of Geography &

Enviconmsnial Engrng
ATTN: MAEN-A

AMC . Dis;, nat., & Svea.
ATTN: DEH (23)

DLA ATTN: DLA-WI 22304

DNA ATTN: NADS 20308

PORSCOM (28)
_ PORSOOM Enginger, ATTN: Spt Det. 15071
ATTN: Faciities Engincer

HsSC
£t Sam Houston AMC 78234
ATTN: HSLO-F
Fitzsimons AMC 80045
ATTN: HSHG-DEH
Walter Reed AMC 20307
ATTN: Pacilities Engineer

INSCOM - Ch, Instl. Div.
Pt Belvoir VA 22060
ATTN: Engr & Hsg Div
Vint Hill Farms Station 22186
ATTN: JAV-DEH

USA AMCCOM 61299
ATTN: Library
ATTN: AMSMC-RI

US Army Fagr Activity, CA
ATTN: DEH
Camcron Station (3) 22314
Fort Ledey J. McNair 20319
Fort Meyer 22211

Military Traffic Mgmt Command
" Palls Church 20318
Oakland Army Base 94626
Bayanne 07002
Suuny Poim MOT 28461

NARADCOM, ATTN: DRDNA-F 01760
TARCOM, Fac, Div. 43090
TRADOC (19)
HQ, TRADOC, ATTN: ATEN-DEH 23651
ATTN: DEH
TSARCOM, ATTN: STSAS-F 63120
USAlS
Fort Huschués 85613

ATTN: Failities Engineer (3)
Fort [itchis 21719

" US Government Printing Office 20401

WESTCOM
Fort Shafler 96858 . .
ATTN: DEH ,
ATTIN: APEN-A

SHAPE 09708
ATTN: Infrastructure Branch, LANDA

HQ USEUCOM 09128
ATTN: EQJ 4/7-LOE

Fort Belvoir, VA 22060
ATTN: Australian Lisison Officer
ATTN: War Resource Center
ATTN: Eng Stramwgic Studies Cir
ATTN: Topographic Engr Center -
ATTN: CECC-R

CECRL, ATTN: Library 03755
CEWES, ATTN: Library 39180

HQ, XVl Airborns Corps and
Pr Bragg 28307 '
ATTN: AFZA-DEH-EE

Chamus AFB, IL 61868
3345 CES/DE, Stwp 27

AMMRC 02172
‘ATTN: DRXMR-AP
ATTN: DRXMR-WB

Norton AFB, CA 92409
ATTN: AFRCE-MXDE

Tyndall AFB, FL. 3403 .
AFESC/Enginsering & Servics Lab

NAVFAC
ATTN: Division Offices (11)
ATTN: Pacilitics Engr Cind (9)
ATTN: Naval Public Works Center (9)
" ATTN: Naval Civil Engr Lab 93043 (3)
ATTN: Naval Constr Battalion Ctr 93043

Bogioocring Socisties Lit
New Yark, NY 10017

National Cuard Bwess 20310
Tnstallation Divisi

Recsiving/Depository Section (2)

US Army Euv. Hygiem Agoncy
ATTN: HSHB-ME 21010

American Public Works A 60637

Nat'l Institum of Standerds & Tech 20899
Defenwe Tochnical Ino. Conter 22308
ATTIN: DTIC-FAB (2)
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