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Testing and training noise is a major adverse environ
mental factor at Army installations. The purpose of this
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system (NWS) and to test its use, installation, operation,
and maintenance in typical Army environments. The pur
pose of the noise warning and monitoring system is to
alert the range control office when operational blast noise
levels in a community exceed those established by the
range control office and to monitor the overall blast noise
produced by the installation.

The warning system consists of a microphone and a
"smart" controller located in an area subject to noise
problems. The microphone and controller will detect and
record the noise levels. This information can be accessed by
personnel at the range office via the telephone; alternative
ly, the controller can be programmed from range control
via the telephone to send range control a warning when
ever a predetermined noise level has been reached.

Installations can readily install, operate, and maintain the
system with only modest training, and the system produces
data with which the installation can better understand and
manage its noise problems. The system is reliable, easily
tailored, and useful in documenting compliance with ap
plicable standards. The system also indicates when the in
stallation is quiet and thus is not the source of complaints.
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noise lev els . This inf ormation can be ac cesse d by personnel at the range office via the
telephone; alternativel y, the controll er can be programmed fr om range control via the
telephone to send range control a warning whenever a predeterm ined noise level has been
reached.

The results are positive and the syst e m has proved successful. Installations can
re adily install, operate, a nd maintain the syst e m with only modest training, and the
system produces data with which the installation can better understand and manage its
noise problems. Three results stand out : (1) the system is extremely reli able and easily
tailored to specific installation needs; (2) the data show times when the installation is
quiet, thus any complaints for those t imes are due to noise from off-post sources; and
(3) the syste m is useful in documenting compliance with applicable standards.
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AN ARMY BLAST NOISE WARNING AND MONITORING SYSTEM

1 INTRODUCTION

Background

Testing and train ing noise is a major adverse environmental factor at Arm y instal 
la t ions worldwide. The pr imary sources of noise are helicopters and large weapons . This
report is concerned with the blast noise ge nerated by large weapons, a noise which is
virtually unique to the Army and one which is es pecially bothersome to communities be
cause it can cause s tructures to shake and ra ttle . The adverse impac t of this noise is
eroding the Ar my's ope ra t ional capab ility , a nd a t several ins tallations it is severe enough
to threaten the Army's abili ty to opera te a nd tra in.

In the Army, noise is assessed in accordance with the procedures of Army Regula
ti on (AR) 200-1, Chapter 7. 1 Basically these assessment procedures mirror th e mor e
general procedures developed by the U.S. Environmental Protection Agency (USEPA) and
the Department of Defense (DOD). They use the recommendations of the National
Academy of Science and applicable American National Standards Institute standards.
The assessment procedure uses the total noise energy produced and transmitted to a site
as its measure. Since the measure is total energy, louder sounds have more energy and
contribute more to the total measure of impact. All else bei ng equal, nearer sources
contribute more energy at a given site than do mor e distant sources.

Community annoyance is t he basic psych oacoust ical factor used by DOD and the
Army to describe community response, and t his is t he factor th at correlates with average
sound energy. Complaints do not correla te wit h average noise energy and are not use d as
a measure in AR 200 -1 because of their lack of correlation with an objective measure of
the noise . In fact, it has been shown 2 that com plaints occur primarily when a sound is
unusual (for example, when it is new, dif ferent , or louder than normal). A noise warning
and monitoring system can help an ins tallat ion mit iga te both com plaints and community
annoyance.

Blast sounds travel over long distances from the firing position or impact area to
the receiving community. Wea t her co nditions can greatly influence the so und energy re 
ceived for a given source, such as a 155 mm howitzer. Sometimes the received sound in
the community can be very loud (very en ergetic) and other times it will be inaudible; it
a ll depends on the weather. Because of t his large variation of sound energy with wea ther
condit ions, perhaps 10 percent of the fir ings produce 90 percent of the noise energy. So
if the few very noisy and energetic events can be eliminated, nearly all of th e noise im
pact as defined in AR 200 -1 can be eli minated, while at the same time complaints which
are generated by t he loud or unusual events are also reduced or eliminated.

1Arm y Regulation (AR) 200 -1, Environmental Protection and Enhancement (Department
of the Army, 15 June 1982).

2George A. Lux, Richard Raspet, an d Paul D. Schomer, "An Analysis of Community
Co mplai nts to Army Aircraft and Weapons Noise," Journal of the Acou.stical Society of
America, Vol 73, No.4, (April 1983), pp 1229 -1235.
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A noise warning system (NWS) can serve this purpose for the Army. Field monitors
are placed at various locations in and around an installation, usually where there are
communities which may be annoyed by the noise generated from on-base testing and
training with large weapons (Figure I). When a blast noise event becomes especially loud
at a given field site, the monitor calls the computer at range control so that personnel
are im mediately warned of the high noise levels. Thus, the system provides more infor
mation to t he insta llat ion so that it can better manage its testing and training function.

Not all inst allat ions need an NWS. Sometimes, just long-term noise monitoring is
require d. In fact, by making routine noise monitoring possible, the monitors are good for
public relat ions. The community is pleased to see the base take an interest in the prob
lem . The improved public relations can be "worth" a few decibels of quieting. Also,
under t he Installat ion Compatible Use Zone Program (ICUZ), installat ions with a Zone III
off-post are req uire d to perform monitoring. An NWS can also be configured as a noise
monitor ing sys te m. In this configurat ion, the noise data can be accumulated in the moni
to r and periodically transferred by telephone to the base station.

Use of noise warning and noise monitoring systems is consistent with national and
worldw ide exper ience at public and military airfields. For example, some commercial
airport s use measurement systems (aircraft noise warning systems) to limit the maximum
noise t ha t an individual aircraft can produce. Many other a irports have installed area
monitoring systems as part of their program to mitigate noise and work constructively
with the off-airport community.

RANGE CONTROL
i

f

COMMUNITY A

;- t

OISE
I G SYSTE

r

. --

WAR

COMMUNITY B
•• l.rI.-,

TELEPHONE
f Ef_C N GE

",T

r
r

t

CANT 9 N EM
AREA <

Figure 1. Schematic layout of the noise warning and monitoring system.
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The Army's noise monitoring and warning needs are similar to civilian needs in the
United States and other Western nat ions. A monitoring system can warn of especially
loud individual events and it can se rve as an area monitor. However, blast noise is unique
to the Army; it requires special hardware in the field units which is not available in
com merc ial instruments used a t airports . And the operat ions of a range control office
and t he tracking of noise -producing events are not the same as the operation of an air
field and t he track ing of aircraft, so t he base station also is unique to the type of
activi ty which occurs a t Army installations.

Not only is the blas t noise and range opera tion unique to the Army, but each instal
la t ion has unique requirements requir ing a degree of custom izing. For example , the two
installat ions init ially chose n for t he de monstration described in this report each had a
different t ype of telephone syste m re quiring major differences in software and
hardw ar e. Again, th is situation mirrors the airport situation where monitoring systems
are customized for a given airport. In response to these unique needs, a noise warning
and monitoring system was developed as a Facilities Technology Applica t ion Test
(FTAT). This test built on 10 years of U.S. Army Construction Engineering Research
Laboratory (USA- CERL) experience and research in the measurement and monitoring of
Army blast noise.

Purpose

The purpose of t his FTAT projec t was to develop the NWS and to test its use,
installation, operation and maintenance in typical Army environments. The test
addressed two quest ions: Can the sys te m be installed, run, and maintained by installation
personnel? Can the system deliver useful data which can be correlated with operat ions
and complaints and used to develop noise mit iga t ion strategies?

Approach

The approach to this development projec t consisted of four phases, two that were
preliminary to the main purposes of t he test outlined above and two that dealt directly
with the main purpose of the tes t :

1. Site selection

2. Equipment deve lopment

3. Physic al installa ti on and testi ng

4. Operational testing.

One si te had to be a loca t ion where normal Army training was performed, where
noise was a pro ble m, and where t he sys tem could be installed and operated successfully
wit h limited monitoring loca t ions in order to minimize hardware expendit ures. Fort
Richardson, AK was chosen as the training installation site and three monitors were
install ed as a part of their system. Because the Army Materiel Command (AMC) was
abl e to cost share on this t est, th e seco nd site was an AMC location: Aberdeen Proving
Ground (APG). Sixteen monitors were ultimately installed. APG was an especially useful
site because prev iously they had a ttempted to install a monitoring system using commer
cial hardware, but t he contractor had been unable to make it operate.

9



The choice of these two installations presented some unique technical challenges.
In general, the system is designed to work using commercial telephones. A monitor calls
the base station by dialing its commercial telephone number. This is in contrast to some
systems at airports which use dedicated phone lines and have constant communications
between the base station and the field locations. The commercial system which APG had
attempted to use was designed using private dedicated telephone lines in a tree structure
where all the units are "on the line" at the same time. So the NWS for APG, at their re
quest, was designed to operate in the existing private line environment.

Commercial hardware and existing airport monitoring systems were reviewed and
analyzed for their applicability to the Army system. None could properly measure the
high-amplitude, impulsive noise created by Army testing and training activities, and none
could communicate between the field stations and the base using the combination of
telephone systems described above. Thus it was necessary to design and build the sys 
tems at USA-CERL.

Since commercial hardware was not available, commercially available components
and modules were used wherever possible. For example, the basic chassis and many of
the modules are made by National Semiconductor as part of their industrial products, the
uninterruptable power supply comes from a specialty manufacturer in Wisconsin, the
modem is a standard Hayes model, and the basic enclosure is a standard Hoffman model,
etc. Only those parts not commercially available were made by USA-CERL. These pri 
marily were the modules required to implement the proper measurement and analysis of
the large-amplitude impulsive noise, the capability lacking in commercial instruments.

Ease of operation, flexibility, and reliability were design goals. USA-CERL devel
oped the software to run with the different telephone systems and gave it the capability
to interact with and be operated by the normal military personnel in the range control
environment. It was felt that ease of operation by the military personnel assigned to
range control, simply performed maintenance, and reliability were basic keys to success
of the system. Thus the emphasis in overall development was on these factors and not on
cost. For example, the enclosure is stainless steel, the temperature range is -40 to
+113 of (-40 to +45 °C), the layout is spacious, and subassemblies are easy to reach and
replace.

The last two phases of the study were the installation and running of the systems at
Fort Richardson and APG and the operational testing described above. In each case,
installat ion was planned and accomplished in conjunction with installation personnel, and
training was performed at the time of installation. Complete documentation was devel
oped on the design, operation, installation and maintenance of the system. This docu
mentation was customized for the installation and provided with the system. The
operational testing has centered on the Fort Richardson site, and Chapter 3 of this report
details the operational test and its results.

Flexibility is the final requirement in our approach. It is a key point necessary for
success of the system. Flexibility means the system can accommodate a range of options
so it can be customized and changed to meet the needs of a particular installation and its
unique problems. This flexibility has already facilitated the installation of customized
systems at Picatinny Arsenal in Dover, NJ and Naval Air Station (NAS) Fallon in Fallon,
NY, where the Navy uses it to monitor sonic booms. Flexibility includes such options as
using private or commercial telephone lines, alternative measures of the peak noise level
(the Navy uses flat, the Army uses "C"), one or two -channel operation, and standard or

10



enhanced dyna mic ra nge. Like commercial airports, each installation requ ires customiz
ing. Finally, flex ibilit y means the system can be enhanced to use new to accommodate
new requi rement and to reflect t he re sult of new research. For example, current
research at USA-CE RL is showing tha t wind induced noise can be reduced by using a spe 
c ial t wo-microphone array. Any field unit can be upgraded to t wo microphones. Also,
the NWS will form a portion of a total, PC-based installation noise management system,
the Firi ng Infor mat ion and Range Execut ion (FIRE) system. In the future, the base sta
t ion of t he NWS will be upgra ded to a more powerful machine that will operate the NWS
and at the sa me time accomplish many of the functions of this total noise management
syste m.

Mode or Technology Transfer

The sys te m is complete, and technology transfer has bee n accomplished by develop
ment of hardware, full plans and specifications, operations and maintenance manua ls, and
software. APG doubled their sys tem from 8 to 16 units dur ing the development and ini
t ial operation. The U.S. Army Environmental Hygiene Agency (USAEHA), the group
whose mission is to provide assistance to installa t ions with noise problems, recommended
th e sys tem to several installations including Picatinny Arsenal. Picatinny now has an
operational sys te m. The Navy is using the system to monitor sonic booms at NAS Fallon,
and at least t hree other Army installations--one U.S. Army Forces Command
(FORSCOM), one U.S. Army Training and Doctrine Command (TRADOC), and one AMC
installa t ion--are act ively considering installation of systems. Along with the system,
USA-CERL supplies a customized instruction manual to an installation in looseleaf form,
again for flexibility. The APG instruc t ions manual deals with their private telephone
system , and the Navy instructions manual speaks of sonic-booms rather than blasts and
uses flat -we igh ted rather than C-weighted peak levels.

Training is provided dur ing system installa t ion. With th is train ing and the instruc
t ion manual no difficulties have been experienced in running the system or in moving and
relocating field sites.
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2 PHYSICAL INSTALL ATION, TESTING, AND MAINTENANCE

Theory of Opera tion

The USA-CERL NWS is designed to inform the installation (typically range control)
when impulse noise levels in th e community or in other critical areas are exceeding
thresholds established by the installation. The system consists of two types of units: a
base station and multiple field units. The base station is located at a central point- 
typically the range control office, and the field units are situated at noise sensitive loca
tions (on or off base) selected by the installation.

The bas e station is presen tl y an Apple lie microc omputer with a printer, a Hayes
modem to interface to th e te lephone lines, a nd a n a udio syst e m for monitoring remote
microphone signa ls. The bas e stat ion is designed for indoor use at range control or
another location chosen by the installa ti on, and it is the overall controller of the system.
Figure 2 shows a base station being operated by range control personnel at For t
Richardson. Through the base station, th e operator is able to obtain acoustical data fro m
the field units. Further, th e base station is used to set various functional parameters of
itself and the field units and perform various intermittent functions, such as :

Setting the time of day

Setting the sound threshold above which data will be gathered

Setting the sound threshold above which the data will be immediate ly pr inted at
t he base station

Setting the wind threshold above which data will not be gathered (to minimize
wind gusts being processed as blast noise)

Sampling the noise level at a particular field unit on demand

Turning on the internal calibrator at a particular unit on demand

Listening to the unprocessed audio signal from a par t ic ular unit.

A field unit consists of an outdoor microphone system and an anemometer coupled
to a microprocessor-based system capable of processing and storing acoust ic data and
determining if a preset threshold has been exceeded. Figure 3 shows a typical installa
tion at Fort Richardson. When the threshold is exceeded, the field units use telephone
lines to call the base station and inform it of the exceedence. The field units re quire
connection to telephone lines and 120 V ae primary power but are otherwise se lf con
tained and des igned for unattended exterior use. Except for a power switch, they contain
no controls to be manipulated by the user; rather, all control of the field units is accom
plished by the base station. The field units are designed to ope rate conti nuously through
short per iods of power outage by incorporation of an internal battery. Should t he field
unit lose contact with th e base station for any reason, th e field unit will cont inue to
ope ra te, storing any data it acquires until co mmunication with th e base sta t ion is
res tor ed. An anemometer is incorporated into the fie ld unit so t hat it c an sense wind
speed and elim ina te dat a or warn of data gathered during high wind condi t ions (such data
which may result from the wind and may not act ua lly be t rue blast noise).

12



Figure 2. The base station be ing operated by enlisted pers onne l in the range
control office a t For t Richardson.

Figure 3. A typical field unit installation including com merc ial outdoor microphone
system, anemome ter , and controller.

13



Two versions of the system have been designed for diffe rent insta lla t ion require
ments: (1) a version using com mercial dial -up telephone lines (Public Switche d Te lephone
Network [PSTN]), and (2) a version using dedicated (direct connect) telephone lines .
Using the PSTN system, the field units dial the base station when they have da ta to
repor t and the base station dials the field unit when the operator requests a special fu nc 
tion as outlined above. Using direct private line systems, the base station cons tantly a nd
sequentially polls the field units for data and may address any part ic ula r f ie ld unit for
special functions .

Various other options are available in the field unit hardware and soft wa re, and in
th e base station software. One option is dynamic range. While most moni tori ng appli ca
tions can be accommodated by a 70 dB dynamic range, a 90 dB range is available for
special requirements . Two other options are choice of filters and number of channels .
The typica l Army installation uses one channel and measures both the C- weighted peak
level and the C-weighted sound exposure level (CSEL). As an option, the unit can hav e
t wo channels, each with a different frcquency weighting. Navy units measure CSEL with
one channel and flat -weighted peak level with the other channel. Wi t h c ha nges to so ft 
ware , the hardware can also support A-weighting on one or both channels.

In summary, the theory is to deploy a very rugged outdoor monitor whic h is com 
ple t e ly self-supporting and yet completely controlled from the base stat ion. The out door
components of the system are unaffected by power failure, telephone line failure, and
int errupt ions of base station operation. These components are comple te ly weatherproof
and designed to operate over a temperature range of - 40 to +113 of (-4 0 t o +45 °C).

Installat ion, Operation, Maintena nce, and Training

Details of installation, operation, and maintenance are contained in the insta l
lation's customized instruction manual. Training has been successfully acco mplished by
ha ving designated installation maintenance personnel work with USA-CE RL personnel to
ins tall the system . Typically, the maintenance personnel are civilians who work as tech
nicians maintaining target and target controls, alarms and other sensors, or range
co mmunications equipment and aircraft sensors. With the training during sys tem instal
lation, the instructions manual, and a set of maintenance tools and instru me nts (supplied
by USA-CERL as a repair kit with the system), three of the NWS installa tions hav e
already successfully moved and reinstalled field monitors on their own, without any assis
tance from USA-CERL.

Chapters 2 and 3 of the instruction ma nual deal with base station opera tion . None
of the fou r installations presently operating systems have experienced any signif ica nt
diff iculty in learning to operate the base station. Basically, the base station ope rat ion
consists of using a small set of simple menus which are presented on the com puter dis
play. The cursor keys are used to highlight the selected operation or response.

All of the troubleshooting procedures, adjustment procedures, and pe ri odic mainte
nance are described in Chapter 4 of the instruction manual. Pe riodic maintenance
co nsists only of checking a few voltages, cleaning the air filters, inspec t ing the cables ,
and testing the power-out standby batteries. The manual also contains a comple t e list of
pa r ts , layouts, dimensions, and schematic diagrams. (This represents an ad vantage ove r
many com mercial systems where the manufacturer will not supply t his type of
information.)
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The NWS is designed for reliable, continuous operation. However, as with all elec
tronic equipment, occasional failures can be expected. The base station has been
designed using only commercial components for which local service should be available
anywhere in the United States or Europe. The field units have been designed as a
collection of easily replaceable modules to facilitate repair. It is expected that any
installation operating an NWS will maintain a complete set of spare modules for use in
troubleshooting and repair of field units. Repair of all commercially available modules
such as the Hayes Smartmodem and the National Semiconductor CIMBUS printed circuit
cards usually can be handled through local distributors or dealers for these companies.
Alternatively, USA-CERL can act as a central clearinghouse for repair of the commer
cial products as well as for repair of any of the custom modules designed and built at
USA-CERL. It is estimated that the repair of any circuit card, board, or module will be
about $350 to $550 (1987 dollars).

The units installed so far have had no failures of USA-CERL-designed parts, so
there is little information on repairs. At Fort Richardson the units have operated for
18 months without failure, and at Picatinny Arsenal they have operated since installation
(about 9 months) without failure. Two modems and the Central Processing Unit (CPU) in
one National Semiconductor module failed; all were within warranty and all were easily
replaced. The biggest problems have been reliable electric power and telephone com
munications at some of the remote desert monitor locations at NAS Fallon in Nevada,
and reliable telephone communications using the unusual private line telephone system at
APG. (Out of the 30 dB dynamic range available to a Hayes modem by Federal Com 
munications Commission (FCC) regulation, the private line system at APG loses 20 dB by
design. The resulting 10 dB dynamic range is insufficient to operate all of the time
through the base telephone wiring and communications typically are lost once or twice a
day, usually for just a few minutes.) In contrast, where the power and telephones are
reasonably reliable, the system operates reliably.

In summary, the experience shows that with minimal training, the installation per
sonne l can install, operate, and maintain the system, and that very reliable operation has
been achieved.
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3 OPERATIONAl, TESTING

Purpose

The NWS is designed to warn an installa tion whe n noise le vels are becoming too
high at various comm uniti es or loca t ions. The data are designed to help an installation
operate by providing needed informat ion. A centra l quest ion at many installations might
be: "What is the noise level at which we get complai nts?" This level is expected to vary
from installat ion to installation an d si te to si te because , as noted in Chapter 1, com
plaints do not correlate directly wit h noise leve l but are more a func t ion of the
"unusual." Another question t ypically might be: "What weapons or what firing points
cause the problems?" This chap ter reports on the operat ional test , which exa mined
whether the NWS could dev elop da t a which we re useful to t he installa t ion and could help
the installation better manage its operat ions. Fort Richardson was used for this test.

Data Sources

There are th ree primary sources of data one can use to analyze noise and its rela
tion to range opera t ions. The se are (I) the NWS field measurements of individual events,
(2) actual range operat ions (i.e., weapons used, their loca t ion, th eir target, their type of
ammunit ion, the ti me of da y, et c.), and (3) ci ti zen co mplaints about blast noise. Figure 4
is a map of For t Richardson and th e surro unding area. The major firing ranges, the
impact area, and the monitor locations are explic itly shown on t his figure. Table Al (see
Appendix) lists what appear to be valid data measured during tim es when large weapons
were being fired on the ranges at Fort Richardson during calendar year 1986. Continuous
noise such as nearby helicopter noise can also exceed the threshold set in the monitor.
These continuous noises have been excluded from Table AI. Table A2 (see Appendix)
summarizes all the complaints received by For t Richardson during 1986 which dealt with
blast noise (other complaints dealt with helicopters). This table also shows the weapons
be ing fired and the monitor measured data during the period of the complaint.

Analysis

The analysis ca n be spli t into two parts: (I ) complaints re lated to train ing opera
tions at Fort Richardson, and (2) co mplai nts not related to t ra ining operations at Fort
Richardson. Examples of th e latter occurred primarily during preliminary testing during
1985. During a major field training ex ercise (FTX), many complaints were received, but
during times when no ac t ual fir ing was underway and the monitors registered nothing. It
turned out that t he news of th e FTX had been published in the local newspaper and so
Fort Richardson was assumed to be the source of the blast noise. It is thought that the
actual source was highway blasting a t the south end of Anchorage. A few similar occur
rences are noted during th e analysis of the 1986 data below. Thus one major finding is
that many of the complaints received by an installation may not be related to installation
operations, and the actual source may be off-post and entirely different. (A similar
result has been found at Picatinny Arsenal, where it appears that fully half of their blast
noise complaints relate to off-post highway construction and quarry operations and not to
testing at Picatinny.)

Examination of the weapons and times of day in the Appendix (Tables Al and A2)
indicates four potential sources of noise complaints at Fort Richardson. These are
(I) small demolit ion (under 10 lb [4.53 kg]), (2) large demolition (over 10 lb), (3) artillery
at night, and (4) artillery during the day . The large demolition includes both combat
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engineer training and explosive ordnance demolition (EOD). No other, smaller weapons
at Fort Richardson ever caused the monitors to register or caused complaints.
Therefore, the four weapons listed above are the only significant noise sources. In
particular, the data do not indicate mortars to be a significant source of problems. The
data for the four source categories are given in Tables 1 through 4, respectively. Each
table gives each date when that source operated at Fort Richardson during 1986. For
example, Table 2 lists large demolition for 1986. Each table includes the hours of
operation, the firing location, any monitor measured data by monitor site and time, and
any complaints received by location and time.

Examination of Tables 1 through 4 yields several interesting results and
conclusions. Table 1 shows that small demolition never resulted in complaints although
high peak levels were measured a couple of times during the year. Table 2, large demoli 
tion, shows that complaints related to large demolition are correlated with the noise
measure at the monitor located at the Fort Richardson boundary near Eagle River (moni 
tor number 4). Whenever the C-weighted peak level goes over about 118 dB (117 dB on
one day), complaints are likely. Complaints never occurred during 1986 when the level
did not exceed about 118 dB except for 1 day. The complaint for this day is considered
invalid since it is for a time when no firing was occurring and the monitors measured
nothing. The complaint is for the evening, but the demo was fired during early morning.

Tables 3 and 4 deal with artillery. These tables must be examined as a set--day and
night together. Table 3 deals with nighttime. Here, unlike for the large demolition,
complaints do not correlate with the measured noise. It appears that a main problem
with the artillery is all -night training, particularly when it is part of a major FTX. No
level could be found which correlated with a presence or absence of complaints. Rather,
it appears that whenever the noise lasts through the night, is late in the evening, or is
early in the morning, and it is audible and clearly noticeable, then some complaints can
be expected. However, the peak levels do not appear to be particularly high and fre 
quently are below a reasonable level for measurability at the monitor locations. In other
words, the monitor cannot reliably detect the blasts in the presence of modest wind
and/or other noises without the aid of an onsite human observer.

It is known that weather conditions can focus the sound and result in high levels at
distant locations when nearer locations measure little or no sound, and it is possible that
this is occurring during the night at Fort Richardson. However, focuses, especially in the
extreme, are usually short-lived. The complaints speak of "all day and night." This
would seem to indicate that the problem is indeed just audibility and detectability and
not high levels that are somehow missing the monitor sites.

Artillery noise that occurs only during the daytime does not appear to be a major
problem. Complaints for daytime artillery usually come during the 3-day FTXs and
usually relate to day and night operation. In total, the evidence indicates that daytime
artillery operations are not a source of significant complaints. Table 4 shows only 3 days
with valid noise complaints related to daytime firings, and these complaints appear to be
minor, because there is only one complainant each day. Unlike the FTX at night or the
large demolition, both of which generate relatively large groups of complaints, the com
plaints for these days appear modest and isolated. One other day which had artillery
firing only during the daytime had noise complaints. But like the invalid complaint for
large demolitions, discussed earlier, this complaint also is considered invalid since it is
for a time during the day when no one was firing and the monitors measured nothing.
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Complaints, Noise Levels, and Operations During 1986-Large Demolition
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Complaints, Noise Levels, and Operations During 1986

- Art illery During Nighttime
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Table 4

Complaints, Noise Levels, and Operations During 1986
- Art illery During Daytime

£A" *'U AA"'''A **** AA" '. ,.. ...........*................., ,,•••,,..............'A" '" ,•••"••,.u••"...." •••••••••* " '.A'"''
OAT! & TlHf. C. TII1I CU1P . CAT. Fr. LOl"".ATlOfil lINlT DAYS REGIS . 11808 P!AIl: DAYS CDU'L .-_. ....... ••,.A' A" ' *"" •••A _. - AAAA .... .. .... . . uu• Ju' ,U" "A"

2/1 1186 , u,n·1211 ~ VALID OAY FP I,ll <_yor'. o rr f c~ ) Ancho r AAfI IZ: 4. yo. ~ yo.
0100·2()lo9 F'P I, ll 2 ; )
08H -1110 1; 1

2 /12 / 86 , 0100 -20l09 none VALID DAY " 1, 2. JI ( lIIIIyor 'r; off l c l'I ) Anch orllRl'I )!" 4 y• • no y..

2/ n/A6 . 0 1l !> -09~2 IMY Invalid " I, n FAgl .. Riv"r 6; .. Y" ~ Y"

2/1 9/86 . }40Z -2211 0& VAl.IO DAY " II Downt own Ancho r&fl:" 16 : 10 yo. no yo.

2/2]/ 86. 1627-2206 " 2 ec "" ""1!l31- ZJ06 " l
08.108 -1120 ".
08!13 -102!> FP ]I

Iloll -I SOO P'P])
12V. -nOI Nl eb&r

1~ I - l ,)!> 2 Miebar

2/ )0/86 , 0611 - 14 12 .. . ~ ~ ~

U44 -214t. FP ]I

Itollo -l!>4) Nh lblU·

l / 5 /86, 0910') -1 14 1 FP )) yo. ~ ~

1/ 6/ 86 , 101 8 -111 0 FP 2 , 5 no ~ ~

1111 - 12 12

10 / 9 / 86 , 1019 - 1936 .. ~ "" ~

1o /1 0 / fl6 , 1108 - 2400 .. yo. no ~

" /23/86 , 0848 -2)06 BOO Lat e zven . 2 , 3 , 9 , l1 , Central f.a.gl e R. 5 ; :1 yo. ~ yo.
U, Hlflba r

4121o / fltt , 100 1-2111 01OO-0nO f.a rly Mom . fP 2, " WfllIt chl'llter Lagoon 5 ; ] yo. ~ yo.

0 8 ] 0 - 09 11 n , !'I' h.bar

10 /2 9 /86 , 1102 - 2305 ... ~ ~ ~

'J/ 5 / 86 , 1509-2009 .. , yo. no ~

12)2 -1l02 Hle ba r

5/ 6 / 86 , 1219 -1]08 Mlflbar yo. ~ ~

IlI l - 2126 f' H

';,/1 / B6 , 1'j 29 -1 6 ] 2 Ml flMr Y" no ec

1830 - 22 28 ...
1]20- 110 ] 10 fPll

'j/B/8 b , 12100-22"11 f P II Y" no no

ll toO-1 Zl 9 MitoMe

0620 - 11 26 ...
R/1 9 /86 , 111 6- 19 59 P'P 31,32 "" ~ ~

24



Table 4 (Cont'd)

••••••• A••••__~*• •• A.A ...... . ...... _ """ ........__.._ *__"*............................." ........" .....................
llo\TI: " TI t(! C. T1Hl IU1P . CAT. ,.. ... IAIl:.ATl ON IINI T OAYS RlG I S . 118DB PUJ( DAYS CDtPL.

.. A ***********" -"'..'" .- • .......,,, .. •••U •• - -
H!1 6/fib . 1' 4 1·H2 1 f'P 22 y• • ~ 00

flI21/ 8fl . )./.l'a· IQ4 1 fP ' yo. ~ ~

l.\olQ- IQ/oI P'P 22

'J/ 'l / A6 . 01~ 1 · 1016 Dl\y '" Ntjthl '" Tu r1\ll.lI:ll t n ....... I; 10 yo. ~ yo.
11 29 -161'1 t 'P ~

IOll -1 61!! fP O

'l I la / 56 , 14 11- 1804 F: ,. H f"l.oty ,. Hight fP 2 Ancho r"gfl, turnagain AnD none no ne y..

16 16- 18!l Z fP I

1800 -18')2 FP H

9/1 1/86, 1200-114 6 "00 OIly & Nigh t rr 2 E. Anchorqe & Boniface non. no no yo.
111 1- 120 1 rr ,
110 1-1100 fP l O

'1/2 2/ 86 . 11 !IS-PH 1 F. & N OIly ... HiRh t fP , Oown&Hi d lown, l.R . • Muldoon, ~ ~ no yo.
1114-I'l 24 f"P ':1.'1 Parhtr tp
''110- 20 16 fP 2

fI/2 Io ' t1t> . 000 1- 1'1'12 o • , lMo y '" Nljthl fP 1, 22 , ll Down6.Hldt own. [.R . " Mul doon . ]; 10 y.. no yo.
II '>K- lBO fPl AnchOrllg" . Wl'Jl l ch e l t llT LAgoon

I R2R- I 'HO fP O

0O I 6 - I'HO f'P II

Q/2 'l / fl6, 000 1- 1000 Day & !'tI gh t rr I f. .H . , Hl d t own, W@o l t chf'll t_r I...Igoon , 16; 10 yo. yo. m yo.
1018 -1 211 fP I HT. VI_, Anc;horagl'l

000 1-1 800 fP "
q f2b /fl6 , ooor- un s ' "P 22 .21 yo. no no

q 12q /ft6, 1">0 1- 10)/0 ., II ~ ~ no

1800· IQ10 fP J1

10 / M A6 , ()QZQ - 22~ ">
,.31,B yo. no no

IOn / Ab , 1222 · 230"> fP 21 y.. no no

12100-1"> 1"> '"110 210 · 2) 0 "> rr 0

10 / 8 / 86, 0601- 16\1 , p Q , 22 .2) no ~ no

0 75b·20 11 fP I

10 /1 8 /86 . 1001 -1 516 D oAt H Ilfty & Nl jth t fP I I t.MJr.. Turpin & Ai rpor t Ifeoightl 1; " yo. yo. yo.
HXU ·Z OOI fP 2

1001 - 2010 1 fP ll
1">5 1-21 )1 P'P 22

1~20 - 1 " 'iO ... '"
IO/1 q I A6, I I W - 20 l'i 0 - H !lily & NIKh t ., I Hul donn. Turp in'" Ai rpo r t Hei l(h t 5, no n.. y..

1610 - 2400 H ~ l th& k , City Y!f'w , E.R. "
1100 - 2400 F'P 22

I O/ l O/ atl , 022!l · I ] OO Jrl & M Ofty & Hight fP 2 Turpin & Airport ~ Ight. , Huldoon, 16 ; 4 y.. y.. y..

1]1010 - 2 10 2 fP , E. R_, Hil lside
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Table 4 (Cont 'd)

. ... Ai ......••
______ _ ___ _ _ _ _ _ _ _ _ ••~.~h~• •H.~••~. .. ..

c. TIKI: aJotl' . CAT . n . Ulf:ATIOH

"""''''.'''.... UNIT llA YS RlXJIS. 11808 PI:AJ( DAYS ID'O' L .
.... .A.'" A' At , ".A.'••"••

0001- 1809

OOO I-lOI8

UO I-1l101

OOOI - IO!l4

FPo
f"P 22...'"

1012 1/ 86, 1159 -1114 NONE

lIll -I1U

000 1-1112
ll )q · 12Jl

DIIY I. NiRhl I"P 5
.r 0

FP n
Nfpbar

Turpin &- A.lrport Heights none y..

"

10 /2 2186, 0001 -11 18

0001 -1212
rr J

fP 21
yo, yoo

11/6/86 , 092J -lSOlo FP J YO' 111 .9

11/22/86 , 01l!l- 1M)5 fPH no no

18

NO'I'!: Thf' datil In thf' unit co lt~ Indlcatel t h" , of t hwoll

-eh ~nllor ( I 10, 1, 2) Tf'RhlecO!Hf an ex cllmdance lh.oIt da y .

' or .~I.. "10 . 10" -..ul l ..,nltoT 4 ~ht.rM 10 ti _ •.

Quantita tively, nighttime artillery training was the num ber one problem duri ng
1986. Of the 28 nights on which firing occurred, about 50 percent resulted in
complaints. In contrast, da ytime artillery ge nera ted only three valid complaint days out
of 38 days. During 1986, large demolition was a valid problem on 8 out of 40 days, and
sm all demolition never generated complaints.

However, as indicated in the introduction, complaints do not correlate wit h noise
le vels, and the Army policy is based on noise levels and annoyance. Table 5 lis ts the
measured yearly C-weighted day-n ight level, the measure described in AR 200- 1, fo r
artillery a nd for la rge demo at the two monitor sites whic h operated throughout the year.
(The th ird site was turned off and taken out while the water company perfor med major
construction at the site.) At the Eagle River monitor, which is on the For t Ric hardson
boun dary, the monitored yearly C-weighted day-night level indicates that the area has a
noise level which is still well below the le vel for the Zone 11 boundary. Ta ble 5 shows
tha t the pr imary source is large demo, and although the noise level is only barely
ap proaching the Zone 11 boundary, the noise warning system can be used to mitigate the
noise. At the other location (monitor 3) and even for artillery at the Eagle River moni tor
(4), the moni tors de monst ra te that Fort Richardson is not even approaching th e limi ts
es tablished in AR 200- 1. Rather, t he complaints for ar tillery appear to be related more
to just the audibility and detectability of t he sound. Here, t he NWS can serve no purpose
in re ducing t he impact, because it cannot even measure it. But , perhaps more
impor tantly, th e NWS demonstrates that the noise levels are well below the applicable
criteria and do not requir e mitigation.

In summary, a significant number of noise complaints do not relate to on-post
activi ties and actually are the result of distant off-post sources. The Fort Ric hardson
generated blast noise co mplaints com e primarily from large de molition ac t ivi ty and from
nigh ttime artillery training. The demolition-generated complain ts co rrela t e with
measured nois e level and occur when the measured peak C-weighted level at th e on-post
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site by Eagle River exceeds about 118 dB. The corresponding yearly C-weighted day
night level (CDNL) shows t ha t the noise is still well below the Zone II boundary as de
scribed in AR 200- 1, but it is measurab le. The artillery-generated complaints correlate
with nighttime and app ear to be based more on audibility and detectability than on a
specific level. The artillery does not produce levels which approach applicable standards.

Table 5

Measured Yearly Levels (Day, Night, and CDNL) by Source and Monitor Site

Day

Large Demo 28.3

Monitor 13

Night· CDNL

28.3

Day

52.1

Monitor 14

Night·

51.2

CDNL

54.7

Artillery

Total

26.4 21.1 27.5

30.9

43.7 41.1 45.6

55.2

· lncludes 10 dB nighttim e adjustment. (Note that 10 dB is added to the nighttime levels
when calculating CDNL in accordance with its formulat ion. The Zone II boundary is 62
CDNL, as defined in AR 200-1.)
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4 CONCLUSIONS

It has been shown that an installat ion can readily install , operate, and maintain the
NWS system with modest training. It has also been shown that t he system can provide
data an installation can use to understand its noise problems and potentially develop
mitigation strategies.

Three results stand out. First, the system is more reliable and more easily tailored
to a particular installation's needs than was originally hoped. Second, the data show
times when the installation is quiet; thus any complaints for those times are due to noise
from off-post sources. This is a totally unexpected result. Finally, the system is useful
in documenting compliance with applicable standards as well as in mitigating Army noise
problems.
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APPENDIX:

BASIC MONITOR AND COMPLAINT DATA-1986

Table Al

Valid 1986 Blast Noise Data Measured With the Monitors
During Times When the Firing Point Ranges Were in Operation

• • ',,'1. ••• .... •• ................._. ... ..... ....... .. ................... U4 it ........... "AY LOCAT ION WToA POH OF-50 I PTION F1RUIG TI ME UJrlJT HR 11 1M SIC Sf:!. PUX OOR ,."...... ..._- ...., .".."... • d • U .. it ... - ~ ...... ... ........ .... ,,"u .. •• :tit .... u

IZ , ""'" II N l S l b" , I !lU 4 " 25 11 9 7. 9 104 . 3 0.1 0

I
16 ""'"

I C-4 7@ 100 11J1 . ~ 80 lb& , 11')] -1336 4 II " ' 8 11 3 .6 12 ~ .] 0 . 1 0

I 16 ""'"
I C-4 !(J 100 1b" , fJ(J 80Ib• . 11 5] -1]]6 4 II " I 910 .6 1000 .to 0.1 0

I
16 ""'"

I C- 4 1@ rooue, 6@ eoue . 1I !l] -1 )16 4 11 " " 11 ) ,8 124 .1 1. 2 0

I I' ""'"
I C- 4 l@ l00lb• • tIJ 801bs . 11 ')]-1)36 4 II " 22 112 ,4 124 .] 0. 8 0

I 16 ""'"
I C- 4 1@ 100Ib.. . 6lt 801 bl. 1U J-l)]6 4 11 " 24 94. S IOS . 5 0 .1 0

I 16 <- I C-4 ,. 1001101. 611 Ralba . 115]-1)36 4 11 " 34 112.6 12/0 . 1 0 .6 0

1 16 <- I C- 4 ,. roorte, fM 801bs. IlS) -1l16 4 11 " " 9 5.4 10 5.1 0 .2 0, 16 <- I C- 4 ,. rocne, 6lJ 80I b• • 115)-1116 4 II " 40 112 . 0 109. 5 1. ) 0

I 16 <- I C- 4 ,. IOOlba. 6lJ 801ba . 115)-1)]6 4 11 " " 11 2 . ] 121.6 1. 2 0

I 16 <- I C- 4 ,. tooue, 6@ 80Ib• • 115)-1 ]]6 4 11 se n 111.6 123. 1 1. 3 0

I 16 <- I C- 4 I . 100I b.. . t4 801bs . 11 53 - 1116 , n 41 .. 9 1. 3 110 .50. 1 0

I 16 <- I C- 4 ,. 1001bl. bIJ 801bli . 1U)~ 1l)6 , I! " " 90 .' 106 . 10. 1 0

I 16<- I C- 4 ,. 1001bli . 64 eo lb5 . 1l ~ )-1 )]6 J I! " II 'B .4 10~ . 9 0 . 2 0

I 16 <- I C- 4 19 loo l b-. . blJeolbs . I1 S) - J))6 , I! " 21 90 .2 110 .6 0 .1 0,
" <-

II lJlr(IO«:JWI6.~lbs . (po.. tbly Barlttalor ) oc on t o 2 I! 12 40 88 . 2 108. 4 0 . 1 0

I
" <-

II Barlttal 20 I bl!. oc on t o • I! 12 so 90 .1 109 .0 0.1 0

I 21 <- II Bangal61bll . eont • 2 n I! 18 88. 0 109. 1 0.1 0

I " ""'" II T1<r I lI bli . 20 18 2 n I! 20 92 .0 106 .80 .1 0

I "~ II C- 4 12 l b ll . 12)6-1622 2 I! I! " 90.0 101.20 .1 0

I " ""'" II T1<r 10 1hlll . cc nt . 2 I! I! " 88 . 0 101.1 0 .2 0

1 2J 1>-0 II TOT Z4 1bs . ccnt . 4 I! I! 21 90 .4 109 . 2 0 .1 0

I " ""'" II
T1<r 5 l hli . ecnt , 4 I! I! " 98.4 110 .2 4 .8 0

I 21 ..~ II oc o nt o con i . oc on t o 4 I! I! '8 91.9 101.4 1.1 0

I " ..~ II oc on t o con i . oc on t o 2 I! " '0 88 . 1 108 .10 .2 0

1 " ~ 11 c c n t , cc nt . cont , 4 I! " 0 90.4 110 .1 0 .1 0, 2l ~ II cont . cc nt . con t , 4 " " " 9 1.9 111.2 0 . 2 0, 21 ..... II ccnt • con t , c ont , 4 " 28 2 102. ] US .40.2 0, 2l <- II co nt . con t . c cnt , 4 14 28 8 100.6 111.) 0.2 0

I " <-
II con t . cont. cc n t , • 20 " .8 96. S 101.9 2.6 two tt. """,.

I 2l ~ II cont. co nt. c ont . 4 20 " " 90.1 1010 .60.1 ror dat.

I 21 r-.o II co n t . co nt. cont. 4 20 " •• 92.9 1010 . 1 0.8 0

I 16 " " IAk ", C- 4 IA 12 lbll. 1631 -1949 11 1 21 90 .1 1010.) 0 .1 0

I 16 cont. co ot. co nt . 16]]-1949 4 '8 " 20 88 . 2 109 .00. 1 0

I 26 co nt. cen t , cen t • 16]]-1949 • 18 .. se 8 2 . 9 1000 . S 0. 1 0

I 16 co nt. con t. co nt , 1611 -19109 4 18 J1 " 88 . 1 109 .2 0 . 1 0

I 11 f'()IW ~ . C- ' 10 Ib • • 22101 4 22 " 11 116 . 2 ilLS 1.2 po•• • tnn Ud

2 I 0-0 II C- Io 10 I b• • OSSI -0132 I 1 )t 96 . 2 108 . 2 0 . 2 0

2 ') I~ IJ c e n t , co nt • IH9-180] 2 I! " se 87.1 110 .0 0 .1 0

2 S 0-0 II C- 4 KSlbli . 13]9-180) J " I 22 910 .1 104 . 9 0 .1 0

2 S 0-0 II T1<r U l be , IH9-180) 4 14 I! 8 90 .0 IOS. 4 0. 1 0

2 S [lNno II ccnt . cont • I H 9- 180 ) 4 rs • " 86 . 1 1010 .2 0 .1 0

2 S f/o'IIIlO II cc nt . cont. 1]]9 -1 80 ] 4 " 12 , 9 1. 2 108 . 70.1 0

2 S 0-0 II c ont . con t , 13]9-180) 4 16 10 0 99 .0 111.1 0 . 4 0, ') [lNkl II eent . c e n t . IH9-l flO) 4 16 re 28 89 . 0 104 . 2 0 .1 0, 'l, 0-0 IJ con l . co nt. I H 9- 180 ] 4 11 22 '0 98.2 110.10.2 0, \0 f/o'IIIlO I C- 4 flS2 l bl . 1140 - 1442 4 12 ,
" 112 . 1 124 .9 0.6 0, 10 0.-0 I con t . cont . ce nt , 12 • z 112 .6 12S.) 0 . 1 0, 10 0--. I cent • oc on t o cont , 12 4 " 112.6 I2 S.4 0.6 0, 10 0->1 cont. co nt . co nt . 12 • " Il l. 7 126 0 .6 0, 10 D-J I cont . con t . e eot , 12 • " 9 ),8 104. 1 0 . 8 0, 10 D-J I con t . co nt. ccnt . I! ' 0 I) u z.e 121 . ] 0 .1 0, 10 0Mn I cont . cont . eent . I! ,. 210 112 .1 106.8 0 . 6 o, 10 0-0 I co n t . cent . c ont , Il '0 n 112 . 8 12 1.1 0 .1 0, 10 o-u I con t . co n t . ccnt • I! '0 )4 111. 6 Ill• • 1 0 . 1 0, \0 0-0 1 eent , co nt. cont . I! ' 0 " 9/o. S 1010 . 4 0 . 1 0

z 10 o-u I een t . cce t • c e n t , " " 4 110 . 1 121.8 0. 4 0, 10 0-0 I cont. cont. con t . 4 " " " I1 S.8 124 0 .1 0, 10 o..:a I cont. con i . co n t . • " 4 ' " 11]. ] 106 . ] 0. 6 0, 10 0-0 1 coni. co nt . cont . 4 l ' " " 96. 4 104. 3 0.1 0, II 1P&&OPlI 105,.,. 3RHE.RII J , , 17HE. 9 11L , 1o 1Hl . 4 I Lt . 0 100 - 204 9 • I' '8 92.8 104 .60 . 1 0, II co nt. con t . cont. 14H-2211 " " '0 86 . 1 101 . 1 0 . 1 0, II cont. co nt . co nt. 08S3 - 1710 " " ' 0 Q4.Q 104 .Q 3. 0 0, II conl . coni. con t . co n t . 16 " 8 68 .6106 .10. 1 0
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2 \I co nt . c onl . ccnt. co nt . ,
"

, ,. 9 3 ./0 10~ . 6 0.6 0

2 \I co nt . eent . cant . cont . , .. 1 ,. 89 . 6 108 . 2 0 . 1 0

2 \I cont . c ee t • ccnt , ecet • , ,. 10 " 89.' 108 . ) 0. 2 0
2 \I con t . c ent • conr , ca nt . , 20 , 50 9 1.3 112./0 0.6 0

2 \I cont . cent.. cont. cent . , 20 2l 2. 8 7 . 0 104 . 50.1 0
2 \I cant . cont , cc nt . cont , , 20 11 17 95. 0 110. 80.3 0
2 \I cen t • c ont. cont , ccnt , , 20 11 56 92 . ) 105.9 1. 0 0
2 \I eont , coo t . c e n t , cant. , 20 " " 95 . 0 111.0 0 . 5 0

2 \I ccnt • cant . cont . cant . , 20 lJ " 91 . 1 115.10 0. /0 0

1 \I co nt. cent . cant . co nt. , 20 " 41 9 1. 8 105 . 0 0 . 1 0

2 11 cont . co nt . cont . cant . , 20 J4 " 95. 3 112 . 2 0 .] 0

2 12 tloAnlo II flanfl,al o r 1021- 11015 , • , 10 89 . 2 101. 1 0. 2 0

2 12 ["'-> II T>'T lib . 15H-11 28 , • • 17 00 .' 104 .] 0 . 2 0

2 11 fP5&O,. 10",.. 50HE . nu. 0 100-20109 , • 11 2 89 .2 108 ./0 0 . 1 0

2 12 N N l.AU T>'T 15 1bs . cen t • , • 18 48 89. 9 109 .60.1 0

2 12 cant . e ent , ccn t , c cnt , , • I. 56 89 .1 108.0 0.1 0

2 12 cant . cant. ca nt . cant . , • " 2' 88.~ 106.3 0 .1 0

2 12 cant . cant . cant . cant . , • " " 00 .1 107 . ~ 0 . 1 0

2 12 c ant. ccnt • ccn t • ce e t • , 11 10 " 94 . ~ 110.0 0 .1 0

2 12 een t , c ont . ec nt • corrt , , \I 21 " 86 . 1 108.50.1 0

2 lZ cont • c c nt , eoe t • ceet • , \I " " 8 1. 5 108 . 2 0 . 1 0

2 12 eont . cont , ec nt . con t . \I 11 \I 86 .9 105.6 0. 2 0

2 12 cent • co nt , c c nt . cc nt • \I " 50 86 . 0 104.80. 1 0

2 11 ccn t . ccnt . ecnt . ca nt . 12 " I 99 . 4 108 .80.3 0

2 12 cant . c ant. coni. cant. 12 " 11 89 . 9 109.0 0 .2 0

2 12 cant . c ant . coni . coni . , 12 58 .. 91.9 108 .10.2 0

2 12 eee t . cant . co nt , cant . ,
" 11 " 85 .8 104 .8 0.1 0

2 12 cant . co nt . cont . cc nt . • " " " 00. ' 108 .1 0 .1 0

2 12 cant. co ni. c ant. ca nt. ,
" 2l ]Q 91 .6 110. 10.1 0

2 lZ cont. ccnt • cont . cent • ,
" 2. , 88 . 2 106 .00. 1 0

2 12 coni . cant. ca nt . co nt. ,
" 11 s 84 .' 105 . 20. 1 0

2 12 cant . c e nt., con t. cant . ,
" " 12 96.2 106 .1 0 . 3 0

2 12 cant. cont , co nt . coni . ,
" ' 0 11 85 . 5 104 . 1 0 .1 0

2 12 cant . cant. co nt , co ni . ,
" 41 , 91.4 11 1.1 0 . 2 0

2 12 cant. coni . cant. ca nt . ,
" ,. I 81.4 10 5 . 4 0 .1 0

2 11 c ent , coni . ca nt . cant . ,
"

,. 11 89.8 108 .8 0 . 1 0

2 12 cant. coni. co nt . c oni . ,
" " I 89. 5 108 .2 0 .1 0

2 12 eeet . cont . cant . c ant . ,
" " 10 81 .0 106 . 8 0. 1 0

1 12 ca nt. c ant . cant. cant . ,
" 56 " 89.0 108. 2 0 . 1 0

2 12 ca nt. cant . ca nt. cant . ,
" 0 " 65 . 8 113 . 1 0 . 1 0

1 12 cant. cant . cant . cant . , 14 2 41 88 . ' 108 .90.1 0

2 12 eem . coni. ca nt . c ant . ,
" 12 22 98 .9 11 3 .9 0 .3 0

2 11 cant. eont . cant . ecnt . ,
" " 21 85 .3 1010 .60. 1 0

2 12 cant. cant. can t . cc nt • ,
" " 2. 91. 2 105 .6 3 . 6 0

2 II cant . c oni. eo nr • c oni. " 12 se 90.6 1010 . 5 0 .1 0

2 12 cant. r ani. r ant. r ant . 1. ' 0 " 81L4 109 .10 0 . 1 0

1 12 co nt . cent . cant. cant . 1. " " 81. 5 108 . 2 0 . 1 0

2 " l pMJPs co n lp 22 lbs And TNT. 2 1b5. 0 115-095 2 • " ' 0 89 . 1 10 5 .10 0 . 1 0

2 IJ cont. )O~ I IoHf. . 2I Hf. 0 / 1')-m~40 • 11 " 9 5 . 9 106 . 6 0. 1 0

2 11 c oni . eo n t , cant . e oe t , • 21 " 9 /. 4 110. 8 0 .1 0

1 " coni. cant . cant. cant . , • ,. IB 90 . 8 1 0~ .4 0 .2 0

2 " cant . co nt . cont . ce nt. • , • re 50 89.8 10 / . 1 0 . 1 0

2 " r ant. eent . c o nt . coni . , • " " 90 .6 108 .1 0 . 1 0

2 " rp ' . 10 ')1'fo4 lZIU•• I Io Hf. 1100 2 - 2211 ,
" " " 8 'L O 104.1 0 .1 0

2 .. cant . cant. I2 I LJ. , 14Kf. eent , , ,. II " 86 . 3 104. 9 0. 1 0

2 19 c cet • coni . 121LJ., " HE cont . , ,. rs " 86 .S 10').2 0.1 0

2 19 cont. cen t . 121U ., " HE cc nt • , ,. 15 ,. 86 .1 10 5 . 4 0 .1 0

2 19 cant. c onI. 12 il L , 14tlE co nt . , ,. " • 86 .4 104.') 0 . 1 0

2 19 cant. c ont. 121lJ., "HE cant . , I ' '0 15 86 .1 10S.0 0 . 1 0

2 19 con t. c ont . 121LJ., " HE cont . , I. " " 87.8 101.6 0.1 0

2 19 cant. COflt. 121LL, " HE cant . , ,. 2. " 86. 5 l OS. ] 0 . 1 0

2 19 cant. cont . 121U" " HE c ant. , ,. 12 " 9 2 .10 10 5. 2 0 . 1 0

2 19 ca nt. ('ont. . 121LL, " HE cant . , I. ' 0 ,. 92 . 1 10t0. l 0 . 1 0

2 19 cant. c oni . 12 1LL, 14H[ coni . , I. 41 0 8 1. 9 104 .4 0 .1 0

2 19 cant. ('ront . l 2I lL, "HE coni . , I. "
,. 9].0104 . 60 . 1 0

2 19 ('onl. coni . I 2I LL , " HE c ant. , 11 " 48 86.9 10 1.10 0. 1 0

2 19 co nt. coni . I2ILL, "HE con t . , 22 " 58 86 .6 106 . 1 0 . 1 0

2 19 ca nt. con t. 121lJ.. , 14HE ca nt . , 21 ,. " 86.1 IOS .3 0 . 1 0

2 19 cont . cont . 12Il l. , " HE ca nt . , 21 ,. " 86.3 101 . 20.1 0

1 19 co nI. cant . 12111., " HE cant . , 21 ,. " 86. 2 106 . 1 0 . 1 0

2 19 conl. COflt . 12IU . "HE ca nt . , 21 ,. ,. 86 . 5 105. 8 0 . 1 0
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2 19 cont. cent . 12l11., ,"'" conl. II S' 3 ".1 105.90. 1 0

2 19 can t. cant . I2ILL , /41{[ cont . • II S' 11 86.9 105 .80.1 0

2 19 ee nt • ce nt . mu., /41{[ cant . • 1I S' 14 86 .3 10 7. 2 0 . 1 0

2 19 cont. c ont. 121ll , /41{[ ca nt . • 1I S. 3. 86 .10 105. 2 0 . 1 0

2 19 cant . cont . 121U., /41{[ ccnt • • 1I S' 41 8 1. 9108.00 . 1 0

2 19 cant . cont , 12JU. , /41{[ cant . • 1I S' S, 86 .7 106.30.1 0

2 19 cont. cent . I2 I U. , 110 Hl eoet . • II 0 , 86.to 105.10.1 0

2 III con t. ccn t . 12Ill. , /41{[ cont • II 0 11 88.6 106 . 2 0 . 1 0

2 " cent . ccnt . u ru., /41{[ cont . II 0 II B6.!! 105.50 . 1 0

2 19 cont. co nl. 12Ill. , /41{[ ca nt. II 0 44 86.2 104 .4 0 . 1 0

2 19 conl. co nt • IUU.. /41{[ cem , • II 0 S. 89.8 105.6 1.5 pan. i ll"t'aUd

2 19 cont. ca nt . izru. , /41{[ cant . II , • 81.1 106.10.1 0

2 19 cant. cent • 121LL, /41l£ cont • • II , 12 91.0 108.2 0 . 1 0

Z 19 cont . cont • IZlLL , /41{[ cent • II , I' 81.2 106.80.1 0

2 19 ce nt . cc nt • 12IU , /41{[ cc nt • II ,
3' 86 .8105.10.1 0

2 19 co nt . con t . 121LL, /41{[ ccnt . II , 31 92 .1 110 . 1, 0 . 2 0

2 19 cont , ccnt . 12I U , /41{[ cont . • II 1 48 88 .8 107 .00.1 0

2 19 cont . cent . lU LL, /41{[ con t . • II 2 U 92.0 106.1, 0 . 6 0

2 19 cont. cen t , 12Ill. , /41{[ cont . • II 2 11 84 .9 105 .0 0. 1 0

2 19 c onl. c ant . 121lL , /41{[ cont . • II 2 3. 86 .2 106 . 5 0 . 1 0

2 19 conl. co nt . 1211.1., 'I,HE cont. , II 2 48 8b .3 10 7. 1 0 . 1 0

2 19 conl. co nt , 121U., l 1,HI: co nt . • II 2 " 85.3 105 .10 .1 0

2 19 cont . co nt . nr u., /41{[ co nt. , II ) , 8b . l 10 1. 0 0 .1 0

Z 19 cant . coo t , raru ., '''Hl cont . • II , ' S 89 . 8 104. 1 1.2 pon . inva l i d

2 19 cont , co n t . 12111., /41{[ cant. • II ) II 81,.1 105. 5 0 .1 0

2 19 co nl. cent , 1211J.. , I1,HI cont , , II ) 18 86 .3 105 . 1 0 . 1 0

Z 19 cont. coru . 121LL, /41{[ ca nt . , II ) lZ a6 . 2 IOb.3 0 . 1 0

Z 19 cont . ccnt , 121LL, /41{[ co n t . • lZ ) 4) 88 .310 7. 3 0 .1 0

2 19 cont. co nt . 121u., /41{[ ee e t • , II ) '3 85 .1 106 . 9 0 .1 0

7 1<1 cou t . r-ont , 1211J. , ' 10"': cant . , II , , 85 .9 106 . 0 0 .1 0, 1<1 eon t , c nn t . I2IL!. , ' Io HF- COll i. , II , lZ alo.4 105. 2 0 . 1 0
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1120-14 20

cant .

conl.

cont.

cant.

cont. .
con t ,

cent •

eee t •
ccee •
c o n t ,

cant.
eent .

174 1- 1\ 2 1

OOO I - II 'R

0001-121 2

r-ont ,

eent .

e-e nt .

co nt .
I 2')O - I ~ l l

ccnt .
1306 -11016

ca nt .

cent •
0001- 154 1

M 2J -1504

()(){) 1- 154 1

cont .
cont ,

cont .

16 1/2: SC 6-15 Ib• .

co nt ,
cont ,

co nt.

10 J : 29 ; 50 ; 8 ; 100

eo nt , co nt ,

co nt . co nt .

1o ·40 Ib fl . c ..-a t e r ,I-lI b tank IIln.. . (.aul ) 1I 01 ·1812

c ont. R b lock ' t.n t , 2- 40 Ib . shAp"'. cc nt ,

10')"'" 8 1HE, 2wr . ZRHl . 2WP. H HE oq29 - 2 2 ~5

cont ,

c ce t .

ccnt •
I O~1'ft 15m . 35tff. , 2oHf.. 21KE. 54KY. ( IIIOTfI )

co nt , 2W . 1KF..24HE.1 2HE, 2 3HE

conl. Io Mlf.

con l . cont .

c on t , co nl .

cant. cant.

ccnt , co nt •
co nt . cant .
cont . co nt .

e oe t . c on t .

c ant . can t .
BAngaltorp ; C- Io,

TNT 18 I b• .

10 51'ft Ilnk

cant. co nt ,

cant . ecn t ,

cont • cant .

cant . cant.

TNT H s t le ks

PIllllf'l5 I Jo

II co r d "0 '

TlIIi IW5

t P 1 COl1l .

t 'p 11 COllt_

eoe t . e om .

r-o n t , c lint.
c on i . c o nt ,

c nn t , c e n t .

co nt , eon t. .

ce nt • co nt .
cant. co nt .

cen t . ee n t .

c en t . cc n t ,

cant . cant.

cant . eent .

cant . cant .
cant . co nt ,

cant . cant .
c ent , conl .

c ant . een t ,

c on t . een t ,

cant . cont .
c on t . co nt. .

TNT lI bs .

C- 4 Gl lbs .

t"lrlCte 50 1b5.

C-4 c ont .

ca nt. cont ,
IO'i1'ft '!Offf.

CO ll I . ee ru .
.. on I • cont ,
c on t , con t •

cant. ccnt .

cont , ca nt.

conl .

mo

n Ul l.

('onl.

1 ee nt ,

1 c e nt .

1 Of}«) I

6 fP 1

6 cont ,

6 c on t.

6 ecn t .

I'> co nt

6 ro nt

zq can t .

21 Pt:J«l II

21 co nt.

6 'P l1,ll
(, ront.

t. con t ,

(, coot.

(, cont.

6 ccnt .
Fr 23

'"" 9
n'l
F'P 1I

f' p J]

1 ccnt .
1 r on t ,

, cont .

1 ee e t ,

1 cont .
18 Otl«> II
18 co nt.

18 P1' 1

18 fP 2

18 P'P JI

18 ' P 22
10 ....,

20 fP 2

7.0 f1' !l

20 Fr 22
20 Pf1IlC

20 f'P ~

20 " II
20 YP II

21 c on i.

22 cont .

11 coni.

9

9

' 0
' 0
' 0

' 0
' 0
'0
10

10

' 0
' 0
' 0
' 0
' 0
10

' 0
' 0
' 0
'0
' 0
10

10

' 0
' 0
'0
\ 0

\0

10

10

10

\ 0

' 0
10

10

10

10

\ 0

' 0
\ 0
10

' 0

20 co nt .

20 eo nt .
20 co nt •
20 co nt.
ZO ce nt •

20 can t .

20 eont .
20 con l .

20 een t •
I II 21 m11l1

10 17 10 '1"1'1

10 21 c o n t •

10 11 c e n t ,

10

'0
10

IU

\0

""
"""""II
"""II
""II 2 1
II 21

11 21
II 1 1
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Table A2 (C ont'd)

-... _ .....** "- ***- -- --*- - - -'' I n TO " !i TIIO- ,,,. , ., ..., 1i'1V! r".. IrIOlT <;0 MAll ,,,,, 'l~....1I1T ... ...".,~<;• 11. _ 1.DC'....t1 01l ~ 1'D5t"l

10 110/ l'lb 002~ '1300

l ' I '!0/ 8b OOOI-IO~ <'

IOn O/ 8b lJ.... · U 0 2

10 /2 0/ 86 0001' 1809

IOIlO/"b 0001·1 02 .!l
10 120 /86 1101 - 11<'1

1'1/20 / .!l6 21<.2· 2<.00
10 /2 0 1M 20 111 ·2140

10 / 20/ .!l6 unIo

10 /2 0/ 8b (ont.

10 /2 0 / A6 coot.
10 120 186 eee t .
10 / 20/ 86 eem .
10 120 /116 cent .
10 /2 0 /8 6 cent .
I0/20/ M co nt .

1))\0 ff 1

()Il)O -O~lO F~ ~

moi FP ~

NiRht<ll4ornfP 9

Nt l¢\ t f1' 22

...<
FP 11
F1' ..

Io'h i t n.. y

cee t .
cce t .
con i .

con t .

conl .

co ni .

c oot .

Ki' ; 101. 29. "to . 8, <'0. 1~.8

"1 ~ . 6

"A) . ,

7b . <'

U . )
n .t
li6. A
~b . b

".1
8~ . 2....
88 . )...,

100 . 2

HO . b O. t ' ..U 11° 10& tr 'HV and .0 ,n.. t hooy. " , .-por t Hei&hts; . ,. is lus
120 .b 0. 1 .. Indo .... s haJll1lft boldl y . Hilllld,, (S kyLltw !Jr . l ; K..nt
111 .8 0 . 1 look. Iii_ And his ...ife up . Muldoon ; U1_r
118 .8 0.1 · ··· ·-· ··~ ~ - · · ··· · ·_--··· · ·· · ·· _-- _ · ·· _ - · ~· ···~-· ·· f.loll l e R. Sub . DIY.; .Il rchy. *"" In l
11 2 . .. 0 .1 ··--· - · · -····· ···· · · - ·· ·· ·-~ ·~ · · · · ~·· ··· · · · ·· .. ··~ · ~JdOQn : Be4.r d*n *"" [' 121

115. ) 0 .1 T'ul"Jli"""" irpor t He i gh t l : .... lId..nts - 1..- 11
12.. . 1 0.1

113.6 0 . <.

109.8 0 . 1

111.2 0.1

ur .e 0 .1

u r. e 0. 1
lIL50 .1

It.. . <. 0 .1

121-9 0 .1

108 .8 1.1

10 / 21 / 8b 1I]O - 12H
10121 /86 In~'111<'

10 /21 181> 1J)1 '111~

10 /21 / 86 0001 '1112
10 12 1/86 2H4-2 <'00

10 /21 / 86 210) -2400

M1EMJr HI' f>Io . 2. ie, 2 , ~8, A

"' ,
'"fP H

" l

"' "

• • • - •• ~_ •• ••••• • •• ~~~ • • _• •• ~ • • ~~ •• • ~ ••• _ .~ •• ~_ . ·· · · Turp l n6.Ai rport Ht!ighu ; n s ld ..nls -1- J

~
o

11/11 / 86 1320'1<.20
11/21 / 86 ( on t.

I I!Zl!.!l6 eo a t .
11/21 /8 6 cent .

"It Yur

at u moon f.OD

IXJO

"""rat.t EOO
0115 roo

U'TILlDY

lM'T; 8 .tlc.... P _ iNlI ; 1<..
T _i_I : 2. 0 c ord ~.

101 . 1

102 . 1
~ 7 . 1

11201,

115 .1 0 .1 Shoc k ...a..Y . y c....... hou.. t o ra il ' n..
115 .1 0 . 1 p U .. ; .... d U!'llt MW bll_nt
tl) . 1 0 . 1

12b 0. )

c ..-p l a i nt r ec i .... ed ; Oct . 20;
nw put IIOfIth. ha... t-on drl"i,.. h i . cn t y

BI. W .. . Juric.

City VI_ ; Holtan.

( '*) In ~ Noh co l .-l. s~bo h s how t.I'uo t • person cOlllJllalrHtd .:ou U1&II onc . in the year .

f or ........ 1.. In - l bbl\ JI Ule a s hrhkl lhow how -.ny U ..I OM pt' n on c~l. lned In u.. r-J" : I .U. .... rlOpr. ...... t the pe non ' s _ i

OVId Ule I d t",r Ule IllIt I.tt"'r Ih.,.,. ...... l ch c~l. int it i l in tIM year •

.. . 8 . ..... , c~I. l nti

I bbb Beardon

'I Thi rd c~I .lnt




