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~~~~eduction or shift in contours are described and their impact estimated. The case
studies demonstrate , respectively:

~—h A general reduction in operations

2. A shift in operations away from noise sensitive areas , ‘-.~. 
• C K

~~~ A concentration of operations toward the center of the installation.

The large effect night operations have on the C-weighted day and night average sound
level is clearly shown by the examples . The relative importance of the larger weapons
is also shown.
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MITIGATION OF NOISE IMPACT
VIA OPERATIONAL CHANGES

3. i’he receive r can he protected from noise.
INTRODUCTION

Sources can be quieted in two ways. The first
Background method red uces the actual noise produced by the

source , e.g.. bury ing explosives to reduce blast noise.
No ise trorn artillery, demolition , and helicopters The second method , operation al changes . is widel y

is a major problem at Army installations. The mag- applicable and is often the easiest to institute at an
nitude ot this problem is increasing beca use: installation. The operational method does not re-

duce the actual noise emitted by t he source, but on ly
I . The land around Army bases is being devet- reduces the noise received at the noise-sensitive

oped for residential use at an estimated rate of 4 areas. Three common operational changes are ( 1) re-
acres/day (2 hectares [hal/day ) in noise-impacted location of the source, (2) rescheduling of operations ,
areas. and (3) reduction of the number of operations. Oper-

at ional changes may be used to reduce the total area
• 2. Training is being increased to mai ntain higher impacted , to reduce the noise level in a particular

levels of combat readiness, location , or to shift the impacted area away from the
noise-sensitive areas.

3. Larger , longer-range weapons such as the
XM- l tank and the XM- 198 cannon are being devel- Purpose
oped. To fire safely, these weapons must be placed
close to the installat ion boundary . wh ere their noise The objective of this report is to present case study
impacts significantl y on neighboring off-post hous- examples which can serve as a guide for using opera-
ing areas. Their longer range also usuall y involves an tional changes to reduce noise impacts at Army in-
increased noise level caused by increased charge. stallations.

The U.S. Army Construction Engineering Re- Approach
search Laboratory (CERL) has been developing
methods for predicting noise levels, assessing noise Equal-noise contours were generated using the
imp act , and reducing the impact of noise since 1971. CERL noise contour program. These contours were

• The prediction of noise levels and the assessment of then superimposed on installation maps to identify
impacts is done by combining overlays of noise con- noise-impacted areas in the cantonment area and
tour& generated by CERL computer program with outside the installation boundaries. Each case was
land-use maps. If the noise level indicated by the analyzed in terms of the original impact , the reduc-
contours exceeds the guidelines described in Army tion required, and how operational changes were

• Technical Manual TM 5-803-2, Envimnmental Pm- used to meet these requirements. All impact was
tect ion: Planning in the Noise Environment (1978), quantified in terms of area. 2
the n the noise level must be reduced .

Mode of Technology Transfer
The reduction of noise impact is called mitigation.

There are three different elements of miti gation: The material in this report will be incorporated
into a unified Technical Bulletin on Noise Mitigation

1. The source can be quieted and will be initiall y transmitted to the field via a
cover letter from the Office of the Chief of Engineers

2. The path over which the sound travels can be (OCE). Installations and Site Development Branch
interrupted by a barrier (Engineering Division).

R. I. Goft and E. W . Novak. Environmental Noise Impact 2For more exact measurements ot impact, see R. 3. Golf and
.4 na l ts is  for Army Militart ’ A d ivin es User Manual, Technical Re- E. W. Novak , Environ mental Noise Impact Analt’sis for A rut v
port N.30’ADA047969 (U. S. Army Construction Engineering Re- Military Activitie s User Manual. Technical Report N-30/ADA
search l•aboratory ICERLI, November 1977). O4S4~1 (CERL. September 1977).
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fore, the L4, at a location can be reduced by moving

2 NOISE CONTOUR ING the sources away from the receiver,
AND OPERATIONAL CHANGES

The density of sources in an area can also affec t
• C-Weighted Metric the size of the noise-impacted area. Concentrating

sources produces higher noise levels, but reduces the
The metri c used to measure noise impact in this size of the impacted area; dispersing sources in-

st udy is t he C-wei gh ted d ay/ni ght level (L 4,, ) which creases the impacted area. hut reduces noise levels.
best predicts the annoyance of impulsive source such
as artillery or blast. Rescheduling and Reduclion n~f Oper atiw,s

fhe Lcd. metric is a logarithmic average annual The number of operations affects the L~ value.
noise level from all sources. The L~,,, is a measure Noise value is expressed in logarithmic terms. The
both of how loud the sources are (their single event formula for how variation in the number of opera-
level or SEL) and the number of times each source is tions affects Lc4 is as follows:

• heard.
• Logarithm NT Logarithm (N4 + 10N~) (Eq l J

In addition , the L<_~, incl udes a penalty for night
operatio n , beca use people are more sensitive to noise where NT is the adjusted total number of operations
at n ight. The L d,, can be reduced by chang ing the Nd is the number of day operations
SEL . by cha n ging the number of operations , and by N, is the number of ni ght operations.
red ucing the proportion of nighttime operations,

There are two ways of changing L4~.
Table I is a summary of permissible levels for vari-

ous activities from TM 5-803-2. 1. Change the number of both day and night
operations

Table I

Acceptable Land Uses Without Special Noise InsulatIon 2. Change the proportion of night operations; this
or Hearing Protection in ~~~ method is the most significant, since night opera-

tions are multiplied by a factor of 10.
Boundary Between Acceptable

Facility and Unacceptable Vie Example 1. Suppose an installation has 100 day• Residential, housing 65dB operations and 10 night operations. To determineClassrooms 65dB . .
Offices 70dB the increase in L~ if the number of operations is
Hospitals 65dB halved:
Commercial and Repair 70 dB
Flightllne operation 75dB Step I. Determine the initial and final adjusted
Playgrounds. sports arenas 75dB • number of operations.Livestock 75dB
Agricultural 80dB 

IN ITIAL NT = 100 + (10 x 10) 200*Compj led from TM 5-803-2. Environmental Protection: Plan’

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ of the Air Force, the 
FINAL NT = ~~ + (10 x 5) = 100

Operational Changes—Single where NT = adjusted number of operations.
andlor Identical Sources

Step 2. Determine the reduction factor.
Relocation

REDUcTION FACTOR = = 2
For a single source (or several sources at the same 100

location), the SEL decreases by about 7.2 dB for
each doubling of distance (see Figure 1). For exam- Step 3. Use Figure 2 to determine the decrease in
pie, a source with an SEL of 120 dB at 400 m will
have an SEL of 120 — 7.2 dB = 112.8 dB at 800 m;
at 1600 m it would have an SEL of 105.6 dB. There- DECREASE in L~ , = 3 dB

8
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REDUCTION FACTOR (INITIAL NUMBER OF OPERATIONS / FINAL NUMBER) OR
(INITIAL WEIONT/ FINAL ISVGNT)

FIgure 2. Change in C-weighted day-night level vs reduction factor.

Example 2. Suppose an installation has 100 firings Step I
in the daytime and 100 firings at night. To determine
the noise-level reduction if 90 of the night operations To find the initial combined for an area with
are rescheduled to the daytime: several different noise sources, first determine the

Lc4, of each source which impacts the area. Next,
Step I.  Determine the initial and final adjusted rank the Lc4, from lowest to highest. The 1<-I, are

number of operations. then summed logarithmicall y, beginning with the
two lowest Ld~ and proceeding to the highest, which

INITIAL NT = 100 + (10 x 100) = 1100 will be the last l< added.

FINAL NT = 190 + (10 x 10) = 290 For example, suppose an area is impacted by the
following noise sources: 155-mm howitzer , 8-in.

• Step 2. Determine the reduction factor, howitzer, demolitions. After determining the Lc1, for
each source, rank the L~, from the lowest to the

REDUCTION FACTOR = = 3.8 highest:

50dB — 8-in, howitzer
Step 3. Use Figure 2 to determine the decrease in 54 dB — 155-mm howitzer

60 dB — blasts

• DECREASE in ~~ = 6 dB To find the combined L1 for the area:

50 + 54k = 4 value difference = I (from Table 2)
Operational Changes—Multiple Sources

1+54k 55L
To determine the effect of operational changes on 1.. 4..

an area impacted by noise produced by several dif- 55 + 60k = 5 value difference = I (from Table 2)
ferent noise sources, it is necessary to find the differ.
ence between the initial and final combined Lc4~ 0~

’ I + 60k = 61k4 (combined value of 50. 54 and
the area. 4.. 

60k4 )

10
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Table 2 For exaniple. suppose the init ial  operations at a
~4Ithod for Addition of Logarithms demolitions range involved tiring twenty I lb (.453

• kg) charges during the day and tive 5 lb (2.27 kg)
When Two L or SEL Add the Following charges at nig ht. If the operations are changed to

‘/~dues Differ By ~~~~~~~~~~~~~~~~~~~ twenty 1 lb (.453 k g) cha rges fired during the day
t) to I dB 3 and seven I lb (.453 kg) charges fired at ni ght . how
2 t o l  dB 2 much reduction in Lc4~ would occur?
4 to9 d B

10 i more dB 0 Step 1. Calculate 11W I, iiiwl tiiid Fin al .4 dju sied
NOTE: Th add more t h a n  two levels , s ta r t  v i t h  lowest va lues. Totti l ( ‘hUP ’/,I( ’ Weight

Stt ’p 2 l n itial W4 = 20 x l.O lb = 20.0 lb (9. 1 k g)
lni t ia l W,. = 5 x 5.O lb = 25.O l h ( l I . 3 k g)

After operational changes are complete . redeter- Initial WI = 20.0 + 10 x 25.0 = 270 lb ( 122.3 k g)
mine the L , for each noise source and recalc ulate
the combined Lcd, as described in Step I .  Next , Final Wd = 20 x 1.0 lb = 20.0 lb (9.1 k g)
determine the difference between the initial and FinaI W, = 7 x 1.0 lb = 7.0 lb(3.2 kg)
final Lcd,, . Final WT = 20.0 lb + 10 x 7.0 lb = 90 lb (40.8 k g)

Step 2. Determine the Reduction FactorStep 3

Reduction factorREDUCTION = initial L~-d — final L4, (Eq 3] = = 3.0

Using Charge Weight to Find the Difference Step 3. Use Figure 2 to Determine the Decrease in
in Combined L~- ,

Decrease in Lcd, = 5dB
A quicke r but less accurate way of estimating the

change in the combined Lcd, is to exam ine the
change i n the weight of explosives. The L-,,, is ap- 3 CASE STUDY A
proxim ately proportional to the logarithm of the
,otal adjusted charge weight. For a single source or Case study A demonstrates how a noise impact
type of sou rce, the total adjusted number of opera- can be reduced by red ucing the number of noise-
tions is used to calculate the reduction in noise, producing operations.

• However , t ’cr a m ix of d iff erent types of operation at
a si n gle locat ion , the total adjusted charge weigh t is Background
used to predict noise-level reductions. The total ad- Fort A is a relative ly small installation (approxi-justed cha rge weight is given by: mately 20 by 20 km) with artillery ranges. demol ition

WT = W~ + (J O x W,) E Eq 41 ranges, and impact areas concentrated into one
• region. Three small towns lie on the installation

boundary (Fi gure 3). Since noise impacts on all sideswhere: WT = total adjusted charge weight of the installation , relocating firing points and/orWd = total cha rge weight of day operations
W, = total charge weight of ni ght opera- target areas would only increase the impact at one of

Initial Impact and OperationsNote that the red u ction factor is the rat io of the m i -

tions. the alread y impacted areas.

tial to fi nal charge weight rather than the ratio of Figure 3 shows noise levels exceeding 65 Lcd. in
initial number of operations to final number of oper- the towns of Jean , Helm , and portions of Allied. In
ations. Given this ratio, the noise-level reduction can addition, half of the cantonment area has levels of
be predicted using Figure 2 as illustrated below: 65 dB or higher. A large, sparsely populated region

west of the installation is also within t u e  65 dB con-
Init ial  Wt = Ratio (see Figure 2) = Variation in Lc4, tour. The total area impacted by an Lc4, of greater
Final Wt than 65 outside the installation is 8500 acres (3400

where Wt = Charge Weight ha). which is separated into five different parcels. Of

II
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Figure 3 Initial noise contours at Fort A.

this total . 49(X) acres (2000 ha) are heavily developed , and 25 kg), respectively. The adjusted numbers ofwhile 3600 acres ( 1 500 ha) on the west side of the operations in these cases have been red uced by ainstal lation are sparsely developed with few houses, factor of more than lO.
The impacted region of the cantonment area is 1440
acres (580 ha).

T.bIe3

So that the relative importance of each type of A? V.P Propellant’ and Projeetlk Weight for a Single Flu ng
weapon used can be established , the average propel- 

~~~~~~ Propellant, lb (kg) ProJecti le, lb (kg)la nt weight and projectile charge weight are listed in
Table 3. The initial and final numbers of daily oper- ~~~~~ 

~~~~ ‘~~ ~~att o ns for each type of weapon used at Fort A are 
~~~ howii,er 20(1 0th) .Th.3(lb .0llisted in Table 4. The last column of Table 4 is the i75-mni gun 40.1) (lM.0 ) 31.3 ( 14 ( 11adjusted total number of operations. Although the 60-mm mortar .3 (.1) .6 (.3)

change in total number of operations is not large , 66-mm mortar .3 (.1) .6 (.3)
most of the change in operations is caused by reduc. 81-mm mortar .2 (.1) 2.3 (1.0)

107-mm mortar .6 (.3) 8.5 (4.0)ing the tiring of large weapons, i.e., the 155-mm and go-mm recoifless rifle 1.2 (.5) 1.7 (.8)8-in, howitzers. Table 3 shows the total charge lOb-mm recoilless rifle 7.6 (3,4) 2.7 U .2)weights (projectile and propellant) for a single firing 2.75-in , rocket 
- 

.01 (4.53) 
— - 

2.3 (b )
of the 155-mm and 8-in, howitzers as 25 and 56 lb( 1 I ‘Amount of pI’opeliant varies with range.

12
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Table 4 justed charge weight froni 5,640 to I .68(1 lb (2558 to
Case A: Init ial and Final Number of OperatIon. 782 kg). The resulting overall noise reductions can

Day/Ni ght/Total Adjusted be estimated using the method s described in Chap-
ter 2:“I initIal (1976) Final (1978)

Step !
Day/Night/ Day/Night!

Weapon AdJUIttd TotisI JUtted Tota l Reduction Factor = 
5M0~~ =

lOS-mm howil,t~r 72/8/ 152 84/S/134 1.680 I
ISS-nirn hi,wit,.er 27/8/107 9/ .2/I I Step 2
8-in, howitzer 2 1/ 1.5/36 1.51—11.5
6O-mm mortar — 121.4/16 -
66-mm mortar .7/0/. 7 Use Figure 2 to find the decrease in decibel level.
81-mni mortar -— 63/1.8/81
107-mm mortar 21/0/2 1 24/1/34 DECREASE IN Lcd = 5.1 dB
Demolition 7/0/7 —

Total 148/17.5/323 200.5/IO.2/278,2 esu s

Figure 4 demonstrates that the operational
Table ~ changes at Fort A general ly redu ced the size of the

installation ’s equal-noise contours by 5 dB. WithInit ia l and Final Daily Adjuated Total Cha rge. (Ib), by Weapon’ modified operations , only portions of the town of
InItial (1976) Final (1978) Jean are impacted by Lcd,, levels of 65 or higher; the

— 
- off-post impacted area in this parcel is only 200 acreslOS-mm howitzer 960 800

155-mm howitzer 2380 (81 ha). And although a small portion of the 530
8-in, howitzer 1960 60 acres (210 ha) west of the installation is impacted,
60-mm mortar 20 only a few houses exist in this region. The canton-66.mm mortar — ment area lies entirely outside the 65 dB contour .91- mm mortar iSO 190 with most of the area outsid e the 60 dB contour.107-mm mortar 180 310
Demolition 710

Total 5640 1680 4 CASE STUDY B

‘Metric Conversion: 1 lb = .453 592 kg
Case Study B Illustrates how noise levels can be

selectively reduced.
Reduced Operations and Final Noise Impact

Background
To reduce noise impact to acceptable levels, it was

necessary to reduce the Lcd, by about S dB in all Fort B is an extended installation approximately
• directions, However, if all operations were reduced 40 by 10 km. Since it is an extended installation.

equall y, a reduction factor of 3 would be required large changes in the shape of the contou rs can be
(an effective operational reduction of one third ) established by relocating operations. The overall
(Fi gure 2). Therefore, instead of reducing all opera- operations at Fort B have changed only slightly. Un-
tions equally, only the firing of the large weapons like Case A, which illustra ted a general reduction ,
was curtailed : firi ngs of the 8-in, howitzer were al- Case B shows that a major reduction in only one
most eliminated , night firing of the 155-mm howit- direction can be achieved by relocating operations.
zer was reduced to a minimum , and 155-mm howit- (Although the particular change in operations de-
zer day operations were reduced by one-third. Table scribed in this chapter was not intended to reduce
5 shows the total adjusted charge weight for the m i -  noise impact , it is a good example of the type of
tial and final operations. Note the large effect the re- gains which can be achieved by relocating opera-
duction in firing has on the total charge weight of the tions.)
155-mm and 8-in, howitzers; 155.mm howitzer ad-
justed charge weigh t decreased from 2380 to 300 lb InitIal and Final Contours• (1079 to 136 kg) and the charge weight of the 8-in.
howitze r decreased from 1960 to 60 lb (889 to 27 kg) The initial equal-noise contours for Fort B were
daily. These large changes decreased the total ad- generated for operations in the third quarter of

13
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Flguie 4. Final noise contours at Fort A.

1974 : the final contours were prod uced for the tions increased from 1840 to 1900 daily operations.
fourt h quarter of 1974. These contou rs are shown in The total daily charge weight decreased from 15.800
Figures 5 and 6, respectivel’. Note that the noise to 14.600 lb (7166 to 6622 kg). To explain how oper-
levels to the west of the it ;tallation were approxi- ational changes caused the noise contours to shift to
mate l y 5 dB higher during the third quarter . a shift the east, it is necessary to examine the activities by
of one equal-noise contour, regions grouped around the variou s impact areas

(see Figure 7). The number of operations was divided
Note that the initia l contour had a large region among approximately three regions: 5 percent in the

(4300 acres 11740 ha)), with an off-post L of 75 or west. 70 percent in the centra l region , and 25 percent
greater along the southern boundary, while in the in the eastern region.

• fou rth quarter , only a small region (900 acres (360
ha)) had noise levels exceeding 75. Western Region

If the mix of weapon types and the proportion of
• initial and Final Operations day/night operations are kept the same, the number

of operations or the daily projectile weight should
The overall operations at Fort B have changed directly reflect the noise reduction resulting from a

only slightly. The adjusted total number of opera. reduction in operations (see Figure 2).
• •

14
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Figure 5. Initial noise contours at Fort B.

In the western region at Fort B. the mix of weapon Tables 6 and 7 identiI~r the important operational
types and proportion of day/night operations differences between the third and fourth quarters at
changed considerably from the third to the fourth Fort B. The largest single contributor to the third-
quarter. The target weight increased from 430 to 680 quarter noise was the 175-mm gun , which had an
lb (195 to 308 kg) daily. However, the surrounding equivalent daily propellant weight of more than 2000
noise contours shrank by approximatel y 5 dB. To lb (907 kg). In the fourth quarter, firing of the 175-
account for this somewhat surprising result, it is mm gun was eliminated. Comparison of the actual
necessary to carefull y analyze western region opera- total weight with the equivalent total weight of pro.

• •~ tions by a detailed accounting of the following large pellant for the 175-mm gun demonstrates the signifi-
weapons: 105-mm howitzer, 155-mm howitzer , 8-in. cance of night firing; i.e., the actual weight fired was
howitzer, 175-mm gun , 2.75-in, rocket, and the 107- 660 lb (299 kg) daily, while the equivalent weight.
mm mortar. Tables 6 and 7 total the number of which contains the night penalty, was more than

• western region operations using these weapons. (In 2000 lb (907 kg).
the tables, the target or projectile operations are
totaled separately, since some weapons firing in the The projectile weights of the 8-in, howitzer show a
western region impact in the central area and some similar relationship. While third-quarter operations
weapons firing in the central area impact in the increased from 580 to 1520, the noise impact in-
western region.) creased only slightly, since the adjusted total charge

15 
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Table 6

Target Weight. (Ib) and Operation. In Wsitsru Region of Fort R

Third Quarter

• Num ber of Operation. Daily Average
During the Quarter Weight Actual Adjusted

• Weapon 
____ 

Day/Nlghl/Adjust .d Day/Night Total Total
105-mm howitzer 343/33/673 17/2 19 37
155-mm how itrer 365/57/935 63/10 73 163
8-in. howitzt~r 487/95/1437 196/38 234 576
175-mm gun 277/0/277 97/0 97 97
2.75-in, rocket 349~O/349 9/10 9 9
1O” .mm mortar ‘26~0/ l26 12/0 12 12

Total 444 897

Fourth Quarter

105-mm howitzer — — — —
155-mm howitzer — — —

• 8-in, howitzer 1520/0/ 1520 613 613
• 175-mm gun —I— ’— — / —  — —

2.75- in.rocket 1188/0/1188 30/0 30 30
107-mm mortar 79/0/79 8/0 8 8

Total 651 651

‘Metric Conversion: 1 lb = .453 592 kg

Table 7

Propellant Weights (Ib) and Operations In Western Region of Fort B’
- 

Third Quarter

• Number of Operations Daily Average
in Quarise Weight Adjusted

Weapon Day/NIght/Adjusted Day/Night Total Total

lOS-mm howitzer 221/33/551 l.2/.2 1.4 3
155-mm howitzer 224/224/2684 6/6 12 66
8-in, howitzer 209/60/809 14/4 IS 54
175-mm gun 1950/573/7680 510/150 660 2010
2.75-in, rocket 349/0/349 .4/0 .4 .4
107-mm mortar — — — —

Total 690 2130

Fourth Quarter

105-mm howitzer — — — —

155-mm howitzer — — — —

8-in, howitzer 745/0/745 50/0 50 50 $
175.mm gun —/—/— —1—- — —

2.75-in, rocket 1188/0/1188 1.3/0 1.3 1.
3 l07.mm mortar —I—I— —I— — —

Total 50 50

‘Conversion factor: 1 lb = .452 592 kg

16
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Figure 6. Final noise contours at Fort B.

weight only increases from 580 to 610 lb (263 to was primarily effected by eliminating night firing
276 kg). from western firing points into the southwest section

of the central impact area. This reduced the number
• The total equivalent third-quarter charge weight of operations by about 25 percent, a reduction factor

(propellant and charge) of 3030 lb/day (1374 kg/day) of 1.3. The corresponding I or 2 dB noise-level re-
in the western region of Fort B was reduced through duction had a significant impact on the L ,, for the
operational changes to 700 lb/day (317 kg/day) in region. The 75 dB contour north and south in the
the fourth quarter. This is a reduction factor of 4.3, central region shrank to almost within the base

• a decrease of approximately 6 dB (see Figure 2). boundaries, reducing the off-post area impacted by
However, the actual overall noise-level reduction at 75 Lç~,, (from 4300 to 900 acres 11700 to 360 hal).
any point is, of course, the sum of the contribution (See Figure 6.)
from all the areas.

The change in the central region contour , how-
Central and Eastern Region ever, did not reduce noise levels in the noise-im-

pacted area outside Fort B’s eastern boundary. This
Fort B instituted only small operational changes is because the noise contour in that area considers

in the central and eastern regions from the third to the noise contribution of both Fort B’s central and
fourth quarter. In the central region, the reduction eastern region operations. In this case, even though

17
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central region operations were red uced significantly. addition to the general reduction , firing points in the
eastern region operations were increased enough to western and the eastern regions of’ Fort C were closed

“v t maintain pre-operat ional noise levels in that area. so that not onl y the size, but the shape of the con-
tours changes.

Summary
Initial impact

For installations with distrib uted impact areas
and firing points , off-base noise impact can be re- Fort C’s initial noise contours from 19Th are
duced by relocat ing operations. In the case of Fort B, show n in Figure 8. In this case, a la rge region of
n oise impact was reduced by elimin ating n ight 12,500 acres (5050 ha) to the south and the west of’
firings and reducing operations in one region of the the installation has noise levels higher than 70 dB.
installation and by effecting an overall small shift of The towns of Rhett and Dewey and portions of Carlo

• operations toward the east. The concentration of are within this region. In addition , there are trailer
• firing in the central and eastern regions at Fort B courts and houses in the region adjacent to the

• greatly reduced the impacted area , but did not re- southern boundary. A region of 5200 acres (2100 ha)
quite a large reduction in number of operations or in the cantonment area is within the 65 ‘~~d contour.
tota l charge weight. This region contains residential areas and the instal-

lation hospital.

5 CASE STUDY C Changes In Operat ions

Case study C demonstrates how larger installa- To achieve acceptable noise levels in the western
tions can reduce off-post noise impacts by concen- region towns and in the can tonment area , a large re-
trating operations toward the center of the installa- duction in firing was required . Activities were con-
tion. centrated toward the center of Fort C and firing

points in the east and west were eliminated.
• Background

Figure 9a is a scattergram of third-quarter day
Fort C is an irregularly shaped installation ap- operations at Fort C (each dot represents three oper-

• •
• proximately 40 x 18 km. Most operations occur in a ations); the scattergram of third quarter night opera-

30 by 18 km region west of the cantonment area. tions is shown in Figure 9b (each dot represents 3 x
Case study C demonstrates what happens when the 10 or 30 operations; also see Eq 1). As indicated in
number of operations is uniformly reduced ; i.e., the figures, third quarter firing occurred in Fort C’s

• when the ratio of day to nigh t operations remains the far western region and adjacent to the cantonment
same from the initial to final set of operations. In area.

/

\ RPItT~~ -
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FIgure S. Initial noise contours at Fort C.
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a. Day operations

b. Night operations

FIguie 9. Scattei’gram of initial operations at Fort C.

During the fourt h qua rter . operationa l chang es achieved by reducing operations. The number of
effected a large redueflon in firing at Fort C. (Fi g. operations at Fort C from 1976 to 1978 has de-
ures lOa and lOb are scatlr rge’a ms of Fort C’s fourth creased from 567 to 200. The reduction in adjusted
quarter operations and update Figures 9, and 91,. total weight was even greater than the reduction in
respectiveh number of operations because the number of large

weapon firings were reduced by a greater amount
Tabk Pt charts Fort Cs 19Th and 1q78 daily opera- than the total:

tions and lists total adjusted charge weights for each
wea~,on type. Nott tha t the proportion of day to REDUCTION FACTOR = 26,930/7,210 = 3.7
night operations changed only slightly. In the initial
case (1976). the ratio of total day operations to total IE q 51
night operations wa,s 455/102 = 4.6; the final ra tio
was 166/34 = 4.8. Since ‘ta ’ day-to- night rat io did Figure 2 shows this corresponds to a 6 dB noise-
not chang e significantly . none-impact reduction was level reduction.

20
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a. Day operations

b. Night operations
FIgure 10. Scattergram of final operations at Fort C.

Final Contours noise sources. For these higher-level contours, the
new contour lies outside the old contour north and

Figure 11, the final Fort C contou r, shows the pre- south of Fort C, but inside the old contour in the east
dicted general noise-level shift (approximately 6 dB). and west. This change in the contour shape is bene-
The new 55 dR contour falls slightly inside of the old ficial to towns near Fort C’s western boundary and
60 dB contour to the east and west of the installation cantonment area. However, the new contour bulges
and coincides with the old contour in the south and in the area containing houses and trailers along the
north. southern boundary of Fort C, indicating an increase

in noise impact.
The new 60 dB contour is less elongated tha n the• i old Contou r because Fort C’s extreme east and west Assults

firing points were eliminated . The shape of the
higher-level contou rs, the old 65 dB and the new 60 The noise impact from the 1978 operations places
dB, is more sensitive to the change in distribution of 10,500 acres (4200 ha) within the level of 65 dB or

• firing points since these contours are closer to the higher to the south of Fort C. A small portion of this

21
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Figure Ii. Final noise contou rs at Fort C.

Tsbk 8

Initial and Final Day/Night/Adjusted Total Number of Operation.
• and Total Adjusted Charge Weights for Fort C

- 

Day/Night/Adjusted Total Total Adjusted Daily
Number of Daily Operations Charge Weights

105-mm howitzer 175/32/495 2450
155-mm howitzer 125/24/365 8200
8-in, howitzer 24/7/94 5430
175-mm gun 33/5183 5850
l52-mm gun(armor piercing) 10/2.5/35 560
152-mm gun(highexp losive) 21/7/90 I l l O
107-mm mortar 49/19/241 2040
lOS-mm recoilless rifle 12.5/.5/18 190
Mb0 tank 14.5/5/65 900
Demolitions 1.5/0/1.5 200

465/102/1488 26930
Final

105-mm howitzer 44/8.2/126 
- 830

155-mm howitzer 58/17/230 5150
152-mm gun (armor piercing) 6/5/55 910
81-mm mortar 24/3.8/61 150
2.75-in, rocket 31/0/31 160
90-mm recoilless rifle 3/0/3 10

166/34/506 7210
‘WT = W , + (10 x W,): metric conversion: 1 lb = .453 592 kg.

region (370 acres [150 ha] is within the 70 dB or areas can move operations away from noise-sensitive
higher range. areas (Case B). Larger installations can reduce off-

post impacts by concentrating operations toward the6 CONCLUSIONS center of the installation (Case C).

1. The choice of the type of operational change 2. General reduction of noise impacts is signifi-
used to reduce noise impact depends on the con- cantly effected by two factors: night firing. and
fi guration of the installation. For small installations firing of larger weapons. Although not an exact
surrounded by noise-sensitive regions, noise levels measure, the total adjusted charge weight can be
must be reduced in general (Case A). Installations used to predict the change in noise levels which will
which are spread out with widely separated impact result from a change of operations.
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