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HYPOTHETICAL CASE STUDIES OF I. Noise can be quieted at the source through either
OPERATIONAL CHANGES TO REDUCE a design modification which reduces the actual level of
NOISE LEVELS emitted noise, or through an operational change, which

ieduces the level of noise perceived by the receiver,

2. NoEs’ can he i-educe d 1w modifying the path ovetI INTRO DUCTION which it travels I torn the souice to tli~’ receiver.

3. Noise impact can be ndtigated by protecting the
Background receiver.

Noise is now recognised as a major pollutant which
intrudes on m a n  and his environment. Since the noimal (‘FRI is conducting research to detennine the ci-
operations of Army facilities create noise, the facility fectiveness, feasibility, and cost of each of these tech-
has also become aware of this problem. An Army facil. niques; and all of these factors imist be evaluated and

• 
- ity attracts people who build homes near the base, but weighed against cach other before the best technique(s)

later complain about the noise and may tile legal f1i a given situation can be determined. For example .damage suits. Consequently, some bases have had to re- the most effectiv e technique in terms ut ’ actual decibel
duce their training programs. reduction should not necessarily be applied it’ it is also

the most expensive. Similarly, if the most cost. and
To alleviate this problem, the U. S. Army Construc- decibel-effective technique interferes with the base

lion Engineering Research Laboratory (CERL) is de- mission, it ma~ be rejected.
veloping a methodology to predict , arsess . and perhaps
most im portant ly to reduce noise impact caused by Prediction methodology produces equal noise con-
the normal operations of Anm~’ facilities. These noise tours , which, when superimposed on land-use maps,
reduction techniques can be classified into three basic identify areas of noise impact. Impact can then be
categories (see Figure 1). quantified in terms of area or people exposed to a par-

ticular noise level. By applying various mitigation tech-
niques to this prediction methodology and comparing

NOISE — REDUCT ION TECHNIQU ES the resulting impact with the initial impact , a tech-
SOURCE — PATH — RECEIVER nique’ s ettect iveness can be readily evaluated. llntor-

tunately , work in the more abstract areas of cost and
feasibility is not as advanced.

— 

Operational changes appear to be the most cost-
e ffective and easily implemented noise m itigation tech-
niques at present. While Army facilities contain many

SOURCE noise sources (blast , helicopter , traffic, tixed-wing air-
craft , construction, power plants. etc.), blast noise is
the most significant noise source. The area impacted by

Ji IL these operations can often exceed hundreds of square
miles. Consequently , this is the easiest source on which

~ TH to deim’nstrate the value of operational techniques.cj )-~~~ h
14 Purpose

The purpose of this report Es to illustrate the appli-
RECEIVER cation and et’t’ect iveness of operational changes in re~ducing noise impact. l’he application of these changes

will be shown via a series of hypothetical case studies,

Approach
Equal noise contours were plotted , rising (‘ERL com-

puter techniques for blast operations at a hypothetical
Figure I. Source path receiver. Army facility. Impact was quantified in terms of area

7
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wit hin the va rious C-weighted day-night level 
~

1
~~
’dn~ 

Relocating the Source
contours. Then three operational techniques were ap- Relocating is the selection of a better location for a
plied to the activity: (I) rescheduling. (11 relocating, noise sorm mcc- in relation to  noise -sensitive areas . Besides
and (3) conducting operations under more optimal the obv to rts solrmtion of ’ locating a sourc e as far as pos-
weather conditions. The effect iveness ot ’each technique sible h o rn  a receiver - t here are several other approaches :
~ as evaluated in terms of reduction in size of the im-
pacte d area. I - I)ispersing the act iv mm~ wil l increa se the amount

of area af fected , hut ~ ill decrease the sCvCrtt% of t he
Outlin, of Report effects.
l’o demonst rate and eva luate the various operational

tec hnqmues for reducing noise , t his report has been or- 2. Conce ntm.mtmg the ac t i% ’ mt% into a compact area
ganized as follows Chapter 2 discusses the basic con- will decrease the amount of land affected , but will in-
cepts of operational changes. In Chapter 3 , t hese opera- crease the severity of the impact.
tional techniques are used in a first case study to reduce
the overall land area expose d to high noise levels. 3. Activities can be loc ated at night in areas used
Chapter 4 shows the application of these techniques in only during the day, such as areas containing schools,
a second case stu dy in which impact was reduced in a churches , and ot)ice buildings.
specific noise-sensitive area. Chapter 5 ties together
these concepts in a case study of a theoretical Army 4 Act ivit ies can be located accordingtoseason.e.g.,
facility, and Chapter o provides the conclusions of the during the winter next to outdoor amphitheaters or
research, stadiums.

Mode of Technology Transfer Rescheduling Operations
This report will be distributed to the facilities by The equation for calculating k’dn from intermittent

means of TA( (l’ask of the Adiutant General) 1ett~r, SOUTCCS can be used to explain the concept of reschedul-
It is the tIrst in a series of bulletins designed to assist ~~
Army facilities in reducing noise impacts. —- 

~~
‘dn 

sl~L + 10 Iog~ N 1 + ION ) 40 ,4 (Eq U

where t.~., C-~ eig itted day-night level

2 SUMMARY OF OPERATIONAL • . . -

CHANGES ~~~~ 
= flumhCi of das’trme operations

= number of nighttime operations

Operational changes are those changes made to a si~ = sorirkI exposure leve l.
noise source whic h reduce the level of noise perceived
by a receiver . hut not the actual level emitted h~ a B ’  rescheduling to reduce the number of operations
source . In the case of ’ armor, arti llery , or demolition Na or Na), mlii ’ 

~ 
‘
~~~ 

le~ ci and t hus the subsequent un-
operations , operat ional changes consist of the following pact are reduced. This reduction can be computed by
techniques - rising I q 2 t o de ’ct u rine the total number of operations

for subsequent use in i’igrire 2
I .  Relocating the source

NF = \ ,1 + l O N~
2 . Rescheduling operations 

- . -
~r here N 1 -

~ the .rdiusted number of total opera t ions.
3.  Operating during optimal weathe r conditions. As illustrated in Figure 2 . a decrease in the number of

operations h a factor of 10 (initial number + final
The $-in - (204-mm) gun and the 5-lb (2.3-kg) charge number — 10) results in a 10-decibel (dli ) decrease inthe

of TN’I’ will produce the same noise level with or with- I-qui~’a lent Sound I i’vi’I (I ~~
) value. Similarly, a de-

out t hese changes;however , the changes will reduce the crease by a factor of ’ 2 ~ields a 3-d R reduction . A re-
level of noise perceived by a receiver. ductiun factor less than 1 implies an increase in opera-

8
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trolls . .1 negative decre ase is also an increase . The L~ Step -~ Fron t F igume 2, .n redrr ~- rklrr oh t,,S dR t’
measure is used as an alte rnate urreans of calculating fouuid
t~ -~ . t hcuet ’ore dec reases , imr¼ ’meases  ~fl t~’~ are ref lected
in t he o u r  esptirrdi irg j eer  eas e s-t r ier eases iii ti re Optimizing Wuth.r Conditions
s a m e Large .imnplimr ide noise from blast mi d  a m iilki~ c iii

be hear d Ii unit  lu i rug utis1.iIi~ u’s :iird is ‘imgmr il ’rc.rn II~ .ni I t’c it’d
Kecause people are m o n  c se 151 t m%C I Ii igh It tills,’ tluii%t ’ 

Is the ss ~‘ .u I ‘i~u mi d and me rit per mr t i re gradien IS ¼ .1 ii

.rs indicated h~ t he I 0—sI B pen alt y rurisosed ,mn n igh - 
v a n t he speed ‘I ~ sri t ur f in dm 1 ht—i i- i t , dii ~~ I torts and .n

time operations i- ifs 1 and _~~ ) . sctii’dim hng openitioiis different altit u des As .r resu lt , t he ati rrosphere s ar i

to  reduce N~ ss ill produce ar t  event lower I - lesel , sometimes act .rs .1 kmm ~ - te d ire ct rui g ss as es t ias ’ e lrm rg .ist .ms
iii f ’m our the grou mid and focusing tIre in .it dist an C pou r is

The following is an e~ .impk oh rescheduling oi~ ’m.t (Figure 3). Th is tocrus s’rCultCs noise les els that ¼ air he
lions 30 dli higher than those tinder more fasorable weathen

conditions (I igu mc 4 ) .

A b.iss’ has ItXI dads blast operations ‘~O . mt night ( ‘
~~ioc~ I t i ¼ l t iI\ - mtoiss - impact ca nt  he reduced hs

and I (~ during t he d_ i~ - What us the I t ut u me d itctm o .m t 5¼’hedulrng operation s iii acc is rd . rn ice  w i t h  specitle
~~ nugh t ops- r . i tmorr s a m u’ rescheduled as rLi~ t u lle opera- 

~ ,-j fl~s,~ condit ions - r e  - . luivmng lim ited Ii ring during
Ci ‘ mrs f ’ocustn g ¼ ott diii Otis .111 d rmnliniited Cli imug dir nit g condi-

ilonis ss hi¼’h c.rr isc Lii gs’ at terr uatio mi - su~- hr as when tlru’Step I - l)etermine total number ofoperarions rising sound veto¼ ’rts s ,lecieass ’s wit h .i ltituds, ’ . .IS Iii .1 ment lk’I.i
Fq 2 t un e i mrSers i om )’

Original number tO * t)0(I01 ‘flU
I’ IS ~ h~’m~r - i’s ,- ,Ii~ n~ r “i ‘-it, ‘it: i- R ,-s~’~ ~‘rs, - to 8I~isr

Reduced number QO + I CM, 10) — I 9() \oh, , t ~s’hi riieat Rej~oi r I- - i ~~. \ (S ~ ‘ ~~ tO1II is ( R I  .

- - - P. 11 S, homer. K - .r t i ~~Il
’ , anr ~t I I ~rrk , Ths’ ,~1arisr.~’rStep Iktenuurre fac tor of decrease tusr p1,~~J,- ~~~~ s; s -~~~iesr or ai.ist ~~~~~~ te,i in ti,t ~ -irne,ss

p~re ’r, - . Iechnie~i R~porn N t 1 At)AO l 1475 i t t  RI - Nuuvemb~m
fact o r — ‘flO/ IQO 4.8

.20 1 1 1 1 1 1 1 1 1  I I 1 1 1 1 1 1  I I I

-
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REDUCTION FACTOR (INI TIAL N(~~~~R O~ ~~~ RAT7Of d/F 1N4L M~l~~~~ )

FIgure 2. Fffec t of reducing number of operations.
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SOUND DISTANCE
VELOCITY --0

a. Negative vertical velocity gradient .

_

SOUND VELOCITY ~~~
- DISTANCE

h. Vert ical velocity gradient with two segments.

FIgure 3. Sound ray paths for different weathe r conditions,

G.n.ral App roach es CASE STUDY I — REDUCING THE
Using operational changes to reduce the noise in- GENERAL AREA OF THE CONTOUR

vo lves two general approaches: ~I) reducing the overall
area rnip~rcted , or (2) reducing t he levels in roirre areas
arrd increasing them in others. The first approach cau ses The hypothetical Ar-nw base shown in Figure 5 will
the noise contours to recede tow ,rrd the noise source~s); demonstrate the use of operational changes to reduce

— t he niranner in which any particular region is affes-ted is ove ra ll contour Silt ’ -

not of Interest. The second approach reduces the levels
at a specific site(s1~ the area of the overall contours is The square-shape d base has air area ot’ I 2 2 ~ ktu~.
not of interest - and the noise m a y  increase in other with one targe t point at its center , and 0 sv munsetricall’s
areas. The following chapters illustrate these two ap- located tiring points stir-sounding the target point. Be-
pro.mc hes fore quantifying Chit effec ts of an noise reduction

It)
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FIgure 4, Eff ects of weather on blast amplitude.

tec hnique, base line conditions must he established, Figure 6 shows the resulting contours. By applying
Consequent ly , the following initial conditions were operational techni ques to these Initial conditions, gen-
placed in the (‘FRI computer program~ and used to crating new contours , and comparing thenr with the
generate baseline contours. baselimie contours , the effectiveness of each technique —

can he quantified in terms of decibel reduction.
- Thirty rounds are fired every 24 hours at each

firing point As the first step. the baseline con tou rs in Figure ti

2. Fifteen rounds are tired during tire daytime (0700. are quantified in Table I - Here it is shown that 25~
). I

km2 lies in a region wit h an Lç4~ higher than 75 dli; an2000 hours) and IS rounds are tired during the night- 
area of 250,4 km2 falls between 70 and 75 , etc.time (2200.0700 hours)
This table could have been subdivided further to m di. — -

3. The equ ivalent of 5 lb (2.3 kg) of C4 explosive is cate land on-post versus land off-post.
used to propel each round

4. The equivalent of 5 lb (2.3 kg) of C4 is contained
in each warhead

Table I5. There are average temperature lnversions * Impact From Initial Condi t ions (Case I)
(Noise Level In dB Ltd )3 P. I), Schomes, Predicting ( ‘onrmunlt .m- Response to Blast

Noise, Technical Report F-i 7/A I)A773690 ((‘FRI., t)ecemher TotaI1973) . 
~65 65.70 70-75 >75 Arei

sumes that inversions occur at ground level , I to Area in km t 5 8_ I 658.4 250.4 259i 122551)0 m, and I to  3000 in at 74.2 percent , 8.6 percent , and 18.6
percent of the time, respectively, at 2400 hours (;reenwk-h TabIe only considers 122$ km’ in Figure 6. No attempt IsMean Time i~ Mi’), made to extrapolate contours off figure,
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FIgure 5. Base with one target point and 20 symmetrically distributed firing points.

To demonstrate the use of operational changes In re- rizes the results by comparing the area of land encom-
duclng the general area of the baseline contours, the passed by the different Lç~ contours . As a further
follow ing var Iations were applied to the initial cond i- comparison , Table 3 was compiled to list the cumuiatlve
t ions: area . For example , under baseline condItIons In Figure

~~ , 509 .5 km2 of land expe rienced leve ls of l4’~ 70 or
I. Halving the number of daily oporatlons(F lgure 7) more . SimIlarly, 1167.9 km2 of land experienced levels

of Lç~ 65 or more , etc. The fit-s t change (halving both
2~ Eliminating nightt ime operations (Figu re 8) daytime and nighttime operations) is shown In FIgure?.

From Figure 2 , If the number of operations Is halve d ,
3. Using optimum weather conditions (Figure 9) the kdn va lue decreases by 3 dli. From a land area

standpo int , the redu ct ion is quite sign ificant. The land
4. Relocating fir ing points (Figure 10). experiencing noise levels in excess of t(’d~ 

75 Ii de-
creased from 259 ,1 to 174.1 km2 , while land expe rl-

The contours for those variations have been over -laid on encing noise levels in excess of Lr~ 65 Is decreased
Figure 6 for purposes of comparison. Table 2 summa- almost 30 percent . from 1167.9 to i~1’i.s km 2 

- The de-
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FIgure 6. NoIse contours for Initial conditions (Case I).
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Table 2 Table 3
Effects of Operational Changes (Case 1) CumulatIve Land Area Impacted

Ar.. (km’) ~~~~~ Land Ares (km’) lmpsct.d
f%gu~N, 60.65 65-70 70-75 ~75 Total Area flpti ’-..., ~60 ~65 ~7O ~7S

6 658.4 250.4 259.1 1225 6 1167.9 509 .5 259.1
7 394.1 159.6 174.1 1225 7 727.8 333.7 174.1
8 119.8 467,9 159.1 — 1225 8 746.8 622.0 159 .1 -
9 637.6’ 174.3 200.0 1225 9 1011.9 374.3 200.0

10 700.9’ 239.6 222.6 1225 10 1163.1 462.2 222.6

‘No attempt is made to extrapolate contours ofT the figures.

crease in contours is symmetrical , with areas on all sides If operations can be neither reduced nor rescheduled,
of the base being atfected equally. Obviously, the more contours can still be reduced by relocating operations
firings that are eliminated, the greater the reduction in from firing points close to the base perimeter to firing
contour size will be; however , because of the logarith- points further inside the base . Figure 10 illustrates the
mic nature of noise levels, there is a limit on returns, result of such a relocation. The number of rounds fired
Reducing the overall operations by 90 percent will re- daily has remained the same; however , the operations
duce the levels by 10 dB, but will also prevent any at firing points 1, 2 , 3 , and 4 have been relocated to
facility from effectively completing its mission, firing points 13 , 14, 15 , and 16. While overall contour

size has decreased only slightly, there has been a dra-
It is somewhat ironic that one of the greatest reduc. marie shift near the vicinity of firing points 1,2. 3, and

tions in contour areas can occur- without a reduction in 4. WhIle this method has only marginal effect In reduc-
operations—when all nighttime firings are rescheduled ing area , it will have greater value in reducing levels at a
to daytime (Figure 8). This occurs because of the 10-dB specific site (see Chapter 4).
nighttime penalty used to compute the effective num-
ber of operations (Eq 2); i.e.. each nighttime operation The purpose of this chapter has been to demonstrate
equals 10 day time operations. As indicated In Tables 3 how operational changes can reduce the size or alter
and 4 , the results may be significant. The 75 con- the shape of contours . If there is a large percentage of
tour has been eliminated, while reduction in the size of nighttime operations initially (as with these examples),
the other- contours ranges from 40 to 50 per-cent. While then eliminating nighttime operations is the most ef-
total elimination of nighttime operations may Interfere fective approach, given this particular baseline of opera-
with mission, any reduction in the number of such tions; the next most effective approach Is use of opti-
events should produce significant results as long as the mal weather conditions. However , with another base-
current percentage of nighttime operations Initially cx- line of operations (i.e., different number of events , dif-
ceeds approximately 10 percent of the total . ferent schedule, different locations), the results could

be different. Each facility and set of operations mnust
Use of optimum weather conditions means avoiding be Judged individually. In addition, when other con-

firing during cotiditions in which sound waves can be straints are added, such as mission, feasibility, and cost ,
focused to produ ce levels that are 30 dli or more higher other approaches may be more effective.
than under normal conditions (Figure 4). An optimum
weather condition occurs when the winds are lig ht and
the temperature decreases with altitude. While a base -

cannot control its weather , It may be able to schedule CASE STUDY II — REDUCING LEVEL S
its tiring activit ies for better- conditions . To illustrate AT A PARTICULAR SITE
this concept , Figure 9 depicts contours which result
from firings scheduled so that the focus conditions are
reduced by 50 percent. While the results are not as To demonstrate the use of operational changes in ye-
dramatic as those obtained by reducing nig httime ducing the noise levels at a particular site , a 100-km2
operations, the reduction in impacted land area is still noise-sensitive area was established at the northwest
significant. corner of the hypothetical base (Figure II). The pt-u-

1$ 

— — — .-— - - - - - - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~_ ‘ _ .



1

lies within the LCdn 75 dli contour , while more than

125 Ku 90 percent lies within the LCdfl 70 contour. For- this
— . —~ T 

particular case study , the object ive is to reduce the noise
levels in this noise-sensitive region; there will be little

NOISE concern for the shapes of contours and other land areas
SrNSITIVE AREA 5 KM— impacted as a result of any action taken to achieve this

_________ 

goal.
12.5 KM -

The operational changes to be considered are varia-

I tions in rescheduling and relocating. At present , use of

I 
optimal weather conditions is applicable only for re-

BASE 15KM 
ducing the general site of contours . In any event , by

~u.— s ku—s applying various degrees of operational changes to
specific tiring points, both the size and shape of the
contours in Figure 1 2 can be alter-ed to reduce the im-
pact on a particular noise-sensitive area.

I” — ts x u _________ 

- 

Tables 4 and 5 summarize each of the actions taken
and indicate the corresponding effects on the noise-
sensitive area. Table S also shows the effects on the

Figure II. Location of noise-sensitive area. general contour area. Note that under the initial condi-
tions, 100, 95, and 31 km2 of the noise-sensitive area

cedure for evaluating the different techniques is the are exposed to L(’dfl levels of 65 , 70, and 75 , respective-
same as that discussed in Chapter 3. First , a baseline ly. The purpose of the following set of actions is to re-
situation was set up by generating contours for an orig- duce the land area in each of these Lcdfl noise zones.
inal set of operating conditions; then changes to these The results are illustrated in Figures 13 through 21.
conditions were used to generate contours which were Again, for comparison, the figures have been overlaid
used in turn to quantify the effectiveness of the tech- with the initial conditions.
nique. The following initial conditions were applied to
the CERL computer program4 to generate baseline Figure 13 shows the contours that result from elimi-
contours: nating operations at firing points adjacent to the noise-

sensitive area—points I, 5,6, and 9. The results indicate
I. Thirty rounds are fired during each 24-hour day that the area expose d to L(~~ 75 has been nearly elimi-

at each firing point nated (down to I km2 from 3! km2 ). while the area ex-
posed to Lcdfl 70 has been reduced from 95 to 82 km2 .

2. All rounds are fired during the nighttime (2200- Although not of primary importance , the general size
0700 hours) of the contours has also been reduced. While these re-

suits are significant , it should be noted that approxi-
3. The equivalent of 5 lb (2.3 kg) of C4 is used to mately 20 percent of the firing points (4 out of 20)

propel each round had to be eliminated to achieve this reduction in im-
pacted area. If such a cutback interferes with mission,

4. The equivalent of SIb (23 kg) of C4 is detonated similar results can be achieved by using the alter-native
in each warhead action of relocating these operations to firing points 4,

7, 8, and 12 (Figure 14). Again, the area exposed to
5. Standard temperature inversion factors are used Lcdn 75 is almost eliminated (down to 2 ~~~ from 31

(74.2 ,8.6. 18.7). km2). However , there is a trade-o ff : while the area ex-
posed to 70 dli remains the same (down to 93 km 2

The resulting contours shown in Figure 12 reveal from 95 km2 ), the total number of operations has not
that approximately one-third of the noise-sensitive area been cut.

4 P. 13. Schomer, Pr edicting Community Response to mast Figures IS , 16 , and 17 show the results of resched-
Voise, Technical Report F-I 7/ADA773690 (CERL. December uling operations from night to day. Because of the 10-
1973). dli penalty for night operations (Eq 2) and the results

19 
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Tab le 4
Summary of Operational Citanges (Case II)

______ - 
Action Ts~.n at Various Eirln~ Points

Resehoduk Ni1tit Rekx’ate Operst*ol%s
________ 

Operations Operations to Day Prom To
I _ i
14 I. S .b . 9 4 , 7,8,12

I’ Alt but Oring point No. 4
1$ 5, 6 1 . 9 4 , 12
19 ~~~~~ 

7 . 8
10 I 5 6 , 9
21 1 , 9 l-ver y thin ~~eIae

Table S
Effect of Operational Changes (Case II)

L*nd Area Ikn~ I L~ possd to Various L~ Noise Zones.
360 363 370 375

~~~~~ NS• Total NS Total NS Tots.! NS Total
12 1(H) lOt) 95 (937) 31 53I)
13 )($) tOO 82 I680~I I &298)
14 It~

) tOO 93 (846) 2 (373)
IS 100 IOu 96 (*04 ) 21 t335 i
lb tOO 100 Kc ~to 2) 3 (304
Ii tOO ~9%) 4 1 (4461 ( l It )  -
1* tOO tOO ‘HI ~t I I (3191
19 100 lOt) $‘) ~58) 5 i31 1)
20 83 (6901 84 t197)
II 87 (6%) II 30’) ( 144 1

‘Noise-sensitive s.re*

discussed in the previous section, this action is expected Figures 1* through 21 show different combinations
to produce even more significant results. of eliminating, rescheduling, and relocating operations.

While eliminating or rescheduling operations has a tnore
In Figure ~5. all nighttime activity at firing point I significant effect than relocating them, relocation he-

has been rescheduled to daytime hours, with the activity comes important when interference with the mission
at the other points temaining constant. For a more prohIbits the other two. Even thought the contour area
dramatic effect , Figure 16 shows the results of resched- remains relatively constant , relocation can shift the
uling nighttime operations at flu ng points I, 5 . ~~ , and contour away from the noise-sensitive region. Since
‘3 to daytime hours . Because of the tO.dB nighttime various factors such as mission, economics, and feasibil.
penalty, this action has almost the same acoustic effect ity may preclude a single approach, a combination of
as eliminating the operation. Comparing the cases in actions is otten the most ctl’ective procedure.
Figures 13 and 16 in Table 5 shows almost identical ye-
ductions. Finally, in Figure I” , all operations have been In Figure 18 , operations at tiring points S and 6
rescheduled to daytime hours, except at firing point 4 , have been rescheduled to daytime hours, while opera-
which is t he farthest from the noise-sensitive ar-es. This (ions at firing points I and ‘3 have been reloc ated. in
action eliminates all exposure It) levels hig her than Figure 19 , operatIons at tiring points I and 9 have been

70. Reducing nighttime operations to 10 percent eliminated, while operations at fIring points S and 6
of t he total typically achieves all but 2 dli of the po. have been relocated. ln both cases, the contour shape
tential henetIt. and resulting reduction In contour are almost identical .
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In FIgure 20. operations at tiring point I have been has beet selected as the setting (Figure 22’l. There are
eliminated, while operations at firing points 5 , 6. and three major noise-sensitive areas: the towns of Sunrise
‘3 have been reschedu led to daytime hours. Finally, in and Montezuma, which are located on the east border ,
Figure 2 1 ,operations at firing points I and 9 have been and the cantonment area within the base boundaries.
eliminated, and all other operations have been scheduled As a prelude to using actual firing schedules , predictive
for the daytime. measures wilt he used to create the conditions and to

obtain the contours. Future studies will attempt to ap-
Admittedly , these last four cases represent a variety ply operational changes to actual conditions. I1~onhtiIr

of applications , but Table S can give some idea of the the decibel reduction , and compute both the cost and
trade-otis of’ the various operational techniques. It’ the e ffect on mission as well as the dli reduction.
sok’ objective is to reduce all Im pact in the noise-sensitive
area , the methods in Figures 17 , 20, aod 2 1 are app1i. Table 6 sunuua~ii,es the initial operating condItions.
cable. 11 tnission is to be considered, the approach with The locations of tiring points and targe t points tire

the minimum interference (see Figure 20). which elimi- shown in Figure 2 2 .

nates operations at only one point and reschedules
others at three points , should he used. It’ the objective - As shown in Table 6, during each 24 hours , a total ot’
is to reduce the area exposed to 1

~~dn 75 , then almost 40 rounds are tired at targe t S from both firing points S
all the cases would he applicable. and 8. At each tiring point , 24 rounds are tired during the

day, and Iti are fired at night. The equivalent of 5-lb
The optImtHll method must be determined via a (2.3 -kg) charges ot’ (‘4 are used to propel and detonate

trade-o ff which c~’nsiders mission, cost , and feasibility. the warhead. Standard temperature inversions are used
What may work for one particular set of circun tstsnces (ground , 74.2 percent~ I to 500 in, 08.6 percent~ I to
may not work for another:each situation must be judged 3000 rn, 18.7 percent). The schedules at the other
individuaLly, points are summarized similarly.

The purpose ot’ this chapter has been to demonstrate Noise contours for these Initial conditions are illus-
the use of operational changes. In this example, these trated in Figure 23 and summarized in Table 7. All three
changes reduced noise levels at a particular site. The ef- noise-sensitive areas are exposed to levels of more than
fectiveness and constraints of these methods will depend LcdI~ 

70. In addition , approximately 75 percent of Sun-
on the individual facility being evaluated, rise and 40 percent of Montezum a are exposed to leve(s

ot’ more than kdfl 75. The objective , therefore , ~ ill be
to reduce the exposure in Montezuma. Sunrise . and the
cantonment area.This will involve both of the previously
discussed concepts decreasing the general size ot the5 CASE STUDY III — BASE X contours and reducing the noise levels at a particular
site. Tables 8 and ‘) summarize the operation.~ changes
attempted to achieve these goals. and the resulting ci

While the previous chapters gave some insight into fects, respectively. Each step is cumulative .
the general use of operational changes as a noise-reduc-
tion technique. an actual study will better Illustrate The flr~t change is an attempt to reduce the noise
their practical application. To accomplish this, Base X levels at Sunrise. Here , the night operations at firing

Table 6
Original Firing Condition s (Base X)

Number of SIb (2.3 kg) Rounds
tired Each 24 Hoses

tinn~ Points TMpt Points Day (0700-2200) Night 2200-0700)
5 .8 S 24 lb
7. 10.14 .18 7 18 12
17 ,28,30 7 18 12
40 46 50 ,53 13 IN II
58,66. 73 ,78 22 I? K
79 22 II $
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Table 7 The next step was to try to use more optim um
Noise Impact from Initial Conditions(Base X) weather conditions as well as rescheduling, t inder

standard conditions , the inversions at ground level, 1 to
Land Arcs Impat ted (‘t i 500 in, and I to 3000 in are 74.2 percent ,08.6 percent ,

65 -70 70-73 >73 Total km’ and 18.7 percent , respectively . Reducing these numbers

Sunrkc 0 25 ~ 1.35 by 20 percent produces the contours shown in Figure
Montezuma 6(1 40 0 43.3 25 . As expected , all the contours have decreased , and
Cantonment 0 86 14 31 .2 the numbers in Table 9 show significant reduction in

all three noise-sensitive areas. Most of the Sunrise area
(0.9 out of 1 .3 km2 ) is below Lç~ 70, while in Monte-Table S turns, the area impacted by this same contour has becit

Summary of Operational (‘hanges (Base X) decreased from 21.3 to 12.4 km 2 . While this decrease
is significant - it should he noted that the effects onFigure Operational Change both scheduling and nmmssion . which were nut considered,

23 InitIal conditions could be substantial.
24 NIght opera t ions at firing points 5 . 8. and tO re-

ltwate d to tiring points 7 and IN To reduce the impact on the cantonment area , the
25 Temperature invetsion~ reduced to NO p~cens ~ 

operation at tiring point 4ti was relocated to firing point
standard 53. which is somewhat isolated in the western part of

16 Operat ions at fi ring point 46 relocated to t iring the base . The resulting contours (Figures 26) show a re-
point 53 duction in the area impacted by Lç~~ 75 down to 0.4 —

km 2 from I .7 km2 
- As expected , there was no signifi-Opera t ions at tiring poInt 73 elIminated

cant change in Sunrise, although Montezuma benefited
somewhat.

points 5. 8, and 10 are relocated to points ‘~ and 18.
Both the total number of rounds and the tota l number Finally, to reduce impact in both Montezuma and
of nighttime and daytime firings remain the same, so the cantonment are a , operations at firing point 73 were
the effect on the mission should he negligible. The only eliminated (Figure 27) . The results (see Table ‘4) show
problems encountere d might be (I) a need to increase the benefits.
the amount of gasoline in order to move those tiring
points, and (2) scheduling problems. Figure 24 shows For this case study . operational changes successt’ully
the resulting contours . The town of Sunrise has been reduced both the general noise impact and the impact
totally relieved of impact greater than L.’dfl 75 ,as shown at specific areas . While operational change is currently
in Table ‘4. In addition , a small benefit has occurred at a trial and error procedure . it is being t’urther developed
Montezuma. This could have been anticipated, since so that the results can be predicted inure accurately.
firing points 7 and 18 are located farther from Monte- Nevertheless , proper use of operational changes can
zuma than firing points 5 , 8, and tO. No significant re- achieve the maximum reduction of noise with a mini-
duction has occurred in the cantonment area, mum effect on the base .

Table 9
Effects of Operational Changes (Base X)

(Land Area Impacted 1km2 1)
Cantonment Sunn~ Mon terums

_______ 

65.70 7~~ 3 ~~ 65-70 70 75 >75 63 70 70-73 >75
23 26.7 4.5 .34 lO t  25 . ’~ 17 .4
24 26. 3 4.9 .45 .90 22 . 1 III 29 .5 1.7 .90 .45 .11.0 12 4
26 1 M~,8 0.4 .90 .45 34 .3 9.)
27 I 0.8 29.7 0.7 1.01 -34 36.3 7 .0
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6 CONCLUSIONS ~ Applying operational changes to hypoth eti ca l
blast conditions and generating noise contours and
evaluating their areas enabled quantitat ive evaluations

The following conclusions tire based on this researcil: of the el’fuctivcnoss of each technique.

.1, MItigative methods are site-specific, timid ti re dc r

I - Relocation , reschedu ling, and u se of ’ upthnumn cision to use a purticulsu method muhist he busud on it s - 
—

weather conditions can reduce the level of noise pet- effects on mission, c t~ iTe~’ti v eness , decibel redu ction ,
~‘eived by the receiver, and benefits to a specitic facility,
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