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GUIDELINES FOR ROADLESS AREA CAMPSITE SPACING 
TO MINIMIZE IMPACT OF HUMAN-RELATED NOISES 
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T h i s  r e p o r t  o f f e r s  gu ide l ines  f o r  c a m p s i t e  spac ing  and locat ion 
in  r o a d l e s s  a r e a s  t o  a l low s e v e r a l  l eve l s  of insu la t ion  f r o m  noise  
i m p a c t s  between camping p a r t i e s .  
d i s t a n c e  tha t  d i f fe ren t  h u m a n- r e l a t e d  n o i s e s  t r a v e l  in  a v a r i e t y  of 
outdoor  se t t ings .  
n o i s e s  a r e  d e s c r i b e d  and d i s c u s s e d .  T h e  e f fec t s  of d i f fe ren t  env i ron-  
m e n t a l  f e a t u r e s - -  r i dges ,  h i l l s ,  d e n s e  woods,  low vegetat ion,  still 
w a t e r - - o n  n o i s e  t r a n s m i s s i o n  a r e  a l s o  d e s c r i b e d .  G e n e r a l  m a n a g e -  
m e n t  a c t i o n s  a r e  sugges ted  fo r  loca t ing  c a m p s  to m i n i m i z e  i n t r u s i v e  
n o i s e  f r o m  o t h e r  camping  p a r t i e s .  

T h e  gu ide l ines  a r e  b a s e d  on the  

T h e  p h y s i c a l  and psycholog ica l  p r o p e r t i e s  of t h e s e  
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The  des i rab i l i ty  of camps i tes  in  road less  a r e a s  is  affected by the degree  
of insulation the s i te  affords  f r o m  noise of o ther  camping par t ies .  R e s e a r c h  
suggests  that th i s  insulation is m o s t  important  in hard- to-  reach  a r e a s  where  
few contacts  with other  pa r t i e s  a r e  expected o r  des i red .  
eas i ly  access ib le  a r e  general ly  m o r e  popular and c a m p e r s  expect l e s s  isolation. 
T h e s e  differences  i n  v i s i to r  expectations and d e s i r e s  suggest  t he r e  should be 
corresponding var ia t ion in spacing guidelines to  achieve varying degrees  of 
isolation. T h r e e  s i ta t ions--"portal ,  I t  "primit ive,  I '  and "pris t ine"--  offering 
increas ing  opportunities for  noise insulation between camps  a r e  proposed. 

Camps i tes  which a r e  

T h e  dis tance a noise  is audible depends on ( 1 )  the intensity and frequency 
of the noise ,  ( 2 )  the  p resence  of environmental  fea tures  between the source  and 
the r ece ive r  of the noise which may  attenuate the noise,  and ( 3 )  the background 
noise level.  



The  g r e a t e r  the  intensity ( loudness) of a noise and the  lower  its frequency 
(pitch),  the f a r t h e r  it will t r ave l ,  
re la ted noises  showed that  the  loudest  w e r e  gunsh'ot (136 d B C ) ,  yela (78 dBA), 
safety whistle (76 d B A ) ,  and t ra i lb ike  motor  (74  dBA), 
a t  50 feet  f r o m  the  noise source .  
fo r  gui tar  and t ra i lb ike .  

F ie ld  m e a s u r e m e n t s  of a var ie ty  of human- 

All  m e a s u r e m e n t s  w e r e  
Lowest frequency m e a s u r e m e n t s  were  obtained 

As any noise s p r e a d s  f r o m  its source ,  its intensity will d e c r e a s e  at a 
predic table  ra te .  
f e a t u r e s  of the environment thro'ugh which the noise t r ave l s .  
a r e  r igid b a r r i e r s - - h i l l s ,  r idges ,  r i s e s ,  and dense  woods. Low vegetation has  
l i t t le  attenuating effect, and a still wa te r  s u r f a c e  h a s  virtually no effect. 

In addition, intensity m a y  be fu r the r  d e c r e a s e d  by ce r ta in  
The  m o s t  effective 

Naturally,  the qu ie te r  the  background noise level  agains t  which a n  intrusive 
noise is projected,  the  g r e a t e r  the range over  which the noise will be audible, 

Background noise level ,  under low wind conditions, in  a m a t u r e  coniferous 
f o r e s t  is 35  dBA and aboilt 30 dBA in  an alpine meadow. 
small s t r e a m ,  noise  level  is 45 dBA. An int rus ive  noise mus t  be reduced 1 5  
dBA l e s s  than the background noise level  before it becomes indistinguishable. 

Near  the  bank of a 

Spacing requ i rements  fo r  sett ings with different background noise levels  
and combinations of environmental  f ea tu res  a r e  presented in table  1 f o r  each of 
the t h r e e  si tuations.  
ce r ta in  s tandard of insulation in  each situation. 

The spacing requ i rements  a r e  designed to achieve a 

Genera l  guidelines for  camps i te  location include taking maximum advantage 
of environmental  f ea tu res ,  such as woods and hi l l s ,  which l e s s e n  noise  t r a n s -  
miss ion  between camps  and, where  possible,  locating s i t e s  n e a r  a r e a s  with high 
background noise  levels .  F r o m  the  standpoint of noise Insulation,  l akeshores  
and meadows a r e  poor locations f o r  camps i tes .  



Table 1.--Summary of spacing requirements for pr i s t ine ,  primitive,  and portal 
si tuations 

1 I I 

Standard o f  i n s u l a t i o n  S e t t i n g  
Space 

requirements 
( a p p r  ox i ma t e ) I l e v e l  1 

P r i s t i n e  s i t u a t i o n :  

No sounds l e s s  than 78 dBA 
aud ib l e  between camps 
(Human ye1 1 ) 

Meadow 10 20,000 
Woods 20 9,600 
Lake-woods1 20 9,600 
Meadow w i t h  b a r r i e r  10 6,400 
Stream and woods 30 3,200 
Woods w i t h  b a r r i e r  20 1,600 

P r i m i t i v e  s i t u a t i o n :  

No campsite no ises l ess  than 
60 dBA a u d i b l e  between 
camps 
(S i  n g i  ng ) 

Meadow 10 4,200 
Woods 20 1,450 
Lake-woods1 20 1,450 
Meadow w i t h  b a r r i e r  10 950 
Stream and woods 30 600 
Woods w i t h  b a r r i e r  20 400 

P o r t a l  s i t u a t i o n :  

No campsite no ise  l e s s  than 
48 dBA a u d i b l e  between 
camps 
(Conversat ion)  

Meadow 10 1,950 
Woods 20 500 
Lake-woods1 20 500 
Pleadow w i t h  b a r r i e r  10 250 
Stream and woods 30 250 
Woods w i t h  b a r r i e r  20 200 

IThese spacing requirements between camps a t  l a k e  s i t e s  surrounded by woods 
a re  a p p l i c a b l e  o n l y  when t he  camps a re  l oca ted  a t  l e a s t  250 f e e t  from t h e  l ake -  
shore. 
which a r e  n o t  a v a i l a b l e  when camps a r e  s i t u a t e d  a t  t h e  lakeshore.  

Th is  l o c a t i o n  a f f o r d s  bo th  a u d i t o r y  and v i s u a l  screening by t he  woods 
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Introduction . 

Increas ing rec rea t iona l  use  of road less  a r e a s -  -whether legally designated 
o r  de  facto wi lde rness- - i s  creat ing new management challenges.  
goals of accommodating m o r e  v i s i to r s  and insuring quality rec rea t iona l  exper i-  
ences  demand knowledge, not only of the v i s i to r s '  expectations but of the i r  
physical  and psychological. impac t s  upon each  other ,  
c r i t i c a l  n e a r  camps i tes  where  v i s i to r s  spend much of t h e i r  t i m e  and where  
t h e i r  d e s i r e  fo r  solitude m a y  be  g rea tes t  (Hendee 1967, Stankey 1973). 

The  conflicting 

T h e s e  impac t s  a r e  mos t  

Severa l  recent  s t u d i e d /  indicate that  mos t  camps i tes  in Wilderness  
and backcountry have been informal ly  es tabl ished by the  c a m p e r s  themse lves ,  
and a t  popular locations they a r e  frequently c lose  to each other.  P e r h a p s  th is  
i s  the resu l t  of unplanned growth over  t ime  without f o r m a l  consideration of the 
many fac to rs  that can affect the experience of separa te  pa r t i e s  of u s e r s .  
However, s o m e  m a n a g e r s  a r e  now seeking t o  reloLdte overused camps i tes  and 
d i s p e r s e  u s e r s .  
f ac to rs-  - including noise  insulation- -which a r e  important  t o  camps i te  location 
and affect u s e r  experience.  

In s o  doing they have the  opportunity t o  consider  the many 

T h i s  r e p o r t  offers  guidelines for  camps i te  spacing t o  achieve varying 
degrees  of insulation f r o m  noise  between camping par t ies .  
based on field t e s t s  of the  intensity and frequency of different human- rela ted 
noises  and on acoust ical  r e s e a r c h  on the effect  of different environmental  
f ea tu res  on noise t r ansmiss ion .  T h i s  i s  bas ic  information fo r  wi lderness  and 
backcountry m a n a g e r s  faced with the p rob lem of determining levels  of use 
des i rab le  t o  i n c r e a s e  v i s i to r  enjoyment of these  environments.  

The  guidelines a r e  

Assumptions 

Underlying th is  study a r e  four bas ic  assumptions  relat ing the  "wilderness" 

Most of the s tudies  upon which these  assumptions  a r e  based have 
exper ience t o  the need fo r  adequate space  between camps i tes  to  p r e s e r v e  these  
quali t ies.  
focused on v i s i to r s  to  legally designated Wilderness  A r e a s ,  
l ikely that road less  a r e a  rec rea t ion i s t s  seek  similar exper iences  whether t h e i r  
t r i p  is into a designated o r  de  facto wilderness.;/ 

However, it s e e m s  

L' Russ Koch and John Hendee. Recreation s i tes  on the Pacific Cres t  Trail-Junction 
2000/951 (Cougar Valley Tra i l )  to F i s h  Lake, Naches Ranger Distr ict ,  Wenatchee National 
Fores t .  Unpublished manuscript ,  9 p. , 1975. 

Dan Wood. Public use of Fores t  Roads pilot study, 1974, Deschutes National Fores t ,  
Bend and S i s t e r s  Ranger Distr icts .  Unpublished manuscript, 20 p. plus appendix, 1974. 

Both available f rom U. S. Fores t  Service,  Pacific Northwest Fores t  and Range Experi-  
ment Station, 4507 University Way NE, Seattle, Wash. 981 05. 

2/ Throughout the paper, wilderness, backcountry, and roadless a r e a s  will be used 
interchangeably. 



1. Roadless  a r e a  v i s i to r s  s e e k  solitude and isolation f r o m  nonparty 
people.  
opportunit ies fo r  solitude"(U. S o  Congress  1964). 
wi lde rness  use  and u s e r s  have demonstra ted the importance of solitude 
(minimal  contact  between camping par t i e s )  a s  p a r t  of the  wi lderness  experience.  
F o r  example ,  repor t ing the resu l t s  of a survey  of a lmos t  500 v i s i to r s  to four  
Wilderness  A r e a s ,  Stankey (1 973) concluded that  "mos t  v i s i to r s  consider  low 
intensi t ies  of use,  involving only few encounters,  as an important  dimension 
of the wi lderness  experience.  I t  Hendee e t  al. (1 968) found that  a s t rong p r e f e r -  
ence fo r  solitude among u s e r s  of t h r e e  wes te rn  Wilderness  A r e a s  was  an attri- 
b ut e whi ch di f f e r ent i at e d ' w i lde r ne s s - pur  i s t s I f r o m  m o  r e urban - o r i e n t  e d 
wi lderness  u s e r s .  Other  s tudies  (Lucas  1973, Burch  and Wenger 1967, Hendee 
1967) have repor ted  s i m i l a r  findings. 
important  f ea tu re  of the  wi lderness  exper ience,  especia l ly  fo r  those v i s i to r s  
holding a " pure r"  concept of wi lderness .  

Wilderness  is  legally defined, in p a r t ,  as providing "outstanding 
A number  of s tudies  of 

Solitude h a s  been demons t ra ted  to  be an 

2.  The perceived impact  of auditory and visual  encounters  between 
p a r t i e s  is especia l ly  g r e a t  at campsi tes .  
m a j o r  s tudies  indicating that  over  65 percent  (Stankey 1973) and 72  percent  
(Hendee 1967) of v i s i to r s  t o  a to ta l  of s i x  wes te rn  Wilderness  A r e a s  favored 
camps i tes  "out of sight and hearing" of o ther  v i s i to r s ,  with an even higher  
percentage of pur i s t  u s e r s  feeling th is  way. According to  Stankey (1971) the 
camps i te  r e p r e s e n t s  the  u s e r ' s  " t e r r i t o r y ,  ' '  and socia l  in teract ion with other  
p a r t i e s  is not welcome in the camp. Campsi te  location re la t ive  to other  camps  
i s  of m o r e  importance t o  the v i s i t o r ' s  exper ience than i s  c a m p  location re la t ive  
to  t r a i l s .  Stankey 's  (1971) work h a s  shown that  "persons  passing by the  c a m p . .  
do not c r e a t e  the level  of d is turbance that  a pa r ty  which es tab l i shes  t h e i r  c a m p  
nearby  does" (p. 160).  

Th i s  assumption is supported by two 

3. The  dis tance that  human- re la ted noises  t r ave l  indicates  n e c e s s a r y  
camps i te  spacing requ i rements  t o  minimize  between-party impacts .  
outdoor sett ings,  auditory s t imul i  a r e  detectable over  a wider  range than visual  
s t imul i ,  
tween par t i e s  might only p a r t i a l l y  reduce auditory impac t s ,  
tends  t o  in t rude m o r e .  

In .most 

Vegetation and relief  which can completely s c r e e n  visual  contact be-  
In addition, sound 

4. Abundant spacing between camps i tes  i s  mos t  c r i t i c a l  in the  " inter ior"  
a s  opposed to "per ipheral"  portions of a road less  a r e a .  
indicates  that  encounters  n e a r  the t r a i lhead  a r e  m o r e  expected and t h e r e f o r e  
m o r e  to le ra ted  than encounters  in the  in ter ior .  Th i s  i s  suppor ted by wi lderness  
use  data  indicating that  concentrations of u s e r s  on trails and n e a r  the pe r iphery  
d rop  sharply  a s  the  distance covered i n c r e a s e s .  

R e s e a r c h  (Stankey 1973) 

, This  evidence suggests  that  the  fa r the r  removed a camping a r e a  is f r o m  
the  t ra i lhead,  the m o r e  important  it is in t e r m s  of v is i tor  sa t is fact ion that  the 
camps i tes  be spaced t o  allow m o s t  "peoplet1 noises  t o  be s c r e e n e d  out. 

2 



F o r  the purposes  of the  p resen t  study, t h r e e  dist inct  si tuations a r e  recog- 
nized- -por ta l ,  pr imit ive ,  and pr is t ine-  -offering increas ing opportunity fo r  
auditory and visual  isolation of camping par t i e s  f r o m  each other.  T h i s  informal  
categorizing a s s u m e s  that  v i s i to r s  place themselves  according to  the i r  abi l i t ies ,  
or ienta t ions ,  and des i red  exper iences-- and have different expectations fo r  
solitude and isolation in each situation. 

Studies indicate that u s e r s  differ  in t h e i r  d e s i r e  fo r  solitude and seclusion 
(Hendee e t  al. 1968, Stankey 1973). Some u s e r s ,  pur i s t s ,  seek g r e a t e r  isolation 
f r o m  other  v i s i to r s  and r e m i n d e r s  of civilization. 
s o m e  degree  of contact in m o r e  access ib le  locations. 
by pur i s t s  as the  s tandard throughout a road less  a r e a  may  only has ten the day 
when all use  mus t  be res t r i c ted .  
p r i a te  fo r  l e s s  d iscr iminat ing u s e r s  will degrade the exper ience sought by the 
pur is t .  

Others  a r e  willing to  accept 
Using the space required 

On the other hand, uniform s tandards  appro-  

It s e e m s  bes t  to  provide a continuum of campsi te  spacing s tandards ,  
whose application depends on p rac t i ca l  considerations of accommodating in- 
c r e a s i n g  numbers  of v i s i to r s  n e a r  the edge of a roadless  a r e a  and providing 
g r e a t e r  camps i te  solitude fo r  those  willing to  seek it out in the  interior.?/  

0 b jec tives 

The  objectives of th is  study w e r e  to: (1)  desc r ibe  the physical  and 
psychological p roper t i e s  of var ious  human- rela ted noises ,  ( 2 )  determine the 
effect  of environmental  conditions such a s  land f o r m s  and foliage on noise 
t r a n s m i s s i o n ,  and (3) recommend guidelines f o r  campsi te  spacing and location 
based on (1) and (2 ) .  

W e  examined 11 human- rela ted noises  ofteh associa ted with road less  a r e a  
rec rea t ion .  T h e s e  included: 

1 .  t ra i lb ike  motor  (1974 Honda 6. gunshot (30. 06  r i f le) ,  

2. safe ty  whistle,  8.  gui tar ,  
3. conversation (four pe rsons ) ,  9. ha rmonica ,  
4. singing (four p e r s o n s ) ,  10. pounding tent  s takes ,  and 
5. yelling ( o n e  person) ,  11. chopping wood. 

T L  125) ,2’  7. c la t ter ing pans,  

?’ The concept of distinct situations a s  defined and developed in this  paper i s  presented 

We do, however, encourage recog- 
as a hypothetical abstraction ra ther  than a policy recommendation. 
t h r ee  situations should be contained within a Wilderness. 
nition of the r e sea rch  findings we have cited which suggest that vis i tors’  expectations for 
solitude vary direct ly with the distance they have hiked f r o m  the neares t  road. 

We do not imply that all 

’’ Mention of product by name does not imply endorsement by the U.S. Department of 
Agriculture. 

3 



T h e s e  sounds w e r e  all " intrusive" as opposed t o  those  "natural"  background 
no i ses  one would expect t o  find outdoors,  such as running wate r ,  rustl ing of 
l eaves  s t i r r e d  by the  wind, b i r d s  singing. 

T h e r e  a r e  t h r e e  fac to rs  which de te rmine  how far the in t rus ive  noise will 
t r a v e l  before  it is "masked" by the background noise  level  (Har r i son  1974b). 
T h e s e  a r e :  

1 .  
2.  

3 .  

the  loudness and pitch of the in t rus ive  noise,  
the  p resence  of environmental  f ac to rs  such a s  landform b a r r i e r s  
o r  t r e e s  which can d e c r e a s e  the loudness of the in t rus ive  noise,  and 
the loudness and pitch of the  background noise .  

In addition to  these  physical  c h a r a c t e r i s t i c s  of noise and the  environment,  the  
psychologically perceived in t rus iveness  of the noise mus t  a l s o  be  given 
cons ide rat ion.  

First we d i s c u s s  physical  and psychological p roper t i e s  of in t rus ive  noise,  
environmental  conditions which can reduce noise level  over  d is tance,  and 
p roper t i e s  of the background noise. 
camps i te  location in  road less  a r e a s  
to  min imize  audi tory  impacts .  

- 

Finally,  we offer spacing s tandards  for  
and genera l  guidelines f o r  locating camps  

Physical Properties of the Human-Related Noises 

In th is  sect ion we d i scuss  the na tu re  of the physical  p roper t i e s  of noise 
and p resen t  data  descr ibing what these  p roper t i e s  a r e  fo r  the 11 noises  we 
s t udi e d . 

A noise  m a y  be desc r ibed  in t e r m s  of its intensity and frequency. Bas i -  
cally,  intensity r e f e r s  t o  how loud a noise i s ,  while frequency is  the  "pitch" o r  
tone of a sound. 
p r e s s u r e  level ,  which is  a m e a s u r e  of the  intensity,  is commonly expressed  in 

Both affect how a sound moves  through the  air. The sound 

decibels  (dBA),?/ while frequency i s  usually expressed  in h e r t z  (Hz).- 61 

In general ,  the  g r e a t e r  the intensity ( loudness),  and the  lower the  frequency 
(pitch),  the f a r t h e r  a sound will t r ave l .  F o r  example,  a loud, low frequency 
such as a t ra i lb ike  motor  will  t r a v e l  f a r t h e r  than a loud, high f requency such as 
a whistle. 

I' Acoustic waves generated by sound a r e  a source of power. The amount of power 
which passes  through an a r e a  is the intensity of that sound. 
directly,  but the p res su re  that the wave exer ts  on an a r e a  can be measured on a decibel scale. 
For this study, the A weighting factor (dBA) of expressing sound p ressu re  level was used. 
This  measure  most closely approximates human auditory response to noise. 

Intensity is difficult to measure  

'' Most noises a r e  a complex mixture of a number of frequencies. An octave 
" represents  a band of frequency whose highest component i s  double that of the lowest f re-  
quency component'' (Harrison 1974b, p. 3). The frequency of each noise measured was 
recorded as the octave band having the greates t  associated sound p r e s s u r e  level. 
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We m e a s u r e d  intensity with a B r u e l  and Kjaer ,  Type 2203,  sound level  
We m e a s u r e d  frequency using the  sound level  m e t e r  with an attached m e t e r .  

octave band f i l ter .  
ins t ruct ions  and at a dis tance of 50 feet  f r o m  the source  of the  noise.  

All m e a s u r e m e n t s  w e r e  made according t o  manufac tu re r ' s  

F igure  1 p r e s e n t s  the  maximum intensity of each of the noises  studied. 
By far ,  the  highest  maximum intensity was  obtained fo r  a gunshot (1 36 dBC),?/  
followed by a yel l  (78 dBA), safety whistle (76 dBA), and a t ra i lb ike  motor  
(74 dBA).8/  The  noise  level  of a t ra i lb ike  motor  could be expected to inc rease  
by possibly 1 0  t o  20 dBA when it accelera ted.  
w e r e  fo r  c la t ter ing pans (66 dBA), tent  s takes  being h a m m e r e d  (66 dBA), 
chopping of wood (64 dBA), singing (60 dBA), guitar  (52  dBA), and conversation 
(48 dBA). 

Lowest maximum dBA values 

I' Proper  measurement  of an abrupt noise such a s  a gunshot requires an impact 
analyzer which we didn't have. 
Harr ison (1 974b). 

The value reported here  on the C weighting scale is f rom 

'' The noise level reported for a motorcycle is f rom Harr ison (1974a). 
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Figure 1.—Intensity of 11 human-related noises measured at 50 feet from
noise source.



F i g u r e  2 d isplays  the  f requencies  assoc ia ted  with the no i ses  studied. 
Highest  f requency was recorded  fo r  safety whistle (1200 t o  2400 Hz) and lowest 
frequency for  gui tar  (75  t o  150 Hz).  

Octave Bands (Hz) 
d 

cn 
0 

0 
0 
0 

0 
0 
0 

d 

N 
0 
0 

N 
P 
0 
0 

I I I I I I 

p i r I  
150-300 

Harmonica 1-1 

I Tent stakes 1 
150-300 

Wood chopping 

Singing 

Conversation 
300-600 

> 

F i g u r e  2.- -Octave band f r e q u e n c y  of 11 human- 
r e l a t e d  noises. 
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Psychologjca/ Percept/bn of Human-Related Noises 

The  physical  p roper t i e s  of noises  a r e  without meaning until they a r e  
connected t o  the  way people perceive  the noises ;  knowing that  a noise  h a s  X 
intensity and Y frequency does  not t e l l  us how annoying it is t o  the  l i s t ener .  
Th i s  section outlines those  fac to rs  which influence the  manner  in which m o s t  
humans perceive  noise.  

T h e r e  appear  t o  be s e v e r a l  physical  p roper t i e s  of noise  that  influence how 
in t rus ive  o r  annoying the  noise is t o  a l i s t ener  (Broch 1969). First, people 
respond to  the  intensity,  o r  loudness,  of a noise;  general ly ,  the louder a sound 
is  judged, the  m o r e  annoying it is p e r c e i v e d . j /  Second, the f requency ,  o r  
pitch, of a noise affects its perceived annoyance. Higher frequency sounds a r e  
usually m o r e  in t rus ive  than lower frequency. Third ,  the  in termit tent  r eoccur rence  
of a noise- - the  d r i p  f r o m  a wate r  faucet  is a well-known example-- affects  how 
annoying the  noise  is perceived.  Noises which a r e  rhythmic,  i r r e g u l a r ,  o r  
in termit tent  a r e  judged m o r e  annoying than continuous noises ,  even when other 
p roper t i e s  of the  noises  a r e  the  same.  

In s u m m a r y ,  noises  with s o m e  combination of high intensity,  high f r e -  
quency, a n d / o r  in termit tent  r eoccur rence  a r e  m o r e  l ikely to  be perceived as 
annoying than noises  not possess ing these  physical  proper t ies .  
that  among the noises  we considered,  r if le shot, motorcycle ,  whist le,  yel l ,  
ha rmonica ,  and c la t ter ing pans would be judged m o s t  annoying. 
annoyance o r  in t rus iveness  of a noise is not determined solely by its physical  
p roper t i e s .  
o r  pe rce ived  meaning of a noise  is m o r e  important  j n  determining its effect on 
the  l i s t ener  than the level  of intensity o r  f requency and duration of the noise 
( P a r r y  and Stephens 1969). 

T h i s  suggests  

However,  the  

In fact ,  acoust ical  r e s e a r c h  h a s  demonstra ted that  the connotation 

Obviously, the meaning a noise has  depends on where  it is h e a r d  and by 
whom, 
t o  road less  a r e a s .  
g r e a t e s t  at camps i tes  and in hard- to-get- to  a r e a s .  
the p r e s e n c e  of o ther  people will probably have a negative, in t rus ive ,  o r  
annoying connotation. 
fo r  the  perceived annoyance; the noise  i t se l f  m a y  be bare ly  audible. 
it is the  meaning of the  noise  that  makes  it intrusive.  
that  o ther  people a r e  p resen t  where  they a r e  nei ther  des i red  o r  expected,  

We have d i scussed  the  d e s i r e  fo r  solitude and isolation of m o s t  v i s i to r s  
W e  have a l so  cited s tudies  which suggest  that  th i s  d e s i r e  i s  

T h e r e ,  any noise suggesting 

It is not the physical  p roper t i e s  of the noise that  account 
Ra ther ,  

In th is  c a s e ,  it means  

In a r e a s  where  the  d e s i r e  and expectation fo r  complete solitude a r e  not 
so  g rea t ,  the  in t rus iveness  of a noise m a y  be m o r e  dependent on physical  
p roper t i e s ,  intensity,  frequency, and in termit tent  r e c u r r e n c e ,  so  long as the  
noise is perceived as being appropr ia te  for  the  setting. 

’’ For mos t  people, a 10-dBA reduction in the sound p re s su re  level resul ts  in a noise 
being judged roughly one-half a s  loud (U. S. Environmental Protect ion Agency 1971). 
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Finally,  although absence of annoying noise might be considered a 
n e c e s s a r y  condition fo r  p roper  camps i te  location, it m a y  not be sufficient  if 
the  source  of possible noise i s  s t i l l  visible.  
visual  screening of i t s  source  m a y  reduce i t s  impact.!-!?/ 

And even when the noise is audible, 

Noise A tt enustion 
S o  f a r ,  we have desc r ibed  the physical  p roper t i e s  of s o m e  human- rela ted 

no i ses  and d i scussed  the  relat ionship between the i r  measurab le  quali t ies and 
the manner  in which people exper ience the noises .  

In th is  section,  we d i scuss  conditions which reduce noise  level  over  
distance.  First,  we offer a genera l  d iscuss ion of the meaning of noise 
reduction. Next, we d e s c r i b e  the  effectiveness of different environmental  
f ac to rs  that  reduce noise.  
f ac to rs  t o  the types of environments  typically found outdoors.  

Finally,  we re la te  the p resence  o r  absence of these  

A s  any noise s p r e a d s  out f r o m  i t s  s o u r c e ,  its sound p r e s s u r e  level  will 
d e c r e a s e  at a predictable ra te .  The  decreas ing  loudness,  o r  "attenuation, I '  of 
a noise as it t r a v e l s  through an ideal ,  l o s s - f r e e  a tmosphere  i s  at a ra te  of 
6 decibels  for  each doubling of d is tance f r o m  the source .  This  phenomenon i s  
known a s  spher ica l  spreading (Beranek 1960). 
at 70 dBA 50 feet  f r o m  the source  will be 64 dBA at 100 feet ,  58 dBA at 200 
feet ,  52 dBA at 400 feet ,  e tc .  

F o r  example,  a noise m e a s u r e d  

Outdoors,  as noise  t r a v e l s  through the  air, the sound p r e s s u r e  level  
m e a s u r e d  in dBA i s  fu r the r  decreased ,  i. e . ,  at tenuated,  by the often combined 
effects of such fac to rs  a s  dense  woods and sound absorption in the  air. 
f ac to rs  we examined which a r e  fa i r ly  constant and affect attenuation of the 
sound p r e s s u r e  level  include: 
the  air)  (2 )  rigid b a r r i e r s  ( rock outcrops ,  r idges ,  e t c . ) ,  (3 )  dense woods, (4) 
low vegetation, and (5)  a still. body of wa te r  (a lake).  
affect how far a sound will t r a v e l  outdoors,  but because  of the i r  high diurnal  
o r  seasonal  variabil i ty,  they w e r e  not considered.  These  var iable  fac to rs  
include the effect of r a in ,  fog, snow, wind, t empera tu re ,  and turbulence.  

The 

(1)  molecular  absorpt ion (sound absorpt ion in 

Severa l  o ther  f a c t o r s  

ENVIRONMENTAL FACTORS WHICH 
ATTENUATE NOISE 

Sensit ive camps i te  location in backcountry o r  wi lde rness  a r e a s  cannot 
b e  solely responsive  t o  r ig id  guidelines. 
fronting the camps i te  planner will often requ i re  taking maximum advantage of 
si tuations which a r e  l e s s  than ideal ,  where  the spacing guidelines we will 
suggest  may  be impossible  t o  apply. T o  do the  bes t  with what h e  h a s ,  the 
rec rea t ion  manager  should be familiar with the re la t ive  effectiveness of 
environmental  f ac to rs  which attenuate noise.  These  " ru les  of thumb" a r e  
indicated in th i s  sect ion by i ta l ics .  

The  wide var ie ty  of conditions con- 

- lo'  Pe rsona l  communication with R.  T. Harr ison,  San Dimas Equipment Development 
Center,  San Dimas, Calif. 
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Molecular Absorption 

A sound wave t ravel ing through still air loses  energy by a p r o c e s s  re la ted 
t o  the  behavior of oxygen mol'ecules in the  air., 
of spher ica l  spreading,  molecu la r  absorpt ion has only a min imal  effect on 
m o s t  lower f requency no i ses ,  F o r  sounds with a frequency lower than 1 ,000  Hz 
(which includes m o s t  of the  noises  we considered in th i s  r epor t )  attentuation 
due t o  molecular  absorption is only about 2 dBA p e r  mi le  f r o m  the noise source  
(Myles e t  al. 1971). 
xmps i t s  location t o  minimize noise impacts. 

Compared to the bas ic  effect 

Molecular absorption i s  not it major factor t o  consider i n  

Rigid B a r r i e r s  

T h e  attenuating effect of a l a r g e ,  r igid b a r r i e r ,  such a s  a r i s e  o r  a hill, 
in terposed between the noise  source  and the  rece iver ,  depends on two factors :  
(1) The  height of the  b a r r i e r  (the higher ,  the  m o r e  attenuation) and (2) the 
dis tance between the noise  and the b a r r i e r  (the c l o s e r  the  source  t o  the  b a r r i e r ,  
the  m o r e  attenuation). 
mining attenuation than is the dis tance between noise source  and b a r r i e r  
(Beranek 1960). 
source  l a te ra l ly  f r o m  the edge of the b a r r i e r  a l so  affect the  level  of attenuation. 
T h e r e  a p p e a r s  t o  be a p rac t i ca l  l imitation on attenuation due t o  a r ig id  b a r r i e r  
of about 25 dBA (Beranek 1960). Ri_aid barriers such as rock outcrops or hiZZs 
can be used t o  reduce auditory impacts between campsites. 

B a r r i e r  height is relat ively m o r e  important  in  d e t e r -  

The  l a t e r a l  extent of the  b a r r i e r  and location of the  noise  

Dense Woods 

A sound t ransmi t t ed  through dense  woods is  absorbed by the  leaves  on 
t r e e s  and on the  ground and sca t t e red  by t r e e  t runks  and l imbs.  
attenuating effect of woods have varying resu l t s .  It appears  than a n  approximate  
" excess"  (in addition t o  spher ica l  spreading reduction) attenuation value of about 
2 dBA p e r  100 feet  f r o m  the  source  is  obtainable under a var ie ty  of dense  
f o r e s t  conditions (Weiner and Keast  1959, Myles et  al. 1971, Eyer ing 1946, 
Cook'and Van Haverbeke 1972). 
f o r e s t s  is 10 dBA for  lower  f requencies  (Myles e t  al. 1971). 
tiveZy reduce onZy Zow in tens i t y  auditory impacts between campsites. 

Studies of the 

The  maximum excess  attenuation caused by 
Woods can e f fec-  

Low Vegetation 

T h e  dis tance a noise  will be t r ansmi t t ed  over  level  t e r r a i n  with low 
vegetative ground.cover  ( l e s s  than 2 feet  high) is highly dependent upon t e m p e r a -  
t u r e  and wind conditions. D e c r e a s e  is small compared to dense  woods o r  
r igid b a r r i e r s .  Minimum attenuation, of course ,  will be achieved when the 
r e c e i v e r  is  downwind f r o m  the  noise source .  Under still wind conditions, 
e x c e s s  attenuation over  low ground cover  will be only about 1 o r  2 dBA at 
500 feet  f r o m  the noise source  (Eyer ing 1946, H a r r i s o n  1974b). Low ground 
vegetation is not important in decreasing auditory impacts between campsites. 

, 
9 



Stil l  Bodv of Water 

Lit t le r e s e a r c h  has  been conducted on excess  attenuation of sound over  
wa te r .  
over  a lake sur face  is  actually sl ightly l e s s  than the l o s s  theoret ica l ly  produced 
by "spher ica l  spreading.  I '  Although the distance a noise will be conducted 
over  w a t e r  i s  highly var iable  depending on wind and t e m p e r a t u r e  gradients ,  it 
a p p e a r s  that  the excess  attenuation c rea ted  by the  s t i l l  lake su r face  is about 
ze ro .  
reducing auditory impacts. 

H a r r i s o n  (1974b) h a s  shown that  the  to ta l  d e c r e a s e  in  loudness of noise 

Water surface betueen campsites is a ZiabiZitg rather than an asset  i n  

C0MBININ.G THE ATTENUATING FACTORS 

Outdoors,  the foregoing attenuation fac to rs  m a y  be combined in a number  
of w a y s . s /  
any outdoor environment.  
of dense  woods i f  a dense  stand of t r e e s  is between the noise source  and 
r e c e i v e r .  
operating in a pa r t i cu la r  outdoor sett ing (including, of c o u r s e ,  the bas ic  effect 
of " spher ical  spreading") a r e  added together  to  de te rmine  to ta l  noise  reduction 
over  a given d i s t a n c e . g /  

F o r  example ,  attenuation due t o  molecular  absorpt ion occurs  in 
T o  this  effect would be  added the attenuating effect 

In general ,  the individual noise reduction effects of e v e r y  factor  

c 11' As previously discussed,  attenuation ac ross  a lake must be considered as a special  

c 12' When the sound level of a given noise is known at  a reference distance f rom the noise 

case .  Reflection of sound f rom,the  water surface crea tes  a condition where total noise reduc- 
tion can best be predicted by determining the attenuating effect of spherical  spreading alone. 

source,  the total  attenuation in the same direction but a t  a greater  distance i s  given by the 
equation (Beranek 1960): 

r l  
L1 = Lo - 20 log - A decibels 

e 

0 
Where U = level  (in decibels) at r distance f rom the source,  L = level (in decibels) at  r 

1 1 0 
distance f rom the source,  where r l  is g rea te r  than ro, and A 

(in decibels). 

= excess  attenuation 
e 

The excess  attenuation, A , is determined by the sum of its various contributions which a r e  

considered independent of each other: 
e 

A e = A  el + A  e 2  + A  e3  t Ae4 decibels 

Where A = excess  attenuation: 
e 

Ael = attenuation due to  molecular absorption, 

Ae2 = attenuation due to  rigid ba r r i e r s .  

Ae3 = attenuation due to dense woods. 

Ae4 = attenuation due to low vegetation. 
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We examined the  t r ansmiss ion  of human- rela ted noises  in th ree  outdoor 
sett ings:  (1) woods, (2)  s t r e a m s i d e  in woods, and ( 3 )  meadow. In each of 
t h e s e  se t t ings  different combinations of fac to rs  affecting noise attenuation m a y  
be operat ional .  
f ac to rs  a r e  assoc ia ted  with each of these  outdoor sett ings.  

Table  2 p resen t s  a matrix showing which noise-attenuating 

Outdoor 
sett ing 

Table 2.--Presence of factors affecting noise attenuation in three outdoor 
settings 

Mol ecul a r  Dense Rigid Low ground 
absorption 1 woods 1 barrier cover 

Woods 
Streamside 
Meadow 

t 

t 

t 

+ 
t 

t - 

t - 

NOTE: + = factor present, 5 = factor possibly present, - = factor probably 
n o t  present. 

Background Noise 

T h e  final  factor  which influences how far noise will t r a v e l  outdoors is 
the  background noise  level .  
background noise  on the  dis tance an in t rus ive ,  human- rela ted noise will t r ave l .  
We a l so  p resen t  the  noise levels  we m e a s u r e d  in the th ree  outdoor se t t ings  
mentioned above. 

In th is  section we d i scuss  the effect of I1natural1' 

The  louder  the e v e r - p r e s e n t  background noise level ,  the  c l o s e r  a noise 
s o u r c e  can  be to  a r e c e i v e r  and s t i l l  r emain  indistinguishable. H a r r i s o n  
(1 974b, p. 16)  suggests  that  fo r  an  in t rus ive  noise t o  be "completely muffled, 
its sound level  should be. . , reduced t o  about 1 5  dBA below the prevail ing 
background noise .  

In each of the t h r e e  outdoor se t t ings  which we studied, t h e r e  was  an 
e v e r - p r e s e n t  background noise  level .  In the  woods, noises  included the 
rus t l ing of leaves. and needles  and the  creaking of t r e e  t runks .  
conditions ( 3  to'!$ m i / h ) ,  the background noise level  in the woods (fig. 3 )  was 
about 35 d B A . g /  

Under low wind 

k 

- 1 3 '  F o r  comparison,  a t  midafternoon, mean intensity of background noise in an urban 

a r e a  has  been determined to be about 62 dBA, 75 dBA, and 80 dBA for residential ,  commercia l ,  
and industrial  s i tes ,  respectively. Benjamin Etan Fanta. 1972. Noise generation and 
t ransmiss ion in J a s p e r  National Park .  Unpublished M. S. thesis, University of Alberta, 
Edmonton. 
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F i g u r e  3.--Under l o w  wind conditions, background noise level 
i n  a m a t u r e  c o n i f e r o u s  forest s u c h  a s  t h i s  i s  a b o u t  35 d B A .  

A t  s t r e a m s i d e  the  turbulence of the wa te r  de te rmines  the  background 
noise  level  (fig. 4).  
background noise  level  was  about 45 dBA 3 feet  f r o m  the  bank., 

Opposite a s m a l l  rapids  on a 10-  t o  20-foot-wide s t r e a m ,  

In an open meadow (fig. 5) ,  the rustl ing of g r a s s e s  and b rush  s t i r r e d  by 
the  wind together  with the distant  sound of t r e e  movement contributes to  a back-  
ground noise  level  of about 30 dBA under low wind ( 3  to  5 m i / h )  conditions. 

1 2  



F i g u r e  4.--Background noise level a b o u t  3 f ee t  from the bank of a s t r e a m  s i m i l a r  
to this is a b o u t  45 d B A .  
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F i g u r e  5.- - In a meadow s u c h  a s  the one p i c t u r e d  here, background noise level i s  
a b o u t  30 dBA u n d e r  l o w  wind c o n d i t i o n s .  

Campsite Spacing Guidelines 

The  spacing guidelines a r e  based  only on the  physical  p roper t i e s  of 
in t rus ive  and background noises  and applicable environmental  f a c t o r s  which 
might at tenuate the noise.  In some c a s e s ,  the suggested spacing guidelines 
m a y  be difficult o r  impossible  to  achieve.  Where p rac t i ca l  considerat ions  
requ i re  c l o s e r  spacing,  the  rec rea t ion  manager  should be especia l ly  sensi t ive  
t o  the following: 

1 .  Types  of human- re la ted  noises  to be sc reened .  
and perceived in t rus iveness  of the "people" no ises  mos t  l ikely t o  be  
encountered in the camps i te  a r e a ?  

What a r e  the intensity 
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2. Background noise  level .  
advantage of a r e a s  with high intensity "natural"  noise  levels?  

How can camps  be located to take maximum 

3 .  Attenuating fac to rs  such as b a r r i e r s  and foliage. What spat ia l  
a r r a n g e m e n t  of camps  bes t  uses  the noise-attenuating p roper t i e s  of 
the  environment? 

4. Environmental  f ea tu res  which can block visibility of noise  sources .  
How can these  fea tu res  be exploited t o  provide the  optimum degree  of 
psychological insulation between camps i tes?  

Insulation f r o m  noise is only one consideration in  camps i te  location,  but 
it is an important  dimension of the wi lderness  and backcountry exper ience.  
Other  fac to rs  which influence c a m p  location a r e  amount of level  ground, d i s-  
tance f r o m  firewood and potable wa te r ,  d r y n e s s  of s i t e ,  and visibility of lake 
o r  s t r e a m  (Brown and Schomaker  1974). 
v is i tor  m a y  t r a d e  insulation f r o m  noise for a view o r  some other  d e s i r e d  
camps i te  fea tu re .  

Obviously t h e r e  a r e  c a s e s  where  the  

Most noises  which a r e  re la ted to  human pres,ence in wi lderness  sett ings 
occur  in  o r  around a camps i te  o r  on a trail. 
whis t les  used t o  s ignal  par ty  m e m b e r s  o r  a gunshot f i r ed  while a person  is 
hunting, m a y  be emit ted f r o m  a lmos t  any location access ible  to people. 
considered only normal  camps i te  and trail noises  (singing, ha rmonica  playing, 
pounding tent  s t akes ,  c la t ter ing pans ,  chopping wood, e tc .  ) in determining 
guidelines f o r  minimum camps i te  spacing. Since motor ized vehicles a r e  pro-  
hibited in many backcountry a r e a s ,  we did not consider  t ra i lb ikes  in our  spacing 
requ i rements .  In a r e a s  where  motor ized vehicles a r e  permit ted,  they would 
be expected t o  have substantial  auditory impact.  Har r i son  (1974a) ha,s found 
that  in a f o r e s t  a motorcycle  becomes jus t  audible at dis tances  ranging f r o m  
1 ,  400 feet  t o  3 ,  900 feet  f r o m  the rece iver ,  depending on the  s i ze  and type of 
cycle.  

Severa l  no i ses ,  such as safety 

We 

Outdoor sett ings with differing background noise levels  and combinations 
of attenuating fac to rs  requ i re  different spacing requ i rements  to  achieve the 
s a m e  level  of insulation f r o m  int rus ive  no i ses .  F o r  example,  camps i tes  in a 
,meadow m u s t  be m o r e  widely separa ted  than camps  in. the woods t o  at tain the  
s a m e  degree  of insulation f r o m  noise.  

A l s o ,  spacing requ i rements  fo r  similar outdoor sett ings (woods, s t r e a m-  
s ide ,  and meadow) will va ry  according to  the  situation being considered.  
the following we desc r ibe  a procedure  t o  de te rmine  campsi te  spacing t o  achieve 
noise  s t andards  that  have been proposed fo r  these  si tuations-  - pr i s t ine ,  pr imit ive ,  
and portal .  

In 

- *' Willis E. Ragland. 1973. Guides for proportioning wilderness into th ree  situation 
classes .  
Second Ave. Bldg. , Seattle,  Washington 981 01. 
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PROCEDURE TO DETERMINE NECESSARY SPACING 

1 .  Es tab l i sh  the s t andard  of insulation. Th is  s t ep  r e q u i r e s  a de te rmina-  

F o r  example,  
tion of the loudest  in t rus ive  noise fo r  which adequate spaci .ng.must be provided 
to  render  that  noise  indistinguishable f r o m  the background noise.  
the  noise  might be pots rat t l ing o r  children yell ing--or in a m o r e  access ib le  
se t t ing it might  b e  n o r m a l  conversation.  

2. Determine the  threshold  level  of the setting. The threshold  level  is 
that  sound level  t o  which the  noise m u s t  be reduced before  it is muffled by 
background noise.  
sound level  of the  sett ing.  
ground noise level  of about 45 dBA, a threshold  level  of 30 dBA m u s t  be 
achieved before  the in t rus ive  noise is effectively masked  by the sound of the 
s t r e a m .  

Th is  was  determined to be 15 dBA l e s s  than the background 
F o r  example,  in  a s t r e a m s i d e  sett ing with a back-  

3 .  Calculate spacing requ i rements  appropr ia te  fo r  each sett ing.  Th is  
f inal  s t e p  involves calculating the  dis tance the noise would t rave l ,  subject  to  the 
effect of available attenuating f a c t o r s ,  before  it r eaches  the  threshold  level  f o r  
the  sett ing.  

PROPOSED NOISE CRITERIA AND SPACING STANDARDS 
FOR PRISTINE, PRIMITIVE, AND PORTAL SITUATIONS 

Spacing requ i rements  t o  achieve proposed levels  of sound insulation f o r  
p r i s t ine ,  pr imit ive ,  and por ta l  si tuations a r e  d i scussed  below and s u m m a r i z e d  
in table 1 .  
woods, and s t r e a m s i d e  c a m p  locations.  

F o r  each zone different spacing requ i rements  a r e  given fo r  meadow, 

P r i st ine Situation 

H e r e  the proposed objective is  t o  locate s i t e s  s o  t h a t =  "people" noises  
a r e  inaudible between camps.  Th is  re la t ively  s t r ingent  requ i rement  a s s u m e s  
a d e s i r e  by v i s i to r s  t o  the p r i s t ine  a r e a s  fo r  a natural  environment providing 
both soli tude and isolation. There fore ,  camps i tes  should be located so  that 
even a high intensity noise ,  such as human yelling (78  dBA), is not audible 
between camps.  

In the woods, when a hi l l  o r  r i s e  1 5  feet  high is between the  noise  source  
and the camps i te ,  at a distance of about 25  feet  f r o m  the  noise  source  the  mini-  
mum spacing is reduced t o  about 1 , 6 0 0  feet. Next t o  a s t r e a m ,  the background 
noise  level  is higher ,  thus providing m o r e  "masking."  If woods a r e  between 
the  noise  source  and the  s t r e a m s i d e  camps i te ,  3,  200-foot spacing is requ i red  
before  a yell  wi\ll be inaudible. 

In a meadow, noise source  and rece iver  mus t  be spaced f a r t h e r  a p a r t  
than in  a woods environment.  Under ce r ta in  conditions (downwind, high 
humidity,  e tc .  ), a yel l  wil l  t r a v e l  near ly  4 miles  (20,000 feet)  over  l eve l  



ground before  it falls below the  threshold  noise  level .  Of c o u r s e ,  such a l a r g e  
open space is se ldom found; in  the wi lderness  sett ing,  m o s t  l a r g e  meadow 
environments  occur  in alpine a r e a s  where  the distance sound will c a r r y  is  
reduced by r idges  and hil ls .  If two c a m p s  a r e  located at an equal d is tance 
f r o m  a r idge which is at l e a s t  100 feet h igher  than each  camp,  min imum spac-  
ing is about 640 feet. 

P r imit ive  Situation 

In the pr imit ive  zone, v i s i to r s '  expectations of solitude and isolation a r e  
somewhat l e s s  than in the pr is t ine  situation and t h e r e  a r e  likely to  be m o r e  
people. 
f o r  four  pe rsons  singing. 

The  noise level  proposed fo r  th i s  zone is  60 dBA--the level  of intensity 

In the  woods, min imum spacing of about 1,  450 feet  is requ i red  before  the 
noise of four pe rsons  singing i s  masked  by the  background noise. When a hi l l  
o r  o ther  r ig id  b a r r i e r  1 5  feet  high i s  between noise source  and r e c e i v e r  at a 
distance of 25 feet  f r o m  the  source ,  min imum spacing is  reduced t o  about 400 
feet. 

In a s t r e a m s i d e  camps i te  in the woods, the intensity of singing m u s t  be 
reduced to 30 dBA before it is masked  by the  background noise. 
a minimum spacing of 600 feet  between campsi tes .  

Th i s  requ i res  

In a level  meadow environment,  singing can b e  h e a r d  at a dis tance of 
about 4, 200 feet  f r o m  the rece iver ,  
o r  hil l)  between source  and rece iver ,  min imum spacing is reduced to  about 
950 feet  when camps  a r e  located at equal d is tance f r o m  ridgetop. 

With a 100-foot- tall b a r r i e r  (a ridge 

Portal Situation 

In the  por ta l  si tuation,  the m o r e  access ib le  and intensly used portions of 
the  backcountry o r  wi lderness ,  v i s i to r s '  expectations f o r  ,solitude a r e  assumed  
t o  be l e s s  than in  the  m o r e  isola ted ones ,  
the  por ta l  a r e a s  is  toe loca te  camps  so  that  the noise of 48 dBA--four people 
ca r ry ing  on a conversat ion- - is  inaudible between s i t e s .  

Thus,  the s t andard  fo r  isolation in 

Conversation becomes inaudible in a woods environment at about 500 feet. 
When a 15-foot-high b a r r i e r  is in terposed between source  and r e c e i v e r  of the  
noise ,  spacing of camps i tes  is reduced t o  about 200 feet. 

At s t r e a m s i d e  camps i tes  in  the woods, a min imum spacing of 250 feet  
is  requ i red  between noise source  and rece iver .  
a meadow environment over  level  ground at about 1 ,950  feet. When a ridge 
100  feet  high i s  between the noise source  and r e c e i v e r ,  spacing of about 250 
feet  with e a c h  camp an equal distance f r o m  the  ridgetop is n e c e s s a r y  t o  reduce 
conversat ion t o  the  threshold  noise level. 

Conversation is  inaudible in  
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Campsite Location Guidelines 

T h e  foregoing data,  l i t e r a t u r e  review, and discuss ion 
guidelines fo r  planning camps i te  locations where  planning is 
relocating undesi rable  camps i tes  : 

suggest  s e v e r a l  
possible,  o r  

1 .  Locate camps i tes  l a te ra l ly  along s t r e a m s .  Managers  should take 
advantage of the masking effect of the  background noises  of turbulent  wa te r  
and locate  camps  l a te ra l ly  along s t r e a m s .  
bank as i s  ecologically sound and opposite a r e a s  of swift water .  
should be separa ted  by dense  vegetation and relief .  

Si tes  should be located as n e a r  the  
Adjacent s i t e s  

2.  Do not locate camps i tes  n e a r  lakeshores .  The  acoust ic  p roper t i e s  
of the still air above a lake sur face  do l i t t le  to  d e c r e a s e  the  intensity of 
noise t ravel ing a c r o s s  the lake. 
conversat ion (about 45 dBA) is audible at a distance of over  1 ,  000 feet. 

Under ce r ta in  c l imat ic  conditions a low 

Camps i tes  should not be located di rect ly  a c r o s s  the  lake f r o m  another  
but along the  s h o r e  on the  s a m e  s ide  to  take advantage of sc reen ing  vegetation 
and t e r r a i n .  

The  s m a l l  s i z e  of m o s t  high-country lakes  precludes  m o r e  than one c a m p  
n e a r  the  l akeshore  i f  even min imal  auditory isolation is des i red .  If possible,  
locate  s i t e s  along an uneven shorel ine  with vegetation and relief  between them.  
It is a l s o  helpful t o  s e t  s i t e s  back into the  woods, taking advantage of noise  
attenuation by dense  vegetation and the  psychological isolation afforded by 
visual  screening.  

3 .  Meadows a r e  unsuitable location for multiple camps i tes .  The  noise 
attenuation effect of low vegetation is minimal .  In addition, except at v e r y  
g r e a t  d i s t ances ,  visual  impact  of o ther  p a r t i e s  accentuates  audi tory  impacts .  
Locations of multiple camps  in a meadow sett ing should be considered only 
where  they can be separa ted  by r idges  o r  h i l l s  o r  where  they can be s e t  back 
in the  t i m b e r  surrounding the meadow. 

4. Take  maximum advantage of environmental  f ea tu res  which l e s s e n  
noise.  T h e  judicious use  of topography in locating camps i tes  g rea t ly  l e s s e n s  
t r a n s m i s s i o n  of noise between camps.  Whenever possible,  s e p a r a t e  camps  by 
vegetation and r ig id  b a r r i e r s - - r i s e s ,  r idges ,  rocks ,  o r  h i l l s - - to  reduce both 
noise  t r a n s m i s s i o n  and visual  perception of the  human origin of noise.  

5. Take  advantage of a r e a s  with a high background noise  level. The  
turbulence of a rushing s t r e a m ,  a waterfa l l ,  the rus t l ing of b r u s h  and' t r e e  
leaves  s t i r r e d  by the  wind, the sound of waves at s h o r e  a r e a s  all r a i s e  the  
na tu ra l  background noise level  which can help  s c r e e n  out human- rela ted noises.  
Locating c a m p s  in  a r e a s  with high background noise will allow c l o s e r  camps i te  
spacing while maintaining audi tory  isolation. 
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Conclusions 

In this study we reviewed some bas ic  principles of sound t r a n s m i s s i o n  

Based  on this information we developed guidelines f o r  camps i te  
and p resen ted  e m p i r i c a l  findings of the  sound levels of var ious  human- rela ted 
noises.  
spacing and location in  wi lderness  and backcountry sett ings.  
recognize the des i rabi l i ty  of different sound s tandards  fitting u s e r  expectations 
in different road less  a r e a  si tuations-  -pr is t ine ,  pr imit ive ,  and portal .  In 
hard- to-  reach ,  in te r io r  portions of a road less  a r e a  (pr is t ine)  situation vis i tor  
expectations fo r  soli tude a r e  greates t .  H e r e  m o r e  s t r ingent  sound s tandards  
a r e  justified, and c a m p s  m u s t  be  spaced m o r e  widely apar t  than is n e c e s s a r y  
in  in termediate  (pr imit ive)  o r  pe r iphera l  (por ta l )  si tuations where  v i s i to r s  
expect l e s s  isolation.  

The guidelines 

The  dis tances  we suggest  for camps i te  spacing a r e  offered ohly a s  rough 
guidelines. 
the  exper ience at cur ren t ly  es tabl ished s i t e s  f r o m  a noise- isolation standpoint. 
It is recognized that other  fac to rs  a r e  a l s o  important  t o  the  u s e r s '  camping 
experience.  Among these  fac to rs  a r e  availabil i ty of potable wa te r ,  firewood, 
and d r y  and level  ground. 

They might a l s o  be used as diagnostic c r i t e r i a  with which to  appra i se  
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Alaska, and, in some cases, California, Hawaii, t he  Western 
States, and the  Nation. Results of the  research w i l l  be made 
available p rompt l y .  Proiect headquarters are at: 
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Juneau, Alaska Olympia, Washington 
Bend, Oregon Seattle, Washington 
Corvallis, Oregon Wenatchee, Washington 
La Grande, Oregon 

Mailing address. Pacific Northwest Forest and Range 
Experiment Station 
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to the principle of multiple use management of the Nation's forest resources 
for sustained yields of wood, water, forage, wildlife, and recreation. 
Through forestry research, cooperation with the States and private forest 
owners, and management of the National Forests and National Grasslands, it 
strives - as directed by Congress - to provide increasingly greater service to 
a growing Nation. 

The U.S. Department of Agriculture is an Equal Opportunity Employer. 
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