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EXECUTIVE SUMMARY 
 
 
OVERVIEW 
 
The Statewide Operational Noise Management Plan (SONMP) provides a strategy for noise 
management at New Jersey Army National Guard (NJARNG) facilities including the Sea Girt 
Training Center, the Trenton Mercer Army Aviation Support Facility (AASF), and the future 
NAES Lakehurst AASF.  Elements of the SONMP include education about noise and Army 
noise metrics, complaint management, and noise abatement procedures. 
 
The SONMP provides a methodology for analyzing exposure to noise associated with military 
operations and provides land use guidelines for achieving compatibility between the Army and 
the surrounding communities.  The Army has an obligation to U.S. citizens to recommend uses 
of land around its installations which will:  (a) protect citizens from noise and other hazards; and 
(b) protect the public's investment in these training facilities. 
 
The noise impact on the communities surrounding these NJARNG facilities is translated into 
noise zones.  The program defines three noise zones.  Noise Zone I is compatible for most noise-
sensitive land uses.  Zone II is normally incompatible for noise-sensitive land uses (the 
integration of Noise Level Reduction (NLR) features into the design and construction should be 
required).  Zone III is incompatible for noise-sensitive land uses.   
 
CONCLUSIONS 
 
The Noise Zones II and III attributable to small arms firing extend beyond the boundary at the 
Sea Girt Training Center.  There are several private residences within the incompatible Zone III 
and normally incompatible Zone II noise contours.  Aircraft activity at both AASF #1 and the 
future AASF #2 location are compatible with Federal guidelines for noise.  However, there is 
always the possibility that an individual overflight could lead to a complaint.  Therefore, 
NJARNG officials depend upon the goodwill and cooperation of the civilian sector to promote 
public support for and understanding of the facilities’ mission requirements. 
 
RECOMMENDATIONS 
 
It is recommended by U.S. Army Center for Health Protection and Preventive Medicine 
(USACHPPM) that the NJARNG distribute this SONMP to county and municipal governments 
and ensure that it is filed in the office of official records to become a matter of public record.  
Specific recommendations are given for the Sea Girt Training Center in Chapter four. 





NJARNG Statewide Operational Noise Management Plan                                     September 2007 

U.S. Army Center for Health Promotion and Preventive Medicine  i

TABLE OF CONTENTS 
 

 
SECTION                                                                                                                              PAGE 
 
1.0 INTRODUCTION 
 1.1 General................................................................................................................. 1 
   1.1.1 History of Noise Management in the Army............................................. 1 
   1.1.2 The Encroachment Threat........................................................................ 2 
   1.1.3 Contending with the Threat ..................................................................... 4 
 1.2 The Army’s Operational Noise Management Plans ............................................ 4 
 1.3 Content................................................................................................................. 5 
 
2.0 NOISE MANAGEMENT 
 2.1 Introduction.......................................................................................................... 6 
 2.2 Encroachment and Noise Complaints.................................................................. 6 
   2.2.1 The Nature of Annoyance and Complaints.............................................. 7 
   2.2.2 Keys to Successful Noise Complaint Management ................................. 8 
 2.3 Noise and Noise Assessment ............................................................................... 9 
   2.3.1 The Science of Sound .............................................................................. 10 
     2.3.1.1 Sound Propagation.................................................................... 10 
   2.3.2 Noise Metrics ........................................................................................... 12 
   2.3.3 Noise Zones ............................................................................................. 13 
     2.3.3.1 Noise Zones as They Relate to Land Use ................................. 14 
     2.3.3.2 The Army Compatible Use Buffer (ACUB) Program .............. 15 
   2.3.4 The Specifics of Military Noise............................................................... 16 
     2.3.4.1 Small Arms ............................................................................... 16 
     2.3.4.2 Large Arms, Demolitions, and Other Impulsive Sounds.......... 17 
     2.3.4.3 Aircraft...................................................................................... 18 
     2.3.4.4 Maneuver Training and Other Transportation .......................... 19 
     2.3.4.5 Miscellaneous ........................................................................... 20 
 2.4 Operational Noise Management and Mitigation.................................................. 20 
   2.4.1 Physical Noise Mitigation........................................................................ 20 
   2.4.2 Procedural Noise Mitigation .................................................................... 21 
 2.5 Summary .............................................................................................................. 21 
 
3.0 NEW JERSEY ARMY NATIONAL GUARD 
 3.1 General................................................................................................................. 23 
 3.2 NJARNG Economic Impact ................................................................................ 26 
 3.3 New Jersey State Land Use Policy and Control .................................................. 26 
 3.4 NJARNG Complaint Procedure........................................................................... 27 
 3.5 Summary .............................................................................................................. 30 
 
 
 



NJARNG Statewide Operational Noise Management Plan                                     September 2007 
 

                                                                                                  Operational Noise Program ii 

TABLE OF CONTENTS - continued 
 

 
SECTION                                                                                                                              PAGE 
 
4.0 SEA GIRT NJARNG TRAINING CENTER 
 4.1 Location ............................................................................................................... 31 
 4.2 Mission and Training ........................................................................................... 31 
 4.3 Local Community ................................................................................................ 34 
 4.4 Current Noise Environment ................................................................................. 35 
   4.4.1 Small Arms .............................................................................................. 35 
 4.5 Discussion and Recommendations ...................................................................... 35 
 4.6 Summary .............................................................................................................. 38 
 
5.0 NEW JERSEY ARMY NATIONAL GUARD AVIATION FACILITIES 
 5.1 General................................................................................................................. 39 
 5.2 AASF # 2 – Trenton Mercer Airport ................................................................... 42 
 5.3 AASF # 1 – NAES Lakehurst.............................................................................. 44 
 5.4 Summary .............................................................................................................. 48 
 
6.0 OTHER NOISE-RELATED LAND USE POLICY AND CONTROL 
 6-1 General................................................................................................................. 49 
 6-2 Land Use Planning and the Army........................................................................ 49 
 6-3 Achieving Land Use Compatibility ..................................................................... 49 
   6.3.1 The Joint Land Use Study (JLUS) ........................................................... 50 
   6.3.2 Land Use Planning Options ..................................................................... 51 
   6.3.3 Environmental Justice.............................................................................. 51 
 6.4 Conclusion ........................................................................................................... 52 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



NJARNG Statewide Operational Noise Management Plan                                     September 2007 

U.S. Army Center for Health Promotion and Preventive Medicine  iii

TABLE OF CONTENTS - continued 
 
 
APPENDICES                                                                                                                      PAGE 
 
A DESCRIPTION OF NOISE, NOISE EVALUATION, AND CONTOURING 
 A.1 Introduction.......................................................................................................... 53 
 A.2 What is Noise? ..................................................................................................... 53 
 A.3 The Fundamentals of Sound and Acoustics......................................................... 53 
   A.3.1 The Characteristics of Sound ................................................................... 54 
     A.3.1.1 Sound Content and Human Hearing ......................................... 55 
      A.3.1.1.1 Spectrum and Frequency......................................... 55 
      A.3.1.1.2 Loudness and Decibels ........................................... 55 
      A.3.1.1.3 Vibration ................................................................. 57 
      A.3.1.1.4 Time Patterns .......................................................... 57 
 A.4 Noise Evaluation and Metrics.............................................................................. 58 
   A.4.1 Weighting................................................................................................. 58 
   A.4.2 Noise Metrics ........................................................................................... 59 
     A.4.2.1 Equivalent Sound Level (Leq) ................................................... 60 
     A.4.2.2 Day-Night Level (DNL) ........................................................... 60 
     A.4.2.3 Sound Exposure Level (SEL) ................................................... 61 
     A.4.2.4 PK15(met)................................................................................. 61 
     A.4.2.5 Unweighted Peak ...................................................................... 61 
   A.4.3 A Brief History of Noise Evaluation in the U.S. Government ................ 61 
 A.5 Noise Contouring................................................................................................. 62 
   A.5.1 Computer Programs ................................................................................. 63 
   A.5.2 What Effects Contour Shapes? ................................................................ 65 
 A.6 Conclusion ........................................................................................................... 66 
 
B DATA USED TO GENERATE THE NOISE CONTOURS IN THIS PLAN 
 B.1 Small Arms Data ...................................................................................................... 67 
  
C GUIDELINES FOR DISCUSSING NOISE CONTOUR MAPS WITH THE PUBLIC 
 C.1 Introduction .............................................................................................................. 68 
 C.2 Preparation................................................................................................................ 68 
 C.3 Meaning of the Contours.......................................................................................... 69 
  C.3.1 What Noise Contours Can Tell Us ................................................................ 69 
  C.3.2 What Noise Contours Cannot Tell Us (with Certainty)................................. 69 
 C.4 The Basics of Sound and Annoyance....................................................................... 70 
 C.5 Computer Models and GIS....................................................................................... 70 
 C.6 Audience................................................................................................................... 71 
 C.7 Conclusion................................................................................................................ 71 
 
D LAND USE PLANNING AND CONTROL TECHNIQUES 
 D.1 General ..................................................................................................................... 73 
 D.2 Zoning ...................................................................................................................... 73 



NJARNG Statewide Operational Noise Management Plan                                     September 2007 
 

                                                                                                  Operational Noise Program iv 

 TABLE OF CONTENTS - continued 
 
 
APPENDICES                                                                                                                       PAGE 
 
 D.3 Overlay Districts....................................................................................................... 74 
 D.4 Easements ................................................................................................................. 75 
 D.5 Transfer of Development Rights (TDR) .................................................................. 76 
 D.6 Land Purchase .......................................................................................................... 77 
 D.7 Building Codes ......................................................................................................... 77 
 D.8 Subdivision Regulation ............................................................................................ 77 
 D.9 Health Codes ............................................................................................................ 78 
 D.10 Disclosure of Noise Levels ..................................................................................... 78 
 D.11 Land Banking.......................................................................................................... 79 
 D.12 Special Tax Treatment ............................................................................................ 79 
 D.13 Capital Improvements Program .............................................................................. 79 
 D.14 Development Loan Restrictions.............................................................................. 80 
 D.15 Public/Private Leaseback ........................................................................................ 80 
 D.16 Sales Agreement ..................................................................................................... 81 
 D.17 Deed Restrictions/Covenants .................................................................................. 81 
 D.18 Purchase of Development Rights............................................................................ 82 
 D.19 Eminent Domain ..................................................................................................... 82 
 D.20 Purchase Option ...................................................................................................... 83 
 
E FICUN GUIDELINES FOR CONSIDERING NOISE IN LAND USE PLANNING.... 84 
 
F AR 200-1, OPERATIONAL NOISE SECTION; DODI 
 F.1 Current AR 200-1 Noise Section (1997) .................................................................. 88 
 F.2 Draft Wording for the Updated AR 200-1 (2005).................................................... 90 
 F.3 Department of Defense Instruction (DODI) on Noise Programs ............................. 94 
 
G SAMPLE DOCUMENTS 
 G.1 Sample Noise Disclosure and Waiver ...................................................................... 99 
 G.2 Sample Noise Easement ........................................................................................... 100 
 
H GLOSSARY OF TERMS, ACRONYMS, AND ABBREVIATIONS 
 H.1 Glossary of Terms .................................................................................................... 101 
 H.2 Glossary of Acronyms and Abbreviations ............................................................... 103 

 
I REFERENCES AND SOURCES.................................................................................... 107 

 
 
 
 
 
 



NJARNG Statewide Operational Noise Management Plan                                     September 2007 

U.S. Army Center for Health Promotion and Preventive Medicine  v

TABLE OF CONTENTS – concluded 
 
 

FIGURES                                                                                                                               PAGE 
 
3-1 NJARNG Facility Locations......................................................................................... 25 
3-2 NJARNG Noise Complaint Form................................................................................. 29 
4-1 Sea Girt NJARNG Training Center General Location ................................................. 32 
4-2 Sea Girt NJARNG Training Center Firing Range Locations ....................................... 33 
4-3 Sea Girt NJARNG Training Center Baseline Small Arms Noise Contours ................. 36 
4-4 Sea Girt NJARNG Training Center Forecast Small Arms Noise Contours ................. 37 
5-1 Example of a UH-60 Blackhawk Helicopter ................................................................ 40 
5-2 Example of a OH-58 Kiowa Warrior Helicopter.......................................................... 40 
5-3 Example of a C-12 Huron ............................................................................................. 41 
5-4 Example of a C-23 Sherpa ............................................................................................ 41 
5-5 Trenton Mercer Airport (AASF #1) General Location................................................. 43 
5-6 NAES Lakehurst (AASF #2) General Location ........................................................... 45 
5-7 NAES Lakehurst Noise Contours with Proposed AASF Operations ........................... 48 
A.1 Acoustics of a Pure Tone .............................................................................................. 54 
A-2 Relationship between Sound Pressure and Decibels .................................................... 56 
A-3 A-and C- Weighting Scales .......................................................................................... 59 
A-4 Equivalent Noise Level (Leq) ........................................................................................ 60 
A-5 Example of a Map Showing Peak Contours ................................................................. 63 
 
TABLES                                                                                                                                 PAGE 
 
2-1 University of Utah Criteria for “Good” and “Bad” Firing Conditions ......................... 12 
2-2 Noise Zone Decibel Levels (AR 200-1) ....................................................................... 15 
2-3 Predicted Unweighted Peak Decibels (dBP) for an M-16 (5.56 mm) Rifle ................. 16 
2-4 Complaint Risk Guidelines ........................................................................................... 17 
2-5 Predicted Peak Sound Levels for 120 mm Tank Gun Firing ........................................ 18 
2-6 Predicted Peak Sound Levels for 155 mm Howitzer Firing ......................................... 18 
2-7 Maximum A-Weighted Sound Levels of Common Military Aircraft .......................... 19 
2-8 Percentage of the Population Likely to be Highly Annoyed by Particular Levels of  

Aircraft Noise................................................................................................................ 19 
3-1 Monthly Range and Training Site Utilization Rates..................................................... 24 
3-2 NJARNG Economic Impact ......................................................................................... 26 
4-1 Population Statistics...................................................................................................... 34 
4-2 Per Capita Income......................................................................................................... 34 
5-1 Summary of Noise Abatement Procedures at Trenton Mercer Airport ........................ 44 
5-2 Airfield Operations for Military and Government Aircraft at NAES Lakehurst.......... 46 
5-3 AASF Proposed Operations.......................................................................................... 47 
A-1 Shortcuts to Decibel Addition....................................................................................... 57 
A-2 Noise Models and Their Uses ....................................................................................... 64 
E-1 FICUN Guidelines for Considering Noise in Land Use Planning................................ 84 
  





NJARNG Statewide Operational Noise Management Plan                                     September 2007 

U.S. Army Center for Health Promotion and Preventive Medicine  1

1.0  
Introduction 
 
 
1.1 GENERAL 
 
One of the goals of the Department of the Army (DA) is to establish effectual programs designed 
to minimize the Army’s adverse impacts upon the quality of the human environment without 
impairing continued success in the Army’s mission.  In keeping with this goal, the Army 
established an Operational Noise Management Program (ONMP) as the framework for the 
management of noise produced by Army activities since noise has been determined by the 
United States Congress, as recorded in the Noise Control Act of 1972, to “present a danger to the 
health of this Nation’s population” (PL 92-574, 1972).  The primary tools for noise management 
are the Installation and Statewide Operational Noise Management Plans. 
 
Note: The Operational Noise Management Plan(s) and Program were referred to as the 
Environmental Noise Management Plan (ENMP) and Program until the name was changed in 
2004 in order to better describe the nature of the plan.  Older plans, documents, or directives may 
still feature the word “environmental.” 
 
1.1.1 THE HISTORY OF NOISE MANAGEMENT IN THE ARMY 
 
The advent of jet aircraft in the 1950’s resulted in significantly greater noise levels around 
commercial airports that led to an intense outcry from the public.  This backlash caused congress 
to revise the Federal Aid to Airports Act to make Federal aid contingent upon implementation of 
programs to resolve noise problems with surrounding neighborhoods.  Subsequently, Congress 
passed the Noise Control Act of 1972 and the Quiet Communities Act of 1978.  Under these laws, 
airports and local communities carried out noise control measures such as revising zoning laws, 
altering real estate transaction requirements, purchasing buffer lands, and changing approach, 
departure, and run-up protocols.  As a consequence, the Federal Aviation Administration (FAA) 
currently has specific requirements for community involvement in all airport planning. 
 
The Federal Aid to Airports Act exempted military aircraft, as did portions of the Noise Control 
Act of 1972.  However, the Noise Control Act and the Quite Communities Act did contain 
language outlining the responsibilities of Federal Agencies in protecting the public from 
unreasonable noise impacts.  Specifically, these laws state that: 
 

“Federal agencies shall, to the fullest extent consistent with their authority under 
federal laws administered by them, carry out the programs within their control in 
such a manner as to … promote an environment for all Americans free from noise 
that jeopardizes their health and welfare. 
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To comply with the intent of Congress, the Department of Defense (DoD) provided guidance to 
the military departments regarding the compatible use of public and private lands in the vicinity 
of military airfields.  The DoD guidance (DODI, 1977): 
 

• Defined restrictions on the uses and heights of natural and man-made objects in the 
vicinity of air installations. 

 
• Defined restrictions on land use in the vicinity of air installations to assure 

compatibility with the existing characteristics, including noise from military 
operations. 

 
• Provided policy as to the extent of the U.S. Government’s interest in retaining or 

acquiring real property to protect the operational capability of active military airfields. 
 
As a matter of general policy, the military departments were instructed to work toward achieving 
compatibility between air installations and the neighboring civilian communities through a 
compatible land use planning and control process conducted by the local civilian community. 
 
Based upon DoD guidance, the DA then developed its ONMP that addresses noise from all 
military activities, not just airfields.  The Army’s program is designed to (U.S. Army, 1997): 
 

• control environmental noise to protect the health and welfare of military personnel 
and their dependents, Army civilian employees, and members of the public on lands 
adjacent to Army, Army Reserve, and Army National Guard installations; and 

 
• reduce community annoyance from environmental noise, to the extent feasible, 

consistent with Army, Army Reserve, and Army National Guard training and materiel 
testing activities. 

 
1.1.2 THE ENCROACHMENT THREAT 
 
Military installations almost always tend to attract activity from the civilian sector because with 
government activity come economic benefits.  When people arrive to work at these installations, 
they soon need housing, grocery stores, restaurants, and other support facilities, and businesses 
crop up to meet that demand.  At this point, the relationship between the adjacent town and the 
installation is in harmony (because one could not exist without the other), and each tend to over-
look the other’s inconvenient characteristics.   
 
Ultimately, what ultimately can happen is that the town that springs up next to the installation 
eventually matures and acquires an economic momentum that is independent of the installation.  
As the town becomes less reliant on the installation as its economic lifeblood, those inconvenient 
characteristics (such as noise) that were over-looked in the past become less tolerable.  New 
people moving into the area that gain their economic livelihood from areas other than the 
installation have difficulty understanding that the current location of the town near the 
installation grew from past ties that have long since been weakened or severed.  This, coupled 
with the fact that increasing populations may also increase the outward sprawl of the town that at 
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its inception originally may have been a comfortable distance away from the installation, 
ultimately leads to what is known as encroachment. 
 
Encroachment is a complicated issue to solve, but an easy one to define.  Simply put, 
encroachment is the process by which civilian issues impinge upon once-remote military 
installations.  The simplest example of this is the physical development (particularly residential) 
of land directly adjacent to the installation whereby new residents become irritated by 
installation activities (primarily noise, but things like dust may also turn into contentious issues).   
 
And, while noise is the focus of this plan, encroachment can take many forms.  Examples include 
government entities passing endangered species legislation limiting where training may be 
conducted; air pollution regulations limiting something like dust; or a form of political 
encroachment that endangers the training mission when relations between countries shift and 
installations outside of the U.S. are altered or closed. 
 
The endgame is that these processes can put severe limitations upon the ability of a military 
installation to support training and for assigned units to maintain an adequate level of readiness.  
And herein lies the threat as it relates specifically to this plan: as military noise impacts upon 
the civilian communities increase, so increase both litigation and/or political pressures 
which could result in degradation of the installation’s mission.  More specifically, not only 
does the number of complaints to installation commanders increase dramatically, but so do the 
number of complaints to elected officials. 
 
One of the best examples of degradation of mission performance due to encroachment occurred 
at the Naval Air Station (NAS) in Los Alamitos, CA.  As is typical of these types of situations, 
when originally established during WWII, this NAS was in a rural area.  But, the post-war 
expansion of Southern California eventually surrounded it with homes to the point where the 
Navy could no longer routinely fly its jet aircraft into the property.  Today, the Navy has left and 
the property now serves the California Army National Guard (CAARNG) and the U.S. Army 
Reserve which, compared to the Navy, operate relatively few noisy flights.  In another highly 
politicized example, citizen outrage in 1999 over the noise and pollution of gunfire on Vieques 
Island (Puerto Rico) ultimately lead to the Navy’s complete withdrawal from the island. 
 
These situations are not limited to the Navy.  In the Army’s case, encroachment so severely 
limited the size of the explosives used at Fort Belvoir‘s (Virginia) Combat Engineer field 
training that it became necessary to move a portion of the training to a less urbanized area at Fort 
A.P. Hill, VA; but that too was only temporary.  In the end, encroachment chased that entire 
engineer training school all the way to Fort Leonard Wood, MO.  In another case, encroachment 
saddled Fort Dix, NJ with limitations on both the types of weapons that could be fired and the 
times of day. 
 
A study published by the Army Environmental Policy Institute found that noise was the second 
most important threat (behind endangered species) to Army Range Operations (AEPI, 1999). 
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1.1.3 CONTENDING WITH THE THREAT 
 
In all of the above cases, limitations upon operational activities degraded the installations’ 
capability to support essential training, so the training missions on these installations were then 
moved to other installations.  For obvious reasons, this pattern can not continue indefinitely. 
 
The consequences of ignoring the conflicts between the noise generated on military installations 
and the desires of the civilian community regarding the use of the land surrounding these 
installations can be grave.  If the military fails to respond to the concerns of the civilian 
community, the ill will produced by such an approach is quite likely to result in estrangement 
and a general unwillingness within the civilian community to work with the military to formulate 
creative land use ideas that allow communities and installations to exist in harmony.  Worse yet, 
fomenting ill will can also result in the types of political pressure and lawsuits that force 
unilateral concessions on the part of the military without any reciprocal concessions from the 
community. 
 
So in short, in order to prevent the conflicts between military operations and civilian land use 
from reaching significant proportions, the military (as a whole and individual installations) must 
take reasonable steps to protect the community from training noise, and it must work with the 
local governments and land owners to make sure that adjoining lands are developed in ways that 
are compatible with the noise environment. 
 
1.2 THE ARMY’S OPERATIONAL NOISE MANAGEMENT PLANS 
 
The primary strategies for working with communities to solve these issues of noise 
incompatibility are the creation and maintenance of community-supported long-range planning 
strategies for adjacent lands, and installation efforts to simply be a good neighbor.  This is where 
the Army’s Operational Noise Management Plans are valuable. 
 
The plans come in two formats―statewide (SONMP) and installation-specific (IONMP)―and 
provide the installation(s) and land use planners with the following things: 
 

• Accurate information needed at the planning table in order to solve encroachment 
problems including such things as computer-generated noise contour maps, planning 
strategies, examples of successes and failures at other installations, and basic 
economic information conveying the value of the installation to the community. 

 
• Strategies for use on the installation(s) to limit, where feasible, the training noise that 

leaves the installation boundaries including altering training locations, maximizing 
the noise reduction at existing training locations, and implementing “good neighbor” 
programs that tailor training times to community needs. 

 
• Guidance on proper complaint management procedures (logging, investigation, 

follow-up, etc.). 
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• Guidance on proper public relations procedures to minimize the overall chances of 
getting a complaint. 

 
Note: These noise plans, while not intended for wholesale dissemination to the public, should be 
distributed to all applicable regional land use planners and be made available to interested 
individuals. 
 
1.3 CONTENT 
 
This report is divided into sections detailing the nature of noise and noise management; the 
overall noise environment for the state or locality; detailed descriptions of the noise situations at 
various installations or parts of installations and ideas for lessening the noise emanating from 
these locations; strategies for addressing current and potential incompatibilities at adjacent lands; 
and various appendices providing more detailed information on methodologies, definitions, and 
other similar information. 
 
More detailed information and publications on noise-related topics such as noise-level reduction 
in home construction, noise sciences, and computer modeling are available directly from the 
United States Army Center for Health Promotion and Preventive Medicine’s (USACHPPM) 
Operational Noise Program.  Please consult our website with questions or for more information: 
 

http://chppm-www.apgea.army.mil/dehe/morenoise/ 
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2.0 
Noise Management 
 
 
2.1 INTRODUCTION 
 
Army installations are finding with increasing frequency that the land use around their 
boundaries is becoming incompatible with the noise generated by their training.  A combination 
of factors has contributed to this trend, but it is primarily due to three elements. 
 
First, the United States is in the midst of a relentless expansion of its population.  When initially 
constructed, nearly all of the Army’s installations were built in rural areas (unless its purpose 
was to defend a specific city or place) because it was where the land was cheap, there were few 
people to disturb, and secrecy could be maintained if needed.  But, since 1940 the United States 
population has grown from 132,000,000 to its current (2005) estimated total of approximately 
294,000,000 (U.S. Census Bureau).  It is undeniable that all of these additional people must live 
somewhere, so the populations have been spreading into what were formerly sparsely inhabited 
areas. 
 
Secondly, advances in technology have created ever more powerful weaponry with ever longer 
effective ranges.  Together with that increasing power and range comes increasing noise and the 
need for larger and larger areas in which to test and train with them.  In the past, when a new 
weapon was louder than its predecessor, few were around outside of the installation to notice a 
difference.  Today, that is changing. 
 
Lastly, both the military and local planners were late in recognizing the friction that the above 
two trends would cause.  Thus, few plans to ensure compatible land use were made before the 
problems of encroachment arose. 
 
The consequence is that, at an increasing number of installations, noise complaints are now a 
regular occurrence and must be managed so as to not jeopardize the training that makes the 
United States military the best prepared force in the world. 
 
2.2 ENCROACHMENT AND NOISE COMPLAINTS 
 
Noise from U.S. military operations is rarely loud enough to cause physiological and/or physical 
damage to the hearing or homes of populations adjacent to installation boundaries.  Nevertheless, 
while there is no physical danger from these sounds, many find them irritating to the point where 
they are moved to complain about them.  The complaints can be directed any number of places 
(friends, local media, government representatives, etc.), but the ideal situation is that the 
complaint comes to the source (the installation) so that it can be resolved in the best manner 
possible. 
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The most reliable way to ensure that this happens is for all installations to maintain the Noise 
Complaint Management Program required by Army Regulation 200-1 (AR 200-1), a copy of 
which is located at Appendix F. 
 
2.2.1 THE NATURE OF ANNOYANCE AND COMPLAINTS 
 
Annoyance (and thereby complaints) has its roots in both physical and psychological distress.  
Since military noise is rarely loud enough to cause physical distress, it follows that the vast 
majority of noise complaints that installations receive are due to some sort of psychological 
objection.  Put another way, some people just do not like the “cracks” and “booms” and are 
sometimes irritated enough to complain about them. 
 
The usual complaint pattern is as follows: First, economic activity unrelated to the installation 
stimulates increased population and development in the vicinity. Next, segments of the new 
population who are not economically dependent on the installation (or take issue with other 
aspects of the government presence) find noise to be a specific and undeniable object about 
which to complain.  Finally, the people reporting the complaints become more articulate and 
eventually address their grievances to higher levels of government, politicizing the issue and 
endangering the mission. 
 
The amount of annoyance that a particular sound elicits in an individual depends on a 
combination of many factors.  At issue may be the characteristics of the noise itself such as the 
intensity and spectral qualities; duration; repetitions; abruptness of onset or cessation; and the 
ambient noise climate (or background noise) against which a particular event occurs. 
 
But social surveys show that the following are also factors related to annoyance that have 
nothing to do with the characteristics of the noise itself: 
 

• The degree to which the noise interferes with an activity. 
 
• The previous experience of the community with the particular noise. 

 
• The time of day during which the noise occurs. 

 
• Fear of personal danger associated with the activities of the noise sources. 

 
• Socioeconomic status and educational level of the community. 

 
• The extent to which people believe that the noise output could be controlled. 

 
• Beliefs about the importance of the noise source. 

 
• General noise sensitivity. 

 
• The amount and effectiveness of noise level reduction (NLR) features in the home. 
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Some of these the installation can do nothing about.  But, others can be molded with carefully 
focused public relations efforts, and it is these upon which the installation’s Public Affairs Office 
(PAO) should focus. 
 
2.2.2 KEYS TO SUCCESSFUL NOISE COMPLAINT MANAGEMENT 
 
A Noise Complaint Management Program is the system by which installations plan to deal with 
issues caused by noise.  These issues range from the simple addressing of complaints, to advising 
local planning commissions, to plans of action to limit the future threat of encroachment.  These 
programs may be administered by a single person at smaller or more remote installations, or an 
actual noise committee at larger installations or those with significant encroachment concerns.  
The size and scope of the programs are generally up to the individual installations, but noise 
should always be given enough consideration so that, due to lack of attention, what are small 
problems today do not grow into large problems tomorrow.      
 
As stated, Noise Complaint Management Programs can vary from installation to installation 
based on the characteristics of the noise itself, the size of the installation, and the surrounding 
population.  But, all effective programs share certain elements. 
 
Foremost, all successful Noise Complaint Management Programs are built in the cornerstones of 
integrity and sensitivity.   
 
It cannot be emphasized enough that people who lodge complaints must immediately be assured 
the installation cares about their concerns.  This sensitivity to the feelings of complainants 
immediately helps to get to the root cause of the problem.  For instance, many times 
complainants are less irritated by the noise itself than they are about the fact that it startled them 
or it interrupted their Sunday brunch.  In these situations, simply listening in earnest to the 
complainant and explaining (to the degree possible given mission security) why the noise was 
necessary is enough to alleviate the irritation. 
 
Integrity is related to sensitivity in that few people will believe the sincerity of the installation if 
they feel they are being misled.  Consequently, when an installation makes a deal with the public 
(for instance, that there will be no firing before 0900 on Sundays), the installation must strictly 
keep its word in order to maintain credibility and the appearance that the installation is meeting 
the community half-way.  This is not to say that the installation can never change procedures; but 
if it is necessary, it should be explained to the public why before the change takes place.   
 
It is these little behaviors that cultivate goodwill and cooperation.  Empathizing with the public’s 
concerns creates an environment where information is exchanged more freely, ideas come forth 
more fluidly, and parties are more likely to make concessions in order to solve problems. 
 
Within the framework of an integrity- and sensitivity-based management philosophy are other 
proactive tools that can be used to attack the problems of complaints: 
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Listening 
 

The installation must listen to the community to find out exactly what is annoying them.  
It is not enough to simply assume that it is the noise.  The installations needs to find out 
what it is about that noise—the timing, frequency, a particular vibration, etc.—that is 
annoying the complainant.  Once down to the heart to the matter, the complaint may 
sometimes be resolved with simple actions. 

 
Informing 
 

Information is the key to combating those factors leading to annoyance listed in the 
previous section.  The more information the installation can provide to the public 
(without jeopardizing the mission), the more involved they will feel and the less likely 
they will be surprised by something.  Providing the local news media with press releases 
(including a telephone number or website) when unusual operations are scheduled, or 
even when normal operations are to resume after a period of inactivity, can go a long way 
toward limiting complaints.  And for their part, the news media must be monitored to 
ensure that the information is being released to the community in a timely manner.  Also, 
designating a representative to attend community meetings is also an excellent way to 
keep the public informed and for them to associate a human face with the installation. 
 

Responding 
 

Of course, proactive efforts to establish a reputation for integrity and sensitivity mean 
little if the complaints the installation does receive are ultimately ignored.  Accordingly, 
it is important to address complaints in a timely and polite fashion to lower the intensity 
of the situation.    When the public is aware that each complaint is responded to quickly 
and courteously, the potential of the complainants organizing into citizen action groups 
(that complain to higher levels of command and government) is reduced considerably. 

 
Still, to really understand issues of noise complaints and encroachment, one must first 
understand the basics of noise itself. 
 
2.3 NOISE AND NOISE ASSESSMENT 
 
Noise is simply unwanted sound. 
 
The “unwanted” part of that definition is of course subjective to the receiver, and dependent 
upon many variables that were touched upon in Section 2.2.1.  But, properties of sound have 
been studied for hundreds of years in a branch of physics called “acoustics.” 
 
Note: This section is a highly simplified discussion. A more detailed discussion of sound is 
located in Appendix A, and as stated previously, the Army regulations on operational noise are 
spelled out in AR 200-1, the noise portion of which is located at Appendix F. 
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2.3.1 THE SCIENCE OF SOUND 
 
For the purposes of this plan, sound is the vibration of air pressure about a mean atmospheric 
pressure that is usually defined as 100,000 Pascals or 14.7 pounds per square inch (the standard 
atmospheric pressure at sea level).  While all animals have different hearing ranges, these 
changes in the atmospheric pressure as they relate to human hearing vary from approximately 
0.0006 Pascals for a whisper at two meters, to 1,000 Pascals for an M16 rifle at the shooter’s ear.  
It has two basic parts: the energy (i.e., is it loud or soft?) and the frequency (is the pitch high or 
low?). 
 
Because of this large effective range of sound pressure and the fact that the human ear responds 
more closely to a logarithmic scale (rather than a linear), the decibel system (dB) was developed 
to quantify sound energy (loudness) into a meaningful and manageable scale.  On this scale, the 
range of average human hearing runs from approximately zero (the threshold of hearing) to 140 
for a healthy human hear, though zero is by no means the absence of sound (some people may 
hear sounds as low as -10 dB).  Interestingly, the non-linear characteristics of human hearing 
means that in the decibel scale, a 3 dB increase is roughly a doubling of sound energy, but it 
takes a 10 dB increase for something to actually sound twice as loud.   
 
In the same vein, the human ear is not equally sensitive to all sounds in the entire frequency 
spectrum—it works most efficiently in the medium frequencies where speech is found.  Thus, to 
make a sound measurement more meaningful, scientists have developed processes called 
frequency weighting whereby certain ranges where the ear is more sensitive are factored in more 
heavily than others where the ear is less sensitive.  Consequently, when looking at decibel 
numbers it is important to recognize whether the measurements are weighted or peak (i.e., 
unweighted).  
 
So, frequency weighting is in effect a type of filtering and, in the context of this plan, the two 
important filters are A-weighting (dBA) and C-weighting (dBC).  A-weighting is used most often 
and particularly for higher frequency sounds such as small arms firing and transportation…the 
things that make a “crack” or a “hum.”  C-weighting is used for low-frequency events such as 
large arms and demolition explosions…the things that make a “boom.”  This weighting becomes 
important when creating the noise zones discussed later in this section. 
 
Yet, there are other characteristics of sound that are important when determining how a sound 
becomes a noise.  This is where the importance of the means of sound measurement (i.e., by 
what “yardstick”) comes to the forefront. 
 
2.3.1.1 SOUND PROPAGATION 
 
When thinking about mitigation strategies, it should also be kept in mind that there are many 
factors affecting sound propagation, or the how and where of sound travel. 
 
As stated, sound travels through air.  So, anything that affects the density or composition of the 
air, or that interrupts the sea of air between the source and the receiver will have an effect on 
what sounds that receiver ultimately hears.  This is a good news/bad news situation. 
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The good news is that the creation of physical barriers can do a great deal to reduce the travel of 
certain kinds of noise.  These barriers can be as large as a berm or a wall near the source, or as 
tiny as a change in the insulation in the home of the receiver, and they can be quite effective at 
reducing complaints from the public.  Due to their smaller wavelengths, physical barriers are 
most effective against high frequency sounds such as small arms fire and transportation sounds.  
Low frequency sounds from large arms and explosions have such large waves that they travel 
over almost anything smaller than a mountain. 
 
The bad news is that one of the greatest influencers of sound propagation is the one over which 
humans have the least amount of control: the weather.  Certain weather conditions can make 
sound travel for great distances, and others barely at all.  Temperature and wind velocity are the 
prime variables in this phenomena, and the swing at one place between the most favorable and 
least favorable weather conditions can be as much as 40-50 dB (equating to a 16-32x increase in 
loudness). 
 
Since sound travels through air, a receiver downwind of the source will be subjected to higher 
sound levels than a receiver upwind; the breeze is actually helping move the sound to the 
downwind receiver, but upwind the sound must “swim against the current.” 
 
Combine wind direction with temperature variation (as a rule, sound usually travels further in 
cold temperatures) and one may observe the phenomena of atmospheric refraction.  This is the 
process by which atmospheric conditions actually bend and/or focus sound waves toward some 
areas and away from others. 
 
This makes predicting sound travel tricky, but the Explosives Research Group (ERG) and the 
University of Utah developed guidelines to help determine what would be “good” or “bad” firing 
times.  These guidelines are summarized in Table 2-1. 
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“Good” Firing Conditions “Bad” Firing Conditions 
 
Clear skies with billowy cloud 
formations, especially during warm 
periods of the year. 
 
A rising barometer immediately 
following a storm. 

 
Days of steady winds (5-10 mph) with 
gusts of greater velocities (above 20 
mph) in the direction of nearby 
residences. 
 
Clear days on which “layering” of 
smoke or fog are observed. 
 
Cold, hazy, or foggy mornings. 
 
Days following a day when large 
extremes of temperature (about 36°F) 
between day and night are observed. 
 
Generally high barometer readings with 
low temperatures. 
 

 
Table 2-1 University of Utah Criteria for “Good” and “Bad” Firing Conditions 

 
2.3.2 NOISE METRICS 
 
There are several metrics that may be used to measure sound to make it relevant to a situation.  
Certainly few people would complain if a plane flew over their house at 15,000 feet once a year 
at 2:00 in the afternoon.  Yet, if that plane flew over a house at 500 feet once a day at 2:00 in the 
morning, it would be a different story entirely. 
 
So, questions such as “what time?” and “how often?” are just as important as “how loud?” when 
it comes to making sound measurements meaningful for the purposes of complaint management.  
The following are the primary metrics that USACHPPM and the Construction Engineering 
Research Laboratory (CERL) use for measuring military noise (please see Appendix A for more 
in-depth definitions): 
 

• Equivalent Sound Level (Leq) – Sound exposure “averaged” over a prescribed time 
period (usually 24 hours). 

 
• Day-Night Level (DNL) – An average like the Leq but with a 10dB “penalty” inflicted 

on sounds occurring between the hours of 2200 and 0700 (a particularly intrusive 
time when people are usually sleeping).  As discussed above, the DNL may be A-
weighted (ADNL) or C-weighted (CDNL) depending on the noise being measured.  
This average is calculated over a “year,” or typically 250 (for active military) and 104 
(National Guard) training days.   
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Note: Since they are based on averages, DNL noise contours (see next Section) grow 
larger the more shots are fired. 

 
• Sound Exposure Level (SEL) – the total energy of a sound event normalized to a 

specific amount of time (e.g., one second) so that sounds of different durations may 
be compared directly. 

 
• PK15(met) – the peak sound level, factoring in the statistical variations caused by 

weather, that is likely to be exceeded only 15% of the time (i.e., 85% certainty that 
sound will be within this range).  This is exists only in modeling—one cannot take a 
PK15(met) reading on the ground—and it is used for land use planning with small 
arms and as additional information for large arms and other impulsive sounds.   

 
Note: If there are multiple weapon types fired from a particular location (or multiple 
firing locations), the single event level used to create a noise contour (see next 
Section) is the loudest level that occurs at each receiver location.  As such, 
PK15(met) contours are the same size no matter how many shots are fired.   

 
• Unweighted Peak – the peak, single event sound level without weighting, on the 

ground.  This measurement takes into account everything from berms, to weather, to 
the length of the grass—but it is only good for that moment in time under those exact 
conditions.  Consequently, there is no particular confidence built in that the number is 
reliable in other situations, such as with the 85% certainty built into the PK15 (met) 
above.  

 
There is no single perfect way to measure noise because different entities have different 
preferences for what is important.  Still, combinations of the above metrics give the clearest 
picture of a noise environment currently available, and in them most people will find the 
information they need.  
 
2.3.3 NOISE ZONES 
 
When it comes to land use planning, it isn’t enough to have a bunch of numbers.  There needs to 
be a way to use the above-mentioned metrics and represent the results visually on a map so that 
people can readily see what areas are impacted and to what degree.  This is accomplished by 
employing computer modeling programs to create noise zones that, using Geographic 
Information Systems (GIS), may be overlaid onto maps showing installations, airports, 
neighborhoods, and the like.  Once this is done, it becomes readily apparent which areas in and 
around an installation are or could be (if improperly developed) exposed to unacceptable levels 
of noise. 
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2.3.3.1 NOISE ZONES AS THEY RELATE TO LAND USE 
 
The Army uses a system whereby noise is partitioned into three noise zones, each labeled by 
Roman numerals and each representing an area of increasing noise.  As particular uses such as 
schools, residences, and churches are more sensitive to noise than other more industrial uses, the 
zones help to create a picture of where things should be located.  Please see Section 9 and 
Appendix E for more details regarding which uses should be permitted in each noise zone.   
 

Noise Zone I (NZ I) 
 

NZ I includes all areas in which the PK15(met) decibels are less than 87 dB (for small 
arms), the ADNL is less than 65 (for aircraft), or the CDNL is less than 62 (for large arms 
and explosions)—it’s usually the furthest zone from the noise source, and it is basically 
all areas not in either of the next two zones.  As a rule, this area is suitable for all types of 
land use. 

 
Noise Zone II (NZII) 
 

This is the next closest area to the noise source where the PK15(met) decibels are 
between 87 and 104, the ADNL is between 65 and 75, or the CDNL is between 62 and 70.  
The noise exposure here is considered significant and the use of land in this zone should 
generally be limited to activities such as manufacturing, warehousing, transportation, and 
resource protection.  Residential use is strongly discouraged; however, if the community 
determines that this land must be used for houses, then the integration of NLR features 
into the design and construction should be required.  Further details of NLR ideas and 
strategies are available from USACHPPM. 

 
Noise Zone III (NZ III) 

 
NZ III is the area closest to the source of the noise where the PK15(met) decibels are 
greater than 104, the ADNL is greater than 75, or the CDNL is greater than 70.  The 
noise level in this area is so severe that no noise-sensitive uses should be considered 
therein. 

 
One final zone is the more informal Land Use Planning Zone (LUPZ).  This zone is at the upper 
end of the NZ I and is defined by a CDNL of 57-62 or an ADNL of 60-65.  It accounts for the 
fact that some installations have seasonal variability in their operations (or several unusually 
busy days during certain times of the year) and that averaging those busier days over the course 
of a year (as with the DNL) effectively dilutes their impact.  Showing this extra zone creates one 
more added buffer layer to encroachment and it signals to planners that encroachment into this 
area is the beginning of where complaints may become an issue, and that extra care should be 
taken when approving plans.  Table 2-2 shows all of the noise zones by the respective noise 
levels. 
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Table 2-2 Noise Zone Decibel Levels (AR 200-1) 

 
Again, Army Regulation 200-1 contains the specific regulations governing operational noise.  As 
stated, the noise section of AR 200-1 may be found in Appendix F, and it is a must for any 
personnel responsible for the creation or mitigation of operational noise to familiarize themselves 
with this document. 
  
2.3.3.2 THE ARMY COMPATIBLE USE BUFFER (ACUB) PROGRAM 
 
Along with the aforementioned noise zones, the Army has a specific program designed to limit 
the effects of encroachment.  The ACUB program was borne out of a 2002 expansion of the 
Private Lands Initiative (10 USC §2684a) and it allows military departments to partner with 
private organizations to establish buffer areas around active installations.  These partnerships 
benefit the citizens of the United States in a number of ways: 
 

• Military readiness is maintained when training days are not lost to encroachment issues. 
 
• Open spaces are protected from development and many times may be used by the public 

for recreational purposes. 
 

• The military need not buy and maintain more land in order to meet its training needs. 
 

• Critical habitat for threatened and endangered species (TES) is preserved or created.  
 
An example of the success that the ACUB program is capable of garnering can be found at Fort 
Carson, Colorado.  Through good will and cooperation between Fort Carson, the Nature 
Conservancy and private land owners, Fort Carson was able to put into motion mechanisms to 
protect its entire southern boundary and a large portion of its eastern boundary from 
incompatible development, and thus protect the training at its southern ranges. 
 
More information on the ACUB program and other issues of range sustainability can be found at: 
 

http://www.sustainability.army.mil/ 
 

 
Noise Zone 

 
Aviation 
 (ADNL) 

Small Arms 
 (PK15(met)) 

 
Large Arms, 

Demolitions, Etc. 
(CDNL) 

 
Land Use Planning 
Zone (LUPZ) 

 
60-65 

 
N/A  

 
57 – 62 

 
Zone I 

 
<65 

 
<87 

 
<62  

Zone II 
 

65-75 
 

87 – 104 
 

62 – 70  
Zone III 

 
>75 

 
>104 

 
>70 

 
Legend: > = greater than, < = less than, N/A = not applicable 
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2.3.4 THE SPECIFICS OF MILITARY NOISE 
 
The previous section briefly touched on military noise when it introduced the idea of A- and C-
weighting for different types of sounds.  But, military operations produce several different kinds 
of sounds that could be construed as noise under the right conditions, and understanding where 
the noise is coming from is critically important to mitigation efforts by both the installation and 
the community. 
 
2.3.4.1 SMALL ARMS 
 
The firing of small arms (that is, weapons less than 20 mm) is one of the most common sources 
of military noise.  Given that small arms ranges take up relatively little space, and that all 
members of the military must qualify at least annually with their weapons, it is little surprise that 
nearly every installation has at least one small arms range. 
 
The computer model used to create the noise contours for small arms ranges is the Small Arms 
Range Noise Assessment Model (SARNAM), and it uses the peak noise level to create noise 
zones.  SARNAM incorporates the latest available information on weapons noise source models, 
directivity, sound propagation, and the effects of noise mitigation and safety structures such as 
berms, wall, and ricochet barriers. 
 
For reference, Table 2-3 shows the unweighted peak levels (i.e., no filters, and not taking into 
account any mitigation or safety structures) for an M-16 rifle so that the reader may get a feel for 
the directivity and distance decay of small arms noise.  Note: the 180° azimuth is directly behind 
the weapon. 
 

Predicted Level, dBP 
Azimuth 

Distance  
(meters) 

0o 90o 180o 
50 135-150 112-127 102-117 
100 113-128 106-121 95-110 
200 106-121 99-114 89-104 
400 93-108 86-101 78-93 
800 85-100 77-92 69-84 
1600 75-90 67-82 59-74 

 
Table 2-3 Predicted Unweighted Peak Decibels (dBP) for an M-16 (5.56 mm) Rifle 

 
This table is useful in conveying two pieces of information:  Firstly, when dealing with small 
arms ranges, the direction of fire has a large impact on noise levels.  Secondly, the impact of a 
small arms range is relatively localized and thus, under most weather conditions, once a receiver 
is 1,000 meters from the range, levels should not be high enough to annoy people. 
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2.3.4.2 LARGE ARMS, DEMOLITIONS, AND OTHER IMPULSIVE SOUNDS 
 
The sounds from large arms, demolitions, and other impulsive sounds create the largest 
complaint issues because the sound can travel so far, it is so difficult to stop, and it can be 
accompanied by vibration that may increase the public’s annoyance. 
 
This type of noise is modeled using the BNOISE2 computer modeling program and contours are 
shown on maps in both the average (C-weighted DNL) and PK15(met) iterations.  AR 200-1 
states that the CDNL should be used for the purposes of land use planning (Table 2-2).  However, 
members of the public often view “averages” incredulously, so the PK15(met) contours are 
shown to give an idea with 85% certainty of how loud at any particular location single events are 
likely to get.   
 
The unweighted peak threshold of physiological hearing damage to the human ear is 
approximately 140 dBP, but the threshold for annoyance varies greatly among individuals.  So, 
based on the experiences of the Naval Surface Warfare Center (Dalhgren, VA), USACHPPM 
uses the set of guidelines shown in Table 2-4.   
 

Predicted 
Sound Level 

(PK15(met)) 
Risk of Complaints 

<115 Low risk of complaints 

115-130 Moderate risk of complaints 

>130-140 High risk of noise complaints. 

>140 
Threshold for permanent physiological 
damage to unprotected human ears; high risk 
of physiological and structural damage claims 

Note:  For rapid fire test programs and/or programs that involve many 
repetitions of impulse noise, reduce allowed sound levels by 15 dBP. 

 
Table 2-4 Complaint Risk Guidelines 

 
Pairing these guidelines with the following tables (Tables 2-5 and 2-6) give an example of what 
noise levels to expect at specific distances, and whether or not those levels have a risk of 
generating complaints.  Again, an azimuth of 180° means that the listener is behind the gun.    
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Predicted Level (dBP) 

Azimuth Distance 
(meters) 

0° 90° 180° 
500 138-148 137-147 133-143 

1,000 127-137 126-136 122-132 
2,000 115-127 114-126 110-122 
3,000 108-121 107-121 103-116 
4,000 103-117 103-116 98-112 
5,000 100-114 99-113 94-109 

 
Table 2-5 Predicted Peak Sound Levels for 120 mm Tank Gun Firing 

 
Predicted Level (dBP) 

Azimuth Distance 
(meters) 

0° 90° 180° 
500 136-146 131-141 122-132 

1,000 125-135 120-130 111-121 
2,000 113-125 108-120 99-111 
3,000 106-119 101-114 92-105 
4,000 101-115 96-110 87-101 
5,000 97-112 92-107 83-98 

 
Table 2-6 Predicted Peak Sound Levels for 155 mm Howitzer Firing 

 
Regarding vibration, studies (Siskind, 1989) have shown that homeowners become concerned 
about the structural rattling and potential damage when the peak decibels exceed 120 dBP, but 
actual damage isn’t likely to occur at decibels lower than 150 dBP. 
 
2.3.4.3 AIRCRAFT 
 
Aircraft noise is also very common at military installations now that the use of helicopters has 
become so important in modern warfare, and given the fact that even the smallest installations 
can employ them (since they do not need space for a runway).  So, between classic propeller, jet, 
and rotary aircraft, the possibilities for aircraft noise complaints is growing.    
 
Several computer models are used to visualize aircraft noise but the most common is 
NOISEMAP/BASEOPS.  Table 2-2 spells out the AR 200-1 ADNL aircraft noise zones used for 
land use planning. 
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But, as stated before, the ADNL is just an average; maximum levels are often a good predictor of 
complaint potential.  Thus, the tables below give the expected maximum levels for the most 
common types of military aircraft (Table 2-7), and the percentage of the population that is likely 
to be annoyed by particular maximum levels (Table 2-8).  Using these two tables can give a 
rough idea of whether a complaint is likely given specific training parameters. 
  

Maximum Sound Level by Aircraft Type (dBA) 
(speed at 100 knots) Slant Distance 

(Feet) 
C-17 AH-64 CH-47D OH-58D UH-1 UH-60 F-16 

200 101.0 91.8 97.5 89 91 91 105 
500 91.4 83.4 89.3 80.5 82.8 82.5 96.4 

1,000 83.3 76.8 83 73.8 76.4 75.9 89.6 
2,000 74.4 69.8 76.5 66.7 69.8 68.7 82.3 
5,000 62.1 59.1 67.1 56.1 60.2 57.8 71.1 
10,000 51.8 49.6 59.1 47.1 52.1 48 61.2 

   
Table 2-7 Maximum A-Weighted Sound Levels of Common Military Aircraft  

 
Maximum Level 

(dBA) 
Percentage Highly 

Annoyed 
70 5 
75 13 
80 20 
85 28 
90 35 

 
Table 2-8 Percentage of the Population Likely to be Highly Annoyed by Particular Levels of 

Aircraft Noise 
 
2.3.4.4 MANEUVER TRAINING AND OTHER TRANSPORTATION 
 
At most installations, noise from maneuver training isn’t a problem because the noise from 
vehicles doesn’t travel beyond the distance away from the public that is needed to maintain 
security.  Occasionally convoys or special circumstances can be disruptive, but usually not to the 
point where it would cause a complaint about noise.   
 
Additionally, maneuver training rarely creates enough noise to create a noise zone contour that 
can be shown on a map so nearly any adjacent land use is technically compatible (though not 
always desirable).    
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2.3.4.5 MISCELLANEOUS 
 
Other sources of military noise include generators, production facilities, research and 
development facilities, and repair operations.  For the most part, complaints from these types of 
sources are rare and are often resolved at an installation-level. 
 
As with maneuver training, these types of noise producers also rarely create enough noise to 
create a noise zone contour. 
 
2.4 OPERATIONAL NOISE MANAGEMENT AND MITIGATION 
 
The fact that military training makes noise will not change for the foreseeable future.  But, it is 
possible for both the military and civilian communities to work together for mutual benefit to 
change how noise is handled. 
 
As has been said previously, noise management on the community’s side of the fence is best 
accomplished through an intelligent, common-sense approach to land use planning next to the 
installation, entailing a willingness to be creative with how to use the land to accommodate the 
community’s growth needs. 
 
On the military side of the fence, successful operational noise management is generally tackled 
on two fronts: physical mitigation measures and procedural changes. 
 
2.4.1 PHYSICAL NOISE MITIGATION 
 
Physical mitigation is the idea of putting something in between the source and the receiver, or 
otherwise orienting the source so that noise is directed away from the receiver to the greatest 
extent possible.  Physical mitigation is best planned for prior to construction, but it may also be 
employed after construction in some situations.  Examples of physical mitigation are: 
 

• Locating/re-locating ranges relative to natural impediments such as in valleys or 
behind large stands of trees. 

 
• Constructing artificial berms or enclosing a small arms range within walls and baffles. 

 
• Orienting noise sources toward the interior of the installation property. 

 
As alluded to in the section on propagation (Section 2.3.1.1), the physical mitigation of noise is 
generally feasible only on the higher frequency sounds such as small arms fire, because 
impulsive noise tends to have wave characteristics that make ineffective all but the largest 
obstacles.    
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2.4.2 PROCEDURAL NOISE MITIGATION 
 
Physical mitigation of noise (where feasible) should also be coupled with procedural changes 
that lessen either the noise itself, or the likelihood that the noise will impact the community. 
 
Procedural mitigation includes such steps as: 
 

• Implementing fly-neighborly programs that adjust aircraft training times and routes to 
lower the impact on the community to the greatest extent possible given mission 
requirements. 

 
• Adjusting the timing, where feasible, of particularly disruptive activities to avoid 

conflicts with local events such as church times or holidays. 
 

• Keeping the community informed (when feasible), making public any unusual 
increases in the intensity of training or if training is to be resumed after a period of 
inactivity. 

 
• Proper review of Environmental Assessments (EAs) and Environmental Impact 

Statements (EISs) to ensure that the noise impacts of the proposed actions are 
addressed and are consistent with the current ONMP. 

 
• Physical monitoring of the noise environment (as opposed to computer modeling) 

when the noise environment is controversial, when an NZ III exists in a noise-
sensitive area, and when a noise is unique and cannot be modeled. 

 
• Incorporating noise contours as a layer on the facilities GIS system so that the 

contours may be combined with other layers (such as land use) and referenced when 
siting new facilities.  

 
Obviously, efforts at reducing noise impacts through procedural means can only be effective if 
they are adhered to.  As such, the proper training of personnel to consistently obey the noise 
mitigation procedures that are in place and the instituting of consequences for not complying are 
vitally important. 
 
2.5 SUMMARY 
 
This section provided the scientific basics of sound itself, the reasons that a sound may become 
noise, the sources of operational noise, the basics of mitigation, and the big picture of how all of 
these relate to encroachment and complaints. 
 
Operational noise and development pressures will continue to create the possibility of friction for 
the foreseeable future.  However, sensible planning and the appropriate, timely management of 
problems can prevent localized pockets of discontent from destroying a mutually beneficial 
relationship between an installation and its surrounding community.  It just takes understanding, 
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hard work, creativity, and willingness to compromise.  And, while it is true the Army cannot 
control these traits in others, it can certainly facilitate diplomacy by setting the example.  
 
 
The following sections will provide the correct noise complaint management procedures, address 
in detail the specific noise environments at relevant areas, and provide targeted mitigation 
strategies.
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3.0 
New Jersey Army National Guard 
 
 
3.1 GENERAL 

The Army National Guard (ARNG) exists in all 50 states, three territories and the District of 
Columbia. The state, territory or district leadership are the Commanders in Chief for each Guard. 
Their Adjutants General are answerable to them for the training and readiness of the units. At the 
state level, the governors reserve the ability, under the Constitution of the United States, to call 
up members of the National Guard in time of domestic emergencies or need.  During national 
emergencies, however, the President reserves the right to mobilize the National Guard, putting 
them in federal duty status. While federalized, the units answer to the Combatant Commander of 
the theatre in which they are operating and, ultimately, to the President.  Even when not 
federalized, the Army National Guard has a federal obligation (or mission.) That mission is to 
maintain properly trained and equipped units, available for prompt mobilization for war, national 
emergency, or as otherwise needed.   

 Typically, National Guard members are required to attend one drill weekend each month and 
one annual training period (usually 2 weeks in the summer) each year, although a significant 
number serve in a full-time capacity, in a role called Active Guard and Reserve, or AGR.  
Weekend drills usually consist of one Saturday and Sunday each month, but occasionally include 
reporting for duty on Friday night.  Training time is precious to Army National Guard soldiers. 
The Army National Guard uses many unique training methods, from "real-life" training 
exercises, like rotations at the National Training Center in Fort Irwin, California, to high-tech 
simulation training and distributed learning. 

The Army National Guard continues to structure its forces to provide for a compatible and inter-
operable force that is fully capable of accomplishing state, national, and international missions in 
war and peace. To meet these requirements, the ARNG maintains a balanced mix of combat, 
combat support (CS), and combat service support (CSS) units. These units are structured to 
integrate seamlessly with active component units as needed.  The ARNG structure is as follows: 

 15 Enhanced Separate Brigades 
 Eight Divisions 
 Three Strategic Brigades (31st SAB, 92nd SIB, and the 207th Scout Group).  
 Two Special Forces groups (19th and 20th).  

The force composition of the ARNG is 52 percent combat, 17 percent CS, 22 percent CSS, and 9 
percent table of distribution and allowances (TDA) units, typically state headquarters units. 
 
The New Jersey Army National Guard (NJARNG) mission, function and scope are not unlike 
any of those functions described above. NJARNG personnel train for domestic and national 
emergencies as well as wartime military operations. The NJARNG maintains one major training 
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center, two Army Aviation Support Facilities (AASF), and 31 armories state-wide. The major 
units of the New Jersey Army National Guard are the following: 

 Joint Forces Headquarters  
 47th Troop Command  
 50th Infantry Brigade Combat Team  
 42nd Regional Support Group  
 254th Regional Training Institute (Combat Arms)  
 Joint Training and Training Development Center (JT2DC) 

The major training facilities in New Jersey are as follows: 

 Sea Girt NJARNG Training Center  
 West Trenton AASF - Trenton Mercer Airport 
 Lakehurst  Naval Air Engineering Station AASF (Future Relocation) 

The NJARNG has Training Readiness Code (TRC) C armor, cavalry, and mechanized infantry 
units that are elements of the 42nd AR Division.  The state does not own an Army standard 
gunnery range nor does it possess adequate heavy maneuver area to train its units.  Fort Drum, 
New York is its primary training site.  Fort Drum has Army standard gunnery ranges for crew 
gunnery qualification and 20,300 acres of heavy maneuver area, which can accommodate an 
armor platoon maneuver area requirement of 2,471 acres and 57 percent of the 35,582 acres 
required for one mechanized infantry platoon.  Fort Dix, New Jersey also has available gunnery 
ranges and a very small amount of heavy maneuver area that can support armor platoon 
maneuver training.  Figure 3-1 shows the general location of three facilities above within the 
State and there proximity to one another.   The graph below (Table 3-1) summarizes the monthly 
utilization rates by fiscal year (1997-1999) for NJARNG ranges and training facilities.  Although 
the data used is not current is does present a good baseline for NJARNG training during a non-
deployment timeframe.  As is the case with most ARNG units, the majority of usage for 
NJARNG units falls in the spring and summer months. 
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Table3-1  Monthly Range and Training Site Utilization Rates 
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Figure 3-1  NJARNG Facility Locations 
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3.2 NJARNG ECONOMIC IMPACT 
  
The operations at NJARNG facilities generate substantial revenues to local economies through 
wage and salary payments to military and civilian employees, operating costs such as rent and 
lease payments for various types of equipment, utilities, telephone, office supplies, as well as 
construction contractor payments and other prime contract awards.  Table 3-2 shows a brief 
accounting of the Guard’s economic impact in the state of New Jersey.  
 

Military Pay $119,471,357.00 
Civilian Pay $48,510,332.00 
Goods and Services $50,140,820.00 
Military Construction $7,116,815.00 
Total $225,239,324.00 

 
Table 3-2  NJARNG Economic Impact (www.arng.army.mil) 

 
A second measure of the relative impact of the NJARNG upon the economies of the surrounding 
communities is the number of jobs that are induced in the private sectors as a direct result of 
military troop levels, as well as civilian workers and their off-post expenditures. Despite the 
apparent day-to-day operations of NJARNG facilities as self-sustaining installations, personnel 
working on these facilities and their dependents at home make considerable use of retail and 
service businesses in the local communities. The concept of induced employment related to 
military installations has been addressed in a number of studies which can be used to estimate the 
number of jobs which are created based upon an installation's military population and the 
number of civilians employed. Conservative estimates often put these multipliers at a one to one, 
or one to two ratio. 
 
3.3 NEW JERSEY STATE LAND USE POLICY AND CONTROL 
 
It is important to remember that the only direct land use controls available to the federal 
government result from fee-owned land and easements related to federal projects. Federal 
agencies such as the U.S. Natural Resources Conservation Service, U.S. Forest Service, U.S. 
Agricultural Stabilization and Conservation Service, and U.S. Geological Survey provide 
assistance to landowners to manage their land and water resources to maintain agricultural and 
aesthetic quality. 
 
The State of New Jersey and its counties have the legal authority to impose zoning controls for 
the purpose of controlling land use within their boundaries. Activities that affect the noise 
environment can also have an impact on land use planning and zoning. The NJ Department of 
Environmental Protection (NJDEP) has implemented a Model Noise Control Ordinance to assist 
land use planning when dealing with noise-related issues. Outdoor and indoor standards are 
established for residential, commercial, and multiuse categories. 
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Metropolitan and Regional Planning Commission 
The purpose of a metropolitan or regional planning commission is to study and plan for the 
development of the area, guide unified development of the area, eliminate planning duplication, 
promote efficiency and economy in developing the area, and promote the welfare of the people. 
 
Multi-County Planning and Development Organizations 
NJ encourages multi-county planning and development to promote economic development, to 
assist local governments and private organizations, to prepare comprehensive regional plans for 
economic development and government services, and to coordinate private and public programs 
in the multi-county districts. 
 
County Planning Boards and Commissions 
The purpose of the county planning board is to promote public interest in planning, to prepare 
plans for the county, to receive and make recommendations on public and private proposals for 
development, to prepare and transmit to the county quorum court recommended ordinances 
implementing plans, and to advise public bodies on planning-related matters. 
 
Municipal Planning 
First and second-class cities and incorporated towns have the power to adopt and enforce plans 
for the coordinated development of the municipality and its environs. The municipality’s plans 
should promote the general welfare of the citizens while considering present and future needs. 
The municipality’s land use plan is not a zoning ordinance, nor is it as specific as a zoning 
ordinance. Rather it is a declaration of policy, specifying the present and future uses of the land 
within the municipality’s reach. 
 
3.4 NJARNG NOISE COMPLAINT PROCEDURES 
 
In accordance with AR 200-1, the NJARNG has implemented a noise complaint management 
program.  The following is taken from the “Noise Management” portion (Chapter 8) of the 
NJARNG Desktop Guide, which provides details regarding the NJARNG Noise Management 
Program and the Noise Complaint Form: 
 
Compliance Thresholds 
 
Under the environmental noise abatement program, the NJARNG will: 
 

 Assess the impact of all noise that may be produced by proposed NJARNG 
actions/activities, and lessen harmful or objectionable impacts to the greatest extent 
possible. 

 Comply with all applicable federal, state, and local laws and regulations respecting the 
control and abatement of environmental noise. 

 
Responsibilities for Facility Managers 
 

 Ensures the Noise Complaint Form is completed and submitted within five calendar days 
of receiving a complaint. 
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 Track and maintain records of noise complaints and surveys. 
 Ensure the completion of follow-up action. 

 
Procedures 
 
The NJARNG will perform the following: 
 

 Control environmental noise at the greatest extent possible to protect the health and 
welfare of military personnel and their dependents, Army civilian employees, tenants and 
the public adjacent to our facilities. 

 Reduce community annoyance from environmental noise to the extent feasible, consistent 
with NJARNG training and activities. 

 
Noise Complaint Reporting Procedures 
 
A noise complaint will be processed as follows: 
 

 The NJARNG facility receiving the complaint will complete and forward a copy of the 
Noise Complaint Form to the Public Affairs Office (PAO) within five calendar days. The 
Noise Complaint Form is found on the following page (Figure 3-2). 

 The PAO will notify the complainant in writing within five days of receipt that the 
complaint has been received, an investigation is being conducted into the cause of the 
disturbance, and that a final response should be expected within thirty days of the 
incident. 

 The noise-generating activity causing the complaint will complete a follow-up by 
identifying the cause of the noise and any action taken to correct the deficiency. A copy 
of the follow-up report will be forwarded to the PAO, Installation Division Office of 
Environmental Compliance (ID-OEC) and military higher HQ. ID-OEC will forward the 
report to the PAO and Environmental Quality Control Committee (EQCC) chairman. 

 The noise-generating activity will maintain a log of all noise complaints. 
 

The NJARNG facilities will handle jet aircraft noise complaints.  The State Army Aviation 
Office (SAAO) in coordination with the EQCC, the Chief of Staff (CofS), and ID-OEC will 
handle helicopter noise complaints.  However, it is up to shop-level personnel to report any noise 
complaint using the Noise Complaint Form. 
 
Training 
 
Conduct noise awareness training for all facility personnel annually. 
 
Recordkeeping 
 
Maintain the following records for at least three years. 
 

 Document awareness training for all facility personnel. 
 A log of all noise complaints. 
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Figure 3-2  NJARNG Noise Complaint Form 
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3.5 SUMMARY 
 
This section covered general information pertaining to the NJARNG structure, economic impact, 
State land use control and the NJARNG Noise Management Program.  The following sections 
will discuss specific NJARNG facilities including an assessment of the noise generated by 
operations at these facilities and there impacts on the surrounding environments.    
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4.0 
Sea Girt - NJARNG Training Center 
 
 
4.1   LOCATION 
 
The NJARNG Training Center is in central New Jersey along the Atlantic Ocean coastline. The 
installation resides within the borough of Sea Girt, which is in south Monmouth County, NJ 
(Figure 4-1).  NJARNG Training Center consists of approximately 170 acres, the majority of 
which is on flat ground with 10 to 15 foot-tall sand dunes on the far eastern portion of the 
property near the ocean and beach. The NJARNG Training Center is utilized year-round by 
various local, state, and federal government agencies for training purposes. 
 
4.2    MISSION AND TRAINING 
 
The NJARNG Training Center provides training facilities for the NJARNG, the NJ 
State Police, and the NJ State Corrections Officers to perform administrative tasks, physical 
training, and weapons qualification. The area utilized for small arms weapons qualification on 
the eastern side of the installation makes up a small portion of the facilities total area. 
 
The Training Center has a total of three small arms firing ranges (Ranges 2, 3, and 4) and one 
hand grenade accuracy course (Range 1), although currently only two of the small arms ranges 
are active. The ranges are shown in Figure 4-2 and are as follows: 
 

 Range 1 - Hand Grenade Accuracy Course 
 Range 2 - Non-Standard Small Arms Range 
 Range 3 - Basic 10m-25m Small Arms Range 
 Range 4 - Combat Pistol / MP Firearms Qualification Course 
 Range 5 - Proposed Non-Standard Small Arms Range 

 
In addition, a completely new firing range has been proposed (Range 5) north of the three 
existing ranges to facilitate a change in the installation’s training capabilities or an expansion of 
the training mission. The proposed 10-lane Qualification Range would be built with support 
facilities: general instruction, target storage/repair building, ammo breakdown building, 
male/female latrine, mess shelter, bleacher enclosure, and utilities as required.  Small arms 
training can be conducted year-round at these firing ranges.  Small arms weapons fired at the 
ranges include the M-16 rifle, 0.40 caliber, 0.38 caliber, and 9-millimeter pistols; and the 12 
gauge shotgun. 
 
As previously mentioned the Sea Girt Training Center serves as the NJARNG’s primary training 
site, as it is the only site within the state where live-fire activities take place.  The Training 
Center is used for both annual and weekend training. There is one Federal Aviation 
Administration (FAA) approved helicopter landing pad which receives little use.  
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Figure 4-1  Sea Girt NJARNG Training Center General Location 
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Figure 4-2  Sea Girt NJARNG Training Center Firing Range Locations 
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4.3    LOCAL COMMUNITY  
 
The Sea Girt Training Center lies in southeastern corner of the borough of Sea Girt and adjacent 
to the northeastern border of Manasquan in Monmouth County, NJ (See Figure 4-1). The 
boroughs of Spring Lake Heights and Spring Lake and Wall Township are adjacent to the 
boundaries of Sea Girt borough, but are greater than a mile from the Training Center. While 
these boroughs are most likely not impacted by the noise generated from firing range activities 
on a regular basis, they could be positively impacted economically by the existence of the 
facility. 
 
The Sea Girt Training Center’s presence has a measurable impact on the overall population and 
employment levels within the surrounding boroughs. The installation-community relationship 
results in a number of positive impacts and mutual benefits. As indicated in Table 4-1, both the 
Sea Girt Borough and the Manasquan Borough have seen their total populations decrease since 
the year 2000.  The rest of Monmouth County however, has grown 3.2% since the year 2000, 
just under the New Jersey State average of 3.7%.  
 

 1990 2000 2005 
Sea Girt 2,099 2,148 2,069 
Manasquan 5,369 6,310 6,201 
Monmouth County 553,124 615,301 635,285 
New Jersey 7,730,188 8,414,350 8,724,560 
 

Table 4-1 Population Statistics (U.S. Census Bureau) 
 

While the NJARNG Training Center employs numerous state and Federal employees who live 
near the installation, no formal Economic Impact Assessment has been provided for analysis in 
this study.  The income generated by employees at the NJARNG Sea Girt Training Center and 
the money spent on various projects associated with the installation all have a positive economic 
impact on the surrounding community that would otherwise not be noticed under different 
circumstances. 
 
Per capita income for the communities near the Sea Girt Training Center all rank above average 
when compared to the nationwide and State of New Jersey averages. Table 4-2 lists the 
community per capita income averages for communities near in the Training Center vicinity 
along with the State of New Jersey and nationwide averages. 
 

Area/Municipality 2000 Per Capita Income 
U.S. $21,587 
New Jersey $29,094 
Sea Girt  $63,871 
Manasquan $32,898 

 
Table 4-2 Per Capita Income (U.S. Census Bureau, Note: NJ data is from 2003) 
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4.4    CURRENT NOISE ENVIRONMENT 
 
The following discussion deals with conditions that currently exist within the areas around Sea 
Girt Training Center, pertaining to compatible and incompatible land uses. The Federal 
guidelines pertaining to compatible and incompatible land use around military installations have 
been addressed briefly in other parts of the plan. By determining the locations of the noise zones 
and applying the Federal guidelines to these zones, present and future land use can be evaluated 
as to acceptability for various types of activities. 
 
4.4.1    SMALL ARMS NOISE 
 
The primary source of noise on the Sea Girt Training Center is generated through the live fire of 
small arms weapons (<20mm). The combined noise contours for small arms firing are illustrated 
in Figure 4-3.  These noise contours represents the current or baseline training scenario (two 
active ranges without proposed range). The Zone III noise contour extends just beyond the 
training site boundary to the north of the firing ranges.  This is not uncommon, particularly when 
the ranges are so close to the boundary, as is the case with Sea Girt.  There are several structures 
residing within the incompatible Zone III noise contour.  The Zone II noise contour extends 
beyond the boundary to the north and south, as well as out into the Atlantic Ocean. The contour 
only travels as far west as the installation boundary.  The Zone II contour obviously envelopes a 
larger portion of land which covers several private residences/structures.   
 
A second set of noise contours was produced to include the baseline activity along with the 
proposed non-standard small arms range. The range, if built, could increase the total number of 
rounds fired as well as the frequency of range use on the Training Center.  Figure 4-4 shows the 
noise contours for the tentative future or forecast scenario.  The majority of the contours do not 
change from the baseline to the forecast with the exception of the northern portion.  Both the 
Zone III and Zone II contours extend further north into the Borough of Sea Girt and slightly 
further west from the Sea Girt boundary.  

 
4.5    DISCUSSION AND RECOMMENDATIONS 
 
Due to the dense residential nature of land outside the Sea Girt boundary, the noise impact 
generated through small arms live-fire can be variable.  The majority of residences and noise 
sensitive structures exist outside the incompatible Zone III and within the “normally” 
incompatible Zone II. Also, the relatively moderate to low usage of the ranges promotes what is 
generally a low ambient noise level on the installation. Thus, the neighborhoods outside the Sea 
Girt Training Center experience periods of quiet followed by periods of intense small arms firing.   
 
There is little that can be done about the abundant development and residential encroachment 
which already exists’s around the installation boundary. Thus, efforts to dictate or cooperatively 
plan for future land use are effectively stymied.  Efforts must then be directed towards noise 
complaint management and community outreach.  It is recommended that Sea Girt NJARNG 
personnel continue with the noise complaint procedures and noise awareness training outlined in 
Chapter 3.  It is also recommended that the PAO issue a press release to the local communities  
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Figure 4-3 Sea Girt NJARNG Training Center Baseline Small Arms Noise Contours 
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Figure 4-4 Sea Girt NJARNG Training Center Forecast Small Arms Noise Contours 
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if and when training (i.e. small arms firing) exceeds normal operations.  Lastly, it is 
recommended that NJARNG personnel work with the local government(s) to establish real estate 
disclosure in the Boroughs of Sea Girt and Manasquan.  Real estate disclosure will alert new 
home buyers in the area of the nature and extent of the noise and safety hazards generated 
through the Sea Girt NJARNG Training Center’s activities and mission essential operations.  
 
4.6    SUMMARY 
 
This chapter provided a discussion of the Sea Girt NJARNG Training Center, the primary 
training range site for the NJARNG, its noise generating activities and its potential for 
incompatible land uses around its borders.
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5.0 
New Jersey Army National Guard Aviation Facilities 
 
 
5.1    GENERAL 
 
One of the primary functions of the Army Aviation Support Facility (AASF) is to maintain the 
flight proficiency of its assigned personnel through training. Most supported ARNG pilots must 
fly between 86 to 110 hours each year.  In addition to training activities, the AASF also provides 
aviation support as required by The Adjutant General (TAG) and as required by the Governor to 
support State emergency management operations. This support includes hoist operations (i.e., 
airlifting equipment and troops) and fire bucket operations (using aircraft to pick up water in 
buckets to deal with forest fires). Additionally, in wartime, the AASF units will be available to 
provide aviation support to airlift and combat operations, as required to accomplish the Federal 
military mission. 
 
The other major activities performed by the AASF are the refueling, maintenance, and repair of 
the unit’s aircraft and ground vehicles. Refueling operations are conducted on-site by AASF 
personnel. The majority of aircraft maintenance and repair is performed at the unit level (on-
site), but some is performed at the intermediate and depot levels (at other installations). AASF 
wheeled vehicles are maintained at the FMS level (on-site) with no major overhauling. 
 
The NJARNG maintains and operates two Army Aviation Support Facilities. The AASF # 2 is 
located at the Trenton Mercer Airport in West Trenton, NJ and the AASF # 1 is currently located 
at the Naval Air Engineering Station (NAES) in Lakehurst, NJ.  The NJARNG is planning on 
relocating aviation assets from both AASF’s to the NAES Lakehurst, at a modern AASF, in 
order to consolidate the aircraft fleet.   
 
The AASF # 2 facilities at Trenton Mercer Airport will continue to operate fixed wing aircraft 
assets, while the AASF # 1 facilities at Lakehurst NAES be primarily used for rotary wing 
operations, although it can support fixed wing aircraft.  Thus, primarily rotary wing operations 
will now occur at the new NAES Lakehurst location.  These training operations however, will 
continue to utilize the existing training sites, more specifically Fort Dix, Warren Grove Range, 
and the Coyle Drop Zone, with classroom training occurring at the AASFs.  
 
The aircraft operated at AASF # 2 will include the C-12 Huron and OH-58 Kiowa, while the 
AASF # 1 will operate the UH-60 Blackhawk.  For reference, Figures 5-1 through 5-4 show 
examples of each type of helicopters and/or fixed wing aircraft found at the NJARNG AASF’s. 
 
 
 



NJARNG Statewide Operational Noise Management Plan                                     September 2007 
 

                                                                                                  Operational Noise Program 40 

 
Figure 5-1 Example of a UH-60 Black Hawk Helicopter 

 
 
 
 

 
 

Figure 5-2 Example of an OH-58 Kiowa Warrior Helicopter 
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Figure 5-3 Example of a C-12 Huron  
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5.2    AASF # 2 – TRENTON MERCER AIRPORT 
 
The Trenton Mercer Airport, formerly known as Mercer County Airport, is a public airport 
located in Ewing, NJ, four miles northwest of the central business district of Trenton, in Mercer 
County (Figure 5-5).  The airport handles general aviation, corporate aviation and limited 
commercial service.  Trenton Mercer is the sixth busiest airport in New Jersey overall and the 
third busiest commercially (after Newark and Atlantic City).   
 
The airport covers approximately 1,345 acres and has two runways, Runway 6/24, on a 
northeast-southwest alignment, is 6,006 feet long and is the one most frequently used by 
commuter and turbojet aircraft. Runway 16/34, on a northwest-southeast alignment, is 4,800 feet 
long. In addition, the airport also has three helipads.  The airport is serviced by one commercial 
air carrier, two flight schools, the New Jersey State Police, the NJARNG and a variety of private 
corporations.  Passenger volume, which hovered around 65,000 in 1999, has fallen in recent 
years to roughly 20,000 passengers (2005- Mercer County data).  Mercer County owns and 
operates the facility. 
 
The AASF is located on the eastern portion of the airport property and has access to both 
runways (6/24 and 16/34).  The facility houses aircraft and provides aircraft parking, 
maintenance areas, flight operations/planning area and other office space.  The AASF in and of 
itself does not have enough operations to generate a Noise Zone II or III contour (ADNL) off of 
the airport facility.  The current aircraft inventory produced by the NGB has only one permanent 
aircraft listed (C-12) for the AASF, due to the proposed asset relocation plan mentioned in 
section 5.1.  Even with an increase in fixed wing aircraft (C-23) at the AASF, the frequency of 
operations are expected to remain low.  It is also important to remember that the AASF 
operations are only a small part of the total operations for Trenton Mercer Airport (267 per day, 
according to airnav.com), consequently noise impacts from NJARNG aircraft within the airport 
noise contours are undistinguishable. 
 
It may be important to mention that the county has had plans to expand the airport to attract new 
business; however, fierce resistance to these plans by the local communities (Ewing, 
Lawrenceville, Hopewell, Lower Makefield, Pennington and Yardley) has led to impeded 
progress.  The number one concern of these communities is the noise produced from aircraft 
operations.  Therefore, single overflights from AASF aircraft have the potential to generate noise 
complaints, particularly in these neighboring noise sensitive communities.  Care should be taken 
by AASF personnel to maintain the minimum flight altitude along flight routes and remain in 
accordance with the mandatory Noise Abatement Procedures at the airport. A summary of the 
combined 1993 and 1999 Noise Abatement Procedure at the Trenton Mercer Airport are listed in 
Table 5-1. 
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Figure 5-5 Trenton Mercer Airport (AASF # 1) General Location 
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Table 5-1 Summary of Noise Abatement Procedures at Trenton Mercer Airport 
(Final EA - Trenton Mercer Airport Volume 1, 2002) 

 
 
5.3    AASF # 1 – NAES LAKEHURST 
 
Naval Air Engineering Station (NAES) Lakehurst, often referred to as Navy Lakehurst, hosts 
NAVAIR and over twenty other tenant activities. Navy Lakehurst occupies 7430 acres, 
government owned, in the million acre Pinelands National Reserve in central New Jersey. The 
base is 45 miles east of Philadelphia, 50 miles south of New York City, 60 miles north of 
Atlantic City and 10 miles west of the Atlantic Ocean. It abuts Fort Dix to the west, forming a 
42,000 acre Fort Dix/McGuire Air Force Base/ Lakehurst complex (Figure 5-6). 
 
Lakehurst is the world's only provider of full spectrum support for aircraft launch, recovery and 
support equipment systems for U.S. and Allied Naval Aviation Forces at sea and Marine Corps 
Expeditionary Aviation Forces ashore.  From system development, prototyping and 
manufacturing, testing, training, and in-service engineering, NAES Lakehurst provides aviation 
forces with Aircraft Platform Interface (API) needs. 
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Figure 5-6 NAES Lakehurst (AASF # 2) General Location 
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NAES Lakehurst has two paved runways: 06/24 and 15/33. Both runways are 5,000 feet long 
and 150 feet wide. There also are two helipads. One pad is about 400 feet southeast of the 
intersection of the two runways and the other pad is an additional 3,600 feet beyond the first pad. 
The traffic pattern altitude is 1,000 feet AGL. Traffic patterns are typically flown to the west side 
of Runway 15/33 and north side of Runway 06/24 if compatible with the particular aircraft.  The 
air traffic control tower is operational from 7:00 a.m. to 7:00 p.m., Monday through Friday, and 
is closed weekend days and holidays. The tower also is closed every other Friday. However, 
aircraft may operate at the airfield when the tower is closed. There is a drop zone about 0.5 miles 
west of Runway 15/33. NAES Lakehurst also has another non-certified runway west of the 
airfield that is used only for Navy aircraft test operations. 
 
Aircraft activities at NAES Lakehurst include takeoffs, landings, and closed pattern operations 
on the runways and airdrop operations at the drop zone. Airdrops at the drop zone occur from 
altitudes as low as 800 feet AGL. Aircraft operations at NAES Lakehurst are generated by Army 
and Department of Justice aircraft based at the station, transient aircraft, and aircraft from Air 
Force installations, such as McGuire AFB, that use the airfield for practice approaches and 
landings. Table 5-2 presents the average daily and total annual operations currently taking place 
(2004) at NAES Lakehurst without AASF operations. 
 

 
 

Table 5-2 Airfield operations for Military and Government Aircraft at NAES Lakehurst 
(Final EA - Relocation of the NJARNG AASF - 2006) 
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Approximately 100 full-time guardsmen and/or state employees (78 from AASF #1, 22 from the 
previous AASF #2) would staff the new AASF at NAES Lakehurst, and up to approximately 250 
personnel would use the facility on weekends or during annual training. Rotary wing aircraft 
training, as mentioned above, would continue at the existing training sites.  The proposed 
relocation area comprises three buildings (Buildings 129, 307 and 608) and an aircraft parking 
apron within the eastern portion of NAES Lakehurst property.  As mentioned in section 5.1 
aircraft at the facility would include the UH-60 and OH-58, with the possibility of some left over 
UH-1 aircraft as well (The present retirement schedule for the UH-1 was September 30 2005).  
Operations from the AASF are expected to significantly increase the NAES Lakehurst total.  
Table 5-3 shows the anticipated AASF operations, based on 18 UH-60, 13 OH-58, and 6 UH-1 
aircraft.    
 

 
 

Table 5-3 AASF Proposed Operations 
(Final EA - Relocation of the NJARNG AASF - 2006) 

 
These totals would increase the average daily airfield operations from 31.75 to 119.35, including 
the closed pattern operations.   Figure 5-7 is taken directly from the Environmental Assessment 
for the Relocation of the AASF (March 2006), and shows the noise contours for current 
operations (Table 5-2) as well as the anticipated AASF rotary wing operations (Table 5-3).  The 
65 ADNL or Zone II noise contour is contained completely within the NAES Lakehurst 
boundary, even with the addition of the AASF operations. Thus, there are no incompatible land 
uses projected for the future AASF # 2 location.  
 
The perimeter land areas to the north and south (The New Jersey Wildlife and Game Refuge is to 
the north and the Manchester Fish and Wildlife Preserve to the south) are in the Pinelands 
Preservation and Forest areas. Virtually all land uses except agricultural, limited recreation, and 
forestry programs are prohibited in the preservation area (58,000 acres). On the eastern 
boundary, light commercial, industrial, and residential uses are allowed. Clearly, local 
development is severely constrained in the NAES Lakehurst vicinity. For military installations 
within the Pinelands, proposed development must be consistent with the Master Plan to the 
extent that development is compatible with the installation's mission, safety, or other national 
defense requirements. 
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Figure 5-7 NAES Lakehurst Noise Contours with Proposed AASF Operations 
 

5.4    SUMMARY 
 
This chapter provided a discussion of the NJARNG Army Aviation Support Facilities. 
Operations at both facilities are not high enough to generate a noise contour off there respective 
airport and/or joint military properties. Rotary-wing aircraft utilize the open space beyond the 
Trenton Mercer and NAES Lakehurst boundaries, as well as NJARNG training sites to conduct 
necessary aircraft training. The training activities at both the AASF #1 and the future AASF #2 
are compatible with federal guidelines for land use. 
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6.0 
Noise-Related Land Use Policy and Control 
 
 
6.1    GENERAL 
 
The key to the mutually beneficial coexistence of military installations and communities is 
sensible land use planning around the installation.  In the end, the installation can do everything 
possible within its mission to limit noise, but if the planning around the installation is not prudent, 
incompatible uses will find their way to the installation’s boundary and the installation’s 
existence (and possibly the economic backbone of the community) could become jeopardized. 
 
Sensible, proactive land use planning (i.e., before there is a problem) can create a win-win 
situation for all parties. 
 
6.2    LAND USE PLANNING AND THE ARMY 
 
A great part of the success of the United States of America can be attributed to its strong laws 
protecting personal property rights.  The United States military is a constitutionally charged 
protector of those rights and has no interest in dictating what an owner may or may not do with 
his/her property, what a community should put in any particular place, or what value any given 
parcel of land should have.  With that said, an installation would be remiss if it did not point out 
the benefits it brings to a community and how those benefits may be imperiled by the decisions 
(or lack thereof) of local community planners.  
 
Communities all over the country have employed various means to protect entities that they 
deem to be valuable.  This protection has ranged from implementing building codes to ensure 
that new construction in popular historic areas maintains the existing architectural heritage, to 
guarding the small-town feel of a Main Street by restricting the size of businesses that may enter 
a “downtown” business district.  What all of these initiatives have in common is that they are 
intended to steer new development in a direction that is most appropriate given a need to 
preserve the value to the community of what has already come before.  Sensible initiatives to 
ensure compatible land use around military installations are no different.       
 
6.3    ACHIEVING LAND USE COMPATIBILITY 
 
Achieving land use compatibility requires both flexibility and creativity from land use planners, 
installation commanders, and the citizenry.  The previous sections of this document have detailed 
the existing and imminent encroachment threats, and given focused recommendations for how to 
remedy them.  But, what do installations and communities do to tackle problems in the future? 
 
In general, USACHPPM uses the Federal Interagency Committee on Urban Noise (FICUN, 
1980) guidelines (shown in Appendix E) when recommending land use options for areas near 
noise producing activities.  While these guidelines only apply to noise measured in the A-
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weighted DNL (not blast noise), they apply to the noise produced by many of the most common 
sources such as transportation and maintenance/testing operations. 
 
The following sections detail land use planning tools available to installations and communities. 
    
6.3.1    THE JOINT LAND USE STUDY (JLUS) 
 
The JLUS is a collaborative land use planning effort involving the military installation and 
adjacent local governments that evaluates the planning rationale necessary to support and 
encourage compatible development of land surrounding the installation.  Put another way, it is a 
means for the installation and local governments to develop a land use plan that effectively 
addresses the long-term land use needs of the of the surrounding communities, yet still provides 
the military with the mission flexibility it needs to meet training doctrine. 
 
Specifically, the JLUS program is sponsored by the Department of Defense Office of Economic 
Adjustment (OEA) (DODI, 1983), and it provides technical and financial assistance to the 
planning agencies for developing master plans that are consistent, when economically feasible, 
with the noise, accident potential, and safety concerns from an installation’s training and 
operations.  The cost of the plan is split between the OEA and the jurisdictions involved. 
 
The scope of the program is divided into three major tasks: 
 

1. Impact Analysis.  Impact analysis provides and in-depth review of existing and 
proposed land use patterns; drainage (as it effects land use designations); mission 
encroachment (particularly noise); transportation improvements, existing and 
proposed routes; and noise/vibration. 

 
2. Land Use and Mission Compatibility Plan.   Examines the above findings to identify 

conflicts in land use and provide alternative land use solutions; to project the impact 
on growth potential for adjacent areas; and to project the impact of military missions 
on the surrounding jurisdictions. 

 
3. Implementation.  Lists a series of actions and proposals for adoption by local 

jurisdictions to resolve land use conflicts and move toward a compatible land use plan 
for the installation, the adjacent counties, and the communities therein. 

 
While the study report makes certain recommendations, it must be kept in mind that each 
participating jurisdiction must decide which recommendations are best suited to their particular 
needs.  Implementation follows the final recommendations at the discretion of elected officials in 
each jurisdiction and the installation military command. 
 
Many states including North Carolina (Fort Bragg, Pope AFB, MCAS Cherry Point), 
Pennsylvania (NAS/NRB Willow Grove), and South Carolina (MCAS Beaufort) have had 
success utilizing the JLUS program to direct their land use strategies.  On top of this, for fiscal 
year 2005, the Army had eight more JLUSs funded and underway in Massachusetts, Mississippi, 
Arizona, Georgia, California, Kansas, and Pennsylvania (awaiting outcomes). 
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6.3.2    LAND USE PLANNING OPTIONS 
 
The following is a list of the major land use planning tools available to help local governments 
create areas of compatible use around military installations.  These may be used individually or 
in combination, and a detailed explanation of the pros and cons of each is available in Appendix 
D. 
 

1. Zoning 
2. Overlay Districts 
3. Easements 
4. Transfer of Development Rights (TDR) 
5. Land Purchase 
6. Building Codes 
7. Subdivision Regulation 
8. Health Codes 
9. Disclosure of Noise Levels 
10. Land Banking 
11. Special Tax Treatment 
12. Capital Improvements Program (CIP) 
13. Development Loan Restrictions 
14. Public/Private Leaseback 
15. Sales Agreement 
16. Deed/Covenants 
17. Purchase of Development Rights 
18. Eminent Domain 
19. Purchase Option 

 
While this is a substantial portion of the options available, installations and local governments 
are strongly encouraged to be creative to find the equitable solutions that best work for their 
situation. 
 
6.3.3    ENVIRONMENTAL JUSTICE 
 
Environmental Justice (EJ) is an important consideration in any land use plan.  It is defined by 
the U.S. Enviromental Protection Agency as the “fair treatment of people of all races, cultures, 
and incomes, regarding the development of environmental laws, regulations, and policies.” 
 
Over the last decade, there has been growing attention focused on the impact of environmental 
pollution on particular segments of our society.  The concern that some populations bear a 
disproportionate amount of adverse health and environmental effects led President Clinton in 
1994 to issue Executive Order 12898 focusing federal agency attention on these issues.  To this 
end, installations and local governments should ensure that the EJ philosophy is embraced when 
any new measures are enacted to ensure compatible development around military installations.  
Decisions should be based strictly on the operational, safety, and environmental considerations 
of both the installation and the community, not on whether a particular group is more or less 
likely to complain.     
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6.4    CONCLUSION 
 
The evenhanded resolution of any situation involving a disparate population of stakeholders 
requires flexibility, creativity, direction, good-will, and the most accurate information available.  
Effective land use planning is no different. 
 
And, while the entire labyrinth of local regulations cannot be explained in this document, it is 
imperative that installation commanders and decision-makers become familiar with the local 
land use regulations and development climate around their installations in order to properly 
gauge the possibility of impending encroachment issues.  Maintaining a familiarization with 
local regulations by visiting local government offices; a knowledge of federal/installation-
initiated tools and programs (such as the JLUS); and a consciously cultivated relationship with 
local government officials (by making the Installation’s views and preferences known at local 
planning and zoning meetings) are the best ways to address issues of encroachment before they 
in fact become issues.    
 
This Operational Noise Management Plan provides the information and the direction, but it is up 
to the installations and communities to provide the other elements to ensure a mutually beneficial 
coexistence. 
 
Further guidance is always available from USACHPPM’s Operational Noise Program.     
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Appendix A 
Description of Noise, Noise Evaluation, and 
Contouring 
 
A.1 INTRODUCTION 
 
Military noise comes from a variety of sources and is a concern for a number of reasons.  Of 
course big guns make big sounds, but the noise made by everything from generators to trucks to 
machine shop tools must be considered as well.  For the military, issues involving noise can be 
broken down into two components: hearing conservation as it pertains to the physical damage to 
the ear caused by sound, and operational noise as it relates to complaints and encroachment.   
 
The first involves the exposure to noise by individuals who are performing their duties.  Since 
loud sounds are known to cause immediate and/or cumulative hearing damage, the military must 
be constantly monitoring the noise exposure of its employees and soldiers, both in day-to-day 
and combat situations. 
 
The second (and the focus of this piece) centers upon the problems caused when military sounds 
irritate the pubic—whether through poor decisions by installation personnel, or through or 
increasing encroachment around a once-remote installation. 
 
In order to understand how military sounds become a problem, it is important to understand the 
science of sound, and what happens when a sound becomes a noise. 
 
A.2 WHAT IS NOISE? 
 
Noise is simply unwanted sound.  So, in the context of hard science, there is no difference 
between the two.  However, whether something is a “sound” or a “noise” has a great influence 
over the military’s everyday planning and policy decisions as it tries to fulfill it’s 
Constitutionally-charged duty to protect the citizens if the United States of America.   
 
In short, sound isn’t noise until someone says it is; and when it is, it needs attention. 
 
A.3 THE FUNDAMENTALS OF SOUND AND ACOUSTICS  
 
Sound is a physical phenomenon created by minute variations about a mean pressure (or 
vibrations) that travel through a medium such as air or water.  This variation in pressure takes the 
form of waves and, under ideal conditions, these waves travel evenly away from the source much 
like the ripples created when a pebble is dropped into calm water.     
 
However, life on earth is rarely so perfect and the travel of these waves is always being 
influenced by variables such as temperature, terrain, and barriers.  Add to those physical 
influences the fact that our human experience of audible sounds depends on the pattern of 
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vibrations form the source, the way our hearing mechanism interprets these vibrations, and how 
our personalities affect how we feel about those vibrations, and one can begin to grasp the 
complexity of issues involving sound and noise.   
 
The field of science that deals with all of these variables as well as the production, control, 
reception, effects, and propagation is called acoustics. 
 
A.3.1 THE CHARACTERISTICS OF SOUND 
 
As an object moves back and forth in the atmosphere, it collides with the surrounding air 
particles creating a pressure disturbance.  As those air particles collide with adjacent air particles, 
the pressure disturbance begins to spread away from the source of vibration.  At the ear, this 
disturbance generates a vibration in the eardrum that is transmitted via a network of bones to the 
cochlea, which then converts the vibration into an electrical signal that the brain can interpret. 
 
A sound is measured by gauging the alternate compression (“bunching”) and rarefaction 
(“spreading”) of the acoustic pressure disturbance above and below the normal atmospheric 
pressure, and is quantified in units called Pascals (Pa).  Normal atmospheric pressure at sea level 
is 100,000 Pa, and sound waves generally travel at approximately 1,100 feet (335 meters) per 
second through air.  For reference, the variation about this atmospheric pressure can be a little as 
0.0006 Pa (or 60µPa) for a whisper at 2 meters, to 1,000 Pa for an M16 rifle shot at the firer’s ear.  
 
As with all waves, the energy and effects of a sound are dependent upon the sound wave’s 
frequency and wavelength.  Frequency is the number of compressions of rarefactions per unit of 
time.  Wavelength is the distance between successive compressions or successive rarefactions 
(see Figure A-1). 
 

 
 

Figure A-1 Acoustics of a Pure Tone   
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Of course, sounds can bring us important information and/or pleasure. But, whether or not that is 
the case is dependent on two things: the content of the sound and the predisposition of the 
receiver to the sound. 
 
When a sound brings neither pleasure nor information, it is safe to call it a noise. 
 
A.3.1.1 SOUND CONTENT AND HUMAN HEARING 
 
The content of a sound is determined by three defining characteristics: 
 

(1) its spectral or frequency content; 
 
(2) its loudness or intensity; and 

 
(3) its time pattern 

 
But, the importance of each of these is also dependent upon the innate response of a human ear 
that’s primary function was to keep people alive, not critique M-16 fire.   
 
A.3.1.1.1 SPECTRUM AND FREQUENCY 
 
Sound frequency is measured in terms of cycles-per-second or Hertz (Hz).  The normal human 
ear can detect sounds ranging from about 20 Hz to 20,000 Hz (for reference, the average dog’s 
hearing range is approximately 20-45,000 Hz).  However, not all sounds in this wide range are 
heard equally well; the human ear is most sensitive to frequencies in the 1,000 to 4,000 Hz range. 
 
As mentioned earlier, a vibrating object produces a sound wave with a characteristic frequency 
(a tone).   But, there are no pure tones in the natural soundscape.  Instead, any given sound found 
in nature is actually comprised of a complex combination of individual frequency components 
produced by the many different vibrational and oscillatory modes of the sound source.  The total 
of all of these individual frequency components is known as a sound’s spectrum, and knowledge 
of a sound’s spectrum is a key in any attempt to mitigate the sound. 
 
A.3.1.1.2 LOUDNESS AND DECIBELS 
 
The concept of volume (i.e., relative loudness or quite) is fundamentally about the level of sound 
pressure hitting the eardrum.  Historically (and for obvious reasons), the first scientists to 
seriously study the ear’s response to sound pressure were telephone engineers. These scientists 
soon discovered that the human ear responds to a very broad range of pressures and subsequently 
invented a logarithmic scale using the decibel (dB) as its unit of measurement.  
 
The scale is zeroed at the beginning of human hearing (20µPa) and, since the scale is logarithmic, 
each one dB increase is a 10x increase in pressure (see Figure A-2). 
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Figure A-2 Relationship between Sound Pressure and Decibels 
 

For humans, the upper tolerable limit of loudness before hearing damage occurs depends on the 
frequency and duration of the sound.  For example, a 20 millisecond rifle shot at a 140 dB level 
can damage the hearing in some unprotected ears.  But a howitzer shot at 140 dB, with its lower 
frequency (i.e., it’s not as “sharp” as the rifle shot), is far less likely to cause hearing damage.  
Alternately, a passing sound at 120 dB is enough to cause only discomfort, while several minutes 
of such exposure can cause damage.  And, moving further down the scale, one could tolerate as 
much as 8 hours of 85 dB before damage becomes a possibility. 
 
Though laboratory studies have demonstrated a greater acuity, for practical purposes it takes a 
plus-or-minus three dB change in pressure (roughly a doubling or halving of energy) for a person 
to notice a difference across most audible frequencies.   
 
But, because of the logarithmic nature of the decibel, dBs do not add directly.  To get an exact 
answer, the root pressures of the sounds to be added must be combined and then converted to 
decibels using the following formula: 
 

Pressure (dB) = 10 log (Measured Pressure/20 microPascals) 
 
Table A-1 shows the short cuts to dB addition, but these are only to be used for quick 
approximations. 
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When Two Levels 
Differ By: 

Add the Following to 
the Higher Value: 

0 to 1 dB 3 
2 to 3 dB 2 
4 to 9 dB 1 

10 or more dB 0 
     

Table A-1 Shortcuts to Decibel Addition  
 
A.3.1.1.3 VIBRATION 
 
Often hand-in-hand with the discussion of loudness comes the phenomena of vibration.  
Vibration in the context of military training is caused by the impact of lower frequency sound 
waves on unsecured objects.  In fact, there are situations where vibration can be the primary 
irritant to the public, because the sound making the vibration is too low for the human ear to hear.  
Thus, a citizen may have little idea that training operations are occurring at all until a picture 
falls off of the wall. 
 
Vibration issues can largely be abated by appropriate construction techniques (e.g., heavy outer 
walls, suitable duct design, sealing of cracks, etc.) and prescient site planning.  Additionally, 
while many citizens are fearful that vibration may damage their homes, the threshold for damage 
to even a poorly constructed house is far greater than the tolerance of the occupants is likely to 
be. 
 
A list of “dos” and “don’ts” is published in an Army Construction Engineering Research 
Laboratory (CERL) report, Expedient Methods for Rattle-Proofing Certain Housing Components, 
and that report (or additional information on vibration in general) can be obtained from CERL or 
USACHPPM.     
 
A.3.1.1.4 TIME PATTERNS 
 
Time patterns are extremely important to the discussion of sound because it is so important in 
predicting annoyance.   
 
Sound can be classified into four basic categories that define its basic time pattern: 
 

(1) Ambient.  Ambient sound is the ever-present collection of background sounds at any 
given place.  Ambient sound can be strictly natural such as frogs and cicadas in the deep 
woods, strictly mechanical such as street noise in a busy city, or a combination of both 
like that which is found in the suburbs.  It is important to consider the existing ambient 
soundscape because what exists already has much to do with how annoying people will 
find a new sound.  For example, the hum of a generator will be much better tolerated by 
those already living in an area of high mechanized ambient noise than those living in the 
far woods.    
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(2) Steady-state.  Steady-state sound is a sound of consistent level and spectral content such 

as that which originates from ventilation or mechanical systems that operate more or less 
continuously.  From a military perspective, generators and aircraft run-up sounds are the 
most prominent steady-state sounds and, as a rule, the longer a steady-state sound persists, 
the more annoyed people will be. 

 
(3) Transient Sound.  Transient sound has a clearly defined beginning and end, rising above 

the background and then fading back into it.  Transient sounds are typically associated 
with “moving” sound sources such an aircraft overflight or a single vehicle driving by, 
and they usually last for only a few minutes at the most.  The annoyance caused by 
transient sounds is dependent upon both the maximum level and the duration.   

 
(4) Impulsive Sound.  Impulsive sound is of short duration (typically less than one second) 

high intensity, abrupt onset, rapid decay, and often a fast-changing spectral composition.  
It is characteristically associated with such sources as explosions, impacts, the discharge 
of firearms, the passage of supersonic aircraft (sonic booms), and many industrial 
processes.  Impulsive sound can be particularly annoying because of the “startle factor” 
where the receiver has no warning that exposure to a loud sound is imminent.  

 
The temporal aspect of a sound is important when it comes to predicting annoyance.  Even a 
sound that is barely audible can be extremely irritating if it is continuous and is occurring at an 
inconvenient time (such as bedtime).  
 
A.4 NOISE EVALUATION AND METRICS 
 
There is little disagreement about the fact that noise must be regulated to some degree in order to 
maintain the quality of life for the public at large.  However, noise is one of those things where 
everyone seems to know it when they hear it, but it has been historically difficult to define in 
words or numbers.  This has been particularly irksome to lawmakers, because any laws 
regulating noise must be clearly understood to both producers and receivers in order to be 
effective.  Consequently, over the past 30 years a wide variety of acoustic measures and rating 
scales have been developed for the purpose of quantifying the sound generated by particular 
sources. 
 
To date there is no perfect way to quantify noise for every circumstance and condition, but there 
are ways to assign meaningful numbers to sounds so that they can be compared from situation to 
situation. 
 
A.4.1 WEIGHTING 
 
As stated above, due to the natural response of the human ear, the perception of loudness is not 
consistent across frequencies.  For instance, at any sound pressure less than 90 dB, a 1000 Hz 
tone would sound louder than a 100 Hz tone.  While this is a bit of an oversimplification, 
essentially, as the frequency drops, it takes more pressure (volume) to maintain the same sense of 
“loudness.”  
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Accordingly, weighting scales have been developed so that the intensity of a sound (or noise) can 
be equalized and brought in line with the actual human perception.  The weighting scales that 
concern operational noise are the A-scale (A-weighting) and the C-scale (C-weighting), both 
specified by an American National Standards Institute standard (ANSI, 1983).  Figure A-3 shows 
the relationship between the two scales. 
 

A-weighting 
 

The A-weighting of decibels (dBA) was designed to work primarily with higher 
frequency sounds.  In military noise, this would encompass such sounds as those from 
generators, aircraft, maneuver drills, and general transportation. 

 
C-weighting 
 

The C-weighting of decibels (dBC) is used for intense signals containing low frequency 
sound energy like those that emanate from large gun blasts, sonic booms, and detonations.       

 
Figure A-3 A- and C- Weighting Scales 

 
A.4.2 NOISE METRICS 
 
The weighting scales are only one part of noise evaluation.  In order to get a proper idea of the 
overall effect of noise, one must combine the weighting scales with the effects of a sound’s time 
pattern to get a meaningful, all-encompassing cumulative noise measurement that can be used to 
compare noise exposure across a variety of situations.   
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Here, too, there are several choices of metrics depending on the noise environment to be 
measured and exactly for what the data is to be used.  Many countries have their own standard 
metrics, but the U.S. military is concerned primarily with the following: 
 

• Equivalent Sound Level (Leq) 
• Day-Night Level (DNL) 
• Sound Exposure Level (SEL) 
• PK15(met) 
• Unweighted Peak 

 
A.4.2.1 EQUIVALENT SOUND LEVEL (Leq)  
 
Since annoyance increases with the number of times an intrusive sound is experienced during a 
given period of time, the Leq is a way of capturing the annoyance of a number of intrusions by 
“averaging” acoustical energy over a prescribed time period.  The time period can be any length, 
but it is usually taken in some meaningful block of time such as an 8-hour Leq for an office or a 
24-hour Leq for a residence. Figure A-4 illustrates how the daily variation of traffic noise can be 
summarized in terms of a single 24-hour Leq value.  
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Figure A-4 Equivalent Noise Level (Leq) 
 
 
A.4.2.2 DAY-NIGHT LEVEL (DNL) 
 
The DNL is an average like the Leq but with a 10dB “penalty” inflicted on sounds occurring 
between the hours of 10:00 p.m. and 7:00 a.m. (a particularly intrusive time when people are 
usually sleeping).  As discussed above, the DNL may be A-weighted (ADNL) or C-weighted 
(CDNL) depending on the noise being measured.  This average is calculated over any specified 
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amount of time, but usually it is 250 training days for active military and 104 days for National 
Guard sites.   
 
Also, within the DNL, there is a further penalty known as the onset rate penalty.  For people 
living along aircraft flight routes, it was found that the DNL was underestimating their 
annoyance.  So, this penalty (known as the LDNmr) is used by the U.S. Air Force to take into 
account the sudden onset and sporadic nature of these sounds.  
 
A.4.2.3 SOUND EXPOSURE LEVEL (SEL) 
 
Since, prolonged, low-intensity events can be just as annoying as short, high-intensity events, the 
SEL is a way of capturing the annoyance of both variables in terms of a single number.  It is the 
total energy of a sound event normalized to a specific amount of time (e.g., one second) so that 
sounds of different durations may be compared directly.  Put another way, the SEL represents all 
the acoustic energy of an event as if it occurred within a one second period. 
 
A.4.2.4 PK15(met) 
 
PK15(met) is the peak sound level, factoring in the statistical variations caused by weather, that 
is likely to be exceeded only 15% of the time (i.e., 85% certainty that sound will be within this 
range).  This metric exists only in modeling—one cannot take a PK15(met) measurement on the 
ground—and it is used for land use planning with small arms and as additional information for 
large arms and other impulsive sounds.  It has gained popularity for military applications in 
recent years because it is a metric that works very well at showing just how loud things are likely 
to get at a particular location.  Unfortunately, PK15(met) does not take duration or incidence into 
consideration, so it cannot tell how often things will be that loud. 
 
A.4.2.5 UNWEIGHTED PEAK 
 
On of the simplest ways to measure sound is through the use of unweighted peak (dBP).  This is 
the peak, single event sound level on the ground, without any particular certainty–such as with 
the 85% certainty built into the PK15(met) above.  This is a real-time measurement that is 
affected by everything from the weather to the length of the grass.  As such, it is highly variable.  
 
A.4.3 A BRIEF HISTORY OF NOISE EVALUATION IN THE U.S. GOVERNMENT 
 
Before the 1970’s, every organization had its own preferred set of noise evaluators (or metrics).  
Since each noise evaluator was developed for a specific purpose, data from one noise evaluator 
could not be reliably compared to that of another.   
 
However, the field moved toward standardization when, in carrying out its responsibilities under 
the Noise Control Act of 1972 (PL 92-574 1972), the U.S. Environmental Protection Agency 
recommended the adoption of the LEQ (and its 24-hour cousin, the DNL). 
 
In recommending the DNL, the EPA noted that most noise environments are characterized by 
repetitive behavior from day-to-day, with some variation imposed by differences between 
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weekday and weekend activity, and seasonal fluctuations.  Consequently, the DNL’s annual 
average accounts for this variation and complements the fact that annoyance is generally caused 
by long-term dissatisfaction with the noise environment.  It must be kept in mind, though, that 
the DNL is not an effective predictor of complaints, because complaints tend to represent an 
individual’s immediate dissatisfaction with the noise environment, not a general annoyance.  
 
So, the acceptance of the DNL helped to predict annoyance (and general disruption patterns), but 
it could not fully address the issue of complaint prediction.  Consistent prediction of complaints, 
it has been found, is much more achievable when dealing with peak noise levels rather than 
averages.  As a result, in 2004, the U.S. Army Construction Engineering Research Laboratory 
and (USACERL) and USACHPPM together helped to usher in the PK15(met) evaluator as a 
means to predict complaint potential and supplement the information given by the DNL figures. 
   
A.5 NOISE CONTOURING 
 
The various metrics described above produce numbers that can be compared to one another.  But, 
it is difficult to make a number meaningful to someone interested in where the noise is going.  
To that end, the idea of noise contouring on maps was born. 
 
Contours on a map are made by connecting points of equal values.  Most commonly, points of 
equal elevation are connected to form the contour lines most typically found on topographical 
maps.  But, points of many other themes can be detected to give a visual representation of the 
extent or degree of something.  So, for noise, computer programs have been developed that 
model the genesis and propagation of sound from particular sources, and then connect points of 
equal decibel value to show areas where a particular sound intensity can be expected.   
 
For instance, Figure A-5 is an example of a map showing peak noise contours.  The operator of 
the computer model may plot whatever values she/he wishes to show, but this example shows the 
130 dBP line (red) and the 115 dBP line (blue).  While the lines will never be absolutely exact 
(due to the nature of sound, they can fluctuate quite a bit as conditions change), what this map in 
effect says is that all of the area inside of the blue line will start at 115 dB and grow louder as it 
gets closer to the red 130 dB line. And similarly, once at the red 130 dB line, the sound level will 
grow louder still all the way to the source. 
 
This is eminently useful because it shows both the installations and the public not only where the 
sound/noise is going, but at what levels.  With that, installations, local governments, and 
individuals can use these maps to make informed choices based on their temperaments, 
tolerances, and philosophies concerning noise.  
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Figure A-5 Example of a Map Showing Peak Noise Contours 
 
A.5.1 COMPUTER PROGRAMS 
 
The relatively simple looking output of a map showing noise contour lines is actually the result 
of some comparatively complicated computer programs.  In fact, most of these programs are in 
perpetual states of evolution as new data become available and advances in computing power 
allow for more variables to be factored into creating the final contour. 
 
Table A-2 lists the most popular noise mapping programs and some of their preferred usage 
characteristics. 
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Model Timeframe Characteristic Source Use 

NOISEMAP Long-term Transient Fixed-wing 
aircraft 

Airbase noise 
exposure, 
AICUZ 

Rotorcraft Noise 
Model 

Long-term & 
single events Transient Helicopters and 

tiltrotors 

Airbase noise 
exposure, 

AICUZ, range 
noise 

ROUTEMAP Long-term Transient Fixed-wing MTRs 

MR_NMAP Long-term & 
single missions Transient Fixed-wing 

MOA, MTR, 
Special uses 

ranges 

BoomMap Long-term Impulse Sonic booms Supersonic 
MOA ops 

BNOISE2 Long-term & 
single events Impulse OD & large 

guns 
Ranges and OD 

pits 

SARNAM Long-term & 
single events Impulse/transient Small arms Firing range 

MENU10 Single event Transient Fixed wing Flyover noise 
levels 

MENU11 Single event Transients Fixed wing Ground run up 
noise levels 

NMSIM Single event Transients Fixed wing Subsonic aircraft 
operations 

PCBOOM3 Single event Impulse Fixed wing Sonic boom 
analysis 

SIPS Single event Impulse Blast Open detonation 
blast 

NAPS Single event Impulse Blast Open detonation 
blast 

TNM Long-term Transient Road traffic 
Highway and 

road noise 
exposure 

RWNM Long-term Transient 
Trains and 
guided rail 

vehicles 

Rail operations, 
yard and tracks 

Table A-2 Noise Models and Their Uses 
 
Regarding the contours featured in Operational Noise Plans created by USACHPPM: 
 

• Small arms noise contours are generated by the Small Arms Range Noise Assessment 
Model (SARNAM).  This model incorporates the latest available information on weapons 
noise source models (including directivity and spectrum), sound propagation, effects of 
noise mitigation and safety structures (walls, berms, ricochet barriers, etc.), and 
community response protocols for small arms noise.  It also includes an extensive 
selection of weapons in the source library, can handle multiple ranges of various types, 
and is designed to maximize user productivity. 
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• Blast noise (i.e., explosions and large arms) contours are generated by the BNOISE2 
program.  It accounts for spectrum and directivity of both muzzle blast and projectile 
sonic boom while also considering issues of propagation including land/water boundaries 
and terrain. 

 
• Aircraft noise contours are generated by NOISEMAP with inputs of aircraft type, altitude, 

power setting, speed, and number of operations. 
 
All of the computer models work in generally the same fashion.  The weapon type and number of 
rounds fired is combined with various geographic and atmospheric data (location, direction of 
fire, weather, etc.).  The user then defines which contours he/she wishes to see, the program 
calculates how far the sound will travel under those conditions, and the resulting contours are 
then overlaid onto a conventional map of the area.   
 
In spite of the research invested and the intricacies of the programs, it must be said that the 
outputs of the modeling programs are not always exactly what may be found “on the ground” at 
any given moment.  The problem lies not with the calculations or algorithms, but with the 
number of variables that practical and computing considerations limit the user to inputting.  Put 
another way, there are far too many variables on the ground (even down to how long the grass is) 
to ever truly simulate the natural world. 
 
So, when done properly, the contours produced can be relied upon to paint a clear picture of the 
general noise environment of an area, and show information that is of the integrity needed to 
make prudent planning and zoning decisions. 
 
Additional information on noise models or contouring procedures can be obtained from the 
USACHPPM’s Operational Noise Group.   
 
A.5.2 WHAT EFFECTS CONTOUR SHAPES? 
 
In an ideal world (for acousticians, anyway), all noise contours would be perfect circles because 
the noise would travel from the source at the same speed and intensity in every direction.  But, 
the geology, geography, climatology, and physics of our planet create an environment where 
external forces are acting on sound waves the second they are created.  Those waves may be 
directed by the nature of the source, reflected by a wall, refracted by some mountains, attenuated 
by winds, intensified by atmospheric conditions, or absorbed entirely by a thick coniferous forest.   
 
All of these situations then ply that theoretically perfect circle, stretching it in some places (e.g., 
pushing through a mountain gap), and smashing it in others (such as in the direction against a 
heavy breeze). 
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A.6 CONCLUSION 
 
The science of measuring and modeling unwanted sounds is constantly evolving, just like the 
relationships between military installations and the communities that surround them.  As defense 
spending continues to drive innovation and support a large sector of our nation’s economy, the 
weapons are getting more powerful and louder, and population pressures are increasing around 
once-remote installations.   
 
But, while evolving relationships always pose new challenges, they also always pose new 
opportunities.  Understanding the way sound behaves and utilizing the noise monitoring and 
modeling tools available are critical to making proper land use decisions in and around 
installations, so that the installations and the surrounding communities continue to thrive in each 
other’s presence 
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Appendix B 
Data Used in this Plan 
 
 
B.1 SMALL ARMS DATA 
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Appendix C 
Guidelines for Discussing Noise Contour Maps 
 
 
C.1 INTRODUCTION 
 
Noise contour maps are the best way to show where noise is likely to go and at what intensity.  
Though much effort has been put into the creation of the computer programs that generate the 
noise contours, putting a highly variable concept onto a 2-dimensional piece of paper is a 
precarious science.  Often, people viewing a noise contour map erroneously assume that the 
simplicity of the medium (i.e., the piece of paper) equates to the relative difficulty of the subject.  
The fact is, all of the intricacies of sound cannot be completely and accurately be portrayed in 
such a simplistic manner, but noise contour maps are the best way available and are quite 
effective if explained properly. 
 
Note: If one is going to be charged with explaining noise contours (or any other potentially 
controversial subject) to the public on a regular basis, it is advised that the individual take a class 
in risk communication. 
 
C.2 PREPARATION 
 
Preparation is the primary ingredient needed to get any message across to an audience.  Logically, 
one must first understand the message themselves before they can expect to credibly deliver it to 
anyone else.   
 
It is not required that an individual be an expert on every aspect of the creation of the map.  But, 
the concept of credibility (which will be a recurring theme in this Section) depends upon the 
presenter being knowledgeable and trustworthy. Proper preparations should include: 
 

• Knowing inside and out the meaning of a particular set of contours (i.e., what the noise 
contours do say, and what they do not say). 

 
• Familiarizing oneself with the basics of sound, how it travels, what effects that travel, and 

the relationship between sound and annoyance. 
 
• Familiarizing oneself with the computer modeling and Geographic Information System 

(GIS) applications used to create the contours and maps. 
 

• Learning about the concerns and/or biases of the audience. 
 
Establishing credibility allows for the audience to trust your facts and helps bridge the gap in 
understanding that skepticism can create. 
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C.3 MEANING OF THE CONTOURS 
 
A primary source of misunderstanding is how the contours are “interpreted.”  In reality, the 
contours are a stark picture of what is happening based on the parameters that have been input 
into the models, not an artist’s rendition.  Consequently, there is only one way to “read” the 
contours.  Interpretation becomes a factor only when members of the audience are deciding if 
what the contours say is a good or a bad thing. 
 
C.3.1 WHAT NOISE CONTOURS CAN TELL US 
 
Noise contours are best at advising people of the approximate distribution of the noise coming 
from a particular source; in this case, military installations.  Accordingly, if a person feels that 
there may be a chance that they are noise-sensitive, the contour map can give that individual an 
idea of where it might not be best for he/she to live. 
 
Also, noise contours are excellent for making comparisons between the noises generated under 
one set of circumstances to those generated under another.  This is especially useful when 
deciding such things as under what weather conditions it is best to train, whether a proposed 
location would work well for a new range, or to what degree troop deployments/reassignments 
will impact the surrounding areas.     
 
C.3.2 WHAT NOISE CONTOURS CANNOT TELL US (WITH CERTAINTY) 
 
Anyone explaining noise contours should first and foremost be aware that the noise levels do not 
stop at the line on the map.  Most contours are averages of some sort and these averages are 
necessary because the infinite number of physical and meteorological variables at any given 
location would require an equally infinite number of maps to show them all.  Thus, contours are 
representations of what someone is likely to experience under a given set of circumstances, and 
they cannot say that it is too loud for an assisted living center on one side of the road but not the 
other.   
 
Also, it must be pointed out that contours change (sometimes often) due to weather, training 
schedules, deployments, technologies, etc.  And, though what is shown on a map has a built in 
level of conservatism, it by no means suggests that things will never be louder or quieter at a 
given location. 
 
Furthermore, contours cannot say whether or not the amount of noise shown to be in a particular 
area is going to be bothersome; this is up to individuals to decide and is a product of many 
variables.  For instance, a relatively modest sound level at a house that is located next to a busy 
street is likely to be accepted quite differently than the same sound level at a house located on a 
canyon ridge all by itself. 
 
In short, noise contours deal only with noise generalities and cannot reliably give information 
beyond noise (e.g., predict that houses “here” are worth more or less than houses over “there”).  
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C.4 THE BASICS OF SOUND AND ANNOYANCE 
 
Explaining the limits of the noise contours inevitably generates questions regarding why it is so 
difficult to pin down exactly where noise is going to travel and at what levels.  The answer is that 
the propagation of sound and human perceptions of sound are dependent on so many variables 
that it impossible to cement exactly what will irritate a particular person. 
 
The physical propagation of sound is affected by weather, terrain, distance, barriers, and the 
nature of the sound itself (i.e., different frequencies have different travel characteristics).  In fact, 
weather has a profound affect on the degree to which a sound “lands” at a particular location, and 
that is of course a variable that can literally change from hour-to-hour.  Appendix A gives a more 
in-depth description of the science of sound. 
 
Human perception is even more challenging to account for on a single map.  From county to 
county, ZIP code to ZIP code, and house to house, people’s ideas of when a sound becomes 
noise can differ markedly.  These differences in perception can attributed to such varied sources 
as: 
 

• The physical state of the individual’s hearing ability (i.e., is the individual’s hearing 
health good or bad?) 

  
• Past experiences (i.e., could the individual have experienced trauma in the past that 

makes them particularly sensitive to loud or sharp sounds?)  
 

• Attitude toward the noise source (i.e., does the receiver dislike the military?) 
  

• General temperament (i.e., is the individual “jumpy?”) 
 
By understanding the relationship between the physical behavior of sound and some of the 
human variables that can turn a sound into a noise, we can paint a clearer picture to an audience 
about how they can each use the noise contours to make the decisions that best suit their 
individual situations.  
 
C.5 COMPUTER MODELS AND GIS 
 
It is also difficult to explain with any validity what the noise contours mean if one knows nothing 
about the process that created them. 
 
The specific process of creating noise contours varies by what is creating the noise and, 
accordingly, which model is used to make the picture.  But, the general idea is that pertinent 
information (such as the item making the noise, its location, the direction of fire/travel, weather 
conditions, etc.) is entered into the appropriate computer model, the model outputs a picture 
based on the noise metric specified, and then that picture is imported into a GIS program so that 
a map can be created. 
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However, while the computer models used by the military are some of the best available, they do 
have important limitations.  First, no matter how sophisticated, no model can take into account 
every terrain variable at a given location unless models were specifically developed for every 
installation (which would cost an enormous amount, if it were even possible).  Second, the 
databases of noise producers in the models are representative of the military’s equipment, but 
may not contain individual specifications for every variety of a particular piece of equipment.   
 
So, taken together, these two limitations further prevent the resolution of the noise contours from 
reaching the “street level,” and they advance the idea that noise sensitive persons must take into 
consideration all available information before making a choice that may conflict with an existing 
noise environment (such as buying a home next to a highway or military installation). 
 
In summary, taking the time to explain how the models work will draw an audience’s 
expectations more toward what the computer models can actually provide.  
 
C.6 AUDIENCE 
 
While it has been mentioned previously that the information on a noise contour map is absolute 
and not necessarily up to interpretation, the type of audience to whom one is presenting noise 
contour information has an enormous impact on exactly how that information should be 
presented.  For example, the social atmosphere created by a group of installation commanders is 
likely to be far different than the atmosphere in a meeting of developers and county planners. 
 
So, most audiences are going to be biased in one way or another.  But, when the interests of a 
particular group are at odds with the interests of the military, a hostile atmosphere could be the 
product.  Here, it must be remembered that these things are rarely personal—most of the time the 
individuals do not dislike the presenter or the government, they are simply concerned about their 
business or livelihoods.   
 
In all cases, the best practice is to keep a professional appearance and demeanor, and stick to the 
facts.  The presenter should answer only the questions she/he knows, and jot down the questions 
she/he does not know with the promise that the participant will be contacted with the answer in a 
timely manner.  Additionally, while it is best to keep the atmosphere light, it is important that an 
audience is comfortable that their concerns are being taken seriously      
  
C.7 CONCLUSION 
 
By and large, people are either apathetic or fearful of things they do not understand, neither of 
which is good when it comes to issues involving noise.   
 
On the one hand, the military does not want citizens or installation personnel not caring about 
issues of noise, because this eliminates the interest that is required to solve problems proactively.  
On the other hand, fearful individuals tend to overreact and further complicate a situation.  The 
ideal state is one where an informed and concerned military does everything it can to mitigate 
noise impacts while still performing its Constitutionally-charged mission, and an informed and 
concerned public makes land use decisions that are compatible with that noise environment.   
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To that end, the way in which noise contours are presented (and to whom) can go along way 
toward a state where installations and the public work together to each other’s mutual benefit. 
 
Remember: in risk communication, one has successfully conveyed the seriousness of a situation 
when they have raised the alarm of the Unconcerned, and calmed the Overly-concerned to the 
rational level of awareness that the particular situation deserves.  
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Appendix D 
Land Use Planning and Control Techniques 
 
 
D.1 GENERAL 
 
Several different planning and land use control techniques are available to local governments to 
ensure that compatible uses are located in and around areas of unique characteristics (such as the 
lands that border military installations).  Some are more specialized than others, but wielded 
properly, every one of the following tools has the capability to limit the possibility of complaints 
due to encroachment. 
 
D.2 ZONING 
 
The most common method of land use control is zoning, or the partitioning of areas into sections 
reserved for different purposes.  This method is an exercise of the police powers of state and 
local governments that designates the uses permitted in each parcel of land.  It normally consists 
of a zoning ordinance that delineates the various use districts and a zoning map based on the land 
use element of the community’s comprehensive general plan. 
 

• Uses of Zoning.  Zoning should be applied fairly and based on a comprehensive plan that 
considers the total needs of the community along with the specific needs of the 
installation.  For example, it is not acceptable to zone a parcel of land for industrial or 
warehouse usage simply because it lies within a noise impact area.  Such an action could 
be considered “arbitrary, capricious, or unreasonable” and thus be vulnerable in the event 
of judicial review; zoning plans must clearly demonstrate that there is a reasonable 
present or future need for such usage.  However, if it can be clearly shown that the 
proposed zoning is being used constructively to increase the value and productivity of 
land within noise impacted areas, it is the preferred method of controlling land use. 

 
• Limitations of Zoning.  Zoning has several limitations that must be considered when 

using it as a compatibility implementation device.  These limitations include the 
following: 

 
 Zoning is usually not retroactive.  That is, changing a zone for the primary 

purpose of prohibiting a use that already exists is normally not possible.  And 
even if such a change is successful, the existing uses that have been rendered 
unlawful must remain as “nonconforming” elements until the owner has had 
ample time to recoup his/her investment. 

 
 Zoning is jurisdiction-limited.  Installation impacts often span more than one 

zoning jurisdiction.  In these cases, zoning requires the coordination of all 
involved jurisdictions in order to be effective.  Zoning that implements a 
compatibility plan will often be composed of existing and new zoning districts 
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within each of the zoning jurisdictions covered by the plan. Further complicating 
matters, each jurisdiction is likely to have a different base zoning ordinance 
requiring different actions for implementing the compatibility plan.  Also, 
counties in many states do not have any zoning authority at all, so land use control 
via zoning in these states stops at the municipal boundary. 

 
 Zoning is not permanent.  In any jurisdiction, zoning can be changed by the 

current government body; it is not bound by prior zoning actions.  Consequently, 
even if zoning achieves compatibility, that compatibility is continually pressured 
by both urban expansion and enterprises that might profit from a favorable zoning 
change. 

 
 Cumulative zoning can permit incompatible development.  Several communities 

around the country employ “cumulative”-type zoning districts that permit all 
“higher” uses (such as residential) in “lower” use districts (such as commercial or 
industrial), thus supporting development that may be incompatible.  In these 
instances, it is necessary to prepare and adopt new or additional zoning districts of 
the “exclusionary” type (i.e., that clearly specify the uses permitted and exclude 
all others). 

 
 Zoning Board of Adjustment actions granting variances.  Variances to the zoning 

district of exceptions (e.g., schools or churches) written into the zoning ordinance 
can also permit development that may be incompatible. 

 
• Positive Features of Zoning.  The zoning ordinance may be the most attractive land use 

control to prevent development around installations because it is effective (prohibiting 
specific development by law) and normally costs the installation nothing. 

 
• Negative Features of Zoning.  The installation must rely in the municipality’s governing 

body for proper zoning solutions which may entail political struggles beyond the 
installation’s control.  Also, the municipality must be wary of “taking land without 
compensation,” which is a citizen’s rights issue that is often raised in zoning proceedings. 

 
D.3 OVERLAY DISTRICTS 
 
An overlay district is generally defined as any specially mapped district which is subject to 
supplementary regulations or requirements for development.  Overlay districts, by either adding 
restrictions to or removing restrictions from the underlying zoning, provide specific provisions 
designed to address issues unique to a particular geographic area.  They are used to curb 
discordant development in places where a specific resource (cultural, economic, or 
environmental) is in jeopardy. 
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The following are some examples of situations that may garner the creation of an overlay 
district: 
 

 Neighborhood/Historic Area Preservation 
 Focused Economic Development – targeted revitalization areas, business parks, etc. 
 Natural Resource Protection – watersheds, aquifers, wildlife corridors, etc. 
 Infrastructure Protection – airports, military bases, cultural districts, etc. 
 Specific Plans – university districts, cultural districts, etc. 

 
The provisions set forth in an overlay district can regulate any number of things from 
construction materials or styles (to better fit a historical district or provide for noise protection 
next to an airport), to business types and practices (in order to protect something like a reservoir). 
 

• Positive Features of Overlay Districts.  Allow great regulatory flexibility to be assigned 
to a very specific area so that any inconvenience affects the fewest number if people 
possible.  Also, costs the local government and sponsoring party very little to implement. 

 
• Negative Features of Overlay Districts.  Must be approved by community/city council 

and is subject to public hearings.  Implementation also subject to local political climate 
and public perception/attitudes. 

 
D.4 EASEMENTS 
 
Easements can be an effective and permanent form of land use control; in many instances, better 
than zoning when trying to resolve and installations compatibility issues.  Easements are 
permanent (with the title held by the purchaser until sold or released), work equally well within 
different jurisdictions, are enforceable through civil courts, and may be acquired often at a 
fraction of the cost of the land value.  Another consideration is that the land is left free for full 
development with noise-compatible uses. 
 

• Definition.  An easement is the right of another to part of the total benefits of the real 
property owner.  When dealing with the laws of property in this country, ownership of 
property includes possession of a series of rights to the use of that property.  Certain 
rights to the property are always retained by the state or the general public (e.g., police 
power, taxation, eminent domain, escheat, etc.), and certain rights are retained by the 
neighboring property owners (e.g., the flow of water across land).  But, the owner 
controls the rest of the rights to build, log, mine, etc.  Usually when property is acquired, 
all of the rights are purchased (i.e., in fee simple).  However, it is possible to buy only the 
selected rights that are actually needed in the form of easements.  The cost of an 
easement is determined by the value of those rights to the land owner.  If the easement 
will not adversely affect the owner’s contemplated usage or sale of the land, the price will 
be low; if it does, the price will be higher. 

 
There are two basic classes of easements: positive and negative.  In positive easements, 
the right to do something with the property (such as build a road) is acquired.  In negative 
easements, the rights are acquired to prevent the owner of the property from doing 
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something (such as erecting billboards).  For issues of noise compatibility, both a positive 
easement to make noise over the land and the negative easement to prevent the creation 
of an unprotected noise-sensitive use on the property may need to be acquired to ensure 
adequate control. 
 

• Obtaining Easements.  Easements can be obtained in several ways including purchase, 
condemnation, and dedication.  For each easement required, it is wise to include a legal 
description of the noise that may be created over the property and the classes of uses that 
may be established or maintained with and without soundproofing. 

 
• Positive Features of Easements.  Easement purchases are very straightforward 

transactions and are almost always less expensive than fee-simple purchases.  They allow 
the installation to retain control over adjacent land without the burden of actual 
ownership, and they are also usable in cases for which development already surrounds the 
installation. 

 
• Negative Features of Easements.  There may be difficulty in getting the cooperation 

necessary to obtain easements, particularly when many land owners are involved.  Also, 
unless otherwise specified, the rights are not automatically transferred upon resale of the 
land, so future negotiations may be required.  

 
D.5 TRANSFER OF DEVELOPMENT RIGHTS (TDR) 
 
Under the TDR concept, come of the property’s developmental rights are transferred to a remote 
location where they may be used to intensify allowable development.  So, for example, lands 
within an installation’s noise-impacted area could be kept in open space or agricultural areas, and 
their developmental rights for residential uses transferred to more appropriate locations.  In this 
system, land owners are compensated for their rights at market value, and the purchaser either 
holds the rights or recoups the investment when houses are built and sold using the rights.  The 
TDR approach must be fully coordinated with the community’s planning and zoning office, and 
it may be necessary for the zoning ordinance to be amended so that it permits TRDs.  Also, 
transfers usually must be contained within single zoning jurisdictions. 
 

• Positive Features of TDRs.  The program itself is inexpensive or cost-free to the 
installations because it is administered by the local governments, and it may stimulate 
development in the areas to which the rights are being transferred. 

 
• Negative Features of TDRs.  One potential problem is record keeping.  Because of the 

complexity of the transactions, it is often difficult to keep track of the principals and the 
exact number of rights that are sold and bought.  Nevertheless, it can be done and this 
system is currently in place in Harford County, Maryland—the home of Aberdeen 
Proving Ground―and many others. 
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D.6 LAND PURCHASE 
 
Fee-simple purchase of noise impacted land is the most positive form of land use control, but it is 
also the most expensive.  It must be kept in mind though that, while the costs may seem 
excessive on the surface, the net cost may be reduced substantially with either resale for 
compatible uses or retention and use for a compatible public purpose.  As a preventive measure, 
purchase should be mostly limited to critical locations and to situations where other solutions are 
not feasible. 
 

• Positive Features of Land Purchase.  Allows installation complete control over the use 
of the land including sale at a later date. 

 
• Negative Features of Land Purchase.  The biggest problem with this method is that the 

initial cost of acquiring the land may be too great to justify.  Additionally, the cost of 
maintaining the land in the future must be factored into to any cost projections. 

 
D.7 BUILDING CODES 
 
A building code prescribes the basic requirements that regulate the construction of structures.  It 
is adopted by the local governing body to protect the health, safety, and general welfare of the 
occupants of these structures through the establishment of a set of minimum requirements for fire 
resistance, strength, ventilation, plumbing, etc.  Although codes are not a technique to actually 
prevent development, if properly conceived they can effectively restrict it near military 
installations by requiring structures to be constructed to a particular standard of sound 
transmission. 
 

• Positive Features of Building Codes.  If development is imminent, utilizing the building 
code ensures that at the very least new structures will be constructed with a certain level 
of inherent sound proofing. 

 
• Negative Features of Building Codes.  Building codes do not prevent or restrict any 

type of actual land use around an installation.  
 
D.8 SUBDIVISION REGULATION 
 
Subdivision regulations are a means by which local government can ensure that proper lot layout, 
design, and improvements are included in new residential or commercial developments.  These 
requirements may be anything from dictating the width of the roads to placement of the water 
and/or sewer systems.  Since most local governments require some type of public dedication of 
open space when approving development plans, the installation may lobby to have a provision 
added to the subdivision regulations that requires this open space to be located nearest the 
installation boundary to create a buffer. 
 

• Positive Features of Subdivision Regulations.  The regulations can be used to 
judiciously locate areas of open space to create buffers between noise sources and 
recievers. 
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• Negative Features of Subdivision Regulations.  Subdivision regulations are only a way 

to diminish the impact of noise emanating from an installation; they alone will not 
prevent development around an installation.  Also, depending on the scope of the 
development plans, the buffers created may not be large enough to adequately cut the 
noise levels. 

 
D.9 HEALTH CODES 
 
The heath code in a given community establishes the requirements that protect residents from 
elements that may endanger them such as poor sanitation and inadequate drinking water supplies.  
Health codes encompass all types of land use but, like building codes, they cannot directly 
prevent development around military installations.  Health codes can, however, protect people 
from noise impacts if a standard is built into the code that requires a developer to prohibit 
excessive noise levels in the development or consider other uses that are not noise-sensitive. 
 

• Positive Features of Health Codes.  The heath code could be used in areas where zoning 
is either not used or not an option.  In most cases, the health code can be made strict 
enough to disallow residential uses near installations (thus limiting land use to something 
more compatible such as a manufacturing plant). 

 
• Negative Features of Health Codes.  The health code, depending on its complexity, is 

often difficult to administer.  Also, the paperwork and field checks required to ensure 
compliance can be costly to a local government and slow development. 

 
D.10 DISCLOSURE OF NOISE LEVELS 
 
Since noise levels in a community can be measured and recorded, making information about the 
true noise levels around military installations can sometimes be all it takes to discourage some 
incompatible uses.  These noise levels can be disclosed in several ways including ordinances (or 
amendments to existing ordinances), including noise levels in the deed, posting noise levels on 
any sale/lease/rent sign, and initiating voluntary programs among local realtors to provide 
potential buyers with installation-provided information and noise level/contour maps. 
 

• Positive Features of Disclosing Noise Levels.  These programs make easily available to 
the public information that is otherwise difficult to obtain (particularly for those new to 
the area), making it easier to make an informed choice about where to live. 

 
• Negative Features of Disclosing Noise Levels.  Simply disclosing noise levels does not 

ensure that the information will be used, and programs will be required to educate the 
public and ensure that the information remains current and available.  Moreover, these 
measures could become costly and time-consuming if noise contours were required to be 
placed on all municipal maps. 
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D.11 LAND BANKING 
 
Land banking is when a government acquires a substantial fraction of land in a region available 
for future development for the purpose of implementing a public land use policy.  Banking 
differs from permanent acquisition in that it places the land in a temporary holding status to be 
turned over for development at a future date. 
 

• Positive Features of Land Banking.  The two primary arguments in favor of land 
banking are that it has an anti-inflationary effect in land prices (preventing land 
speculation), and it will permit more rational patterns of development rather than urban 
sprawl. 

 
• Negative Features of Land Banking.  There is not total agreement that land banking is 

effective.  Additionally, beginning a land banking program requires a large expenditure 
(though this money is recovered when the land is ultimately sold) and there is the 
possibility that the program can become politically influenced. 

 
D.12 SPECIAL TAX TREATMENT 
 
Whether through full tax exemption, preferential assessment, or deferrals, special tax treatment 
by a local government can provide owners of land around military installations with incentives to 
keep land uses on their property compatible with the noise environment. 
 

• Positive Features of Special Tax Treatment.  Special tax treatments are particularly 
desirable because there is no cost to the military.  Additionally, when existing uses are 
politically popular (such as farming), support becomes easier to garner.  A side benefit is 
the fact the properties adjacent to the focus of the tax treatment often increase in value 
(due to lowered supply and the desire of some to locate next to farms or other open 
space) and that this may actually translate to increased tax revenue for the local 
government. 

 
• Negative Features of Special Tax Treatment.  The cost of the program must be 

absorbed by the local government and it may not be willing to accept a diminished tax 
revenue stream, even if only temporarily. 

 
D.13 CAPITAL IMPROVEMENTS PROGRAM (CIP) 
 
A capital improvements program (CIP) is a planning tool used by local jurisdictions to prioritize 
the construction or improvement of needed public facilities (e.g., water and sewer systems, roads, 
schools, etc.).  Since development often follows to where capital improvements have been made, 
if local governments avoid making capital improvements near military installations, it 
discourages development by forcing developers to shoulder more costs of the project, sometimes 
making the return in investment not worthwhile. 
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• Positive Features of CIP.  Using the local CIP to discourage development is attractive 
because it is effectively asking the local government not to do something that is quite 
expensive, so financially it is not a hard sell. 

 
• Negative Features of CIP.  The local government may be intent on investing in new 

capital spending to encourage enlargement of the tax base, and thus may be unwilling to 
suspend such an initiative at the request of the installation 

 
D.14 DEVELOPMENT LOAN RESTRICTIONS 
 
To fund projects, developers often need to borrow money from lending institutions—if the funds 
cannot be obtained, the development cannot occur.  Consequently, restricting or prohibiting 
mortgage and/or other loans for certain land uses is a way to control development.  For instance, 
state and local governments could designate areas around military installations (coinciding with 
certain noise contours) for which banks and other lending institutions are prohibited from 
making loans. 
 

• Positive Features of Development Loan Restrictions.  The attractive feature of the 
program is that it costs nothing for the local government to implement yet still prevents 
development effectively. 

 
• Negative Features of Development Loan Restrictions.  These programs usually cannot 

be implemented immediately because it is quite possible that lending institutions will sue 
the local government for not allowing then to use their money as they see fit. 

 
D.15 PUBLIC/PRIVATE LEASEBACK 
 
Leaseback is a financial arrangement that can be used in both the public and private sectors 
whereby land is acquired and controlled, but not necessarily occupied, by the owner.  In 
scenarios involving the prevention of encroachment, ideally the owner of the land can be 
encouraged to lease the land to a user who will employ it in ways that are compatible with the 
noise environment.  This way, the owner gains stable income from his/her land (leases typically 
run from 20 to 40 years), but its uses are still checked. 
 

• Positive Features of Public/Private Leaseback.  Leaseback offers a way for public 
agencies to acquire land, offset the cost with the income from the lease, and provide for 
the compatible, continued use of land by others. 

 
• Negative Features of Public/Private Leaseback.  Owners often have the usual 

landlord’s management problems, and the local government may be denied tax revenue if 
the land is used by the public sector.    
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D.16 SALES AGREEMENT 
 
An essential ingredient in transferring real estate into a valuable commodity is a legally binding 
written sales agreement to establish the terms agreed upon by the buyer and seller.  An 
installation, though sales agreements, can restrict the use of surrounding lands if they own or 
control them. 
 

• Positive Features of Sales Agreements.  After signing, the sales agreement is a legally 
binding contract, and either of the parties can seek legal recourse through the legal 
system if the contract is broken. 

 
• Negative Features of Sales Agreements.  Unlike the restrictive covenant, the sales 

agreement pertains only to the prospective buyer, so terms do not carry over to future 
sales of the property unless so stated in the contract.  In addition, certain areas of 
agreements and contracts are subject to misrepresentation and fraud.  

 
D.17 DEED RESTRICTIONS/COVENANTS 
 
A deed is a document conveying ownership of land from one party to another, and restrictions 
called covenants can be added to the deed to specify restrictions on the use of the land.  These 
covenants are on top of the restrictions already imposed by the current zoning of the property and 
in many instances may supersede zoning by prohibiting specified uses that would otherwise be 
allowed.  Restrictive covenants “run with the land;” that is, no matter how often the land is 
resold, these covenants remain in effect until the specified length of the covenant has expired 
(usually 20-30 years). 
 
In order to utilize this option, the installation must already own or must acquire the property.  
Then, when reselling the property, the installation specifies which uses are permitted on the land 
thereby preventing incompatible uses (such as residential housing) for as long as the restrictions 
remain in effect. 
 

• Positive Features of Deed Restrictions/Covenants.  This method is attractive because it 
allows the installation retains control over surrounding land uses without needing to 
continue ownership of the land (thus lessening the tax burden).  Deed restrictions are 
legally enforceable no matter how many times the property is sold. 

 
• Negative Features of Deed Restrictions/Covenants.  This method requires convincing 

those in charge that it is necessary to purchase more land than is directly needed, even if 
it is to be resold shortly thereafter.  Also, though rare, there have been cases where courts 
have declared covenants unreasonably restrictive or impractical and allowed them to be 
removed by the land owner. 
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D.18 PURCHASE OF DEVELOPMENT RIGHTS 
 
A title to real property contains several rights, including that of development.  So, by purchasing 
this single right if development, a military installation can effectively prevent incompatible 
development by taking away anyone else’s chance to build on the land; all at a cost that is 
considerably less than that of purchasing an entire parcel outright.  A program of purchasing 
development rights works best when the development rights of agricultural lands are the primary 
focus; the installation protects itself and the land remains productive. 
 

• Positive Features of Purchasing Development Rights.  While development rights are 
usually the most expensive rights a parcel of land has, purchasing them is still usually 
less expensive than purchasing the parcel outright and it may yield the same results.  Also, 
there are no ongoing administrative costs once all of the purchases have been made and 
the military is not responsible for the upkeep of the land. 

 
• Negative Features of Purchasing Development Rights.  The money required for such 

programs is usually front-loaded so obtaining the large lump-sums for purchasing the 
rights may be difficult.   Also, if the best use of the land happens to be something like 
high density residential, the cost of the rights may not be appreciably less than that of fee-
simple ownership.   

 
D.19 EMINENT DOMAIN 
 
Eminent domain is a police power that enables governments to condemn private property in 
order to acquire it (and all its rights) for a public use.  When a government exercises eminent 
domain, it is basically forcing an owner to sell his/her property for just compensation 
(determined by independent appraisals), regardless of the owner’s desires.  It is usually 
implemented as a last resort when property cannot by acquired or controlled by other methods.   
 

• Positive Features of Eminent Domain.  Like other acquisition methods, eminent 
domain allows the government to own full rights to the property. 

 
• Negative Features of Eminent Domain.  Eminent domain has three primary drawbacks.  

First, since it is based on fair compensation to the owner, it requires basically the same 
amount of funding as would buying the property on the free market.  Second, when the 
government takes land from unwilling sellers, the proceedings often result in protracted 
litigation and adverse publicity.  Third, it is sometimes difficult to prove that the public 
benefit of taking the land is great enough to warrant taking it from an individual.  
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D.20 PURCHASE OPTION 
 
A purchase option is an agreement whereby the seller agrees to hold the property for a specified 
time and, in turn, the buyer agrees to pay a sum if money as consideration for that offer.  At the 
time the option is granted, no real property ownership rights pass.  Instead, the buyer is 
purchasing the right to buy at a fixed price within a specified period of time and the seller retains 
the money paid regardless of whether the option is exercised.  This option can be used when 
funds cannot be immediately acquired to purchase this property outright or if more time is 
needed to explore possibilities such as rezoning. 
 

• Positive Features of Purchase Options.  As mentioned above, an option can allow the 
buyer time to locate and secure the funds necessary to make the final purchase. 

 
• Negative Features of Purchase Options.  This technique requires the expenditure of 

funds to purchase the option, and that money is lost if the installation is unable to 
complete the purchase of the property itself. 
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Appendix E 
FICUN GUIDELINES FOR CONSIDERING NOISE 
IN LAND USE PLANNING 
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Appendix F 
AR 200-1, Operational Noise Section; DODI 
 
 
F.1 CURRENT AR 200-1 NOISE SECTION (1997) 

 



NJARNG Statewide Operational Noise Management Plan                                     September 2007 

U.S. Army Center for Health Promotion and Preventive Medicine  89

 
 



NJARNG Statewide Operational Noise Management Plan                                     September 2007 
 

                                                                                                  Operational Noise Program 90 

F.2 DRAFT WORDING FOR THE UPDATED AR 200-1 (2005) 
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F.3 DEPARTMENT OF DEFENSE INSTRUCTION ON NOISE PROGRAMS 
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Appendix G 
Sample Documents 
 
 
G.1 SAMPLE NOISE DISCLOSURE AND WAIVER 
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G.2 SAMPLE NOISE EASEMENT 
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Appendix H 
Glossary of Terms, Acronyms, and Abbreviations 
 
 
H.1 GLOSSARY OF TERMS 
 
A-Weighted Sound Level – a sound level (in decibels) that has been weighted to correspond 
with the non-linear sensitivity of the human ear.  A-weighting discriminates against the lower 
frequencies and is used to measure most common military sounds such as transportation and 
small-arms fire. 
 
Ambient Noise – the background noise that is usually present at a particular location; anything 
from cars on a highway, to insects in the woods. 
 
Atmospheric Refraction – the bending and/or focusing of sound waves by the varying layers 
and densities of the earth’s atmosphere.   
 
C-Weighted Sound Level – like A-weighting, this is another sound level weighting technique 
that is used to normalize the low, impulsive sounds to the range of human hearing.  It is used 
when measuring low frequency sound such as those from large arms, demolitions, and sonic 
booms. 
 
Community – those individuals, organizations, or special interest groups affected by or 
interested in decisions affecting towns, cities, or unincorporated areas near or adjoining a 
military installation, and officials of local, state, and Federal governments, and Native American 
tribal councils responsible for the decision making and administration of programs affecting 
those communities.  
 
Community Involvement Program – a carefully designed program that uses a variety of 
techniques to inform the public of possible decisions and their potential consequences, and 
provides opportunities for consultation with the public so that their views may be considered 
before any decisions are made. 
 
Day-Night Average Sound Level (DNL) – the 24-hour average frequency-weighted sound level, 
in decibels, from midnight to midnight, obtained after the addition of 10 decibel “penalties” to 
sound levels between midnight and 7 a.m. and 10 p.m. to midnight (0000 to 0700 hours and 2200 
to 2400 hours).  A-weighting (ADNL) is understood unless otherwise specified, but C-weighting 
(CDNL) is also common.  This average is calculated over a “year,” or about 250 training days. 
 
Decibels (dB) – a logarithmic sound pressure unit of measure. 
 
Encroachment – use or development of the land around a military installation that is 
incompatible with the operations of that installation. 
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Equivalent Sound Level (LEQ) – the level of a constant sound which, in a given situation and 
time period, has the same energy as does a time varying sound.  For noise sources which are not 
in continuous operation, the equivalent sound level may be obtained by summing individual 
sound exposure level (SEL) values and normalizing them over the appropriate time period. 
 
Frequency – the number of complete oscillation cycles per unit of time.  The unit of frequency 
is the Hertz. 
 
Frequency Weighting – the process of factoring in certain frequencies more or less heavily in 
order to bring the sound measurement more in line with the characteristics of the receiver (and 
thus make the numbers more meaningful to the task at hand).  Example: A- or C-weighting to 
specifically parallel the sensitivity of the human ear. 
 
Hertz – the unit of frequency equal to once cycle per second. 
 
Impulse (or Impulsive) Noise – noise of short duration (typically less than one second), high 
intensity, abrupt onset and rapid decay, and often rapidly changing spectral composition.  
Impulsive noise is characteristically associated with such sources as explosions, impacts, the 
discharge of forearms, the passage of supersonic aircraft (creating sonic booms), and many 
industrial processes. 
 
Large Arms – conventional military weapons over 20 millimeters in diameter.  
 
Modularity – the military concept where forces are constructed of highly skilled and relatively 
standardized units (in training and equipment) in order to maintain the greatest possible combat 
flexibility and the shortest possible deployment times. 
 
Noise – any sound without value. 
 
Noise Exposure – the cumulative acoustic stimulation reaching the ear of a person over a 
specified period of time (e.g., a work shift, a day, of a lifetime). 
 
Noise Level Reduction – the difference, in decibels, between the sound level outside a building 
and the sound level inside a designated room in the building (usually A-weighted).  The NLR is 
dependent upon the transmission loss characteristics of the building surfaces exposed to an 
exterior noise source, the particular noise characteristics of the exterior noise source, and the 
acoustic properties if the designated room in the building. 
 
Noise Zone III (NZ III) – the area around a noise source in which the C-weighted day-night 
sound level (CDNL) is greater than 70 dB, the A-weighted day-night level (ADNL) is greater 
than 75 dB, or the PK15(met) is greater than 104 dB.  The noise level within NZ III is considered 
so severe that noise sensitive activities should not be conducted therein. 
 
Noise Zone II (NZ II) – the area around a noise source in which the C-weighted day-night level 
(CDNL) is 62-70 dB, the A-weighted day-night level (ADNL) is 65-75 dB, or the PK15(met) is 
87-104 dB.  The noise level within NZ II is considered significant and use of this land should 
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normally be limited to activities such as industrial, manufacturing, transportation, and resource 
production. 
 
Noise Zone I (NZ I) – included all areas around a noise source in which the C-weighted day-
night sound level (CDNL) is less than 62 dB, the A-weighted day-night level (ADNL) is less 
than 65 dB, or the PK15(met) is less than 87 dB.  This area is usually suited for all types of land 
use activities. 
 
PK15(Met) – peak sound level, without frequency weighting and accounting for the statistical 
variation cause by weather, expected to be exceeded by 15 percent of all events that might occur.  
A PK15(met) level of greater than 130 dB has a high risk of complaints, 115-130 dB has a 
moderate risk of complaints, and below 115 dB has a low risk of complaints. 
 
Propagation – the process by which sound travels through space or material; may be affected by 
such things as weather, terrain, and barriers. 
 
Small Arms – conventional military weapons less than 20 millimeters in diameter.  
 
Sound Exposure Level (SEL) – the total energy of a sound event normalized to a specific 
amount of time (e.g., one second) so that sounds of different durations may be compared directly. 
 
Sound Level Meter – an instrument consisting of an amplifier, microphone, and a graduated 
readout that provides a direct reading of the sound pressure level at a particular location.  Sound 
may be measured in a variety of metrics (e.g., ADNL, CDNL, PK(15)met, etc.) and they must 
satisfy the requirements of the American National Standards Institute (ANSI) Standard for Sound 
Level Meters (S1.4-1983).    
 
Standard Land Use Coding Manual (SLUCM) – standard system for identifying and coding 
land use activities.  Published by the U.S. Department of Commerce, 1965. 
 
Unweighted Peak Sound Level – the peak, single event sound level without weighting, without 
taking into account berms or other attenuation, and without any particular certainty. 
 
H.2 GLOSSARY OF ACRONYMS AND ABBREVIATIONS 
 
A 

AAF Army Airfield 
ADNL A-Weighted Day-Night Average Sound Level 
ANSI American National Standards Institute 
AR Army Regulation 
ARNG Army National Guard 
 

B 
BN Battalion 
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C 
CDNL C-Weighted Day-Night Average Sound Level 
CHABA National Academy of Sciences Committee on Hearing, Bioacoustics, and 

Biomechanics 
CIP Capital Improvement Program 
CofS Chief of Staff 
 

D 
DA Department of the Army 
dB Decibel(s) 
dBA Decibels, A-Weighted 
dBC Decibels, C-Weighted 
dBP Decibels, Unweighted Peak 
DNL Day-Night Average Sound Level 
DOD Department of Defense 
DODI Department of Defense Instruction 
 

E 
EA Environmental Assessment 
EDA Economically Distressed Area 
EIS Environmental Impact Statement 
EJ Environmental Justice 
ENMP Environmental Noise Management Plan 
EOD Explosive Ordinance Disposal 
EPA Environmental Protection Agency 
EQCC Environmental Quality Control Committee 
 

F 
FAA Federal Aviation Administration 
FAR Federal Aviation Regulation 
FUCUN Federal Interagency Committee on Urban Noise 
FORSCOM U.S. Army Forces Command 
FY Fiscal Year 
 

G 
GIS Geographic Information System 
 

H 
HQ Headquarters 
HQDA Headquarters, Department of the Army 
HR U.S. House of Representatives 
HUD U.S. Department of Housing and Urban Development 
Hz Hertz 
 

I 
ICUZ Installation Compatible Use Zone 
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ID-OEC Installation Division Office of Environmental Compliance 
IG Inspector General 
IONMP Installation Operational Noise Management Plan 
 

J 
JLUS Joint Land Use Study 
 

K 
None 
 

L 
LEQ Equivalent Sound Level 
 

M 
MOA Military Operations Area 
MP Military Police 
MSL Mean Sea Level 
 

N 
NAS Navel Air Station 
NE Northeast 
NEPA National Environmental Policy Act 
NFS National Forest Service 
NGB National Guard Bureau 
NLR Noise Level Reduction 
NOE Nap of the Earth 
NW Northwest 
NZ Noise Zone 
NZ I Noise Zone I 
NZ II Noise Zone II 
NZ III Noise Zone III 

 
O 

OMB Office of Management and Budget 
ONMP Operational Noise Management Program 

 
P 

PAO Public Affairs Office 
PL Public Law 

 
Q 

None 
 
R 

R&D Research and Development 
RC Reserve Components 
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ROTC Reserve Officer’s Training Corps 
RW Rotary-wing Aircraft (i.e., a helicopter) 

 
S 

SCS Soil Conservation Service (US) 
SE Southeast 
SEL Sound Exposure Level 
SGS Secretary of the General Staff 
SJA Staff Judge Advocate 
SLUCM Standard Land Use Coding Manual 
SONMP Statewide Operational Noise Management Plan 
STC Sound Transmission Class 
SW Southwest 

 
T 

TAG The Adjutant General 
TDR Transfer of Development Rights 
TM Technical Manual 
TRADOC U.S. Army Training and Doctrine Command 

 
U 

USACERL U.S. Army Construction Engineering Research Laboratories 
USACHPPM U.S. Army Center for Health Promotion and Preventive Medicine 
USAF U.S. Air Force 
USAR U.S. Army Reserve 
USC U.S. Code 
USDA U.S. Department of Agriculture 
USFWS U.S. Fish and Wildlife Service 
USGS U.S. Geological Service 
 

V 
VA U.S. Department of Veterans Affairs 
VMC Visual Meteorological Conditions 

 
W, X, Y, Z 

None 
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