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Appendix A 

Public Comment on 
the Environment Assessment 

for the Rocket Development Company's 
Static Test Stand 



-

AppendixB 

A Final Report 
of the Archaeological Mitigation 

of Site BK 337 on State Land 
Adjacent to the NASA 

White Sands Test Facility 
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Appendix C 

Threatened and Endangered Species Survey of the 
National Aeronautics and Space Administration's 

White Sands Test Facility, New Mexico 
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NOISE CALCULATIONS FOR PROPOSED STATIC ENGINE TESTS 

Introduction 
An opportunity has been presented to test two new rocket engines for a customer at White 
Sands Test Facility (WSTF). One engine has 65,000 pounds of thrust and the other has 
125,000 pounds of thrust. WSTF tests a variety of different engine sizes, ranging from 
9,000 pounds of thrust and lower, but it is not practical to use one of the existing engine 
test stands for this project for several reasons: 

The present schedule for the existing engine test stands is filled at WSTF for the 
foreseeable future. The new customer's schedule does not allow for this delay. 

The two sizes of engines the customer has for testing are larger than our engine test 
stands could accommodate without extensive modifications; a costly option which 
would prevent NASA from testing smaller engines at the modified engine test stand. 

The engines are designed to use liquid hydrogen (LH2) and liquid oxygen (LOX). WSTF 
has existing tankage to support this design, but not at engine run time and the 
resulting propellant volumes requested by the customer. 

Explosives quantity distance (QD) issues concerning the large volumes of LH2 and LOX 
would have moved numerous existing operations to unspecified locations. 

Project Goals 
Determine noise intensity levels generated from the new engine test stand. 

Determine noise intensity levels experienced at WSTF and public surroundings pertaining 
to the new engine test stand. 

Employ this knowledge to locate an unused area at WSTF to build a new engine test stand 
at a sufficient distance to experience acceptable noise intensity levels at existing facilities 
and public surroundings. (Based on external experience with similar sized engines, project 
management determined the potential for ground vibrations from low frequency noise 
generated by the test stand was not a factor affecting this project.) 

Methods 
NASA WSTF's contractor Program Assurance Department (PAD) has data showing 
employees are protected from noise sources. The intensity levels of daily tasks is 
insufficient on several counts. However, the existing data are for testing significantly 
smaller engines. The data which needed to be expounded upon are the noise intensity 
levels at distances greater than a quarter-mile. 

WSTF's previous experiences with attempting to predict noise intensity levels using 
mathematical equations (1/R2) indicated hearing protection would be required for hundreds 
of miles. PAD started with these same equations as a reference point (see Table 1). 
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PAD feels the equations fail to account for attenuation. For this reason PAD sought some 
local mathematical help from a physicist (see Table 2). These equations find the total 
energy released from a given combination of LH2 and LOX. This provides the highest 
potential mathematical dB(A) level at the source. Table 2 continues attempting to discern 
the noise attenuation at various distances, but uses the classic l/R2 equation and does not 
account for noise attenuation. This predicts high noise levels over 100 miles away. 

During an additional search of the literature a chart was located showing measured noise 
attenuation levels for given frequencies at specified distances (see Tables 3 and 4). PAD 
used the 25 - 50 Hz data on the chart from functional test stands to see how close it 
compared to the classic 1/R2 equation using the equation modeling software, Chart It. The 
noise attenuation results were approximately 1/R2.92. This is closer to what PAD had 
expected to find when noise attenuation was factored into an equation. 

Later, PAD wanted to compare the data generated by the equations with data gathered 
from WSTF's natural surroundings (see Tables 5, 6, and 7). PAD representatives located 
themselves within Bear Canyon to collect sound attenuation measurements from a hand 
held air horn. Even though the air horn is quieter the engine test stands, the results are 
within the expected curves as the 25 - 50 Hz data of the chart. Plugging the results from 
the canyon into the equation modeling software returned an equation of 1/R2.92. This is the 
same equation derived from the chart. 

Having gathered the field data in the canyon, PAD wanted to collect some additional field 
data in a more reflective area. For this PAD chose a large asphalt paved parking lot (see 
Tables 8 and 9). As expected, there is less attenuation in a paved area, but still greater 
attenuation than 1/R2 predicts. 

Data Collection 
The day before the planned field test PAD measured a fire truck's air horn which read at 
136 dB(A), and an ambulance's siren which had a nominal reading above the capability of 
the meter, indicating a reading over 140 dB(A). 

The next day PAD had both a fire truck and an ambulance on the well road in a position 
located on a line between the proposed test site and the nearest neighbor. In this location 
PAD was within a mile of the proposed site and just over a mile to the nearest neighbor. 
For the first field test PAD premarked locations in 100 foot intervals from the zero point 
down the road to a distance of 700 feet. The 700 foot interval was chosen to match the 500 
foot baseline PAD had from the canyon. 

PAD had only one meter that would measure noise intensity below 80 d(BA). Using the 
other meters, PAD positioned an individual at the zero point and another 200 feet away. 
PAD gave both of them hearing protection, since PAD was sure they would experience noise 
levels above NASA's noise PPE threshold of 85 dB(A). 
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PAD placed a third individual 400 feet from the zero point and another took successive 
readings from 500, 600, and 700 feet with the B&K. Readings were obtained from the fire 
truck and the ambulance. Quick field analysis demonstrated what PAD had seen in the 
noise frequency attenuation chart. The higher pitched ambulance siren attenuated faster 
than the fire truck's air horn. For this reason no additional measurements were taken from 
the ambulance and they are not included in this report. 

Since readings over 80 dB(A) 700 feet away were being recorded, PAD decided to increase 
the markers out to 1400 feet. This would give us another doubling of the distance from 700 
feet. While placing the marker at 1400 feet PAD decided to another 100 feet out to 1500 
feet. 

For the next series of meter readings along the well road, PAD again located an individual 
at the zero point and at 200 feet for consistency. PAD moved the third individual out to 500 
feet to attempt to capture the farthest reading obtained in the canyon. Readings began at 
700 feet, the farthest previous reading on the well road, on out to 1500 feet. 

PAD learned, again, how much more sensitive the B&K meter was when the individual at 
the 500 foot mark reported his meter could not report a reading. This indicated his meter 
was exposed to less than 80 dB(A) for the 30 second air horn blast. The chart of these 
readings is at Table 10. 

Following the well road noise measurements, PAD representatives turned the fire truck 90° 
to the south towards the bushes and approximately towards the nearest neighbor. PAD 
recorded another series of noise measurements from the zero point and on out to 700 feet. 
The chart of these measurement is at Table 11. 

PAD found the noise attenuation curve recorded on the well road and while facing into the 
bushes was on the order of 1/R3·14• This noise attenuation factor predicts a noise level of 
31.4 dB(A) at two miles, which is the distance from the proposed test stand to the nearest 
neighbor to the south east. 

Summary 
Mter significant effort and time were expended to obtain the knowledge to better 
understand noise attenuation, PAD accomplished what they had set out to do. That is, 
mathematically determine the noise level at a given distance. Currently, that distance is 
two miles from the test stand and the noise level is 31.4 dB(A). 



Table 1 

Classic Rocket-Powered Vehicles at Launch Noise Attenuation 
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Table 2 

A Simplistic Model to Compute the Sound from a Rocket Engine 
(Matthew Hart; August, 1997) 

Decibels are computed using: dB= IOlog(_I_), where I is the intensity of the source and 
10 

1
0 

= 10-12 watts per square meter, the "typical" lowest intensity value that a human can detect. 

Intensity is defined as the power (P) that is spread over a particular area(A): I=~. Below 
A 

is a derivation of the power from the engine in a simplistic way. 

Thrust and Force 
F = rna = [mass· acceleration] = [mass· distance I time] 

=[(mass I time)· (distance I time)]= [(mass I time)· velocity] 

That is, the force( thrust) can be rewritten as the mass ejection rate multiplied by the 
velocity at which the mass is ejected: Thrust= T =[(mass/ time) ·velocity]= R ·v. 



Energy and Power 

The kinetic energy( E K) of the ejected mass is: 1 
E K = - mv 2 

; m = mass ; v = velocity . At every 
2 

point in time new fuel mixture is converted to gas and expanded (ignition), forcing it 
through the nozzle at velocity v . Thus the power output of the engine is: 

E K mv
2 

Rv
2 

h I' b · d m P =-=-=-, w ere ve su stltute R =mass ejection rate=-. Finally, we can write the 
t 2t 2 t 

power output in terms of the given thrust and the mass ejection rate since from above: 
T 2 RT2 T 2 

v2 =-
2

; so that: P=-
2 
=-

R 2R 2R 

Intensity and Decibels 
p T2 

We need only to divide the power by the area of interest(A) to get the intensity: I= A = 
2

RA , 

and thus giving for the decibels: dB= 10log[ T
2 

] , mks units. Note assumption that all 
2RA·l0-12 

power from the engine has gone into producing sound, highly idealized. A quick way to 
adjust the model would be to multiply the intensity by an efficiency factor (c.), that is, a 
percentage that represents something closer to what the actual sound conversion is. For 
example if only 10% of the engine power is converted to sound then c, = 0.10 giving: 

I=!.= cJ
2 

= (O.lO)T
2 

and dB= 101og( (O.lO)T
2

12
), mks units. 

A 2RA 2RA 2RA ·10-

Examples 
Thrust(T) given as approximately 500,000 lbs = 2,200,000 Newtons. 

It has been found that the mass ejection rate (R) of the shuttle main engines is 160 lbs of 
hydrogen plus 970 lbs of oxygen per second. That is, R = 160+970 = 1130 lbs per second, 
approximately 5,000 kg per second. 

(A) Worst case scenario where all of the engine energy goes to generating sound and all the 
sound goes into the STGT site: 

If the STGT site is known to be 3 football fields high by 3 football fields wide as looking at it 
from the engine test site, then A is approximately 1,000 ft x 1,000 ft = 1,000,000 square 
feet which is approximately 90,000 square meters. 

Then, at the site the sound level will be: dB= 10log[ (
2

•
200

•
000

)
2 

12
] = 157dB. 

2(5,000)(90,000) ·10 

Also, the next figure includes the results of several calculations assuming different sound 
conversion efficiencies. Note that .2% will create a sound level of 120 dB, which is the level 
deemed as the pain threshold. 
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Worst Case, All SolUld Reaches STGT 
1~~--~_,-------+------~--~--+-----~ 
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Percentage of Engine Power Converted to Sounl 

(B) If the engine were a spherical emitter, radiating sound equally into all directions space, 

then the intensity at a given distance(r) away from the engine would be: I=~·~. 
41l' r 

(2 200 000) 2 1 1 . . At r = 1 mile= 1,580 meters, I = ' ' 
2 

= 15.4 watts per meter, whiCh gives 
2(5,000) 41l' (1580) 

dB = 10log[15.4 I 10-12
] = 132 dB. 
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Table 3 

Noise Attenuation in Air 
Distance from Point of Origin 

Meters 30 100 1,000 2,000 3,000 
Feet 98 328 3,281 6,562 9,843 

Mile(s) 0.02 0.06 0.62 1.24 1.86 
Field Data from Stennis of Sound Attenuation by Frequency 

25-75 Hz 0 -10 -29 -34 -39 
75-150 Hz 0 -10 -30 -35 -40 

150-300 Hz 0 -10 -31 -36 -42 
300-600 Hz 0 -10 -32 -38 -46 

600-1200 Hz 0 -10 -34 -42 -53 
1200-2400 Hz 0 -10 -40 -50 -66 
2400-4800 Hz 0 -10 -49 -70 n/a 
4800-9600 Hz 0 -12 -68 n/a n/a 

Estimates using 25-75Hz results 
500K Engine dB(A) 157 147 128 
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dBIA40 
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20 
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135 125 

Table 4 

Estimates for Various Engines Using 25-75Hz Attenuation 
(first measurement of 157 dB(Al was 30 meters from the SOOK 
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Distance In Meters 
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Table 5 

Canyon Data with the Horn Pointing Out 

/--dB(A) reading / 

30 61 91 122 152 

Distance in Meters 

Table 6 

Horn Pointing Out -- y=(IO)log(3el9/x12.92)) 
-- y=(IO)log(3el9/x12)) 
• • 25-75HZ Attenuation 

e SoundData -- -- -I----- -- ---'--- -- 2 -- +- - -- ----
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eqn: y=(lO)log(a/(x) ), R:9.67, max dev: 13.1 
a=9.68Ell 

I 

I I b I 
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. I 
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Table 7 

Canyon Data with the Horn Pointing Down 
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Table 8 

Parking Lot Data with the Horn Pointing Out 
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Table 9 

Parking Lot Data with the Horn Pointing Down 

30 61 

Distance in Meters 

Table 10 

Fire Truck Facing the Road 
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Table 11 

Fire Truck Facing the Bushes 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

NOTICE (98-xxxx) 

National Environmental Policy Act; finding of no significant impact 

AGENCY: National Aeronautics and Space Administration's White Sands 
Test Facility, New Mexico 

ACTION: Fabricating and functioning a rocket engine hot fire test stand on 
Range 3 East, Township 20 South, Section 32. 

SUMMARY: Based upon the environmental evaluations and analyses in the 
Environmental Assessment on the Rocket Development Company's 
static test stand proposal, it is concluded that an Environmental 
Impact Statement is not required. 

DATE: 

RESPONSIBLE OFFICIAL: 
Joe Fries, Manager, NASA White Sands Test Facility 

ADDRESS: NASA WSTF 
P.O. Box 20 
Las Cruces, New Mexico 88004 

FOR FURTHER INFORMATION CONTACT: 
David Amidei 
NASA Environmental Program Manager 
WSTF- BLDG. 100 
(505) 524-5517 
Fax: (505) 524-5798 
E-mail: damidei@smtp3.wstf.nasa.gov 

SUPPLEMENTAL INFORMATION: 
Environmental aspects were examined pertaining to the following areas: geology 
and soils; air; water; cultural resources; biological resources; noise; land use; health 
and safety; transportation; services; and socioeconomic issues. Mter an initial 
inspection, a more decisive investigation examined land use, noise, biological 
resources, cultural resources, and geology and soil issues. The following paragraphs 
summarize the conclusions: 

Land use - Transfer of land use from the present buffer zone to an industrial 
use zone will need to occur. The State of New Mexico will have to approve 
this plan before implementation begins. 



Noise - Environmental impact from noise is expected to be minimal 
(intermittently at 31.3 decibels) at the nearest public housing location. 
Sound will be directed, via a flame bucket, toward unoccupied areas which 
will have minimal impact. Noise from this test stand will be at or below 
normal WSTF sound levels. 

Biological resources - No habitat critical to the survival or reproduction of 
any listed species of plant or animal was observed on or in the immediate 
vicinity of Section 32. Additionally, there are no areas near-by that are 
considered highly sensitive or moderately sensitive that could be affected by 
the proposed action. 

Cultural resources - On September 17 and 18, 1992 archaeologists 
recovered a single radiocarbon sample during excavation. The hearth was 
dated to be 2860 years old. No macrofloral remains were identified in the 
flotation samples that were recovered from the hearth fill. No associated 
extramural features were discovered through shovel scraping of the disturbed 
area surrounding the hearth or through test excavations placed in 
undisturbed peripheral areas. No artifacts were discovered during the 
testing or data recovery period. Monitoring for cultural resources will occur 
during the construction phase. 

Geology and soils - A minor concern exists with an increase of wind or 
water erosion of soils during the construction phase. This is unlikely to 
transform the topographic conditions within the section. 

PUBLIC COMMENT 
An Environmental Assessment that supports this "Finding of No Significant 
Impact" is available for public review at the following locations: WSTF NASA 
Administrative Office (Building 100); and at the Branigan Library (200 E Picacho 
Avenue; Reference Desk). All comments are invited for consideration by the 
Facility Manager, WSTF, within thirty calendar days of this notice. Address all 
correspondence to: 

NASA Environmental Program Manager 
P.O. Box 20 
Las Cruces, NM 88004 
Attn: David Amidei 

Pub. No. : xxxxx 
Publish: (Date) 



ADMINISTRACION NACIONAL AERONAUTICA Y ESPACIAL 

NOTICA (98-xxxx) 

Acto Nacional Ambiental Politico; hallazgo de no impacto significativo 

AGENCIA: Administraci6n Nacional Aeronautica y Espacial 
White Sands Test Facility, New Mexico 

ACCION: Fabricando y funcionamiento una plataforma de prueba-fuego de 
motores de cohetes en Range 3 East, Township 20 South, Section 32. 

SUMARIO: Basado en las evaluaciones ambientales y ana.Iisis en ella Evaluaci6n 
Ambiental en la proposici6n para la plataforma de pruebas estaticas de 
la compania Rocket Development Company, es concluido que una 
Declaraci6n de Imp acto al Ambiente no es requerido. 

FECHA: 

OFICIAL RESPONSIBLE: 
Joe Fries, Manager, NASA White Sands Test Facility 

DIRECCION: NASA WSTF 
P.O. Box 20 
Las Cruces, New Mexico 88004 

PARA INFORMACION ADICIONAL PONGASE EN CONTACTO CON: 
David Amidei 
NASA Environmental Program Manager 
WSTF- BLDG. 100 
(505) 524-5517 
Fax: (505) 524-5798 
E-mail: damidei@smtp3.wstf.nasa.gov 

INFOMACION SUPLEMENTARIA: 
Fueron examinados aspectos ambientales perteneciendo a las siguientes areas: 
geologia y tierra; aire; agua; recursos culturales; recursos biol6gicos; ruido; uso de 
terrenos; sanidad y seguridad; transportaci6n; serv1C1os; y cuestiones 
socioecon6micas. Despues de una inspecci6n inicial, una invistigaci6n mas decisiva 
examin6 uso de terrenos, ruido, recursos biol6gicos, recursos culturales, y 
cuestiones geologia y terrenales. Los siquientes paragrafos resumen las 
conclusiones: 



U so de terrenales - Translaci6n de la zona presente de amortiguaci6n a una 
zona industrial ira ocurir. El estado de nuevo mexico tendra que aprobar 
este plan antes que se lleve acabo. 

Ruido - Se espera ser minimo el impacto ambiental debido al ruido 
(intermitente a 31.3 decibeles) en la mas cerca localizaci6n publica. Sonido 
sera dirijida, via un cubo de llamaradas, asia areas desocupadas que tendran 
impacto minimal. Ruido de esta plataforma sera lo mismo o menos de los 
nivels normales de WSTF. 

Recursos biologicos- No fue observado habitante critico a la supervivencia 
o reproducci6n de alguna especie de planta o animal, en o dentro de, la 
vecindad inmediata de Section 32. Ademas, no hay areas cercas que son 
consideradas sumamente sensibles o moderadamente sensibles que pudieran 
ser afectadas por la acci6n que se propane. 

Recursos culturales- En el 17 y 18 de septiembre 1992, arque6logos 
recuperar6n durante excavaci6n una sola prueba de radiocarbono. El fog6n 
fue antedatado de ser 2860 aiios. No fueron identificados restos macroflorales 
en las muestras flotadas que se recuperaron del relleno del fog6n. No se 
descubri6 facciones extramuros asociadas a traves de raspados de pala en la 
area molestada circundante el fog6n o a traves de excavaciones de pruebas 
colocadas en areas perifericas en tierras no molestadas. No se descubieron 
artefactos durante el periodo de prueba o el periodo de recrobar data. 
Durante la fase de construcci6n, vigilancia ira ocurrir para recursos 
culturales. 

Geologia y tierra- Un asunto menor existe debido al aumento de la erosion 
por aire o tierra durante la fase de construcci6n,. Es improvable que esto 
transforma las condiciones topograficas dentro la secci6n. 

COMENTARIO PUBLICO 
La Evaluaci6n Ambiental que suporta este "Hallazgo de no Impacto Significativo" 
es disponible para revisa publica en los siguientes localizaciones: WSTF NASA 
Administrative Office (Building 100); y Branigan Library (200 E Picacho Avenue; 
Reference Desk). Todos comentarios son invitados a consideraci6n por el Gerente 
de Facilidad , WSTF, dentro de 30-dias calendarios de esta noticia. Dirija toda 
correspondencia a: 

NASA Environmental Program Manager 
P.O. Box 20 
Las Cruces, NM 88004 
Attn: David Amidei 

Pub. No.: xxxxx 
Publish: (Fecha) 
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