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SECTION 1 

SUMtARY AMD VraNHDIDATIOIB 

1.1 SUMHARY 

A coapr«h«ntlv« tcelmlqu« for dattralalag th« ■agoitud« of 
potential launch hasarda la dovalepad aa an latanadlata atap In tha 
procart of aalaetlng optima launch «Itaa for vary hlgh^thriicr booatar 
cnglnaa, fron tha atandpelnt of aafaty. Thraa eharaetarlatlc launch 
• it« hasarda ar« conaldarod: acouatica, axploaiona, and toxlclty. 
The alting criteria dcvalopod ar« generally applicable to aoat iwtentia) 
launch sitea. 

Tha trend in developaant of high-thrutt booatcr aystaas in 
the 1.0 to 10 million pound thrua: category ia briefly exaniaed. 
Engine aizca, tankige and configuraclona, and propallant coabinationa 
ar« diacuaaad in turn to eatabMah realiatic boundaries for th« 
9ub*«quent assesaa«at w* hazards. 

Procedurea and data for aatinating tha acouatic, «xploaive, 
and toxicity hazarda are next given. Where appropriate, the launch 
hazarda data are expreaaed aa a function uf aite environment for given 
booater aizea and/or confIguratloua. 

In order to illuatrat« the alte aelecticn procedure a 
hypothetical three »tage launch vehicle (9 million pounds thtuat), 
and a prospective launch area with realiatic environmental conditiona 
are poatulated. The raaulting hazard eatimataa are employed to specify 
a particular launch complex location and cjnflguration, and to «atab*li>h 
launching coaatrainta Impoaed by th« asaumed environment. 

Several field survrys «re found necttaaary "o provide critical 
daft about potential launch sitea for the aaseaament of hazarda. Two 
of theaa, an acouatlcal aieaauremant program and gaa release tcata, are 
describe«! In the appendicea. 

-1- 



1.2    RECOMENDATIONS 

Having exhauated available  »oiTcaa of launch hazarda information, 
and having tranaforaad pertinent dats  into uaable siting criteria,  It   Is 
now appropriate to outline how theae reaulta might be applied at  the 
Pacific Miaaile Range.    The Naval MlasUu FacllUy at Point Argucllo. 
KMFPA and/or the Channel Islands represent, as a first approximation, 
feisible areaa from which the larger missile booster systems of the 
not-too-distant future can be launched.    In the absence of specific 
program requirements it  ia expedient  to assess the hazarda associated 
with these sites by virtue of prevailing environmentnl conditions. 
Climatological, geographical, geological,  and oceanographical facturs 
strongly influence  the hazard magnitude and consequences. 

Needless to ?ay, aa the booster engine sizes and piopellant 
quantities  increase, and aa higher energy fuels sre employed,  so too 
will  the hazards increaae; more than ever will the emphasia be on 
safety.    Safe launch operations arc best assured by giving due regard 
to potential hazard« early  in the site selection «ud site development 
phases of facility activation.    The need tor devoting etfort  isncdiately 
in preparation for the ultimate maximum utilization of NMFPA and 
vicinity  is apparent. 

TWo significant steps, requiring no prerequisites,  can be 
taken  immediately.    Further action would be contingent upon the 
reaulta obtained therefrom.     These   immediate steps are: 

a. Conduct a comprehensive acouatical field survey at NMFPA 
to detect the presence of any unusual modes of sound propagation, 
both  for airborne and ground  lianamissions.    Sound transmissions 
in «ir can, under the  influence of  terrain and weather conditions, 
deviate markedly from the theoretical  free  space situation,  thus 
"»jutrlBg unreasonable «•»r«ration distances between socn.e and 
personnel to be protected.    Acnuatlcally  induced ground vibrations 
tiii cauu« critical displacements to sensitive range  instrumentation. 
A complete description of tht ie<]uired acoustic measurement program 
is given in Ap^ondix -\. 

b. Conduct g«s release  and atmospheric diffusion tests at NMFPA 
to determine representative  values of  the criticsl nuteorological 
constants which influence gas dispersion.    These tests are described 
fully  in Appendix B.    The objective   is  to correlstc g.»r diffusion 
parameters with prevailing terrain and provide a jasis  for stipulating 
maximum safe quant it lea of toxic propc Hants which can be handled. 

Both of the above  IleM surveys reorescnt worthwhile  contribuilons 
to the advanrement of safety at   'he  Pacific Nlsiile Range. 

-2- 



SKüTION 2 

INTRODUCTION 

I 

The activltle» conducted in launch eraat are Inherently 
hazardous b«ciu«e of the operation of high-energy syatens designed 
to obtain naxlmuB perforaance fro« nlsailes and space vehicles. 
V.ree  types of hazards that exist during static firing or launching 
of ihemical rockets are acoustics, explosions, and toxicity. These 
hazards tnay er-iM not only for the launch coaplex in operation, but 
also extend to adjacent launch ccmplexes or other facilities. 

For subsequent generations of chemical propulsion systens 
(those providing upwards of one ailliou pounds thrust, and upper 
stage engine» utilizing higher energy fuels) the potential launch 
hazard« will assume even greater proportions. The ability to launch 
these vehicles will depend strongly upon site location, separation 
of launch pad fro« adjacent facilities, and other precautions taken 
to miniaize hazards to personnel and equipnent. The first step in 
meeting this challenge is to assess the potential hazards jnd establish 
safe criteria for location and developswnt of pertinent range facilities. 

2.1 PURPOSE AND SCOPE 

The primary objective of this study is to establish site 
selection criteria which will minimize the hazards associated with 
launching« oi  high-thrust booster vehicles and of upper stage rocketi 
utilizing high energy propellents. 

The present report is intended to fulfill only this primary 
objective. Three preliminary reports were submitted earlier to 
(1) define techniques for predicting the magnitude of the hazards, 
(2) determine maxlauan tolerable harar«'", «nd (3) pre<crlhe «(?f>ty 
prartices. 

i 
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Siting criteria developeü herein are aipl'cablt- both to the  selection 
of  land areas suitable  for a  launr i  -omplex ae weil  as  for  the   first- 
order  siting of facilities within .1   launch complex.    This and the 
previous reports are oriented more  .oward the needs of personnel 
responsible  for range  planning and development,  rather  than for 
range operation. 

The preliminary reports completed previously are: 

(1) "Acoustical Hazards of Rocket Boosters" 
Volume  I  •  Phy^cal Acoustics 
Volume  II  -  Effects on Man 

(2) "Explosive Hazards of Rocket Launchings" 

(3) "Toxic Hazards of  Rucket  Propellants" 

2. 2    METHOD OF APPROACH 

It had been specified  that  the hazards analyses particularly 
stress the  influence of general environmental cuiulilions upon the 
magnitude and effects of  launch hazards.     Therefore,  relationship« 
were determireH wherever possible  that woulH ind»>-ate the environmental 
deoendeii«.« ot   launch hazards      The major environmental   factors 
considered were clinatologlral   and  topographical. 

The results of  this report may be  applied to either of  two 
situations: 

c      Where a particular  launch vehicle configuration is known and 
it   is desired to make  a preliminary chice of prospective  launch  sites. 

b.     Where a particular   launch site   is  available and it   is desired 
to determine the  limitations on   launch operations necessary to ensure 
saferv to both on- and off-site  peisonnel 

In either case,  the environmental  charactcrlslr 1c» of a  site, 
or  ul prospective sites, must  he knovn or determined ty  field surveys 
before  the   launch hazards may  be   reliably estiMkzed.    Only  thtn  can 
the proper  steps be taken to enhance  the  intimate  safety of   launch 
operations. 

It   is emphasized that   the  task has been  limited to a search 
ot   the available  literature,  a  survey of probable Hata  sources,, and 
an analysis of  the resultant   information,  no evperimental work was 
authorize»* 



2.3    PMR SITING CONSIOBRA'ilONS 

The Pacific Mitail« fUn^e h*'. no rigid boundaries and can 
therefore acconnodatc a hoct of niabilea,  Satelliten, and space 
probe«.    Potential launch sites foi boocter vehicles exist throughout 
the range fro* the mainland at Point Argueilo to, and including, 
hundreds of downrange islands  (see map in Fig.  2-1).    Although the 
Naval Minsile Facility at Point Aiguallo (see map in Ft*.  2-2) 
currently la well equipped both by natural and by man-made  facilities 
to handle most of the preaent-day requireawnts, there 1« some indication 
that higher-thrust boosters will demand a unique launch environment 
not readily found on the mainland.    If for no other reasons, satety 
considerations will impose »»ver-increasing physical separations between 
launch pad and supporting facilities.    Ultimately the remoteness of 
small,  aemi-deserted islands, employed in conjunction with mobile 
launching pads, may offer compelling advantages. 

It  is difficult to state the  limits  in booster «lie, or the 
set of operating conditions which would vitiate the obvious advantages 
of a mainland launch site.    This is a couplex problem involving much 
more than an e«^Motion of launch hazards. 

T**e imminency of large booaters  is  indicated in Table 7-1, 
the data  for which is based upon an analysis of pixaent and extrapolated 
scheduiea tor Department of Defense and National Aeronautics and Space 
Administration programs.    The need for initiating supporting studies 
conceruiug launch hazards and siting requirements ii manifest. 

TABLE 2-1 

SUMMARY OF PREDICTED LAUNCH INGS 

!   BOOSTER THRUST RATING 
(million pounds)     | 

I       FISCAL YEAR 

63 64 65 66 67 68 69 70 

|   0.5 to 1.5 0 I 2 U 6 8 11 11 

j   1.5 to »>.0            | 0 0 0 0 1 2 4 5 

I 
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FIG.   2-2    THE «AVAL MISSILE FACILITIIS AT TOINT AKUELLO 
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Siting rcquir«Muc» for a apcciflc range prograa are baaed 
upon acre than the hasarde aaper^r:    particular traJ«ctorlas nuat be 
(eaaible, and proper Inatrunentatlon «tuet b« aade available.   Other 
ccialderatlona involved In the aelection of launch aitra include the 
following tactora: 

a. Site location 

b. Site 

c. Topography and hydrography 

d. Climate  (teaq>erature, rainfall, winde) 

e. Biota (flora and fauna of a region) 

f. Cbnerehip 

g. Population 

h. Land uae 

i. Exiating facilitiea 

J. Acceaa (by air or by aea) 

k. Water aupply 

1. Geologic threats (volcanic,  land ahifta) 

A diacuaaion of thcae conaiderationa, aaide fro« their direct 
effect on the  launch hacards,  is not within the scope of this report. 



SECTION 3 

HIGH-THRUST VEHICLES 

Cricaria for Che tclection of launch sic«! arc dapcndant 
upon «any of tha saaa paraiwCcrs chat daacriba vahlcla parfonunca. 
A knowladga of vahlcla weight and propallanC coablnadon in  necastary 
to ascablish launch facility raquiraaanca. Theaa data concerning 
hlgh-thruar vehiclaa are determined fro* ayacaa eising studiea. 

Tha chruac (F) developed by a rockec angina dependa upon 
tha propellent MA»»  flow race (0 pounda par aecond) and tha apecific 
inpulae (I  pounda of Chruat par pound of propallanC flow par 

•P 
second). Ic la expresaad by 

F - C I 
•P 

pounda (3-1) 

Booacer parfonaance la alao dependent upon the apecific 
lapulaa, which la a function of the chotan fuel and oxidiacr, and 
tha raclo of propallanC weight to cha Cocal weight. Velocity at 
booacer burnout (V.) la 

bo '.,'-. (' - sj) - (3-2) 

where G and D are Cha gravitational and drag   loaaaa, reapectively, 
W 

and n^ la tha ratio of booater propellent weight to Che weight ot 
t 

Lhe alaaile aaaeably. 

from a performance atandpoinc Che apecific  iotpulse and 
the propallanC  loading fractiona are  important parataetera.    In 
general, thr  apecific   iwpulses arc higher  for  the  less dpn«e propi»! I.ir^a 
(liquid«) while tha propellent  loading fractiona are higher for th* 
■ore danae propellanta (euHda).    Trade-offa between tbeae two 
paraawtera provide criteria for the selectlm of a propellant system. 

-9- 



Other  factor« which Influence  Lhe booster  system configuration 
«re reliabili»./   requirement«, booster  recnv^r'M llty consideration«, 
t,'»t   facility needs, production p^obiem«, and the overall coat of 
accoapllshing  a given mission. 

3.1    VEHICLE CONFIGURATIONS 

High-thrust vehicles may employ a single engine (the F-l 
engine will  provide  1.5 million pounds of thrust)  or « cluster of 
smaller engines (Saturn will utilize eight K-I engines for a total 
of 1.5 million pounds of thrust).    Individual engines within a 
cluster or Multistage complex may also qualify as  a high-thrust 
system (the Nova-type vehicles will employ a cluster of six F-1 
engines  for 9 million pounds of thrust^ 

Two versions of the Saturn vehicle are presently enviotoned: 
the C-l  (3-stagc) and the C-2 (4-stage)  configuration«.    Pertinent 
characteristics arc given  In Table 3-1. 

The Saturn booster section Is 22  feet   li.   iiurotici  aii<l 80 
feet  in  length.     It  contains eight 70-inch diameter tanks centered 
around one tank  105  inches In diameter.    The eight englnt-s, shrouds, 
and nssociated plumbing essentially complete  the mlasile structure 
Total main-stage piopellant capacity is 750,000 pounds. 

The Rocketdyne F-1 engine is being developed under NASA 
contract   for  a Nova-type vehicle.     Typical missions  Tor the Nova- 
type vehicle powete«! wich nigh>energy upper  stages are  illustrated 
in Pig.   3-1. 

There are  two ways in which a cluster of  six  identical 
engines can be  arranged to obtain minimum clutter diameter.    A 
configuration of six engines anange«! uniformly along the circumference 
of a circle will yield a cluster diameter equal  to three times the 
diameter of a single engine.    Likewise, a configuration of five 
engines «paced regularly around a middle engine will result  in the 
same cluster diameter.    A iriangular arrangement of the six engines 
)« also posMlble, but with slight  Increase  In cluster diameter. 
Each configuration offers alternate possibilities  for  fixed and 
glmbaled engine«. 

10- 
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TABU 3-1 

SATURN CHARACTERISTICS 

1     PartMter Stag* 1         C-l Configuration |     C-2 Configuration 

1 8                 H-l 8               H-l             \ 

1     Engine Typ« 
i       and Quantity 

!        ii 

in 
4                 LR-115 

2                 LR-115 

4               J-2 

4             11.115 

IV - 2               U-US 

i 1.50 1.50                     1 

II 0.08 0.80 

|     Noalnal Thruat 
(Pound« x 106) 

in 
IV 

0.04 0.08                     1 
0.04 

i uyRp-i L02/RP-l                      | 

|     Propellant      . 
Configuration 

|      (Oxldlc«r/Fucl) 

II 

in 

U)2/UI2 

U)2/IJI2 

u)2/ui2 

1J02/LH2                        j 

IV • U)2/IH2                        \ 

i 530.000 460.000                       1 

Oxldlzer Weight 
|           (Pounded 

II 
in 

94.000 

22.700 

172.000                       | 

62.500 

IV - 22,700                        1 
1 

i 220.000 190,000                        j 

Fuel Weight 
|         (Pounds) in 

2b.000 

6.300 

48.000                       1 
17,500 

IV - 6.300                       1 

Propel lent Weight All 899.000 Iba. 979,000 lb«.               | 

Apprsx. Height            ' Overall3     1 185 ft.                          1 230 ft.                   \ 

DOTES:       1.    H-I  and J-2 arc Rocketdyne denlgnationa;   L.R-115  IS a Pratt & Uhifney 
designation. 

2. L02 and IH2 are  liquid oxygen and hydrogen, respectively.    RP-1   Is 
hydrocarbon (kerosene)  fuel. 

3. Including payload. 
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According to Industry official«,  solid rocket motors can 
be developed to produce thrums in the neighborhood of 20 million 
pounds.    A possible configuration would consist of seven clustered 
engines each approximately 100 feet Ion« and 10 feet in diameter. 
Aerojet is engaged in the preliminary design of solid boosters of 
up to 7 million pounds gross weight, with thrusts of 2 to 3 times 
gross velght.    Developments are now in progress for a segmented 
solid rocket of over one million pounds thrust. 

3.2    PKOPELLANT COMBIMATIOMS 

Insofar as the higher thrust engines are concerned, 
major emphasis has been and is now being given to liquid propellents. 
Solid rockets are generally considered more reliable and have a 
higher propellent loading fraction than liquid rockets, but lower 
specific impulse.    Very large solid boosters pose *t>~e difficult 
manufacturing problem».    The explosive hasard of large solid 
propellent boosters is Judged to be high. 

A susaary o* slnile-chsmber liquid propellent engines 
currently available or under developaent is given in Table 3-11. 
Although present developaent work for "ery large booster engines 
is baaed on the use of liquid oxygen and petrolcue   fuel  (KP-1) 
the eventual choice aay become nitrogen tetroxide aud hyutatine- 
UDMH, depending upon the experiences with storable Titan II. 
Similarly, success with the 200,000 pound thrust J-2 engine could 
Inspire future development of larger engines employing the all- 
crvoaenlc combination of  liquid oxygen and liquid hydrogen,    "ome 
pertinent characteristics of popular liquid propellent combinations 
sre given in Table 3-III. 

Current  types of solid propellents with metal additives 
csn deliver a specltic impulse of about 290*   seconds (chamber 
pressure of 1,000 psi at sea level).    New compositions with 
specific impulses up to 300 seconds are under development.    Typical 
of these materials are nitropolyurethane with lithium aluminum 
hydride and ammonium percMsrata^and fluoramine polymers with 
beryl HUB hydride. 

■13- 



TABLE 3-11 

LIQUID PRDPtLLANT ENGINES (SINGLE  - CHAMBER) 

1           Thrust 
(thouaanda of Iba) Propellant Conbinatluna             | 

10 to 25 U)2/LH2  , LF 2 /LH2 . LF2 /N^ 

|          25 to 500 L02/LH2   , L02/RP-l, N^/NjH,.  -UDHH     | 

500 to 1,000 Unknown,  if any 

1,000 to 2,000 U)2/RP-l                                                           | 

-14- 
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Hybrid rocket engines, In vhich a storable liquid oxldlzer 
la sprayed Into a combualon cha^ocr lined with a solid fuel, are 
receiving more attention. A Thiokol unit uses fuming nitric acid 
or nitrogen tetroxlde and a sMtal-Ioaded plastic fuel. Becco 
ChMlcal has reported a theoretical specific üspulse of 294 second« 
for alualnuB-enrlched polyethylene in coaiblnatlon with 99 percent 
hydrogen peroxide. 

The nuclear rocket engine is a serious contender for large 
booster systeas. High specific impulses are expected to be achieved 
with the utilisation of liquid hydrogen and a nuclear reactor heat 
source. Disadvantages are the low density of liquid hydrogen, the 
Inherent weight of the reactor systeai, and the hazards associated 
with radiation fro« the reactor operation and frosi fission by- 
products. Nuclear propulsion hasards ere currently under investigation 
by the U. S. Naval Radiological Defense Laboratory with the sponsorship 
of th« Pacific Missile Range. 
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SECTION 4 

f LAUNCH HAZARDS 
L 

The hazards associated with the launch of a large-bcoster 
rocket can be broken down into three categoric!): acoustical, explosion, 
and toxicity. 

Acoustical hazard results fro« the turbulent mixing of the 
high velocity exit gases with the surrounding «looaphere  The acoustical 
cower radiated docs not usually exceed on« or two pvr cent of the total 
mechanical strea« power of the exhaust gases. Daauging ground vibration« 
and high sound pressure levels are possible at large distances froai the 
vehicle depending on the ground and sub-strata at the particular site, 
adjoining terrain, weather conditions at the ti«e of launch, and sice 
and pciforaance of the rocket propulsion systea. Acoustical hazards 
exist independent of malfunction«- they arc always pr^a^nr during launch. 

Explosion hazards, as described here, result from th« rapid 
uncontrolled combination of chemical propellants which creates a 
shock wave or an overpressure. Therefor«, this hazard covers hoth 
explosions and deflagrations. Explosion hazards are dependent upon 
a Mlfunctlon and since abeMut* reliability I» unrealistic, an 
explosion or deflagiation will very llke'y be encountered. Th« magnitude 
of the hazard is usually expressed by denoting the Vft  equivalence of 
th« particular propellants used in th« rocket engine and describing the 
mixing and ignition processes. 

Toxicity hazards result trau the vaporization of propellants 
and subsequent diffusion by the atmosphere. A degree of toxic hazard 

M im  present nt  sll times because spillage and leaks occur during normal 
| handling and storage of rocket propellants. Rocket exhavst products are 

another menace, but the major concern is with malfunctions causing the 
release of large quantities of propellent. The present guidepost for 

i toxicity hazards is lie eight hour maximtan allowabi« concentration (MAC:) 
* for each propellant. 

I   I 
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This section briefly ■nmarizes the preliminary Aeronutronlc 
reports described in Section 2 (Ret  1, 2, 3, 'i) and presents working 
graphs and data from which to estimate the ougnitude of launch hazards. 
Detailed data »IxmL particular rocket propellanta are presented in 
Appendix C. 

4.1 ACOUSTICAL HAZARDS 

Rocket noise causes physical and physiological problems at 
the launch site and in adjoining areas.  Representing physical 
problems are »tructural or component failure resulting from excotslve 
vibrations induced acoustically. Physiological problems involve 
damage to personnel, restriction of communication, and reduced ability 
of an individual to accomplish required tasks.  Rocket noise will also 
affect community reaction against the use of a launch site when sound 
levels are excessive. The wans for estimating the overall acoustical 
hazards are di»<-ii«sed in thin section. 

A. 1.1 Rocket Engine Wolse 

Rocket engine noise sources Include: turbulent miring of 
the exhaust gases with the surrounding medium; interaction of Mirbulence 
eddies and thermal fluctuations with any shock waves in the exhaust; 
pressure fluctuations in the engine chamber, particularly during 
combustion Instability; and vibration» of the chamber wails.  Such 
a noise field is characterised by random pleasure tluctuations, 
continuous and extremely broad band frequency spectrum, nonunlformlty 
of radiation with direction, and extreme.. hls; eneigy lev-;'", radiated. 

The burned propellant emerging from the nozzle gives rise 
to large turbulent shearing itresses and violent mixing at the nozzle 
exit.  Farther downstream the velocity of the exit Rases decreases, 
mixing proceed« less violently, end larger turbulence eddies are 
evidenced.  This mode of nixing represents « high frequency noise 
source at or near the no**1~ exit with frequency decreasing as downstream 
distance increases. Noise from subsonic Jets is generated principally 
between five to ten exit diameters downstream while for Nupcrsonic Jets, 
which spread less rapidly, noise may be generated u'."» to fitcen  or 
twenty diameters downstream 

•18- 
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i 
4.1.1.1    Acoustical Powr L«v«U 

The atchanical power within • rocket engine rxhauat stream 
may be e?ipT»"«rd in ten*" of th« fhruot «r«* «»•' 'flc iamulnc of the 
■yttM. 

W_ - 21.8 Tl (4-1) 

where:    W   - stre«« power (watts) 

F   ■• thruat (pounds) 

I      - apeclflc lapuia«  (sec) 

Radiated acoustical power Is related to the mechanical 
atreaa power by the acouatlcal efficiency: 

\ " 21-8^FIsp (4-2) 

where      W   - radiated acoustical power (watts) 

^ - acouatlcal efficiency 

The acouatlcal efficiency 1« dependent upon the difference 
In velocltlca between the exhaust gaaea and the surrounding aediun. 
For presont day (LOX/RP-1) rocket engines the acoustical efficiency 
Is approximately one per cent; however, it may approach ten per cent 
for high performance nuclear engines.    Accurate determination of 
acoustical efficiency requires meaaurement of far field sound pressure 
levels from which the space average sound pressure level and acoustical 
power  level may be determined. 

An empirical relationship between mechanical power  in a 
rocket extuu*t atreaa to overall acoustical power levels    haa been 
determined by Von Gterke6.    This relationship, which best fits the 
available data for Jet stream power in excess uC 13^ watts with 
acoustical efficiencies of approximately one per cent, is 

PWL " 78 + n.5  ltfg.A(2l,8    I        F) (4-3) iy sp 

-13 
where FWL - Overall sound power level   'Hb*  referenced to 10       watts. 

The spectral charactcriatlcs of Jet streav noiae depends 
upon the Jet stream velocity (V) and diameter (d).    Spectral composition 
of rocket noiae energy may be generalized by plotting power spectrum 
level as a function of dlmenslonless frequency ss Illustrated In 
Fig.  4-1. 
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To obtain the power level«  in one-third octave bands the 
following stops are necessary. 

A. Coapute fd/V where f is the geoaetrlc scan frequency 
of each one-third octave band. 

B. Froa tig. 4-1 determine the power spectrua l»vel in db. 

C. Detenlne the db value of tb« reference level (shown as 
sero db), wulch is 

OVSIALL PVL -  10 log V/d 

D. Add the tero reference level to the powur spectrua levels 
deterained in step (B). 

-13 B.      Correct these power spectrua levels (PSL in db re 10 
watts) to one-third octave band (OB) PWL fro« the expression 

OB PWL - PSL + 10 log1(jftf 

whereAf is bandwidth in cps. 

4.1.1.2   Sound Pressure Levels and Dlrectlvicy 

The approxiaate relation, (accurate to 0.S db) between the 
■«an sound pressure level at a Riven radius and the PWL is 

SPL   - PWL - 20 log r    •   8 db (4-4) o o 

where 

SPL    * spsce average of the overall sound pressure level 
at distance r    froa the source,  in d*» re O.ono? micrnbav o —* 

-13 r PVL - overall power level of aourc«  in db re 10       watt 

r    - distance froa source,  feet o 

IThe directivity pattern of a noise source 1« generally defined 
for the far radiation field, where particle velocity and sound pressur» 
in a sound wave are in phase.    A good engineering estlaate it f> assume 
that the  far  field begins at a radius equal to about 5 effectiv-s source 
diaaster«.    A correction in decibels (directivity index) aust b« applied 
to the average sound pr^asure level calculated for E<4.  (4-4)  for 

, various angles •  froa the «xis of the exhaust  «treat». 

1 
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Figure 4-2 ihows the correct-Ion In decibels that must b« 
applied to the average sound pr^srara level in order to allow for the 
directional character letles of the Jet source.  The directivity pattern 
of a rocket is not the same for all frequencies and the pattern changes 
during liftoff of a aissile. Thus, the data given must be regarded 
as average values. 

The dashed curve of Fig. 4-2 gives the sound pressure level, 
(referred to the average SPL at a distance r from Lh« source) at 

various points, defined by the angle 9, on a line parallel to the Jet 
axis and displaced a distance r from it.  Such an analysis is called 

a sideline analysis and has Immediate .-ipplicatlon to the problem of 
how the noise at a fixed receiver varies during the launching of a 
missile. For instance, It is clear from Fig. 4-2 that the maximun 
noise at a fixed receiver will occur when the height of the source 
above the receiver is r cot 70°. 

o 

By taking into account the geometrical spreading and 
atmospheric attenuation of the outward propagating sound, the «pace 
average SFL for each octave band at any distance may be determined. 
This  information can be combined with the directivity indices (DI) 
of Fig.  4-3 to arrive at the SPT  «•«timatf« of a given distance as 
a function of  a.igle 0 and the varloua octave bands of frequency. 

The 01  information is far-fl^ld  infermation and cannot 
be extended closer than a  limiting distance to the source.    For 
purposes of prediction it  is convenient  to compute the space average 
SPL's at  200 feet.    In thia case. 

Space Average SPL - PWL - 57 db  (source  in air) 

Space Average SPL ■ PWL •  54 db  (source on ground) 

4.1.1.3   Engine Clusters  and Wlast Deflectors 

One of the  important  rocket  entire pirametent ihat must be 
considered  in describing Its scc-jstiral pow,»r output and  frequency 
spectrum is the effective not%U- diaacter      F<"- a single engine, 
thic diameter  is usually taken to be equal to that of the engine 
nozzle  Itself.    However, when several engines or  clusters of engines 
are used,  this diametei becomes  less well  defined,    rurthemore, 
the directivity pattern, overall power,  and spectra of grouped noise 
•ources are known to be different  than that of a single source because 
of gas mixing processes Involved in clustering. 
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Th« power •pectr« of oolt« pioducad by different cluster 
conflguretloaa tend« to ehlft t* later frequencies as the maber of 
engines increeees. Figure 4-4 »hove that in aodel scale tests the 
power in the higher freqtwnry octave bands increases by only 3 db, 
while power in the lower frequency bands Increases by 20 db as the 
masher of engines in the cluster Increases fro« one to eight. 

Bxperiawnts indicate that die acoustic power is directly 
proportional to the aech'inical power developed by the cluster, and 
doubling the engines in the cluster increases the acoustical power 
levels by 2 or 3 decibels. Clustering of rocket engines also affects 
directivity in the far field (see Fig. 4»5>. 

It is generally assused that a valid *«.uu»tic scale aodel 
of a Jet noise source duplicates the known or aeasurable paraaeters 
of the jet exhaust. The basic scaling principles and equations, 
stated below, are illustrated In Fig. 4-6. 

a. The swan square pressure ac a given frequency in the field 
of a sound source is proportional to the source strength tines s 
near field and directivity weighting function, and inversely 
proportional to the square of the path length. 

b. The frequency of the source is characterised by the ratio 
of a typical source velocity to a typical source dloenslon. 

c. The source intensity e*n be defined uniquely by the kinetic 
energy tern*, velocity and density. 

d. For siailar gases typical diaensions and velocities within 
the Jet, nonaelized by exit diaaMter and exit velocity, respectively, 
will be funtions of diaensionless position. 

Mien the«« concepts ar« coabined, an expression for the mean 
square preaaitr» is fuuad in terns of a set of diaensionless ratios 
tines a neeaure of unit source intensity. The product of frequency 
tines Jet diaaMter is also s function cf siailar diaensionless rstios. 
Thus, a set of latios of source diaenslon« to observation distance 
ia sufficient to equate the sound fields around two Jets which differ 
only in their size. 

The sMjor rocket engine noise source (ehe region of turbulent 
aixiog of the exhaust gaaes with the ataoaphere) ia a function of 
deflector configuration. Many deflector designs can cause Increases of 
aore than 10 db in the average near-field sound pressure levels in r»|,ion» 
where the aiasile structure would be located. Deflectors can also 
significantly influence the total output and spatial distribution of 
acoustic power produced by rocket engine operations. Smell scale tests 
for six typical blast deflectors were perforaed at Wright Air Development 
Division and the results si« sunaariiced in Fig. 4-7. 
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NOISE SOURCE CHARACTERISTICS 

DIMENSION d  CM 

VELOCITY V CM/SEC 

DENSITY <»  CM/CM3 

SOURCE INTENSITY Qf UATI^CM 

SOUND FKeqUtHCY f- x* tM 

ACOUSTIC SIMILARITY 

(1      I        2lAfril 

GIVEN < 

•d) 

fw ^ (2) 

JET FLOW SIMILARITY 

AND« 

d 
T 

(4) 

fD   -H^v] 

FIG.  4-6        CHARACTERISTICS OF A  'RT EXHAUST NOISE SOURCE 
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4.1.2   Prop«««tlon of »ockat Mel»« 

The launch of • large aiasllt involves  the  following 
operational tequenr.as which are  infl>>»nr<«l   in the propagation of 
rocket engine noise Co a receiver in the vicinity of the launch site. 

(1) Ignition and lift-off 

(2) Low acceleretion of the aissile at SBMII elevation angles 

(3) Mcdluai and/or high aissile acceleration at  large elevation 
angles 

For each of these operational conditions, the aaount of 
rocket noise transaitted to a receiver on the ground will be affected 
by atteauatiuu due to spherical divergence in the air and/or daaping 
of the aacrosonic waves.    In addition, the attenuation due to 
Meteorological factors, e.g., taaperature gradient, wind velocity, 
wind velocity gradient, wind direction and huaidity aust be conaldered 
along with the physicsl effects of ground transaissiou, barriers, 
aissile elevation angles,  and blast deflectors. 

4.1.2.1    Cround/Croaod Pronaaation 

Ground to ground propagation occurs during ignition of a 
rocket booster engine end during the initial  lift-off conditions.    The 
equation for the sound pressure at a point in the far field due to 
spherical divergence  is 

P    -    j    e"* (A.5) 

where K is dependent upon the source asq>litude,aCis dependent upon 
air conditions,  and R Is  the distance ta -.he source. 

A^r^nuation due to spherical divergence alone causes  a 
reduction of 6 db for each successive doubling of distance froa the 
source.    A plot of db loss versus distancs is shown in fig. 4-8. 
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Atmospheric attenuation tcpresents all reductions  in sound 
pressure level over a given path of pupagation in excess of the 
reduction due to square  law attenuat.on.    rm' large rocket  booster 
noise propagation only the aolecular absorption  (classical absorption 
will he negligible) need be considered.    It is dependent upon absolute 
hiMidlty and air teaperature as given by the following approximate 
equation 

A,. <_r 0.1(T + 45)    (f/h)2 .:i-6) 
»i 

where 

A^ - molecular absorption In db/tnoo ft. 

T    »  air  temperature in    F 

f    - geometric mean frequency of an octave 
band  in kilocycles 

h    » absolute humidity in grams cm 

found attenuation as a result of molecular absorption, 
turbulence, terrain effects, and propagation through fng,  rain 
and/or snow may be   lumped together  into a single value of excess 
attenuation (greater than inverse square) A..    Figure 4-9 shows 

a  family of curves giving Ae.   for propagation over  level terrain 

with uniform ground cover at the air temperatures and humidities 
indicated. 

Over open level ground where appreciable vertical temperature 
and wind gradients usually exist  it  is possible tu have a "shadow zone" 
into wnich no direct  sound can penetrate.    These shadow zones at« never 
sharp because sound energy  is diffracted into the shawdow zone and 
scattered into it by turbulence.    A shadow zone  is most commonly 
encountered upwind  from a source.    Sound refraction caused by temperature 
gradieui» lends to be symmetrical  about the source of sound. 

The distance X to the onset of the shadow zone can be 
estimated from the mean temperature and wind gradients evaluated at 
one-half the average source and receiver heights, using the  following, 
equation: 

[,-:%.«.   T [>>.":] fe«t 

(4-7) 
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where 

c Is Che ambieot  velocity of sound,  In feet per second 

S It the height of the sound  source above the ground  in feet 

R is the height of the receiver above the ground  in feet 

0 is the wind-to-sound angle 

/3 is the mean wind gradient   in sec 

co ^T , -1 
<*   ■ -w 1— • in "c 

~ro      is the absolute aü.bicut tcinperalure, in degrees Rankine 

z is the height  above  sea  level.  In feot 

the estimated excess attenuation into a shadow cone  (A«.) directly 
upwind  Is represented by Fig.  4-10 for tnadlum, high and low frequencies. 
These results are not expected to differ much over land or water or  in 
moist humid air, e.g.   fog.    The Ae. attenuation i* expected to be 
approximately 7 db less when # is 45° and  15 db less when 0 is  90°. 

The variation of wind and  temperature gradient«  in the  first 
few thousand  feet of  the dCinonpliere may cause substantial changes  in 
the velocity of *ound with height.     For example. Fig.  4-11  represents 
« plot of  travel  time  (r)  versus an^le of departure (0)  and range   (R) 
versus   (0)   for  the case nf  sound   transmission  through  the  atmosphere 
in which  two velocity gradients K\ and K2 «xiitl   (Ki bviu^   less  than K2) • 
At 8 - 9i,  the travel  time curve and the  range pass through a minimum. 
Furthermore, both the travel  time  and range change very slowly with 0 
in the vicinity of 9\.    This  indicates that a cone of rays  (e«<cncially 
in phase) will be converged at a range of Ri and will produce an  incrcn^e 
in intensity.    Various combinations of gradients will produce this 
focussing.    Once the magnitude of  the gradients in the vicinity of a 
launch site are known, an analog computer can be used to calculate  and 
trace the ray paths to deremine  if focussing of sound rays will occur. 
Figure 4-12 indicates the reinforcements of sound energy possible  for 
various velocity profiles. 
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CATEGORY DESCRIPTION 

SINGLE NEGATIVE r.KAOltNT 

ADDITIVE 
FACTOR 

SINGLE POSITIVE GRADIENT -«-14  DB 

ZERO GRADIENT NEAR SURFACE 
WITH POSITIVE GRADIENT A30VE +20  DB 

tfEAX POSITIVE GRADIENT NEAR 
sUKFACt MlTH üTROHti HOsIliVE 
GRADIENT  ABOVE 

+28  DB 

NEGATIVE  «..KAHTPNT NEAR  SURFACE 
WITH STRONG POSITIVE 
GRADIENT ABOVE +•»0  DB 

•cl .-».    VKIO. ..V  ^RADIEWTS  AND   INTENSITY  AT A FOCI'S 
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4.1.2.2   Air/C-fUiiü Prop«Batlon 

Aa the aouoJ source Increases  In elevation angle, ground 
cover and terrain effects becoae  less significant usually resulting 
in less attenuation of the sound energy.    Residual attenuation (A,,) 
is defined as the Atmospheric attenuation in excess of the humidity 
attenuation and is due principally to the scattering effects of air 
turbulence and to the fonation of sound shadows by the upward 
refraction of rays near the surface of the earth.    Etclwau» ot the 
effects of turbulence in ^he 73-150 cps octave band are given in 
Pig. 4-13.    In order to cstlaste the residual attenuation Ao due to 
shadow formation it is ntcessary first to know whether the observation 
point  is within the shadov «one.    This can be determined from Pig. 4-14. 

The gradient B   due to temperature is given approximately by 

BT - 4(T - ~o)  x 10'* 0P (4-8) 

Similarly, the gedient B   due to wind at 30 feet above the ground la 
approximately 

-4 

vhere 

B    -  1.5 W^cosf   x 10 w 30       c 

W'     - wind speed in miles per hour 

(4-9) 

-' r     -N     1 f    - cos  '   I  ■ r- is the critical angle 
Ll.5Wxl0"*J   BT - By 

where 

I The wind speed at 30 feet auiy be estimated fron the known 
speed W at any other height (up to about 300 feet) by the relation 

W30 K TT0.27 logl0(^30)   ■a" "" hour    (4-10> 
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Representative     maximum "aluat of B resulting from combined 
temperature and wind gradients are  -.005,  and thus shadow zones are 
not apt to occur at an observation point when the  source elevation 
angle exceeds  10 degrees. 

As the observation point moves  into the  shadow  zone away 
from the boundary, the residual attenuation A0 first Increases rapidly 
and then attains a  limiting value at which It remains essentially 
constant.    Available data are not adequate to permit an exact predlctiun 
of this  limiting value,  but  it  is generally within the  range of 25 
to  35 db. 

The distance  from the shadow boundary at which  the shadow 
attenuation reaches the   limiting value  is difficult  to predict exactly. 
For wind-sound angles between 110    and 250°,   this distance nay be 
taken as three time» the distanre  from the  source  to the  shadow 
boundary.     For wind-soun«i angles outside this range the distance 
becomes much I«iger. 

Long range propagation is considered within this report 
to b*gin when the vehicle altitude  is approximately 5000  feet. 
At this altitude,  the nu Jor influencing  factors on the propagation 
of rocket noise are spherical divergence,  turbulence molecular 
absorption and wind and  tempt .-.-.fure gradients. 

Absolute humidity decreases considerably with altitude, 
and  for   low values of humidity, the molecular absorption  in any 
given atmospheric   layer  is 

a.. I  f  (T -t- 45) .     ,., 

f/h   -•- h /.' 

where 

f  • geometric mean  frequency of an octave band 
In kilocycle« 

o T ■ temperature  in    F 

h ' absolute hinr.idlty  in gm/rm 

The total  humidity attenuation from source  to ground  is  the  sum of 
the attenuations   in suc:essive  layers of  the   -tmosphere. 
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At altitudaa above 5,000 'flat, wind and caaparaturc 
gradtmta Caod to b« «or« unlfom with haiglit «nd aubject to laaa 
fluctuation with tiac than at lowxr altitudes. A aaan value of 
appruxiauitaly -4°? per 1,000 ft. has been detarained for the 
tenperature gradient in this portion of the ataoaphere. Maximn 
valuas of wind coaponent gradient depending on the scalar wind 
vcluuliy at the trepopauM, art of the order of +7 ft/acc per 1,000 
ft. or +0.007 acc'l. As in the caae of teapcrature gradients, 
actual wind conponent graJlenta nay show irregularities aasociated 
with frontal boundary layers. 

The «ouad velocity gradient due to wip^ coaponenc depends 
both on the scalar wind velocity gradient and on the direction of 
the wind with respect to the direction of sound propagation. The 
total sound velocity gradient g is given by 

t - («M + fT)Mc'
1 (4-12) 

where gy is the gradient of the conponent of wind velocity in the 
direction of aound propagation, and gT is the Swund velocity gradient 
due to teaparature. 

For any negative sound velocity gradient up to the 40,000 ft. 
neitht, the sound field yf an ascending source such as a rocket will 
have a shadow vhout boundary touches the «round at a horltontal 
dlitaace which increases with »ou.-ce height and decreases with 
increasing negative gradient. 

It can be shown by further geoaetric constructions that 
focussing on the ground can occur with a concave velocity profile, 
but only if the shape of the profile is such chat there la soae height 
at which the velocity is greater than at the ground. 

4.1.2.3 Propaaation Around Barriers and Throuah Soil 

When rocket nolae is incident upon a hill and/or other 
ob> cle, soae of the sound energy is diffracted. The amount of 
tow  energy that is traasalttcd to a point on the other side of 
the ..artier la dependent upon the dlstaocea represented by the 
rtt^tch in Pig. 4-15. Froa frcsnel diftractlon it Is assumed that 
*»>, WpX , do «(a 4 b) and d0« (b/a) (a 4 b) anH that a quantity 
v can be defined as indicated by expression (A) of the figure. The 
expected loss in decibels can then be detemlned froa Fig 4»15. 
Expression (B) of the figure includes the correction which must be 
applied to expression (A) due to the -»xlsten-e of a sound velocity 
gradient. 
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Forests r«pr«««nt another t»« of batrler which nay be 
encountered In tha vicinity of launch site».    EatUtacas of the lona 
coefficient»  for various forests are represented by Fig. 4-16. 

The earth beneath the test «tend is excited during firings 
in essentially two ways:    first, the engines and vehicle vibrations 
are iaparted directly to the test stand itself and thence to the 
strata of soil into which the stand is structurally anchored. 
Second, the exhaust Jet, lapinging on the blast deflector, excites 
the ground into vibrstions.    Cylindrical waves will be generated 
by the first condition in a aanner siailar to the ground excitation 
obtained from quarry blasts.    The sMXiaua component of vert ice 1 
dfsplacenent for fairly large distances can be represented by the 
graph in Fig. 4-17. 

So—what different atcanuationi are expected when the 
launch site ia located on bedrock (see Fig. 4-lg).    It is aaauaed 
here that spherical spreading takes placs up to a distance fro« 
the source roughly equal to the depth of the bedrock layer, with 
cylindrical spreading beyond.    A rough estisMte of an jpper limit 
of ths nagnitudc of the ground vibrations excited by acoustic waves 
can be aade as follows.    The fluctuating  pressures  p generated by 
the exhaust streaa iapinging on the ground can be interpreted as 
fluctuations-in the dynmic pressure in the exhaust streaa, naaely 

P    •   Äv (Äv> (4.13) 

where p is the density of the gas and v is the expanded exhaust 
velocity.    At «oat,    Äv    ■    0.1 v and therefore 

'^Xf^v2 (4-14) 

The velocity u of tha ground vibrations can be estiaated fron a 
knowledge of the ground iapedance. Assuclng that *-**• ground is 
"hard" compared with the specific acoustic impedance of air ,43c; 
i.e., a ground impedance of lOO^kc, then, from 2q.(4-l4) and obeerving 
that u - p/lOOAc, the velocity is 

u ^ 10*3 Mv (4-1S) 

where M is  the sppropriste Mach number of the exhaust stream. 
Aäsiaalng M  S   3 In the region where tha pressure fluctuations are 
generated, then 

u <   3 ft/s*r (4-16) 
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NUMBERS IN ZONES REPRESENT DIFFERENT JUNGLES AS FOLLOWS: 

(1) VERY LEAFY - VISIBILITY DISTANCE, "d",  APPROXIMATELY 20* 

(2) VERY LEAFY - d - 50' 

(J) LEAFY - d - 103' 

(4) LEAFY - d - 200* 

(5) LITTLE LEAFY UNDERGROWTH. LARGE BRACKETED TRUNKS  - 
d  -  300' 

100 500   1000 ""■"'" "    WO 
FREQUENCT (CYCLES SECOND) 

ÜÖ00 

Fl . 4-1^.  r.ST!KiATEt) OSS COEFFIC, K >TS IN "ORESTS 
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4.1.3    Ulicti of BotM 

1 UM etfects of the noise generated by the missile during 
1      B launch are divided Into  two calegro^ls, effects on personnel, and 

the effects on structures and tqulpnent.    The noise resulting from 
■ vslssile launch operations should also be considered with resoect 
| to   Its effect on base facilities and the surrounding conaunities. 

4.1.3.1    Effects on Personnel 

The dssMg« ris1» for personnel In the vicinity of the launch 
site depend on the intensity, duration, and frequency of the noise 
plus the age of the individual exposed  (see Fig. 4-1S).    Personnel 
required to remain in areas determined as hazardous will be required 

r to wear car defenders to attenuate high frequency sound above  100 cps. 
However, even though car defenders are worn, damage to tissue, effects 
on the centrsl nervous system (fatigue and impairing of Judgement), and 
blurring of vision are possible in environments where the  intensity 

j of the noise exceeds ISO db (re.  0.0007 dynes/cm2). 

To determine speech interference levels  (SIL) caused by 
I high Intensity noise, calculate the arithmetic average of the sound 

pressure level in the 600-1200. 1200-2400, and 2400-4800 cps octave 
heads.    Conault Table 4-1 to determine the maximum distance between 

~ talker and listener, end the voice level required to permit reliable 
speech coasmuilcation.    This distsnee may be from person to person, 
person to loud;pexVer, or person to microphone.    If the SIL exceeds 
this  level speech conmunlcatlon interference ran be expected.     If 
pare  tone auditory warning signals are required in the pre.iencu of 
high noise  levels generated by auxiliary equipment at the missile 
launch site.    Hen Fig. 4-20 represents the sound level,  that must 

r be generated ay the auditory warning devices to be audible in the 
j presence of the masking noise. 

TABLE 4-1 

SPEECH IRTEKFERENrE LEVELS  (IN db re 0.0002 MICROBAR) 

Distance. ft , between Worms1  voice Raised voice 
source end listener level. db level, db 

0. 5 71 77 
1 65 ;l 
7 59 65 
3 S5 61 
'i 3 3 59 
5 51 57 
f> 49 ■-.s 

12 43 49 

-4 7- 
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RECOMMENUKU MAXIMUM OVERALL NOISE LEVEL 
AT THE EAR FOR ANY SINGLE  EXPOSURE 
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4.1.3.2    Effects o". Slructurei. 

Incense noise may damage  structures or  cause equipment 
to malfunction.    If a structure is composed of panels mechaaically 
coupled in some manner the mean squared panel velocity (92)   for a 
given sound pressure spectrum S(f),     f •  frequency,  is given by 

-2 S(f)    _2 ..   ,,. v     -     *-« j    T (4-17) 
A H   Ij + m 

where Y] =  ratio of damping to critical damping  (varies from  .01 to  .1 
^     for most materials) 

m - mass of panel 

T - transmissibility (T*!  for maximum) 

The  rms strain €       resulting  is rms 
v 

c     . -as— 

where Cr, * speed of flexure1, waves in the material. The resultant 
damage is in Che form of fatigue cracks.  Damage of this type may 
be expected to result when the sound pressure level is above ISO db. 
Damage criteria for conventional buildings as a function of peak 
displacement are given in Fig. 4-21. Malfunctioning of electronic 
er|viipm*nf t<iA> *lso be expected above 130 db. 

The transmission loss (TL) resulting from Che passage of 
sound «c random incidence chrough a structure, e.g. a single wall, 
as a function of frequency is shown In Fig. 4-22.  This rr^ntment 
assumes that Che mass of Ch# wall, is Che only conCribudng facCor 
in producing Che observed cransmission loss. Correcdonc due Co 
absorption efforts from openings around doors and windows arc shown 
in Fig. 4-23.  Aversge values of TL for "aricus material« are shown 
in Fig. 4-24. 

Even though the sound may be attenuated by its transmission 
through a structure, the intensity may increase inside the structure 
due to reverbcradon. Thus Che full benefit of the transmission loss 

•50- 
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DeciBCLS TO BE SUBTRACTED FROM TL   OF WALL 
FOR EFFECTIVE TL   OF COHPOSITB BARRIER 
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I 

FIG. 4-23 AVERAGE TRANSMISSION LOSS  FOR COHPOSITF.  BARRIERS I» 
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la not obtained. Th« tot«l dlfiereac« between the noiee Intensity 
Inside end outside the structure In the above case la cnlled noise 
reduction (Nl) and Is defined. In decibels, as 

ll0 Ml « TL -  10 lotin (1/4 + -~) (4-18) 

where 

S    - area of transmitting w»U 

R    «  rj|   ,  the too« cattant 

ÖC - average sound absorgt ion coefficient of the rooa surfer.«. 

A noaograa of the above expression Ir given In Fig.  4-25.    The use of 
this noewgraa is limited  in that the distances irom uhe transaittlng 
wall of the receiving enclosure to the poi.^t of otsrevation aust be 
greater than one wall width. 

4.1.3.3   CowwunltT leactlon 

locket noise generated during the launch of a ai alle nay 
interfere with the perforaanc* of personnel at locations other than 
near the launch site. Criterion curves for detemining ■a<lMUi 
pemisslble sound pressure lcv*l» in «ach of the eight octave bands 
in accordance with the MCA (noise criterion) nunbers are plotted in 
Fig. 4-26. These curves define the envelope (of the soun«* pressure 
levels In octaves) to which the rocket noise source should be attenuated 
for a desired coasunicatlon enviroosent. 

Using the  information froa sections 4.1.1 and 4.1.2, the 
noise spectruB froai a particular ■issile launch can be estisMted 
in e particular are«,    for «laplification, the nois« spectrum is 
reduced to e single nunber called the equivalent SFI. in the 300/600 
cps band by use of Fig. 4-2"'.    The duration of the exposure coaiblned 
with the equivalent SPL in the 300/600 cps band give« the estiaatcd 
noise exposure (KHI) at a given location.    The cotrection in db tu 
be added to one launch EMI  (fron F'.lg. 4-27) as a  function of H (the 
nuaibcr of launches per aonth, or the number of aeconds of static 
firings per aonth)   is slaply 10 lofjlO *•    If several different 
nisslles are  launched, camputi the KHI for each and add  logarithaical W. 
Acceptable EMI for off-base and on-base housing a« a function of the 
tlaw of day of the  launches is given in Fig. 4-28. 
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COMTUDODS NOISE 

FIG.   4-26    MOISF CRTTERIOK CUVES 
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An alternate criteria tor  rrvdicting the subjective r. rponsr 
of a neighboring conmmify ia aa foll'ws: 

1. Plot the incident acoustic apectruai on llic curves of 
F'.&. 4-29. The level rank for the total noiae 1" the highest ran1- 
in any frequency band. 

2. Adjust the racing by the influencing factors of Table 4-11. 

3. Find the expected renponse of the co-«unity fron tht 
adjusted level rank and Fig. 4-29. 
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TAB1E 4-II 

U"KL RAKK CORRKCTTONS 
21 

IMPLUEUCmC FACTOl 

^pectrua Character 

Peak Pactor 

Itepctitiv« character (20- to 
30-Mc cxposurea asau«cd) 

Background Noia« 

timm of day 

Adjuatacnt to Expoaura 

POSSIBLE CONDITIONS CORRECTION 
MO. 

C mtlnuoua 0 
Pure-Con« conponcnta + 1 

Continuoua 0 
lapulelv« +1 

One exposure per min 0 
(or continuous) 

IO-60 exposures per hr -I 
l-'C exposures per hr -2 
4-/u exposures per day -3 
!->» exposures per day -4 
I exposure per day -5 

/ery quiet suburban +1 
Suburban 0 
Residential urban -I 
Urban near SOBM industry -2 
Area of heavy industry -3 

Daytime only -I 
Night tlaM 0 

No previous exposure 0 
Considerable previoua 

exposure -1 
Extrem» conditions of 

exposure -2 

I 
I 

-61- 

I 



s 

o 
■M) 
at 

h) 
«0 
M u 
§ 
rJ 
Ul 

g 

EXPECTED 
POPULATION 
RESPONSE 

VIGOROUS LEGAL ACTION 

THREATS Or LEGAL 
ACTION 

— STRONG COMPLAINTS 

— MILD COMPLAINTS 

— MILD ANNOYANCE 

~ ^ A _ HO ANNOYANCE 

20 75  100  J30 600 I20u 2400 4800 
75 100 300  SOD 1200 2400 4800 10,000 

PREQUEKCY BAND (CYCLES PER SF.COND) 

PIG. U-lt       RELATION BETWEEN PFEQUENCY SPECTRVM Ai.D LEVEL RANK21 

-62- 



i 

I 
I 

4.2    EXPLOSION HAZARDS 

Rocket propellants,  liquid or «olid, «ire capable of releasing 
large quanCitiea of energy;  the Mnncr of release depend« upon the 
physical clrcumatances under which the reaction takes place.    The 
desired mode of release  Is  to perform useful work in propelling a 
payload on some aredetemtned mission; however, there also exists 
a probability of malfunction or accident which would cause a sudden 
release of energy.    The energy release may occur as a detonation 
or deflagration. 

4.2.1    Propellent Explosion« 

The violence of a liquid bipropellant explosion depends 
upon the ibanner and the amuunt of oxidixer and fuel which  is mixed. 
Liquid propellent systems which are hypergollc present little chance 
of explosion.    Although they will burn violently when mixed, only a 
small aaount of oxidiser and fuel would mix during the short ignition 
delay.    This mixture would deflagrate and the rest would be dispersed 
by  tne turDuirnce created.    Table 4-III  list« hypergollc combinations. 

Non-hypergolic propellent «y^tems may react with explosive 
violence.    Actual test data are not available to reliably estimate 
the hvtards.    A coenon viewpoint  is to consider the propellent 
equivalent  in explosive violence to a  lesser «mount of trinitrotoluene 
(TWT).    Liquid monopropellants and solid propellents, being intimately 
mixed, might detonate and cause an explosive shock wsve much like TNT. 

The destructive combustion (thermal exp'.osion or detonation) 
characteristics of s liquid oxidiser and a  liquid fuel will depend 
primarily on rwo factors:     (I)  the total   (potential) energy available 
per unit weight (or volume)   from the reaction of the mixture, and 
(2)   the rate this energy can be  liberated. 

The calculation of the energy available  from the reaction 
Is  relatively simple if the composition  Ik known.    Potentially these 
energies cen be very Urge.    For an oxygen     .laaceJ or oxygen positive 
composition,  the heat of complete combustion represents the heat of 
explosion and varies from 2000 - 3000 cal/gm of mixture.    By comparisoi., 
a typical detonating high explo«1v*  liberates about  1000 cal/gm.    The 
energy of reaction decreases rabidly as the quantities of oxidiser and 
fuel deviate  from the stoichlomnri«. point.    This mixture  for  liquid 
oxygen and hydrocarbon corresponds  to about   237. liyüronr'w." hy weight. 
Decreasing the hydrocarbon conten.'  to  11 decreases the energy release 
from about  2300 cal/gm to 100 cat/gm.     The  energy  ..»lease rate would 
have to be very rapid to allow propagative dekonaticn with so low a 
heat  release.    Sufficiently slow ensrgy release would result   in  little 
ox   no damage  from shock wavei. 
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TABLE A-tU 

HYPERCOLIC COMBINATIONS 
22 

OXIDIZER FUEL 

Liquid Fluorine Anaonia 

NydmtiM 

Hydrogen 

Methyl Alcohol 

90% Hydrogen Peroxide UDMH 

Hydrasine 

Microgrn Tetroxide Aniline 

Hydrazine 

Furfuryl Alcohol 

Red Fuming Nitric Acid DiethylenetrUmine 

Hydrazine 

White Fuming Nl ric Acid Aniline 

Furfuryl Alcohol 

Hydrazine 

Chlorine Irifluoride AiMBonib 

Hvdrazlne 

Methyl Alcohol 
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4.2.1.1    Detonation and Defltftlon 

During a detonation the chemical reactions proceed in a 
vary rapid manner and nalntain a close proximity to the initiating 
disturbance, while during deflagration,  the reaction it maintained 
by a thermal degradation at the surface.    Temparature and pressure 
gradients within the reaction front are steeper for a detonation 
than Cor a deflagration.    However, both can cause serious overpressures; 
and at  sufficient dist«u^e the davage effects are sinrilar when equal 
amounts of energy are released. 

In a detonation,  the slmck front leaves the explosive source 
at the detonation velocity of several thousand feet per second.    The 
high pressure gases behind this shock front are the major causes of 
breaking and shattering damage.    Both the detonation velocity and 
the overpressure decrease as the distance from the explosion increases. 
Figure 4-30 shows this effect. 

The solid curve of Fig. 4-31 shows the pressure-time effect 
at a given point for a detonation.    The dotted curve Illustrates the 
pressure-time effect for a violent deflagration.    Here the reaction 
tags the shock wave. 

4.2.1.2   THT Equivalence 

Since overpressure-distance data for prnpellant explosions 
are not available it  is convenient to evaluate the hatard of a system 
by    comparison to s familiar explosive.    TMT equivalence is the ratio 
of the heats of explosion of the propellent to that of TNT.    Nuclear 
blasts ars also rated on a scale of kilotons or sagatons of TNT. 
Although the merit» of using TNT equivalence  for propellant mishaps 
are dubious,  this technique is used for want of something better. 

Launch sites and static  testing areas sre commonly designed on an 
equivalent TNT hasl*.    However, there  is much disagreement as to what 
constitutes the proper equivalence percentage for various propellant 
combinations.    The problem is complicated further by the uncertainties 
associated with the mixing of  liquids.     Rxamplea of the explosive 
equivalents which have been used are given in Table 4-IV.    The mosi 
recently known determination wns that ot the Saturn launch-site 
planning committee which arrived at a value of ten percent equivalent 
-eight  for the U^/RF-l system602.       Most of the values used as 
equivalents appear to be more than adequate.    Figures which would 
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DISTANCE riOM SOURCE 

FIG. A-10  VARIATION OF CVEEPRESSUU WITH DISTAMCR AT SUCCESSIVE TIMES 23 

P(t)  curv*  for *xtremely fast 
rsactton rat« 

P(t) curve for slow raactlon rat« 

TIME  (SCALE MAGNITUDE - MILLISECONDS) 

FIG.   4-11      TYPICAL PRESSURE-TIME CURVES »OR EXPLOSIVES 
HAVING DIFFERENT REACTION RATKS2'* 
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permit  Che us« of *'»• Uatt p<»iible distance« are «conoalctlly 
desirable.    Additional Information for each propellent ayatra la now 
required.    First, the type of reaction occurring between a parcivular 
oxidiser «no fuel nust be defined.    Under conditions of coaplote 
nixing and atoichioaetric quantities it is suspected that all systems 
would explode.    The variable effect of nixinf and non-stolchlonetrlc 
aaounta of propellent requlcea investigation. 

Space Technology laboratories, after examination of experimental 
datJ from controlled LOj/lP-l spill tests, discontinued attempts to 
determine the equivalent weight of TVT of liquid propellents beceuse 
of too many unknowns.    Safety distances are now specified based on 
tolerable overpressures which In turn are related to propellent 
weight by a fourth root function (see Fig.   3-23). 

The result» thus obtained agree closely (9gt confidence) 
with experimental data from Atlas explosions experienced at the 
Atlantic Missile lange. 

Spill teste are currently oelng conducted at Edward» Air 
Force Base using Titan II propellents.    Euugh vallaiates for the TKT 
equivalence of the W2O4 Ani M^'MMI combination ere tentatively 
thought to be 0.3 percent by weight26.    These value« were obtained 
by one-tenth and one-sixteenth lineer acale Tit:n spills conducted 
In both lined and unllned "test silos". 

4.2.2    Structural Pae^ge 

The amount of damage which cen be inflicted upon an object 
depends upon the magnicudr and duration of the positive and negative 
pressures, end the structural Integrity of the object.    Th«r« are 
two classes uf forcee on structures; dlffrection and drag.    Cloaed 
structures are genarelly subject  to diffraction loading; however, 
structurel members usually require enelyeia for both diffraction 
and dreg loading. 

Additional haxardt are created by flying fragments.    The 
degree of the resulting hatard depends upon the sice,  shape, denalty, 
energy, end angle of attack of the fragawnt on a target atructure. 
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4..'>.2.1 Jvcrprea—.ire 

In order to assess the probable damage as a function of 
distance for a surface explosion, it is nece*8<try to establish a 
relationship between an air burst and a surface burst. Glasstone^ 
has indicated that for a f xed overpressure the distance as a function 
of TNT weight varies as tic cube root of the charge (in contrast 
with the fourth root relationship established by STL for liquid 
propellants). Assualng the earth to be a rigid reflector, the 
surface explosion has trice the effect of an air burst. This 
asaunptlon leads to the conclusion thit for a fixed energy release 
the distance variation between equal overpressure values ror the 
surface and air bursts will vary by a factor of the cube root of 
two (1 26). 

Overpressure damage can be ebtimated from material available 
on air blast damage.  Figure 4-32 Indicates extrapolated values 
for constant overpressures as a function af distance and yield prepared 
from air blast information.  Figur» 4-33 represents a nomograir for 
determining the damage expected for air hursts varying from one 
kiljton to tventy megatons cf TNT. It was determined in a preliminary 
report-' that distances and yields corresponding to a fixed overpressure 
obtained from Fig. 4-32 yield equal damage estimates from Fig. 4-33. 

Figure 4-34 shows the separation distances required for 
buildings with glass windows, filled storage tanks, and blast resistant 
rrinforccd concrete windowless buildings, whiuh are affected mainly 
jy iiii'fraction turces.  The dashed portion represents an extrapolation 
o: the available information. 

Large hills affect air blast overpressures by increasing 
them in s .mo areas and decreasing tlitai in others.  The increase or 
decrease in  ptak overpressure at the surface is dependent upon the 
charge in sl?»pc of the land  For very steep slopes, there may be 
increases up to twice the normal value due to reflection.  S—• 
reduction in overpreisure migul be expected on the reverse slop, 
if It is also quite steep.  These deviations from normal overpressurf 
are very short In duration compared to the length of the positive 
p'idsr.  For this reason the effects of torrnin are not expected 
to he significant. 

Prominent features of the landscape may shield structures 
from thermal radiation, missiles and drag force*:, but Htcle reduction 
In overpressure can be expected. 
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Under suitable conditions, window breakage, light structural 
Homage and noise may be experienced at distances from an explosion 
at which they normally would not be expected.  These phenomena are 
caused by the bending of the blast waves by the atmosphere  This 
may occur in either of two ways.  The fii»L is due to .itmosphertc 
conditions ot temperature and wind conditions within t^o  hnrtom 
six miles of the atroosphcrr.  The second .irises frow conditions 
at height.« of 25 rsiles or more ibovc ".round. 

The peak overpressure for a surface burnt depends on the 
atmospheric pressure.  With increasing altitude overpressure at a 
given distance will genera'ly decrease. The arrival time of the 
shock front and the duration of the positive phase may be expected 
to increase. 

4.2.?.2 Fragmentation 

F.xplosivi- fragments of nicsiles ur launch pad structures 
can trcate a ha/aH at greater distances than the resultant overpressure. 
Howevor, dairigc from flying debris has a prubability of hit which 
depend» upon target densities as a function of distance from the 
source, and on the fragment trajectories. 

The randomness of range for fragments is illustrated in 
a preliminary report-* (see Tablt» 'i  l-l  ctvreinj The only practical 
means of protecting storage tanks seems to be by separation, by 
erecting barriers, or by utilizing natuial barriers.  The maximum 
range of fragments as a function of weight-to-drag ratio and initial 
velocity are presented here in Fig. 4-35 for certain simp!» '■ises. 

4.2.3 Table ot Distances 

The shock wave resulting from an explosion shatters and 
crushes obstructions as it speeds outward fron the source.  Its 
intensity decreases MS it travels until It is no longer capable 
of causing damages.  By analyzing the data available from accidental 
explosions, tables of distances have been established to predict 
distance at which damage may be expected. 
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The "American T-ble of Distance»" was established in 1910 
and has served as a basis  for state   laws and for irrned services 
regulations.    This table  is based upon and intended primarily for 
high explosives, and is  limited to a maximum weight of explosive 
of 500,000 pounds  (for which the recomaended distance  is 3,410 feet). 
The "American Table" specifies greater distances than necessary for 
small quantities of explosives, but  smaller than needed for large 
quantities^,    it   is thus preferable  to look to the recent military 
regulations  for data governing rocket  propellants. 

Two classes of explosives  (Class 9 and Class 10) as defined 
In the Ordnance Safety Manual^8 are germane.    Typical Class 9 items 
include dynamite, nitroglycerln, solid propellents, and pyrotechnic 
materials.    Included in Clask  10 are  igniters, JAT0 units, and high 
explosive rocket heads.    However,  both classes, represented by a 
common quantity distance  table, are now employed to govern liquid 
propellent storage. 

The conmon quantity-distance relationship for Classes 9 
and  10 are represented by curves A and B  In Fig. 4-36.    Curv.- A 
gives the separattun to  inhabited buildings for two conditions; 
the  top fork of the curve applies when uo barricades are present, 
while the bottom cur/e allows reduced distances when barricades 
are present.    Applicable distances to public rail-aads and public 
highways without a barricade would be  slightly larger than the 
diatance  to inhabited buildings with a barricade. 

Curve B defines the    ntraline separation between storage 
facilities for unbarrleaded conditions.    The intrallne distance  is 
the minimum required between buildings handling explosives in a 
single operating or manufacturing  line.     It  Is based on the use 
of a  fixed average peak pressure  for determining limiting 'ii«ranccs 
for  structural üanagc.     Thus, on the basis ot tnis constant peak 
pressure  (average of  2.6 pal), curve B can be extrapolated ta  larger 
quantities as shown by the broken-line extension. 

Curve B may also be applied  in the situation where a 
barricade  is available,  simply by  reducing the   liutauces by one-half. 
Barii>.«des are primarily effective  in reducing the direct blast damage 
effects of an explosion.    They should not be used to decrease distances 
when  fire or fragmentation hazards  are dominant. 
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Liquid proptllanta which »re grouped together for the 
purpose of qumtity-diatance apecifievtion include nitric acid, kerciene, 
aniline, ethyl alcohol,  liquid oxygen,  anhydroua anmonta, hydratine 
and UOMH.    The oxiditera and fuels of thla cl-.a ahould be aeparated 
in accordance with curve C (consisting of three horltontal legaents) 
of Fig. 4-36 aa apecified by Ref.  28.    These dlatcnces aay be reduced 
by one-half  if the producta arc alü.od  in underground tanks.    When 
these substances »mat neceaaarily be brought together, their combined 
weight should be used and the distance «qual to one-half that apecified 
for curvea A and B will be applicable. 

Another grouping of liquid propellents include hydrogen 
peroxide, diborane, pentaboranc, alunlnuai borohydride, liquid hydrogen, 
nitroawthane and tetranitroaethan*;.    The applicable quantity-distance 
requirements  for these materiala arc also given by curves A and B. 

No quantity-distance requirements have yet been determined 
for  liquid nitrogen tetroxide,  liquid  fluorine «nd metallic lithium 
because of such dependent variables as terrain, wind and weather 
condition.    The arbitrary limitation auggcated by the Ordnance Safety 
Manual for these materiala la 250,000 pounds in any one locstion. 

Curves D and E were determined27  from an analysis of a  large 
number of exp'oalon disasters.    The  former curve represents the grcMteaL 
disiancea at which "eore serious damage" has been reported from high 
explosive detonations, while curv» E shows the distances up to which 
"more aerioua damage" may be expected.    Curve D gives possible diatunces, 
while the latter curve gives probable dictances.    "Mors serious damage" 
encompasses the range from a structure badly needing repairs to 
complete demolition. 

Manufacturers of  liquid rocket propellents alao provide 
tables of recommended distsnecs for their products.    However, these 
relate to storage of materials and not  to possible explosions of 
a fueled missile. 

Tables b"'* been derived29 for  liquid hydrogen based on 
radiation «ad  flame size data.    Table 4-V assumes the prevention of 
formation of  shock seiikiLive mixtures of hydrogen and therefore 
does not provide protection againat detonation. 
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1ABL£ 4-V 

QUANTITY-DISTAMCE TABLES FOR LIQUID HYDROGEN 

|   Dlatanc« to Inhabited buildings Distance between etorege tanks 

Pounds Dlttarc* Founds Distance  1 
Over not ov«r (f««t) j Over not over (ftet)   j 

0 200 100 0 2,000 50 
200 1,000 150 2.000 10,000 100 

1  '.ooo 5,000 200 | 10.000 20.000 150 
|   5.000 20,000 250 | 20,000 40,000 200 
1  20.000 40.000 300 | 40,000 «0,000 250 

40.000 100.000 350 j 60,000 100,000 300 

4.1    TOXICITT HAZAIDS 

Exposure of personnel to toxic fuses is generally associated 
with propollant spills and leaks, with disposal of «äste and residue, 
«ad wicn uafoxeaaen diaastaca such aa tank rupture on the launch pad 
or ■issile dastructlou »'itcrtly sftar launching.    For continuous low- 
love 1 air contaaination there are voluntary industry standards known 
aa Threshold Llait Values (or naxiMua aiiowabl« Coucantratlona) which 
have gained wide acceptance. 

Under euarganey conditiona at the tlac of a diaaater. personnel 
aay Inadvertently becoae exposed to an extent where conpensatory body 
functions begin (such as increased cardiac output or Increased 
respiration^.    Unfortunately, thee« critical concentration levels 
cannot be specified since there are no accepted standarda relating to 
allowable short tern exposure. 

4.3.1   Maxiaua Allowsble Concentrations 

MAC's ara the aaxiaua average ataoapheric concentration 
of contaainant to which workers aay be expoeed for repetitive elgb»- 
hour working days without injury to health (Ref.  30 and 31).    The«* 
values are based on the best available inforaation froa industrial 
experience and eiperiaental atudies.    Specific nuaerical valuea have 
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been adopted for most volatile triöuatrial chemicala, liiiluding those 
■aterlals used as rocket propellanc». The values are not fixed but 
are reviewed annually by a Comlttee on Threshold Limits of the 
Aaerican Conference of Go"ernn*nt Industrial Myglenists. This body 
is u voluntary association whose membership is open to and includes 
a large number of professionals and technical adviniitliaLots in the 
fields of  Industrial medicine and public health. 

Maxlmun Allowable Concentrations are guides to good practice 
and are not  regarded as fine lines between safe and dangerous concentiation: 
Numerical values  for rocket propellents are  listed  in Table 4-VI. 
These are weighted average concentrations alltTwable for an eifht-hour 
working shift.     In normal   industrial practice brief exposures to 
higher concentrations are anticipated; however,  the amount by which 
the MAC may be exceeded, and the corresponding exposure time depends 
on the specific propellent. 

4.3.1.1   Types of Exposures 

At a missile launch site, punsible toxic exposures can be 
grouped into four categories.    First, there are those exposures 
which are sudden, but arc expected from rime to  . ime and for which 
protective measures are Instantly used.    Second, there are those 
exposures with no forewarning, where a person will evacuate to a 
fresh air  location as soon as he  is able, within a matter of ainutes. 
Third are those exposures with some prior warning, where a decision 
may be made to suffer the exposure  (for  instance,  to meet a schedule) 
or to evacuate.     Fourth are tk'>«» exposuies which may be continuous 
low level   lingering corcentratlons, due either  to continuous releases 
of  the material or to an air-pollution situation.    Th* first two ut 
these relate to accidental events, while  the third snd fourth classes 
are presumed to b* somewhat under the regulation and control of the 
launch aite operator. 

Th««e  foui «.«legones of exposure can be distingulaiied by 
periods ot  time:     (1) one-minute,  (2)   fifteen minute, (3)   four hour, 
and  (4)  continuous exposure.    For the  last category, continuous 
exposure,  the  launch site operator  Is expected to follow prs-tices 
which will not expose personnel beyond  the MAC values  listed in 
the first column of Tsble 4-VI. 
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TABU 4-VI 

VAPOt OONCERnAIIORS mm tOi SITING COMPUTATIONS 

(FAITS PBt HILLXOM) 

Chronic Bxposur« i                  Acute Exposure                  | 

i       Propcllant 8 Hr. Induatrlal 
Threshold MAC 

1 24 
Hours 

4 
1   Hours Minutes 

1          | 
Mln  te  1 

1 »mit* Pu«lt 5 -> ^G 50 00   1 

1 AMonl« 100 100 500 1.000 10,  00 1 

1 Alkyl Boran«» 0.01 0  01 1 c 10 1 

1 Chlorin* Trtfluorld« 0.1 0.1 > 10 
1,0 1 

1 EthylAiM Oxid« 50 Ml 00 500 J, oo 1 

1 riuortn« 0.1 .. '.' JO )0  1 

1 HyUrazto« 1 10 100 nn   1 

1 Hydrocarbon Pvtla 500 )'ll) 500 ' ,000 20,000 1 

1 Hydrot«n Peroxid« 1 1 50 ?00 3 ,( 00 1 

«Uric Acid 5 ' 10 >0 OO 1 

Mltrogsn Tetroxid« 5 s 10 '.0 00 ! 

1 Parchloryl Pluorld« 3               i » 10 2 5 00  1 
Propyl Mlcrat« 25              I :s 50 2 50 1 .   l>0  1 

1 Tatrafluorohydraxln« 0.1 ■>  1 15 00 1 

mm 0.5              1 ' .5 s 

L.        J 

15 00 1 

Th..    '. o^t   fnur lolumns   have  m- 
offtci.il   sliitus    UK!   •!.•   n"    r.pr.;;.rt 
t'T-'.'l  opinion ol   tnp For"  Motor  ("o. 
lilt-   i  .   b.   N.ivv ,   .ir    inv   .TI''-' ■. v 
i onci rned   with  '-.TIIII   anil   s.ifitv 
, r ic t i , ■ s . 
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For  tbe short-term exposures,  no guide  line values hfve 
been proposed as yet by industrial health specialists.    The  Importance 
of then« values to missile launch site planning was pointed out in 
a Drollninary report^.    Lacking any definitive values, basic  Information 
lu the  literature of toxicology was surveyed,   from whii.1i Mute arbitrary 
numbers were developed to serve as a basla  for site survey coiuputations. 
These are  listed In Table 4-VI.       However,  these numerical values should 
be used cautiously-they have   no   official status and represent no 
formal opinion either by the Ford Motor Company,  (he U. S. Navy or 
any agency concerned with health and safety practices. 

An important aspect of the toxic hazard presented by rocket 
prupellants  is  their ready detection by smell or nasal  irritation. 
The alkyl  boranes,  for example, have a mild odor but are highly 
toxic.    Propellants which are both highly toxic and highl    irritating 
;..clude chlorine trifluoridc,  fluoride, hydrazinc, nitric acid, 
nitrogen cctroxide,    p«ichloryl fluoride,  and tetrafluorohydrorin* 
Those which arc irritating, but only mtlU?y toxic Include amine 
faels,  aasnonia,  and hydrogen peroxide      Laatly,  those which are 
sildly toxic »oH non-irritating are ethylene oxide, hydroc»t ' 
fuels,  and propyl nitrate. 

4.3.1.2    Sources ot Exposure 

With  regard to toxic hazards, missile   launch site activities 
can be divided   into three clasaes:   (1)  propellant  storage and transfer 
relating  to ground  *ui>pcrt  activities,   (2)   the  ready condition when 
a  fueled or partially fueled iH«r.lle  Is on the   launch pad, and  (3) 
the missile   in  flight. 

These  launch activities differ with  regard ro the  nlcrt-ncsc 
oi  personnel  to prospective danger,  to the nwarts of coping with a 
spillage or release and to the reodlness of personnel  to seek protection. 

Recommended practices for tlic ground support activities of 
propellant  storage and transfer are those practices common to the 
rhpmical  and petroleum industry.     Propellants  should be hsndled  in 
closed  «yste<ss.    Expected wasLe» aitd residues  sho«M b<> homed or 
disposed under controlled conditiens.     Tanks  should be surrounded 
by dikes, with  ample containment      A copious water  supply should 
be »n hand with  adequate distribution  to  «11  pirts of   the preirlses. 
Personnel   should wear  industrial  protective clothing at work. 
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On th« missile   launch t>a<i, a condition ot   latent danger 
exists front the  time  the propellant  is transferred until  the missile 
is launched.     Should tanks rupture or valves op«n, personnel rlnne 
to the missile will be exposed to  flood quantities.     To minimise 
the consequences of a mishap, the number of personnel at the launch 
pad should be kept at a mniauui.    E»c«pe  mutes  fo,   everyonr shou'H 
be planned in advance.  Including rapid transportation to distances 
beyond the predicted toxiclty hazard area. 

Toxic hazards associated with the missile   in flight are 
mainly those of transient concentrations, downwind,   following the 
release of either the exhaust products or the unburned propellant 
vapors.    Exhaust  products of most rocket propellants can be tolerated 
for a short  time up to a  few hundred parts per million.    Products 
of  fluorine or boran« combustion, however, must always hn quite 
dilute.    Suggested allowable concentrations  for fluorine or borane 
exhausts are  those which would be allowed for the unburned fluorine 
or borane propellant.    Ground distances between allowable  inhabited 
sites and the  flight path can be «stiwated from the charts In Section  4.3.3. 
Allowance should be made for flight   in Mnplanncd directions. 

't.3.2    Atmosahertc Diffusion 

The diffusion of toxic materials released during normal 
operation, accidental »pills, and system abortions will play a 
major role  in determining the extent of the  toxic hazard.     Information 
considered  to be  important to the toxicologiat  for evaluation of the 
hazard are:  pzak concentration, duration of exposure, mm. cumulative 
exposure.     Peak concentration is normally c^r«id*''i*d tu be the most 
Important criterion because ol the  Vsitancy   in assunu.ig  that the 
eight hour per day maxiiaun allowabl« concentration  (MAC)   should be 
exceeded even  for very  short durations,    "he  potential value of the 
two remaining parameters, to the toxicologiat, will  become  Important 
when more   is known concerning C\e effects of "high",  «hort-duratlor. 
exposure*.    The   integrated concentration and  the duration of exposure 
are also useful parameters  for estimating the  peu«, cunweulratior. 
resulting  from *   finite point  source  from the   ivsilable   instantaneous 
point  source  data. 
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^.32.1     Sution' equal ion 

Stilton's equations   and moditications  thereof  provide   the 
niosl   commonly  accepted  methods  of  estlnatlng   the  downwind   ronrontrations 
to  be  expected  from a  release  of   toxic material.     The  particular 
fonr  to  be   stated here   Is  the   result  of   iacwrpoid'.Iiig modifications 
resulting   from experimental  diffusion  programs   (see  Ref,   4).     For 

f-hp   ennarfnn   is 

UQ 
x" V« c c c ^TF^VVMl   ""'"^ 

(4-19) 

whi-re 

r2( 
X 

-   J5-n 1 
ut)L     xJ c^SJ 

fh-V  t>" 

C   (ut>-      2-1 
^Vt 

Y       ■=    concentration  on the  Rround   (?PM) 
3 

k/nnu       Meters . •    constant   (PPM   - —rr  ) 
lb 

Q      =    quantity   release   (lb) 

C =     downwind  virtual   diffusion   coefficient     (meters)   x 

n  12 
C -     crosswind  virtual   diffusion   coettlcient        (meters)   v 

y 
n   '2 

C,       "    v-rtlcal   virtual   diffusion   coefficient     (meters)   z'"" 

n =     downwi'id   stability   parjmetei 
x 

n ■    crosswind  stability  parameter 
y 

ü •     average  wir.J  velocity   (meters/se».) 

i ■     tim»»  since  release   (sec) 

d ■ downwind  distance   (meters) 

y » crosswind  distance   (meters) 

n « vertical   stability  parameter 
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h      «    source release  zlli tude  (meters) 

V      *    fallout velocity  (■wters/aec) 

y\.   -    scavenging rate  (sec    ) 

The usefulness of the foregoing equation Is contingent 
upon a knowledge of values for  the various Sutton parameters as 
well as the applicability of  the point  source appiroxiiubtion. 
Ideally the criteria for parameter evaluations would be known on 
the basis of experimentally daterailned  terrain effects and a 
constantly Monitored atmoaphere at  the  launch site  (see Appendix B 
and Ref.  4).     However,   for illustrative purposes values for the 
diffusion parameters can be assuaed which are representative of 
conditions expected at any location.     Three  typical conditions 
are  listed In Table 4-VII.    The atmospheric  condition terminology 
is  shown schematik^lly  in Fig.   4-37. 

TABU 4-VII 

DIFFUSION PAKAHJETUS 

Atmospheric 
Condition 

n 
(numeri c) 

0 u 
(meters/sec) 

Moderate Lapse 0.20 0.40 5.15 

Average 0.23 0.20 5.15 

Moderate Invei:lor. 0.35 0.10 3.1 

The values  listed in Table 4-VII   Indicate assumptions  of 
Isotropie diffusion  (C    » C    ■ C    ■ C,   n    ■ n    • n    • n),   no fallout r 'xys'xyx' 
(V    • 0),  no rainout  (A." 0),  and a ground   level  release  (h » 0). 

Juatitication ot  these assumptions is  based  upon  rh*  t'llowlug  fact": 

a. The magnitue'e of  departure from Isotropie conditions  is 
not   established 

b. A gas normally exhibits only a  slight  tendency  tuwaiJ   fallout. 

c. It will most   likely not  be raining. 

d. A ground  level release  represents  the most pessimistic 
cotHÜLttni  föt  <. IUB« distances. 
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FIG,   4-37      ATMOSPHERIC CONDITIONS 
(TEIMIMOLOGY) 
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4.3.2.2    Machine Program 

The  vsoä'i apthc's  for calculating concentrations by Sutton1'; 
equation invo'vr-  simplifying assumption«.    Tht-se normally consist of 

a freezing the c'oud distribution ac  a time  (t ) and r. )t allowing 

the cloud to diffuse during passage.    Simple relationmilpi can thereby 
be determined  for the peak and  integrated concentration as a  function 
of distance.     However, tne actual case,  consisting of  i constantly 
diffusing cloud,  can be easily treated by ose of a machine program. 
The cloud  is  frozen only  to determine  the  Units  for inregration 
Oee Ref. 4). 

Equation 4-19 was programmed  for an IBM 709 computer and 
values determined for the parameters  Hated  in Table 4-VII.    These 
values are available in graphical   *om> In a preliminary report^1 and 
■hall not be  repeated here. 

Nutueii^al calculations  Indicate a peak  concentration which 
Is higher under a diffusion condition than the pe<jk attained at  t - d/u, 
by passage of  the'frozen'cloud.    The peak under diffusion condition« 
leads by a short time the peak under  'frozen'   corditions.    These 
differences  appear to be   small enough,   for  the  parameters   listed   in 
Table 4-VII,  to be neglected on the bi.sls of comparison. 

4.3.3    Concentration Estimates 

The  approximate equation^  nonn«lly derived from Button's 
equation provides a reasonably accurate method  fof concentration 
predictions within the range of parameters given  in Table 4-VII. 

In addition to the instantaneous point source predictions, 
approximations can be obtained for a finite, constant cite-of-release., 
nrlnt »uuice. Peak concentration for a finite release is determined 
by calculating the fraction of the equilibrium concentration that is 
reached as a function of distance from the source. This fraction is 
obtained fr^n Fig. 4-38 as a function of the latio of the release time 
ro the duration for integration. 

It   can  be easily  shown   th.it   the equilibrium concentration 
in equal   to   the   integrated concentration when   the  release  rate   is 
substituted   for  the quantity   released  from an   instantaneous  point 
source. 
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Hie  equations  a(i|'llcaule   C«   pi mulcting  pe.ik  concentration, 
integrated concentration, uni duration   for  integration for an 
instantaneous point  source and  Isotropie  diffusion are  tha following; 

Peak Concentration    » [~-—1     r—r—      exp 

Integrated Concentration 

Duration of  Integration    ■ 

Where ^    - d'      V 
12        2 

OT -h   +y 

M    " Molecular weight  of  toxicant   (sm) 

W    -  Toxicant   release   (lb) 

Values   for phi   (^)  «re  presented araphically,  an a  funrrlnn 
of distance   (d)   and  Sutton's stability parameter  (n) ,   in Fig.  4-39. 

4.J.3.1    On-Axis Case 

From El«.   ^-20),  (4-21)  and   (4-22)   concentration estimates 
for  the on-axis case can be made  for any given set of diffusion 
paraaeters.     On-axis merely describes the  special   situation for 
which   ty.e point of   interest  lies directly downwind   from the source. 
For a ground   level   release the value of  alpha   is equal  to zero while 
for an elevated source height alpha   is equal  to  the altitude of 
release. 

Graphical  representation of  the peak concentration,  integrated 
concentration and duration of  integralien  for  the ground release, on-axis 
CJ?C  rin he   etf";1  ^bt-lr.ed by calculating  two points  ;it different 
distances   ind  plotting  the  results  on  log-log grapli  paper.    The  results 
of  tlit-se  plots are all  straight  lines and easily extrapolated.     To 
facilitate  the calculation a curve ot  phi  tor  two  fixed distances 
as a  function of stability parameter have been prepared and presented 
in Fig.   4-^0,     This curve represents a cross plot of Fig.  4-39. 
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With  Che use of  the prerpHi-^ tlgures  and equations,  and 
assuming or measuring  the  local values for  the virtual diffusion 
coefficient,   the  Suttoii  stability  paiaireler,  and   the wind velocity: 
the points  to  be plotted can  be obtained by simple  slide rule 
calculations. 

The  foregoing  is  ea<ilv illustrated by utilizing  the 
described procedure   for average conditions   (n - 0.25,     C      » 0.20, 
and ü - 3.15).     Values of phi  are obtained  from Fig.   4-40 for  the 
given  stability  parameter   (n  - 0.25)   at distances of  0.10 miles 
(^= 85.5)  and   10 miles  (^ - 4720).    The points  to be plotted are 
given by  the  following: 

Peak Concentration  (Average Condition) 

-^0.1  mile     =     7.25 x   102       (pom   .  ^ 

>• 10 miles  -     4.M   v   iO-3    (np™      £) 

Integrated Concentration   (Average Condition) 

IX ft  1  mile     -     '♦.24   x   103    (pptr-sec   .  JJ) 

s t •*■ 10 miles    -     1.39 (ppm-scc   . fl) 

Duration  for Integration   (Average Condition) 

'O.l   mile     -       1.82 x   I0l   (»ec^ 

'lO miles     -       1.0 x   IO3   (sec) 

Tncse values are plotted In Flg. .4-41. Corresponding 
values tor the othrr diffusion D^ra-netcrs listed in Table 4-VII 
are  also given. 
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4.3.3.2    Off-Ax<s Case 

The otf-axls case ca-> ^Iso be obtained from Eqs. (4-20), 
(4-21) and (4-22) , and represent the conditions for which alpha is 
not zero. For Isotropie diffusion alpha equals the square root of 
the sum of th* squares of the source elevation (h) and the cross 
wind distance (y); a condition which is not true for non-isotropic 
diffusion. However, for preliminary siting purposes the degree of 
anisotropy  is not known and  Isotropy is a reasonable  assumption. 

When alpha  is not zero the peak and Integrated concentration 
values will be a maximum at  some  distance from the  release point and 
will then decrease   (approaching  the value obtained for the  c-tsc where 
alpha equal zero)  as  the  distance  from the point of release  Increases. 
The distances at which these maximum values OCCIT are easily obtained 
by differentiating Eqs.   (4-20)  and  (4-21) with respect  to phi and 
equating the result  to zero.    This procedure yields the  following: 

(a)    For Maximian Peak Concentration, 

Xmax    -    3,63^310 exp (-1.3)     «X^. 0 exp(-1.5)   (ppm  , g) 

L2 -isL 
3C2 

(4-23) which occurs when   f 

(b)     For Maximum Integrated Concentration, 

J   .    3.67 x. 10        exp(.^ -h^oexp(-l)  (ppm-sec  .g) 
Jmax 0 C ^ J 

2    OC2 (4-24) 

which occurs when   A    »-^s— 
<_ 

Tht  conditions   listed  above provide the means  for determining 
the distance at which the maximum concentration will occur.     Knowing 
alpha, the virtual  diffusion coefficient,  -»nd the stability parameter 
the value of phi  can üt   calculated and the distance  found by utilization 
of Fig.  4-39. 
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This procedure  has been accomplished for several  values 
of alpha (see FIR.  4-42).     Points other than the m.ixinium values 
were hand calcaulaled and  are also presented.    For convenience, 
the values of alpha  are given in  feet; however,   to  illustrate 
the procedure the value will necessarily be given in meters.    For 
illustration purposes, one maximum peaK concentration will  Ve 
deterralueu   (p< =   1000   ft.   or  305 meters).    From the condition above 
for maximum peak concentration,   and again assuming average weather 
conditions  (n » 0.25,       u.   » 0.20,  and Q - 5.15), phi   is determined 
to be  1.25 x 10^.    By using  this value of phi and the given stability 

parameter (n m 0.25),   the  distant<-  to maximum ground   level  peak 
concentration is determined  (from Fig.  4-39)  to be 2.15 miles.    The 
concentration at  this point   i« essentially 0.22   (e"^'')   tinws the 
peak concentration  for the  average  condition  (OC» 0)   in '■'■'g.   4-42. 

A.3.3.3    Applicability of Result» 

Results obtained  ay the methods described herein  represent 
reasonable approximations   for purposes of prcliiainary  launch siting 
studies.    Button's equation has purportrdly  been used  to accurately 
predict concentrations at  distances up to several kilometers. 
However, .^ven  though   the method   is  questionable  ar greater  downwind 
distances,   U  still   provides  a "best  estimate".     Such  e-ftlmate«   "re 
necessary  i. \e  to  the   large  propellant   inventories associated with 
large  booster  systeius.     It   is difficult  to be more  specific  concerning 
the accuracy of  Sutton's  equations  due  to the  lack ot   «"tficient 
experimentell  evidence  over   large  distances. 

When  the   degree  of anisotrophy to  be expected   is   established 
(as  by  the  gas   release  and  atmospheric  diffusion  tests described   in 
Appendix B)  new estimates can be accomplished by considering phi  to 
be a  function of direction  <ty  , <^   > 4~)  a'1^  separating Sutton's 
equation into three  gaussian components.    Each can then be   treated 
separately by the approach described here. 
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SECTION  b 

TYPICAL SITING PROCEDURE 

Siting procedure ran he baaed upon the location of a  launch 
pad   for a fixed rocket  ayatcn or upon the determination of  vehirle size 
liaitations for a fixed site.     For both aituationa the procedures are 
dependent upon the aan« parametei» and  require the aamc degree o* 
detail.     In ^.e'eTraining vehicle aize  lioiltatlon aufficient weather 
and   Lerrain iuforaatior. yould  be avaftaM»  «o *n  to require only  data 
collection at  the launch pad and  immediately adjoining area.    A new 
inaiallaiion requlrca eatioating and  later establishing the necessary 
terrain and weather  information for preliminary and final   siting 
analyses. 

In order  to   include  the  required  criteria  for  both  situations, 
a Nova-type vehicle was  chosen  for siting at a  new  UII> tal lat Ion.     A 
site   locaviop  la  hypothesized  and described along with   the  prevailing 

| climatic conditions,   terrain, and earth structure.    Measurement 
surveys necessary to establish  final alte desirability  "r* di»c'.>aaed. 
Th* analytical ^roccdur«a of Section 4 ar J uaed to esLinnite the  launch 
hazards  for the hypothetical  vehicle and   launch alte.      ihece '-»»uit» 
ara used to apecify  the  location and configuration of  the   launch 
complex,   and  to define  the  conatralnta  on  launching operations. 
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5.1    HYPOfHETI'AL INITIAL rONDITlONS 

Hazards evaluation requirec  somewhat detailed descr.ption 
of the perf^riuance of the rocket system to be  launched as weil as 
the  climatology,   topography,   hydrology,   and  g H logy of  the   launch 
site.     In adc'itlo" it  is necessary  to know the population and  location 
of  nearby  t^wns,   cltias,   and  housing areas  to assess  the  degree  of 
hazard  to the community. 

5.1.1     Assumed  Launch Vehicle 

The  hypothetif^l   syst^m  <s  patterned  closely after  the 
Nr>va-i.ype verucio,  the   first  or  booster  stage will conitibt  of a 
cluster of cix   i.i-miiUon-oound-thrust  F-l  engines Ltilizing 
L0,/RP-1  propellants  for  a   total   takeoff  thrust  ol   9 million pounds. 

The  vehicle  has   three  stages «ml   is  capable of  plac'ng 
a   large useful  payload  into orbit.     The second  stage is assumed  to 
consist  of  three  large  engines  of   the  F-l  type,   each with a   thrust 
at altitude of  2 million pounds.     In order  to highlight  toxicity 
hazards,   the  second and   tnird  stages  are  assumed   to utilize nitrogen 
tetroxide  (NjO )  as oxldizer and a   30-50 mixture of hydrazinc   (N-H ) 
and UDMH as  fuel.    Characteristics of  the hypothetical vehicle which 
are  important   from the  launch hazards standpoint arc sumtoarized  In 
Table    j-I. 

The  hypothetical   vehicle will  be assumed  to have a   takeoff 
weight   of  6 million pounds  and  u   latio of   thrust  to »eight  ot   1.5. 
The  net   inirlal   upward  acceleration will  be about  0.5g.     riy.ure 
5-1   presents   the dynamics   for   the  hypothetical   vehicle during  the 
early   phases  of   flight   whi.h are   important   for   launch h^rard  conside'-iM ons 

Engine rlicter  configurations   for   the   first and   second 
stages  are »ho,,n  In fig.   5-2.     An overall  diameter of  twelve   f»et   per 
engine  h.v.,  been assumed   for  the  first   stage   to allow  for  pimbalinv; 
and   to  eliioinate undesirable  exhaust   inte   Terence.     ihe  second  stage 
propulsion  system would   he  compoied  of   tl.iee  engines  in a   triangular 
.irraugement.     The upper  stage expansion ratio will be greater  than 
for   the booster and  th^rc.ore  requires  a   larger  nozzle area. 

The   blast de   lector  configuration  for  the  hypothetical 
mlssil-i  Is  represented  by  Fig.   5-3.     This  transversely symmetrical 
deflector conforms with  «.urrent  designs   (SaturnV   and offer«  a 
predicted  «nhstantlal   reduction  In   the acoustical  power   level  generated 
by   the  booster  engines. 
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i. 

TAbU  3-I 

CHARACTERISTICS OF HYPOTHETICAL VEHICLE 

FIRST 
STAGE 

SECOND 
STAGE 

Number of Engines 6           , 
Thrust per  Engl.ie* (Pounds) 1.5 x  10 
Chamber Pressure  (PSIA) 1000 
Nozzle Area  Ratio 10 
Nozzle Exit  Diameter  (Feet) 10 

Total Thrust  Per Stage*   (Pounds)       9  x   10 

Oxidizer Type: 

Fuel Type 

Specific  Impulse* (Seconds) 
Propellant floj Rate (lb/sec) 
Burning Time   (seconds) 

Mass Mixture Ratio (0/F) 
Oxidizer  Weight   (Pounds) 
Fuo'   tfelzht   (Pound«) 
Total Propellant Weight (Pounds) 

Volume Mixture Ratio (0/F) 
Oxidizer Volume (£eet3) 
Fuel Volume (feet3) 

3 
2 x 10° 
1000 
16 
12 

6 x 106 

THIRD 
STAGE 

1   f 
2 x 10 
1000 
16 
12 

2 x 106 

L02 N204 An 

RP-1 N-H.   (, UDMH 
2 4 

N,H.   6. UDMH 
2 4 

263 309 309 
i83 i ittjii 5833 

86 105 115 

2.35/1 1.05/1 1.05/1 
2,104.000 944,000 343,000 

896,000 896.000 327,000 
3,000,000 1,840,000 670,000 

i.c3 0.743 Ü.743 
29,600 10,400 3,790 
18,2nu 13,800 5,040 

*At sea level conditions for first stage an! 
at altitude for second «ud third stages. 

•97 



I    i 

~4 iOOO 

0 10 20 30 -'.0 

TIME   (SCCON'DS) 

30 

3600 

^200 2.Ü 

2800 i    " 

2VJ0 ?* 

(/J 1 
i    ^^ 1 

UJ I 

1.5-" 
i     ^ 1 x 1 

2i^'0 C 

• E
L

E
R

A
T

IO
N

 

o 1 

1200 

dOO 0.5  | 

400 

0 
0  1 

2.5        jf'O.UOO 

400,000 

10 ), -«OO 

H 

lUt. ,   -1)0 

HG.   i-1    ll/POTÜETICAL VE   ICLt:   n^ JAMICS 

-9^- 



36 PSBT 30.1  FEET 

MAIM STAGE SECOND STAGE 

FIG.   5-2    HYPOTHETICa VEHICLE ENUIME CLUSTERS 

NOZZLE  FLAi^fc 

EFFFCTIVE BOOSTER  ENGINE 

DIAMETER 36 FT. 

T 
20 FT 

32 fT 

LAVHCH  STAND 

'SUPPORT COLUMNS 

FIG, 5-J SLAST DEFECTOP CONFIGURATION 
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5.1.2 Prospective Li'..ich Area 

The prospective launch arei used tor illu iration is shown 
in Fig. 5-4.  The area has 20 miles of coastline on the '..'astern extremity 
of a large land mass, and encompasses approxlaacely 140 square miles. 
The activities within this launch site will b>> those which are normally 
required to support launching arcivitie«.  Administrative and operations 
personnel will number approximatuy BOO with only aboui. iO  living 
within the boundaries.  The frequency of launchings is estimated to be 2 
per year initially with an eventual increase to 6 per year. The only 
communities near the site are a city of 30,000 population located 23 
miles southeast of the site and a large metropolitan area 100 miles 
to the north.  No offshore islandt; lie near this prospective launri< 
are». 

Access to the site is piuvided by i  harbor and by surfaced 
roads which »nter the reservation from the east.  This access road 
connects 3 mi cs outside the reservation with a main highway which 
extends north and south. 

The entire arei is slashed north and south by a low eroded 
coastal range.  The elevations vary from sea level on the west to 
2000 toot mils vhlch recede to a 600 foot valley on the east.  The 
narrow coastal plain is 'haracterized on its southern two-thirds by 
50 to 100 f'jot cliffs while the northern section consists of a narrow 
sandy beach froK which l'.ic 1« . ri^.* with a fai.'y steep slope to 
200 feet.  The nortlien landscape contii.'.s with the same character 
for 50 or more miles. 

Bedrock in this area is metamorphic rocks of igneous 
origin and are largely hard, fractured, and jointed granite gneisses 
and schists.  Sedimentary rocks cover th« bedrock to depths which 
v*iy flow 30 teet near sea level to 10-15 feet near the nill tops. 
The sediment is mostly sandstone, siltstone and conglomerates thereof. 
Sound veloci tie» assumed for the earth and rock substructure layers 
arc (1) 700 feet/second for the first layer of 5 ft. depth, (2) 
2300 teet/second for the second layer of 40 ft. depth, and (3) 15,000 
feet/second tor the next layer (bedrock) of W> ft. depth. 

The valley which lies to the east is primarily used fot farming. 
With an annual rainfall of only 12 inches p«tr ye.ir irrigation is 
necessary.  The population density within a 30 nile radius is 
50 to 100 per square mile. 
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5.1.") Cliuiatic Conditions 

The ocean represents a constant tfrnperarure surface wiiic'n 
fluctuates seasonalTy from 50oF to 70oF.  Coastal wind« are greatly 
dependent upon the temperature differentia] between land and water 
surv'aces.  The ocean breezes would be tunneled through the regions of 
luwct elevation while the land breeze would return through these 
passes as well as downward from the peaks.  During the transition 
period between land and sea breeze, the wind would tend Lu be paiallel 
no the coast. 

Prevailing winds for the particular site ar>? vrom a 
northerly and northwesterly direction with speeds "f 10 to 20 knots 
varying at times up to 40 or 30 knots.  Surface Inversions prevail 
up to 607, of the time during the months ot December, January, and 
February, 20% ot ..V tlmt the lapse rate exceeds 2 C per 100 ir.eters 
of altitude.  During the warmer months inversions ar^ present »bout 
50% of the time between alt'tides of 1,C00 aod 3.000 feet and 207. 
of th« ti-ne the lapse r^te also exceeds 20C .-«er 100 «reterB of 
altitude.  The relative humidity can vary from 907. at the base of 
the inversion to 50% at the top of the inversion layer with relatively 
dry air above. 

Late night and early .norning fog occur frequently, usually 
clearing before noon. 

Sumnwries of the expected climatic conditions are presented 
in Figs. 5-5 through 5-10, inclusive.  Figure 5-11 represents sound 
velocity profiles which are expected to occur '-'ith a wind from the 
nortnwest. 

>.1.4 Site Measurement Survey 

Once a prospective site has been clio»c.i preliminary hazards 
analyses can be started by reducing climatological data from surrounding 
weither "rations and estimatinp nl re i-oivd rions.  This would expedite 
the determination of site desirability since the accumulation of on- 
• ite data requires a long time. Also it is doubtful that an on-sitc 
weather station would be a realistic assumption as the site will 
necessarily be remote and somewhat isolated. 
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This  section  ts  devoted   to a  discussion of   the   site  meapurement 
S'j  vtys    w^ich are necessary and  dcsirablt   Lo  verify   the  validity  of   the 
selected site.     The iLemb   tu be deteiuiined  foi   iauin.li hazardo considerate 
1n"r>lv»» tho^e ctnd^ions which  affect   the propagation of   sound  and  shock 
.•aves   in the air.aid  ground,  and  atmisoheric  diffusion ot   toxic   materials. 
Ihese can be  broker   down   into cliinatoIoRy,   topography,   hydrology  and 
and geology. 

5.1.4.1     Cliwatclosy 

Climatology ot   a   site   is an  important   factor which   is 
constantly changing with   time;   however,   based  upon sufficient  data 
collected over  a  number  of  years,   extreme and   average  conditions can 
be   ;stablishci  as a   function of   seasonal and  diurnal   tiuctuatians. 
Certain atmogpnorir   phenomena create marginal  conditions   for   launch 
operation;..     Such phenomena   include   inversions and weather   fronts. 
Additiona) weather data  required   for detailed  site analyses  Include 
wind,   temperature,   and  humidity   (including  fog). 

Wind measurements  are   required  for   the  surface  and  upper 
atmosphere.     The  requirements are   for  direction,   magnitude,   and 
frequency as a   function of  altitude   (up  to '»0,000  feet)   for 
r^ZfCicz ol  d.L^rsinlng  sound  velocity profiles.     HoriT-.ont^l   and 
vertical wind  velocity   ilucluations over  «hurl   time  intervals  aie 
necessary  In  the   lower   layers ot   the  atmosphere  to aid   in 
determining atmospheric  diffusion      After a particular   launch pad 
is  sited,   local   (a   few  to   thr.i.s^r.dE  of   feell   turtace wind   tlucmatlon 
measurements  are   required   (see Appendix B). 

Temperature   from  the   surface  to an altitude  of   4O,0(»U   feet 
are  also  required   to  help  determine  sound  velocity profiles.     Temperature 
gradients are  also  indicators of   atmospheric   blabillty  and   important   to 
determining  atmospheric   diffusion. 

Hun-.idlty   has  an   effect   upin  sound  propagation  as   it   avtect» 
attenuation  and  velocity 

5 l.-t.2    TuMvjtiatihy 

A detailed  map   relating  the altitude   .oniours and  description 
of   the  local   vegetation  is   required       Ttio  location of   natural   barriers 
which can  be  utilized  as   bi'st   and  ucousticnl   smelds  ot   bu|jpresiors 
'.•dps  to pinpoint   suitable   launch  pails  or  support   facility   Buildings.     Tb«1 

prutruslori ot   vegetation  above   the  surface affects  the diffusion of 
toxic  mitenals. 
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Off-site  topography  to surroundiug coamunlties Is required 
Lor determination ot  It» at'fuct upon sound pressure  levels,  shock 
wave propagation,  and at;.:-spheric diffusion. 

S. 1.4.3    Hydrology 

Hydro logical surveys are necessary to establish the natural 
drainage and flow oi.  underground water supplies.    The Important   factor 

» Involved here Is to Insure against the contamination of local water 
supplies due to spilled toxic  propellants.    Soil characteristics 
nc^d r-> be determined wnlch affect   the ability of a spilled propellant 
to penetrate to the underground water table.    Surface drainage   requires 
considerations for penetration along and at the end point of  the 
natural   flow. 

In spite of all safeguards taken to preclude contamination 
of underground w»t.er  souices,  wells and  streams,  it  Is desirable  to 
periodically monitor these water sources.    In particular, a chemical 

(analysis of th* ground wa-.er  in the vicinity of nrospective  launch 
sites should be performed before any possible contaminants are  brought 
on the scene.     In this way,   evidence will be available  to refute 
unsubstantiated claims of damaging watrr pollution.     The I'.   S. 
Geological Survey Office Is equipped to sample and analyse the chemical 

1 composition of water. 

5.1.4.4    Geoloay 

Alcng with the Information obtained from the hydrological 
survey,  a geological survey will give important data  for determining 
acoustic and shock propagation through the ground.     Underground   rock 
formations upon which  launch  stands  rest will readily  transmit 
acoustical and blast wave vibrations to surrounding structure«. 

5.2    LAUNCH HAZARDS  EVALUATION 

The  launch hazards   tor  the rocket system am! condition!» 
described in Section  3.1 are  evaluated  here using the methods discussed 
In Section 4.     Each hazard  is  treated separately and where possible, 
numerirAl values are given wh'rh are representative of  the hazards 
expected. 
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5.2.1    Acc'istlcs ■--<»., 

To determine  the areas where acoustics Is a hazard  during  the 
launch of a missile the  to Honing calculations are required: 

a. The overall and octave band  power  levels   (OAPWL). 

b. The overall and octave band  sound pressure  levels 
(OASPL)   for  varying distances,   elevation angles   to 
the missile,   and  azimuth  angles  to  the   launch  site. 

c. The  vibration   levels  transmitted  through  the gruund 
frran the   launch  site at  varying distances and azimuth 
angles. 

d      The effects of  meteorological  conditions  on  Liie  SPL's 
The  results  of   these calculations will  specify   hazardous 
areas   for peisonnel   and  structures   (missile  tracking 
Instrumentation,   etc.),   and  predict   the  response   A 
surrounding coinmutu t* es  tc   this  noise. 

For  the   launch site and   lauiH.ii   veliici«- described  in  Section 
5.1  a   sample calculation will   be  made along  the   135    azimuth   (towards 
nearby   tov/n)   Co  illustrate   the   tactors   involved.     The calculations 
will   include  Che  first   60  seconds  of  missile  flight  and  will   be  made 
at  distances   iro« the   launch  site  of   1000*,   ^000',   1  mile,   2  miles, 
4  miles,   and   15  niles 

The acoustical  power   levels  ana   spectra  are  determined 
1rom the   information  in Section 4   1.1.1   and are reorescnted   by  Fig. 

Assuming a   flat   earth  up   to a  distance of  4 miles  along a 
135    azimutli,   the  space average  octave   band  sound  pressure   levels  may 
be determined   from Eq.   (4.1-5).     The sound  pressure   levels at   any 
Instant   must  be corrected   for distance   from the missile,   elevation 
angle,   ana meteorological   conditions.     For example,   at  TQ -f   1   second 
the corrections  at   1000  feet   are   represented  by Table  5-11  and  the 
octave   hand  sound  pressure   levels   by curve   (A)   in Fig.   5-13       When 
the   J.'t   exhaust  no  longer  impinges  on  the  deflector   (TQ  + 6  seconds 
approximately)   rhe only directional   effecis are aue   to  the  elevation 
angle  of   the missile.     At   1   nile   radius,   the  source may  be considered 
a  point   «oiirrp and  the deflector  effect»   ignored c^nn I »-tcly.     Calculations 
oi   this   type yield the spectra  shown in  Figs.   5-13  to  5-17. 
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The meteorological  effects   result   in   the  velocity  gradients 
prtviously shown In Fig.   5-11.     For  the sound  velocity profile  labeled 
as* A,   the   radius  of curvature,   r   (see  the  geometry  shown in  Fig.   5-18) 
can be  found by 

ri  ■  ^7 (5-1) 

where      c.   = sound velocity in ith  layer 

9.   • angle  sound  ray makes  with  horizontal   in ith  layer 

g.   - velocity gradient  in ith layer 

Note  the  first gradient will  curve  the   sound  upward   (0-1500 
feet),   the second downward   (1500-4500),   and  the   third upward   (over 45ü0>. D). 
Figures  5-18 and  5-19 show that   the effect  of   these gr      -^n:     is  to 
focus the booster noise -l a uiataucc of about   70,000 reut      A slight 
change  in gradient could  result  in  focussing  in  the vie.  .ey of  the 
town  (25 miles distant).    The  incident noise  level would be amplified 
by as much as 20 to 40 db. 

Krotr.  the  initiil  corditions  specified   in  Section  5.1,   the 
most   significant  ground vibrations  will  be  generated  by direct 
iapirgement of acoustic waves on the  ground.     Flguie  5-20 represents 
estimates  of   the maximum ground displacements  during  the hypothetical 
vehicle  lift-off conditions.     Thtse  values were  predicted from 
Figs.   4-17 and 4-18 and Eq.   4-17 assuming a   frequency  jf 10 cps 

From Fig.   5-21  the   150 db  contour  of   equal  SPL  (maximum SPL  tu to 
prevent  damage  to standard  structures)   may  be   located at approximately 
1400  feet   from the  launch sire i>nd  the  135 db contour  (maxiimim allow- 
able SPL for unprotected jars)   at approximately  8000 feet   from the 
launch  site.     Plots of octave band   levels a« a   functlnn cf  time and 
distance  may .ilsn  he made  by  cv t rapol at ing  tne octave band plots  oi 
Figs.   5-13  to  5-17.     These plots are  useful   in determining  structural 
hearing damage. 

The  estimated octave  sound  pressure   levels at  the  hypothetical al 
town  location are plntrii   In  DP     S-22.     These   levels are not  e<pected 
until  approximately TQ + 12 seconds.      Inis   exposure will exist   tor 
approximately  60  seconds. 
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The equivalent sound pressure level in tlie 300/600 cps 
band is 86 db (using Fig. ■'4-'<'7) and the equivalent noise exposure 
(ENE) 104 db.  Similarly (trom Fig. a-?9) the incident noise spectrum 
is adjusted -3db for 1 minute exposure and results in level rank J. 

The ENE indicates that, at the same lecation, one-base 
housing would be acceptable; however, for off-base housing, the level 
is marginal.  The level rank indicates that vigorous complaints 
and legal action might result from the noise levels incident in the 
community.  Prevailing climatic conditions may either lessen or Increase 
Che sound pressure levels in the community. 

5.2.2 Explosions 

A vehicle explosion while on the ground and an explosion in 
the air will have different consequences.  In a surface explosion, when 
a vehicle collapses Just as It leaves Che pad, the propallaat taükg 
of the booster stage would burst with subsequent mixing of oxidizer 
and fuel.  The mixed propellant would explode upon ignition and the 
remainder ot the fuel would burn Intensely.  The second stage 
propellent tanks would be engulfed in flame and vould soon rupture 
to spill their contents intj the flaming pool of prcpcllaia.  The 
upper stage propellancs would not be mixed upon entering the flames 
and the reaction should b» limited to burning rather than a second 
explosion. 

ihe eAi>iu»we hazard of this series nt  event» is determined by 
the [uantily of mi <ed propeliaul <*nii   its energy ot explosion.  Without 
experimental data, planning of site layout for this possible event 
Is baaed on two csparatc cc^-epts; (H arhlrr,iry designation of 10?. 
TNT equivalence, and (2) a fourth root function derived from scale 
mode] tests.  Ten percent TOT equivalence is the Judgement used in 
Sdtuiu launch site planning'  »"d represents a conservative estimate. - 
The fourth root function was derived by cT>»ce  Technology LaboraCorles 
from experimental data obtained by Broadview Resiiarch Corporation on 
At la« confitcuratlons.  The mixing problems and arrangement of 
propellant tanks un the Alia» .ire radically different than chose 
proposed for the Saturn and Nov:i-type vehiclen so that the results 
of Alias teals are also thought to be ccnservai 1 vo.  figure i-»!J s^ows 
the overpressures obtained by the two different methods. 
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An explosion on the launch pad leads to the highest pjsslMe 
uvfij»i«:6äurcs at ground level near rhe source. Craterlng of the earth 
and ground shock phenomena will also occur.  Figure 5-24 shows the 
crater dimensions which result from a surface explosion based upon a 
burst of iNT over dry soil.  For a hard rock or concrete surface the 
effects will be about 80X of these In dry soil. The crater dimensions 
to b« expected tor a Nuva-typc vehicle will be: 

Apparent crater diameter 

Depth 

Diameter  of   Rxpiure  /-ont 

(Da) 

^V 

96 ft. 

16 ft. 

(D - 1.5 D )   144 ft. 
r      a 

The diameter of rupture zone is considered to be the limit of ground 
damage.  Figure 5-25 gives the relationship between shock velocity, 
peak wind velocity, dynamic pressar« and reflected pressure following 
an explosion near the ground. 

The second type of accident which can occur is a vehicle 
explosion In the air shortly after lauiwhlrg. Fieuro S-1  Illustrates 
the relationships between velocity, acceleration, altitunp and fuel 
consumption during the first ten seconds of vertical flight.  These 
curves were computed assuming constant Lluast for successive one 
second intervals.  The vehicle conditions at 500 tnd 1000 ft. are: 

Altitude 500 ft. 1000 ft. 

Time to reach this altitude 7.5 sec 

Prc??*l'ant remaining 

Velocity HO ft/sec 

Acceleration (net) 0.570g 

10.2 sec. 

3.235 x  106  lbs.     3.140 x   10°   ID«. 

175  tt/sec 

n.595g 

Ur.burnt   fuel  would  coioplicate and  increase  the   toxic   hazards 
of   the incident.     Certain aspects  of   the problem can  be  qualitatively 
defined without complete    nformation  regarding the accident.     The   liquid 
propellants will  be subject  to dispersion prior  to explosion as well  as 
«flea..     Figure  5-2b  showf  a  reasonable distribution of  particle  sizes 
of  globules during   the  m.shap. 

I 
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The time intervals correspond to the following stages 

t     Prior to accident <t =» 0) 
o 

t.    Immediately tollowing destruction 

t..    Immediately following explosion of mixed propel lant 

t.    Particles remalnlnn unburned at this time 
a 

Only  about  one per cent  of   the  propellant   will  mix prior   to 
an explosion.     As  the  tanks rupture,   thr velority of  the air past  the 
vehicle will  break  the  liquid  into globules of a wide size range.  anJ 
it will aluo cause air  intermlying of oxidizer and  fuel particles, 
fuel which comes  into contact with   the   ignition  source will burn and 
in turn Ignite any masses of mixed propellant wklcl   forius.    Considering 
the  short  interval of  time involved,  a reasonable assumption of   the quantity 
contributing  ro an explosion is one percent. 

An  explosiün 01 a vehicle   in  the air  may   result (>ue  to a 
malfunction within  th<> vehicle or  irom a destruct  signal  originating 
in range control.     The  latter (.«»e  1« more  likely after  the vehicle 
has reached  an altitude of 300-1000  feet.     The destruction device 
would  presumably  cause  the propell.mt   tanks  ro  rupture and also 
provide a source of  ignition.     A fire would   likely begin in tliü 
fuel,   burning  in air or onidlzer vapor,   and would   initiate the explosion 
of  the mixture oi  oxidizer and  fuel.     The heat   from the subsequent 
explorion    would  create convection currents above   it  and  propel 
flaming  liquid  masses  through  the  unburnt  propellanr.     The heated 
air above  the explosion would  speed  the ev«|>oration of  any partlrl^s. 
Particles which are  too  targe  to completely vaporize would  fall  back 
into  the  flames and  bum.     Al!   this   time   the  propellant   is  traveling 
upwards. 

Using  Fig.   3-26      rne  numi'ricallv  predor.inaiiag 
particle  size  after explosion will  be  about  0.01   inches   in dlametfr 
Based upon  experimental  relationships determined   by   the  ü.   S. 
Bureau of Mines     ,   the RT-i  requires   1   second  to  burn  (0.3 in/sec) 
the hydrazine   requires   7.0 seconds   (Ü.O'i   ln/sec>   «ud  the UDMH about 
2  aernnds.      During  this  time  the  burning  particles will   have   ignited 
other particles   in  their path. 
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Explosions at  500 or  1000 It.  above  the  launch pad will 
result in a shower of both burning ? -d unburned propellant onto 
the pad.    This deluge will  fall well within the  boundaries of 
explosive hazard dictated  by the surface burst.     The principal 
hazard of an air burst  is deemed  to be  the flaming propel Innt 
falling on  the pad. 

5.2.3    Toxictty 

Toxicity  hazards  for the hypothetical   launch vehicle* will 
be (.rinarily due  to utilization of  the storable propellants  in 
the second and  third  stages.    The  ftrct  stage   liquid oxygen-- 
RP-1 propellant  combination does not  represent a  toxic hazard.    On 
the other hand  nitrogen  tetroxide,   hydrazine,   and  UKU! arc all 
quite toxic  having MAC's of 5,   I,   and 0.5 ppm respectively. 

Figures   5-27,   5-28 and  5-29 represent Sutton equation 
estimates for  the downwind concentrations resulting  from the 
release of  50,000 pounds of each of  the upper stage propellants 
for moderate  inversion and average atmospheric conditions and various 
modes of  release.     The validity of  the Sutton'» equation over such 
great discancss  is questionable,  but  it ie considered  to be  the 
oest possible estimate at  this time. 

The missing  link is an indication of  the loaximum incident 
Milieu k«» «Jt   «UMU  poSitibly occur.     A malfunction of  the  first stage 
system cot Id   lead  to  the expulsion of all of  the  second and  third 
stage propeliamt..     This would be  the worst case and  involve 
scaling up  the peak  cu^viitration values presented  in Figs.   5-27, 
5-28,  and  5-29 by  factors of 26,   12,  and  12 respectively,  and 
utilization of  the   instantaneous  source. 

The   energy   released during malfunction would  probably 
be sufficient  so  that a great deal of  the  fuel would be burned. 
UEHH and hydrazine would continue  to burr, due  to  the pr.-sence r>f 
atmospheric  oxygen.     The hazard  involved can be classed with the 
one previously discussed   for RP fuel  since both have about  th« 
same volatility.     On the other hand Ho,   is quit« volatile and 
could  readily  be  vaporized   to NOj as  the   result  oi   partial   reaction 
with sailed hydrasine-UOMH or from first stage detonation.     The 
unco-^'-'-J  vaporized  oxidizer would  be dispersed  by   the atmosphere. 
TK-  greatest   toxic  hazard   likely  to occur  is ari  instantaneous release 

I 

I 
r 

-» of ail   of  the  N.,0    within   the »erond  and   third   stages. 
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   MODERATE INVERSION 

   AVERAGE CONDITIONS 

QUANTITY RELEASED • 3J.JOU lb 

MODE OF RELEASE 

0 INSTANTANEOUS 

0 500 LB/SEC 

0 50 LB/SEC 

0 5 LB SEC 

0 0.5 LB/SEC 

«A 

i 

t-ftlr 

r 0' 
DOWNWIND DISTANCE   (FEET) 

FIG.   5-27     PEAK CONCENTRATION^  FOB  NITKUGEN TETROXIDE 
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       AVERAGE  CONDITIONS 

QUANTITY RELEASED  - 50,000 LB HYDRAZlNE 

M0D2 OF RELEASE 

(i)      INSTANXANKOUS 

5 

3    - 

DOWNUIJD DISTANCE   fFEEf) 
FIG.   5-29     PEAK CONCENTRATIONS  FOR  MYDRAZINt 
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From Fig.   3-27 and  the scaling tactnr of  26 it  Is obvious 
that  fne quantity o£   "2^  to   be utilized within the  hypothetical 
rocket  system presents a hazard to the nearby  town  (25 miles or 
132,000  fe*t> .     H*»-«  th» instantaneous release of all  the N2O4 
could result  in a peak concentration of about 390 ppm for a moderate 
inversion or 9 ppm for average atmospheric  conditions.     The durations 
of exposure   (cLtair.ed   from Fij.     'i ';!)   for each of   t.ieae conditionc 
are approximately   1U0Ü and  200C seconds,   respectively.     Assuming that 
the eight  hour MAC expo«ur«»   (1   44xlo5 ppn-sec)  could be received on 
the basis of a  single  emergency exposure during the  indicated  times, 
both conditions would   be  toierable at   23 miles.     However,   the 
shorter duration and  higher concentr^Liun during  the  inversion 
makes  launch inadvisable under  this condition. 

If  the  vehicle  has   left   the oad  and  obtained an alticude  of 
greater   than 250 feet  prior  to the release ot  all   the K^Pw   an 

additional  dilution will  be  evidt-nced.     Thf exf»«-. t«»d  dilution will 
vary froa tern  ro »   tactcr of  3  for a  1,000  foot  release.     This 
indicates  that any  Initial soiree rise due to heat  content would be 
ineff»ctiv»; ir-. reducing the concentration at  the  town.     However,   an 
altitude  release   (1000  it)  woula  reduce  the  predicted coin, sntrat ion 
to about   5 ppm which   is  the MAC. 

For a   toxicity  standpoint   Iriuiv S  nhcnild  be confined   to 
lapse or average ataospheric  cotMlXkiwua with pruvislons made  for 
evacuation of   the near  off-site  inhabitants downwlnrf  of  the   launch  site. 

S.3    SELECliU; CF  LAUNCH SITE 

The hypothetic:.!  initial conditions were purposely chosen 
to nw<k«   the  task of  sire selection difficult.    The hypothetical 
goverrasent reservation considered  for a launch site  is marginal 
incofar as  the safety of the nearby town  (25 miles)   is concerned. 
This situation typifies site  isolation requiretnouts  for  the  larger 
vehicles of the  future.    The major  threats  to the  civilian community 
stem from the   large quantities of toxic propellant carried aboard  the 
vehicle  and  from focussing of high intensity sound.     Th«  available 
reservation will accoirodate a launch complex for  the hypothetical 
vehicle,  but certain constraints  upon Innnching operations  are required. 
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It   1?  necessary  to  repeat  at  this   point  that  all  of   the 
mattrtsl  in Section 5   is  presented porely to  illustrate   th«»   important 
hazard considerations   in  the siting process.     This presentation should 
not be construed as   Lite  compleLe site selection procedure.     Economic, 
legal, and   logistic  factors will  also Influence  site Selektion 
Section 4 of  this  report   to^'ther with  ehe  preliminary Acronucronic 
reports  (Rei's.   1,   2,   3,   and 4)   provide   the  background  data   for  a more 
'.borough hazard  evaluation 

5 . 3  1    Location of  Launch Facilities 

In  addition   to   the   launch  complex   Itself,  wliicli   is   sneiiii^i 
in the p.ext  section,  a host of supporting facilities are  required at  the 
launch site      These  facilities  include a vehicle assembly building, 
instrument  calibtat'.on  and  repair  shops,   liquid  oxygen  generating plant, 
administration  building,   technical   anc blotnedical   laboratorl^;     'i«'r<!r,nnel 
services building,   toxic  propellant  stoioge area,   fuel  storage area, 
electrical  power  generating station and/or substation,   instru.'nentation 
for ranse safety,  communication ti unk lines,  water storage  tanks,  and 
other related   logistic   facilities      Tolerable   locations   for  some of 
these  facilities  ari»  determined   frtnn tU'i results  of  the  hszsrdi  cval^jiion 

r^fcrc    CC" i^^r 1"    '-i''1<t-v    1nra»(r.nq    j-    is    W Ci i ääVf    tO 
postulate   ehe wutitt   ptubablr   a.cidf'.t,  and   to  estimate   the  damage   to 
surround logs       This  will  essentially be  a matter  of con 1e'-f,>ie   since 
the events   following an  abrupt   total   lo«» of  a vehicle  can  only  be 
imagined 

A maxlmuni accident  on  the   launch  pad   lä  conceived  as  a  sudden 
collapse of   the   fully   ramed  missile  such   that  all   tank«  discharge   unHcr 
pressure  their  contents     (3.0 million  pounds)   as  over I doping  pools  on 
a   flat suttace       The  oropellants   ignite  instantly,  engulfing  the missile 
•-•ith  flames  within a   few   tenths  of   a seconds.     Although   the   liquid 
oxygen trooi  the  boositr   vaporizes  quicily,   the   fuel  will   caube  a  severe 
lire.     The  puxl«  ol   propellant   arc   turbulent      A distinct   tlreball  will 
fotin and will   be  ag^revated  by   the  release  and  combustion  of   the  upper 
stage  fuel       After   a   short   period  of  umf.   the  structural   int-T.bcr?   cl 
the vehicle  may   Ignite   and  burn  LZ  a rouLii higher   temperature   than   the 
fuel   fire.     The   thermal   effects  of   the  tir;.  •..ill  prev^i'i    lor   several 
minutes 

A detonation  can  be   presumed  to occur  ai   aoprov imately  three 
seconds,  with  a T*T  equivalence  of   ID per  cent   of   the   propellant  weight 
Any structure   hardened   lu   less   than 40 p.il   overpressure   will  be  damaged 
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within a radius of 500 feet. At 2500 ft., structured designed for less 
than 2 psi will be damaged, and a damaging overpressure of 0.5 psl wdl 
be felt at 5000 feet. A 130 ft. crater will be created, with debris 
aid flaming propel!ant thrown in all direction*. 

Toxic fuaea froK Che upper stage propelIants will pollute the 
aree. The bulk oi the fumes, priautrily W^, will be driv-än upwaiü 1.. 
a cninmey oi hut gases, blossoming outward at altitudes above 500 feet. 

Even during a r.orm«! launching it will be necessary to contend 
with the critical sound pressure levels of 135 db and 150 db at distances 
of 8000 ft. and 1400 ft., respectively. Acoustically Induced ground 
displaceaents will require that building structures be situated ct least 
2000 ft. away from the launch stard co avoid structural damage. 

The storage ot propellants appears to be one of the least 
hazarauuv aspects of liuuch operation«  Filled or pressurize^ propellent 
storage tanks should not be subjected to overpressures greater than about 
1.2 psi. Thus, a minimum separat! n of about 3000 ft. is required 
between any propellant tanks and the launch stand regardless of the 
quantity stored, unless blast resistant barriers are cmployao. 

The only practical means of protecting storftge tanks from 
fiagacntation is by dispersion and separation of tanks or by utilizing 
natural barriers '«hen possible.  Since fragments having the maximum 
range will strike at an elevation angle of about 45 u«gi<B«a, oc Mghcr 
tor an «Ititude burst, the barriers wovld have to be very tall.  Increased 
separation appears as a More reasonable alternative. 

The ready storage areas are located within the launch complex 
and arc discussed in the next section. Bulk storage requlroments, for 
purposes of illustration, ar«> assumed to be approximately twice the 
vehicle requirements; or esstntiall/ 4 million pounds of 11quid oxygen, 
2 million pounds of IP-l, 1.5 million pounds each of hyQr«»1na «nrf of 
UDMH, and 2.5 million pounds of nitrogen tetroxide. 

Quantity-distance data (derived from Fig. «-39 for the bulk 
storage of propellents is given in Table 5-ITT.  The quantity of liquid 
oxygen required demands an on-site generating plant Uiich should be 
farthest removed of any of the propellent »tora^e areas from the launch 
complex. Official quantity-distance dtta for nitrogen tetroxide provide 
for only one-tenth of actual requirements. Separation distances between 
^-Jacent fuel and oxidizer storage aieas «hou'd be a minimum of 7500 
feet. The distance adopted for separation between the non-toxic storage 
areas and buildings, roads or other places of habitation is 1000 feet. 
For toxic propellent storage, the required reparation Is ''•iwnde Jt upai 
terrain and weather condiiiora. 
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TABLE   S- ! H 

1           Bull« Storage 
1                 hcea 

Tndl"idual 
lank Capacity 
(nilllion  lbs) 

No    of 
Tanks 

Separation 
Between 
Tanks   (ft) 

Distance   from      j 
Launch  Campley.    j 

(ft)                    | 

N204 
0.?5 10 300 7500                   1 

N2H''. 
Ü.3Ü 3 400 6500                   j 

JDMH 0 50 1 4C0 esoo            | 

K?-l 0 SO i* 400 7000                  | 

I                      W? 1.0 4 SOU 8000                  | 

The  locatiüts  chosen  for  the  various  launcb fncllilies are 
Indir^teJ  in Fig. 3-30. Substantial   safety raarnins were   InclviJe^ 
where  possible   in^   i-tretul   conslderaLiun was   given  to terrain   features 
and  to predominant weather patterns. 

5.3  2     Launch fomn;gv Sptrificatlons 

The  launch complex consists of the  launch pedestal  and blast 
deflectors,  umbllitU    tower,   track mounted  service   tower,   launch control 
blockhouse, ready storage  tanks  for each propellant,  replenishing tantts 
foi   each cryof.   ilc  propellant,  propellani  transfer  systems,  holding pcmls, 
anrf   Instrunrnt     lor;   for   range   safety,   launch control,  and   preflight 
vehicle  checks      Tentative   scparaliou  distances  based  upon   the   pre)lmin.iiy 
hazard evaluation,  and natural   harriers  arc chovn  in I'lg    5-31 ■     The 
construction  features  of   the  complex  would be  spe:lfied  by  an  arch?»»-' t- 
engineer after  the   fir.al   sttne is accomplished      The  location of  the 
whole  complex   is  is   «hown   sn  fit;    J-3,J 
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The   launch pad   is   located  vn a üwWugrüUc  from the  b!■,.•_'-l.;jsc 
•to that a major accident with extensive  fuel   spills would not endanK^t 
blockhouse personnel.    The concrete apron on the  Uvmch pad slopes 
downward  from the center £■   facilitate   drainage or   watihduwu in  the 
event of spills.    The  launch pedestal   is constructed no that the  thrust 
load  1« distributed among structural members  resting on bed rock.     The 
umbilical   tower  is designed to withstand a normal  launching operation, 
but  is considered expendable in  launch pad disascers.    Supporting 
facilities  both within and external to the  launch complex ate not  In 
line with the exit directions of the flame deflector. 

The  inhabited blockhouse is separated 2500 feet from the 
launch pad,  and is designed to withstand a p^ak overpressure of at 
least  50 psl.     Instrumentation signal  cables  tre routed t5 the  launch 
pad  through an underground tunnel  sloped to preclude drlinage of 
spilled propellents toward the blockhouse. 

Toxic propellant detectors are  Installed  in all areas 
frequented by personnel, and particularly  in and around the blorkhouse, 
cableway,   launch stand, service  tower,  propellant storage arean,   and 
propellant  disposal pits.    These  instruments detect N2O4, N2M4,  and 
UDKH vapors  in air to levels below the respective MAC's of 5,  1,  and 
0.3 ppm.     Equipment  is provided   in the blockhouse to monitor all 
of the detectors continuously.     This  console  also contains  indications 
of the  local mlcroaeteorologlcal  conditions. 

From a safety arandpolnt,  the  transfer 01 propellant  from 
bulk  storage  to ready  storage areas  is best  accomplished by pipeline. 
Transfer  from ready storage to the vehicle  is also by pipeline via 
the umbilical  tower, and  is autOMted  HO that  the process may be 
initiated  an.I ccnt-olled from the blockhouse propellant   loading panels. 

Eich propellent  ready  storage area  is enclosed by a  retaining 
wall   to contain 1'V. o? ••*•<' ■.•olum«» nf rh»  tanks  in ccse of rupture. 
This retaining wall  is earrli revrted 'yrr the  side exposed to the   launch 
pad.    The  tanks are  insulated and partial weather protection is provided 
for the  cransfi-r   »yslem cuniistltig of pusps,  vslving and asto'-lated 
plumbing,     AU  lllastrstion of propellant  storage areas planned  for the 
Saturn launch complex are  «hown  in F1R.   5-^2. 

Fortunarely the probability of a   large piopellant spill   is 
low during  routine storage and transfer conditions.    Although some 
spillage   (s   inevitable  it will  be   in small  quantities or at  slow  rates 
so  that,   for   toxic nropollanf",   t»>e M^C will  only lie exceeded,   if  at  all. 

I 
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within a very small area downvlnd of  the  spill,  and probably for only 
a  short  period.     Personnel  in  these  areas will nuruuilly be expected 
to wear protective clothing and to be  familiar with e.uergency pruicdures 
requiring rapid evacuation and/or wearing of respirators. 

The  aafr:y precautions to be observed  in handling the 
propellants are wt< 1 dtfiacd by the Liquid Propeliant Information    .   . 
.agency  «r.d have  been 8ua»;rized   in preliminary Aeronutronlc   reports   '   . 
This advice  includes such matter» as   toxic propeliant neutralization, 
waste disposal,  lespirators, protective clothing,  eye cbowers,   fire 
tighiing,  va^or detectirsn systems,  ear protectors,  and warning devices. 

Water  it required  for cooling  the  Jet  exhaust deflector,  for 
neutralization of toxic propeliant  spills,   for  saieiy showers and 
general  domestic  use,  for a deluge and sprinkler system and for  fire- 
figh'4"» onnifw^nt.    Water should be available   in amounts ten to  fifty 
times  the possible spillage of rnvic  propeliant. 

5.3.3    Launching Constraints 

In the  study of  launch site hazards.   It vas. found that  the 
safety of the otf-site civilian population Is strongly dependent upon 
local meteorological conditions.    The primary tuca'd stems fron the 
huge quantities of toxic propeliant   involved, and the fact that  the 
probability of a  catastrophic  spill   increases greatly after the vehicle 
is  fully   loaded.     Tne other effect   is the   focussing of acoustical energy 
and  is a potential hazard on every normal vehicle  launch. 

The presence of on-site personnel can be  regulated, protective 
equipment can be made available, and safety procedures can be enforced 
as necessary.     SirelLir remedies are not prcrMral   for protecting off-site 
personnel.    Consequent'y,  it   is necessary  to restrict  launch operations 
to  rimes of  ftvorable weather condition«. 

The weather parameters which  ipfl-jencc  the off-site  toxl-lty 
problem are atmospheric stability •i.id wind direction.    Conditions 
favoring vertical convective currents are  favored to enhance the 
diffusion process  tr\>i thus preHude   the  formation of a persistent 
cloud oi   ninn concenlraLion.     However,  even when  the  lapse  rate   Is 
not  ideal   for cloud dispersion, th«-   town may stiM  be safe when the wind 
Is  30 degrees or -nore off course  from the direction to the town. 
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The   [o( ..äjii'g, «lud  resuliant •unplificaLicn, oT »cund ener^ 
irto the nearby   town is caused by the variation of  sound velocity with 
altif"'«?       It was   =hovm  .n  the  hazards evaluation  that for the weather 
conditions  which   occur rscst   fic^uenciy,   sound  energy would most   likely 
be   focussed at  a point about   15 miles   from khe   launch area.    However, 
it  is necessary  to memtor  the   local   temperature  and wind gradients 
for comparison with piecompu'eii prolilcs   thdL «if  known to cause  the 
undesired   focussing 25 miles  into town. 

F^fionnel movement  and   the   conduct  of  normal activities will 
be  constraiut-ü  because of potential  hazards at  the   launch site.     Two 
3et9 of   land  use  boundaries  are  considered:   the   launch hazard area and 
the missile hazard volume.     Ihe   launch hazard area  is defined as a 
semicircular area  in back of  the  laun^n  ?tand  to  i radius R and  the 
2R wide   launch  path whi^n widens dovirange   for  a  limited distance by 
9 degrees on each  nue.    On.'y authcr'.zed  operating personnel are 
permitted   inside   the   launch hazard  area during  launch.    The  boundari^« 
for  this  area are chosen on the  cvascrv«li.v«  side with some exceptions 
for expediency.     For the illustrative example,   reasonable choices are 
a radius  R  of   15,OU0 feet and an angle 9 of   10 degrees, with  the 
instrumentation  site on the hilltop ex:lüded.     Personnel in tne  launch 
hazard area must  be restricted  to distances  grearer  than 8000 feet  from 
the  vehicle  during   launrh nperttions   ur.lc^   they  are   in  rho  M^khou«», 
or otherwise protected. 

When  toxic propellant^  ire  used,   the   launch hazard area also 
includes  a  sector  defiu«U  by  the wind  Jir^rtion  pltis  or mnus 0 degrees 
originating at   the  la vich stand and  extenaing X miles downwind.     Rrn-h 
9 snd X   =»r<-  ?rrongly ueper..J: .u   open  ats^r.^hcric  liability.    For average 
atmospheric  conditiens   (dry  adiabatic   lapse   rate)  0 and X may be  chosen 
as  20 degree«  and   10 mile«,  respectively.     This  area usually extends 
oil  of   tne  reservation and mu'.t be  t leared  prior  to vehicle propellant 
loading   if   the  wind  speed   is  great       For   Low wind   speeds  there may be 
sufficient   time   to evacuate  and/or   prcte«. t   jft--iitc   personnel  after 
a disaster has  occ-rc-^ 

The   nissilc  hazard   space   is  defined  as   the vslume originating 
at  the  launch point within which 2 veMcle  or  its   fragements will be 
contained  either  as  3 rc&iilr  of   it»  nuHxluin aercdynamic/ballistic 
capacity  or  controlled   flight   rt-rminat ion       Ihi.-   -tp^ie  IM bnsed   prlnuiily 
upon  the  expected  effects of destruct  explosion on  the nurobei ,  weights, 
velocity,   and   trajectory of  pieces,   and  upon   Lite   explosion effects 
on  remaining   fuel.     The  projection of   the  mis.4lit-   hazard on  the   ground 
normally wovli   be   expected   to   !io wlf^n   the  conservatively chosen 
launch  hazard  ar?a,  but could  be   hiiger. 
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APfE«!>IX A 

ACOUSTICAL FIELD MEASUREMENTS 

AT ROCKET LAUNCH SITES 

A well-planued acoustical and vibration measurement program 
is an Integral part of the site selection procedure  for high-thrust 
rocket   launch pads.    The resultant dafi  are  also used to establish 
the physical  separation and the structural characrerisi-ics oi launch 
support  and  indtrmentatlon  facilities associated with the  launch 
coaplcx.    Although generalized prediction technlnue« are  sati»Mctory 
as a starting point,  they are of limited accuracy   in forecasting 
sound propagation phenomena at specific geographic   locations.    An 
ex|>%>rlaKntal approach is  invariable necessary  to decenolüe  the 
propagation characteristics of the rocket noise spectrum as a function 
of the  local  soil,  terrain and weather conditions. 

Acoustical  and vibration   field measurements  require  the  use 
of relatively sensitiv«  laboratory equipment  under generally adverse 
conditions.     These treasurement« must be conducted concurrently with 
owasureaents of  specific weather variables.     A suggested program for 
obtaining the necessary  fieli data  is described In this appendix. 
Due considerstion  Is given to transducer and recorder requirements, 
calibration  and measurement  technique»,  and methods of processing 
and analysing the recorded data. 

A   three-ph.'»«» measurement  program  is  recommended. 

Phast   I  measurements would yieltl  the   following  dcousticsl 
characteristics of tne  subject rocket booster engine(s). 

1. Far-field  sound pressure   levels   (SPL) 

2. Noise  spectrum 
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3. Direct^"'.*;' patterns 

4, Near-field SPL  including pressure  transients 

Phase  II measureiwnt» would be conducted  to determine the 
following  sound propagation characteristics   In the vl'-inlty of  the 
subject  launch  slte(s): 

1. Alinosphcric  sound  attenu^tmn  between a  ground  based 
noise  source  and preselected receiver positions  for 
various meteorological   influences. 

2. Saw:  ss abovo except  for an airborne noij*  source  at 
preselected elevation -uglcs. 

3. Vibratioit Jarapf.ng characterlattcs of  the ground and 
Che  resultant  ground displacement  at preselected 
locations. 

Phase  III measurements would be cor.dnrred during launch 
operations of  the  subject vehicle(s)  tc» provide a history of 

1. Near and far-fie Id sound pressure  levels. 

2. Ground vibration  level 

3. Structural or equipment vibrations. 

4. Sound  pressure   levels  in nearby connunltles. 

Phase  I measuremrnra are usually a necessary part of the 
"■^TI1,»  n"   -i-x.»  "•h'-''« Ar"*]'*™''*** rrr-r^m anH   the«e   dita may be 
available   from  the  systems contractor.    However,   some of  these data, 
if obtained during   statlr  tests at   the engin? development  site, 
may not  be  applicable  becauue of higu v.'«tor/prope 1 lant   ratios  and 
possible differences   in blast  deflector configuration.     Phase   II 
data are quite  crirlcal  i"  'heir  influence on vhe   final  results, 
PJnse III  represent»   the chn'lenge of obtaining a vast  amount  of 
meaningful data  in a  short period of time. 
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Largo  scale  acoustical  anH vibratr<ri .ivapimünents are 
seldom cwnciacied  without   liwitlng condition« which   eiiher contr()l 
tht method» of test  and/or substantially inihenc«   tht-  confidence 
in the resulting data.     Typical   limiting   -Oiditions are  as followb: 

1. Model   r.calc  data auzl be used  ivi  to   the   limined  number 
of   full  scaie  Lest:»  dvail.ihl«, 

2. Acou'itical  and  vibration intasurement: s  are   considered 
«erondary  objectives during   both  stutic   firing»  am' 
tnunch  operations. 

3. Adverse  wea^her  conHitions uffect  the   instrumentation 
used   in loaidng  the  measurements. 

U.     Data are often obtained by personnel with   little 
experience  in this type of measurement. 

5. Dar« acquisition systems must be operated  by remote 
control. 

6. «"••»•«<  «nnrres other  trtan rocket  entriues must be  used 
foi'  propagation  studies. 

7. Cotmuiiit.;   response   is  subjective  and  not   always  directly 
proportional  to  the noise exposure. 

Because  of   these   factors   it  if Rtindatory   L'UIL   the  responsible 
test engineer maintain a complete  record of all  conditions wnich do 
not  conform with  good   instrumentation practice as  determined   from a 
special pre-test  check  list. 

lusu uuientat ion Systems 

Trsn«duce-   requirements   for Phases   1,   II,  and   111  are 
described  separately   in  Che   following paragraphs.     Dat.i   recording 
*nA fiat i  ,1:1.1 lysis  equipment   are  specified  as  part   of a  mobile   instru- 
mentation van which   is  used   for all  three  phases. 

The basic instr'inientation system compjients for Phase I 
mcasurcr.cr.ts sre in^tc-itf-d In Fig. A-'. The sound prt-Hsure level 
is  converted  to  an  analog  e'«»«-tr ir-<l   signal  by  a riicrophone. 
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M^crüphoues at*  to  have  a  frequency  response within ^ 2 db  froai 
S to  10,000 cps       Several  typen with different seusitlvitles are 
necessary so that   sound pressure   levels ranging  from 70 to  170 db 
can be measured.     The   line.ir   .tvnamlc  ran^f   K^OUIJ  bt,   at   Ifast   "i"  (Ib 
for each  type.     If   suitable  microphones  are  available  that  do  not 
need  special power   supplies  other   than  batteries,   a   lar^e  amount 
of  cabling can be   3! imina^d   in naking  field measurements.     Wind 
screens  are also necessary. 

Knr Ph««f>   il measurements,   the   following  additional 
instrumentation  systems  are   required' 

1. Accelt-rosieters  and  associated anplif it-r'«. 

2. Meteorological  ballr-ons and/or radiosondes. 

3. Sound  geneiaLlng   system. 

h. Temperature gradient measuring system. 

5. Wind  speed gradient measuring system. 

6. Turbulenre measuring  system. 

7. Various standard weather  instrunenrs. 

8.    Seismic   recording   systen. 

1.     Portable  tape   recording  system. 

A block  diagram of   an  accelerotneter system   is  shown   in 
Flg.   A-2.     Lightweight  piezoelectric  type  accelerrnnet'rs  and 
transistorized amplifiers  are most   satislaciory  tor  operation   in 
Mgh   intensity  soutid   field«.     The  arcolrrometern  should  respond 
to vibration excitation  irrespective of  their orientation. 

The sound generating  systems  »huuld cunfilst of controlled 
charges of sufferer.:; weights  and  cspsble of bein^   ignited ar  v.irimi«; 
altitudes  up to  approximately   10.000  ft.     Other  r.iissllcs with   less 
thrust   and operating  near  the  proposed  «ite  irf  also  satisfactory 
sound   sources. 



The  tf-M.ptröturv  gradient   troisurlrig  systcn:   should   corsist 
of H sfties of tempiei dtuie sensing devices   (thermocouples)   sp/iced 
logarithmically  in height  on  bO   foot  portable uieteorokigical   towers 
and  connected  in pairs   so  as  to measure   the   temperaturf  diiferences 
between adjacent   levels on the  tower. 

The wind   speed gradient   system  consists of  high-speed 
cup  aremojretcr.^  located  at  approximately  the  sane positions  on  the 
towers  as  the  temperatur«»   instruments. 

V/ind  fluctuations   in  speed and  direction  due  to  turbulence 
are  to  be  detected  by   the  combination ot   tbree  '.ranbducers,  a wind 
direction vane, z  Lhermister  anemometer  and  a hi'Oi-speed cup 
anemoitcter. 

Meteorological   balloons   should  providt- wind  and  temperature 
data  at   interval.:  -f  "»00  fee-   from  the  surface to  1?,000  fett  altitude. 

The standar.i weather   inslrurents  required   include wind  speed 
and  direction  indicators,   temperature  sjnsjrs,  relitive humidiry  and 
h.-'r^r.ttric   pressure   recording  unirs,  and maAinuni and   -ninimuir   rhermonecers 
(Including  a  sliag  psychomete-)   all   located   in  J  standard meceorological 
she 1ter. 

A block  diagram of  a   suitable   Leisnic  t ipe   recording   system 
is   shown   in  Fig.  A-3.     The  system   should  be  c.\pib!e  of  recording 
signal»   from quarry  bla«ts  and   trom ground   vibrations  generated  by 
acoustic   signals  from S'irtace  explosions. 

The   instrumentallo.i   Systems   required  to  conduct   Phase   TT1 
measurements  are  essentially  the   s.ime  ^R   lliose  tor   the  Flu se   II 
zyztcz.z  rxcfpr   fbat   the   :;-   nd   source   IE  now  an JCC:O lerat ing   rocket 
booster  engine.     In   addltton,   strain gage   transducers  must   be  us.-d 
with  thp  iictcl'-'^r"»» «•rc   <•(> measure   sirain   and vtbration ot   nearby 
structures   and/or of   sensitiv  vehicle  tracking fqutpment.     Strain 
sage!:  must   be  sma'1   rosettes  having  a minlmnai  resistance   to ground 
of   10 megnhr':  »ni4   '  gage   factor  of   at   least   ?.    AM   strain gage 
installations must   oe weatheiproofed. 

Calibration equipment   should  consist   ■>(   insert   voltage 
devices   for  all   systems.     Oscillatois,  osci 1 losropes,   electron!.- 
counters,   ind VTVM's   should  b*  available   for monitoring   the  various 
input   und   output  voltages   "<><'   f .■'■niien'-• •■« .     Ac-'jstic   sensit ivitj 
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calibratots  foi all r.i. • r ■phones «re  also niTcssary.     Arrel^romprprs 
should be periodically calibrated on a shake  table t.o check  thalr 
sensitivity.     Block diagrams  for calibration uf uilci»phones  ao'. 
accelerouftters are give 2 in Fl?.  A-4.     Portable tape  rocordeis 
(Ampex 600,  or 331,  etc.)  and microphones are also necessary  foi 
recording  the  incident noise  in connunities  surrounding the misiile 
base. 

Data recording and data processing equipment   ihould be 
installed   In  a mobile   Instrumentation van.     The  vsn  itself  should 
have the  following capabilities: 

1. Tidu»t/ut iVolr  bv all"   (usually a  »eni-trallr-r) 

2. Constructed  for adequate noise  reduction plus durability 

3. Contain work bench«?»,   storage space, and equipment racks 

4. Heated and air-conditioned 

3.     Contain observation windows and  flood  lights  for night 
operation 

6.     Self-contained electrical power  source 

The essential conponents of  the data processing system 
«ire discussed  sub»e«|uently.     The mast   important  units huuscd  in 
the  trailer   for recording purposes  art-  the -"»»gneMc  rape recorder, 
amolifiers  and power   supplies,  calibration    equipment,  cable  reeling 
devices and  cables,  and radio receiver  for timing detection   (WWV). 

The  <Jata recorder must   he  a high quality KM magnetic  tape 
recorder  and  have a  dyramic   range  of  at   least  40 decibels   (e.g., 
Ampex Series  FR 600).     Speed-lnck  and  timing  should  be  available 
along with   facilities   for vclce annotation on the tape.    Tap«  loop 
mechanisms  are also  ne>:';ssary  For  data reduction. 

Auvlif icrr  -.! ,: v. r suppllc:  for a'l -r.icropnone«,  accelernmeters, 
and srr.'ilp  ?*vcr. rust  b».  .-.vailabie   in racks     in the   i.-.si rumen tat ion van. 
Those  units     however,   .should  be fpounted  for  eaty remov-»!   if  necesnary. 
The »«in of   the amplifier«   should   he  controllable  In calibrated  steps 
with  a   large  enough  'ivnaaic   range   to  accomodate   any situation which 
may  anoe. 
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Heasurerient Procadures 

Achlttvecent of  the   ticld  test  program goals  is best  assured 
by taking  the (lystematic «pproach and caiet'ully outlining  test 
procedures.     The  Initial  step  is to prepare a nuitaoie Lest directive 
which defines the exact kind anJ amount of  rhe meisuteaenc»  to be 
made during  the  test.    Li>!i*nn '^etwepn  the various groups  foncerr.ed 
with  the measurement program must  be  established  and maintained  through- 
out  the program.    Qualified  field engineers and techiiictans must be 
obtained to make the measurements. 

Next,  a  U^.al^.j   ..«^lustlon of  the tieasutRment   »ysten  i? 
necessary  to aett'rmine the  tol lowing  properties and charaLtensiLcs. 

1. Free-field calibration of microphone  systems 

2. Pressur? calibration of microphone  systems 

3. Response of all  transducer systems  to vibration and 
acoustic excitttioo 

4. Ettect.i of  temperature,   temperature Kradient», 
electr-raagnetic   radiation,  magnetic   fields,   humidity, 
rain, iad win'' on the  transducers and measurement 
syscen« 

5. Effects of  transient  overload  and  power  supply voltage 
varlatl'vi* 

Microphone»  f.-r   the  Phase   I  measurement»   should   be  positioned 
by uslrm  a  surveyor's transit.     Line   irra/s of  t.-ansducrs  should  be 
placed  at   selected  intervals originating   iron  th»   laurrh point   and 
extending  out  to  about   2 miles.     A  reference microphone  should  be 
maintained   if more  than one   launch!   ^   1»  required  to complete   this 
array.     These array«  «re   to  be  spaced   «t   IS0  urimuth  Intervals   to 
determine  the directional  characteristics of  ehe   sound source;  however, 
examinaricn of  the   launch  configuration may   indicate ccriaiu  symnetriral 
properties whlci; will make  s^ice meastircucnt array» redundant.    Kicrophonc 
should  be  mounted  so th^t   adverse effect»  due   to  ground  i-flection  and 
non-p^rsllel   Incidence of   the  sound wave»  on  t)'t-  -ricrophon-"  dl^phr-igT 
•re  minimized. 
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Microphone preamplifiers are  LO  be   loi.ted  in a? near an 
»mhlcnf »»nvironroont  as pcssibli,  however,   «houlü ihi:i prove   L>.  r-v. 
imprictlcal,  vi't>rtt:f>n  Isolstiim,  acoustic  absorption, and tetnperaturp 
shlelalng  should be provided as necessary. 

Prior   Lo  the test,   .-.ich mlcrooh""^   systo"1  should  be  thrck'.-d 
or  frequency  response,  llnlarity,  sensitivity,  dynamic van^».-, and 

:;lgnal-t3-'iuibe  ratio.    The   frequenty  ie»f>oiis-_'  and  sensiiiviry 
should be  recorded  on the magnetic  data  tape,  however,  the  Se.iftItivlty 
check,  mf<dr   by  nsinn   an icoustlc  calibrator,   should  be placed on 
the   ran«»  as  ne.«r   to  th."  time  of   the   test  a»   is   possible.    Also,  tht 
sensitivity of  the  system should  oe chosen so that  the rms value 
of thi   expected  input signal  to the FM t«pe  recorder does not txt^eii 
367. of   full   scale  modulation.     Sensitivity  calibrations are  also 
needed  at   the  cor.cluslon of   the   test. 

The  following meterological data rr.jst be determined prior 
tc  the  test: 

1. Wind  speed  and  direction,  wine  grad\>nt 

2. Temneraiure   (wet   and  dry  Sulb)   and  temperature  nr»di»»nt 

<.     Relativ.- humidity 

4.     Amount of turbulence 

These  data  are  to  be  nwasuieJ  at   th«»  portable  towers  and 
shelter  near   the   instrumentation van.     However,   acuitional  data, 
avallaVi'   from  the missile   ba»«.   meteru los leal   ^roup  should  also  be 
obt ained. 

In   Phase   II  the  ground   to RrounH   and  air  to ground   sound 
propagation measurements  require  a   sound   source   of   suffielen1: 
inLuiittiLy   t.i  be   Id-nt) f (»•><   '»   r«lr!v  remote   area«   (up  to   15 miles). 
This   source  must   also be  Tioblle  enough   to  br>   p i xce''  at  virlous 
fievatiiHi  aiigles  above the  ground      Tbi    ground vibration sourrt 
must  also be  of  sufficient   Intensity  to  be  detect»"!  over  these 
langes  but   need  not   bo "iobile. 

tt~ V » - .. L.'ne   «rrays of  .alctu^uwucä  ■'• 
Ground  vibrai. ion measurement: will   be ma^e  with  arrays of  seismic 
pickuos   similar  to  Lliou   ot   the micruphoriea.     A  reference voltage 
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should  be i laced  on  the magnetic  li.itn  cape   for   all  vibration 
pickup«   in  lieu of  the acoustic   sensitivity (heck.     The mererrological 
dPca   »D«»r i r lea   toi   r'nase  I   is   altf>  r.»c:\iirfil   (nr   '^U^oe   II. 

Microphones   for the  Phase  III   measurements  should  ho  positioned 
about  the missile  tracking equipment or  structure on winch the vibration 
1?  to  be  determined.     Microphone   arrays   should   also be   located   In 
bot'i  the  near   and  far  field  posir^':  :.l-i!~r   re   fhase  I  and Phi«»*  TT 

Ac-c^To.Tietcrs should be  placed  on  sensitive  rireas  of  the 
equipment  but  care must  be  taken  so  that   th ■   transducer weight   does 
not  atieci   ine  vibtaLiun response  of  the   item.     Measurement   should 

e Made   In  three  axes   ani where possible,   all   accelerometers  set 
into place with a  torque of   20  inch-lb«. 

All   «train gages must  be   thoroughly bonded  to the  test 
specimen and wentherproo^cH.     Res i si-anco  to pvMind  should be  above 
10 .T..äOhms  and   a gage   f.ictor   of  2   is  required. 

Meteorological data  as  previously  noted   is  also required 
for  Phase  III 

S-Jurvl  pit ssurc   U-.-c!   survey» will   be  made   In  fhe  sutrounding 
communities with microphones  .?rd portflble  tape   recorders during   launch 
operations       A  community  survev  uu»sifnnna)re  Will  also  be  clrrnlated 
to dereritin«-   «he   respoii<:p  c ,i   LIIB   incident   nolst . 

Pat*  riv)>.^SJing   ind Redu« L ton 

The  measured data   from all  microphones will  be processed 
in octave  and/or   1/3 octav»   bands       The vibration  pickupt  and   strain 
g.-.gr   f*"»»  will   h-  processed   in  narrov  bands.      Data  r^rlurt Ion  eouiprntnt 
■;hcuici  oe  available   in  the   instrumentation  van. 

Equipnent   for  rcduition  ul  mcrcphune   signals will   consist 
.-«t   .-»f r-»vo   ■'ni   1/1   >ctave   filters  with  centei    trt-quencies   ranging 
in      1   to   10,000 cps.      \ graphic   level   rPv?rder   is needed which 
na«.   rVi»   tmyttrsrv   rpsponsp   and   ^<TI   WalilKtlca   i.apaulr   ui   dLuut^irly 
recurding  both  high  anü   low   Irequenty data.     A  multichannel   vlsicirder 
or   o«-   illoj^rüph   should  be available   for   reducing   d^fn  rhannelh 
si.TulL-ineously wit^   suitable   time   scales.      \  polarold  camera   is 
-f quired   ""lo  (mi«t   be   adapt.ible   to  an  osc 1 1 lor copr       Auf^rorrelat int. 
de-,   cr      ire   tL-quired   for co.npTrlng  data   it   separate   locations.     A.l 
equin-ieiiL  rv.-j-.t   he  calibrated   *iequentlv   to   insure  compliance with 
th»» h.a.iufaiturer'a   specif tear fc-rr . 
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Equipment  for narrow band r»»diirHon  shoulJ consist of a 
•nanujl  am!  an  automatic   sweep   system.     Equipment   for  Jetentining 
the  statistical   »'i a.TibnHor! of   •■h»-  amplitude   of   the  data sic  also 
necessary. 

)ata   should   be  reduced   .rom 0   duplicate  of  the  original 
data tnagae:ic   tspe  to dvoid danag .ng  th# inaüte.;  tape      Anaiyäi's uf 
the perc.?n:age  of  nodulatiun on each  track  are   to bo made prior 
to  reduction  to  note   the possibility of ron-'lnear  effects  In  the 
recording.     Frequency  calibration and  reierercc   Lores  are  to h^ 
played  back   through  rhe  reduction equipment   and   recorded  on ehe 
R'aphic   level   recorder  prior  to  reducing  the  data.     Any  difference 
between  the   reference  calibraticns and  the  data  must  be  noted. 
Dwell   Lime   for  all  narrow band data must  he  a  nMntnunt of one  second 
per cycle. 

Acoustic  data  should   be  reduced   In overall  ai.d cne-third 
octavo  Vind   levels   from   16tolü,000 cps versus   time   for  each  filter, 
accelproineter data   in g'r. or  g^  per  cps   1 rom   10  to  ^,000 cps,  and 
strain gage  data   in  strain levels  from  5  to  2,SCO cps.     The output 
sign.; Is   from  t'ne   filter?  should  be recorded  on  a graphic   recorder. 
In order   to irilnimizi-   errors or  deviations   in  the  data due  to  its 
statistical  nature,   it   Is necessary  to  broaden  the   tiuer  bandwidth, 
or   incre.TS»   the  dwell   time per   eye!,   whan  processlng  data ut  shor' 
duration       Por  v*>rv  «hort durations of  data,   digital  methods will 
be  used   to  obtain  the   trequenc>   speztra. 

Analyses   ot   Data 

The   data,   having luoa   reduced   1 rom   the   nagnetli.   tape   t«_ 
recorder  strip chaiis,   is now  ready  for  analyses. 

The  data  jbtainrd during  tht   Phase   I  measutement program 
consists  of near  and   tai   Held  acoustics generated  during  the  vehicle 
launch in»       Frca  tliost   data  th>'  power   level,   directivity  of  the   source 
as  a   tunction  of   time   fro!? r0,   and  the   1 iö db.   135  db,   110 ab,   and  87  dh 
contDiirs  of   eqn.il   sound pressure   level  an he  detcrmtned  and plotted. 
Plots  of  amplitude,   frequency,   and elevation  angle  plotted  for   various 
■»/-imuth   angles   and   iocatioas  on   ihometrlc   orthographic   paper will 
show  the  changes   in  ehe  noise   characttrlsitcs   ?hout   the  vehii 1c   during 
the   launch   a-.d   carl--   fl'ght phase. 
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Similar  characteristics   it   the ^rcrH  borne vi3ia:.or>s 
are to be plotted anri  the  1/3 g ccicour detf rrraiu-U.     Ground tiinpiacement 
plats  as  a   tunci i"i\ ol  distance  anc*  lixnf are   to  be   plotted  also 

The  data  obtained during  Phase  IT  (Wermine   rt'c  jiDpag-.t <on 
characteristics of   the  air  SIH" «>ro»ind about   the   launch  site as a 
function uf   temperature,  liutridity,   soil  type,   etc.     These  characteristics 
are  to be plotted as a  iuncciort of  attenuation 01   amplification 
(focussing)  per   iUOO feel,  iicnucncy,  -".nd other pertinent  ^av-srne^PT^. 
Indicated  areas  of   large  amplification  should  be  defined  .is well   as 
possible.     Attenuations  determined  ftotn the  mectsurrd propagation 
data are  then  to be  applied to datu  obtained   from Pt.flse   T  n>e<iÄiJi eni^nt s. 

Zztz  from Phase  III will  define   the   Im tdont   excitation 
and   the  j*-sponse  of various vehlcl»   tricVi'g  «quipment   and  aearby 
structures  during  a.'tual   launch operations.     I'lota  of  amplitude vs 
time  and  amplitude vs   frequency  are   to be  coapatid   to deCpxHn«1  «-his 
response.     Consnunity response may also  be  calculated r.ore  accurately 

After   the  contours of  equal   SPT.,   1/3 g,   and  critical 
dispi Elements  have   beeo  determir.ed,   the  probable  dairage   th.-'.  will 
occur   t^ personnel   and   structures   located wir'mn  these  «reas may 
be  assessed.     The  comparison of   the  theoretical   calrulailoru, 
modified  by   the me^sured  propagation characteristics,     with the 
actual  data  will  alio  revcsl  the  accuracy  o*'   these  calculations  in 
predivtint;   na/Arduub  jreas  in  tne   future.      ;ne   phyoiva.   ^,UUu6>.   or 
InEtr'-P^'T'r^f 1 «n  error  caubed by vibration   ir.  critical  equipiitent 
will  also  reveal  existing ha7«rd  areas.     Or-pr r ison    -l   predicted 
and actual   conriunity   response will  show to whin.  e..wcnt   th^s  itsponsc 
is  due   to  actual   incident  noise or  personal   biis   „,,.i:;ct   the  rocket 
base. 
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APrENDIX B 

GAS RELEASE AND 

AIV.OSPHERIC  DrrriiSlON  T-ESTS 

The  atmospheric  dispersion  and  dltfuslon of  propellent 
vapc'i» ba«s  not  been  tested  In any dellnl'-ive iii«nne.-.     Somf 
ne<»!»i;r.--.rr.r:   -^  prr>t»««l lant vipor concent, rat ion» have  brcn m-de  In 
i uu juuc t vor. with  oth»r work Out   inst iwoeütat ion  Cui   this  puipose 
has been   limited.     Som*-   I'sigh1,   into ':hc mechanisms  u£   aLu--)»jjh<;-i i«. 
dilution has  been gained  troin field  '.ests  of   ether  cor>taTln.->nf 

A   survey  of  prior work   Indicated   that  of   the   test.« nude, 
very   few were   adequately  planned ■•ith regard   to  p'iperly   situaied 
«ampling  station«  ar.d  choice of   release condlLions.     Most  of  tlic 
practical   lore  on  atmospheric diffusion  uxb  üw-loped     rom visual 
observation  of   smoke  patterns  from  stacks  and  chlmnevs   (K.t.   3?). 
The  diffusion  ot   airborne  radioactive  particles was,  exami-iPd   from 
planned   relics. ^   f = r   -   fc  raontb-.   ir.  '.959  flrri   l«f'.0   tH*(     ib) . 
Pro^ectlonn  of   ihit.   information  to  the needs  of   launch  site planmns 
is   juc'ged  to be   inoiequate. 

Two  categorle«  of   informatio'.i are   requirec  IO charaitt-i i.£c 
r-»»  loni«.  haiard of  a potential   laiwh site:   (I)   tp^t   data rel»» inw 
'.o the   injection of vapor',  into  the   ^fmosphere  an''   <2)   test daLa 
relating   to  rilmospheric  rtlffunlon. 

Specifically,   these data   ire devei'ped   fiom  spill   tests, 
using  toxic  vapor  detectors,  and   fnm measurf men's of   atmosphfric 
turbulences.     fplll   tests  and  atmospheric   LurbuIi..:'..C   tcjta  may  be 
performed   separately  but  both  r re   itiookiwriiderf   rir  pr^ner   dnrumenf .ir.ton 
of   the  expected  h^'ards. 
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The   Dll.'lioi,  piocr.ss 

If   the  *ir   is   still   inu   LempTaiure  gradients  -ire   stablp, 
there   is  no  str.Mig  tendency   tor   ,a^ors   from  ci  pool   r>;    liquid   t) 
disperse       This   condition often prevails hin  a   few   ieet   c I   iht- 
groui.^  ov*n   thoueh  at   the   time  there  may  be winds  aloft.     Tue 
inierringliup,  of   air masses  develops when  turbulciice   is  creattid, 
either  by  the   "tumbling" of   the sli   as  the wind   blows,   or  by 
"boiliiig"  as  heated  air   tiows upward  from the  ground.     The  eddy 
uattcr.;:.   of   nir   turbulence   can  sonetimes  be   seen u-iLr.  dur.r   or 
smoke   is   in  the  alt 

On a   large   scale,   the dilution of  vapors  released   trom 
*  point   can  be  pictured  as  a  process  ot  uniform dutusion even though 
fhe  actual  mechanistr.   involves discrete   inhoriogeneous masses  of air. 
The  'tmial   niarh^nuitIrnl   model   nt   M>p   dilution  proc«««  has  as   its 
basis  the   tundai-c ntal   law of  ditfu"ion 

*2 
dt 

Kb i2i 
^v2 

^2•: 

Oi i 

v, 
t (nib 

which   relates   the   instantantoas  concentration   it   anv  noim 
as  a   tune ion  of   the   concer.t rati^n  gr/idients  and   the  elapro^ 
The  diffusion  roef f Icler.r     K,  must   be  developed   from many mi.'tcornlogit 
variab!..,.   L-f '..'hich   tht-  prlnripi!   cn?i    .re   the  velocity   ^nd   rtmper;>ture 
profiles  ot   tbe   nii   ^nH   < l.ar acter 1 zat Ion ^   u!   wind  gusti;ttf5s 

However,   even  rhe  nost   sophisticated  "•.i t hemat icn 1   analyses 
iei)uire   the   use  01   uros-;   assumpt Iwr.s   snd   »"pproMmat ions       Sutton's 
equation   is   a  der ivai lun  bas^d on  .'.  desrrintlon  of   the  wind   velocity 
profile   'JV  a   simple    formula  with   '   numerical   ronslant   chos.n   to 
rcpresc.f   thf   Tt.-io»"heric   lapse  rate       The  equ.it ion   1»  pc.Llnent 
for   i   »-.r.coili   u;i..'. j. i uc t Cu  ground  ^ui fn».t-  »iL'n   a   uni Corr. vind   inJ 
with   ?t.jL>le   Eitnusphorir   condltiou.s  as   is  cumnon  d'Ting   the  .ittcr- 
dawn  or   after-sunset   »lours. 

K">r   other   situations,   liiere   is   nn   i;en»'rTl    formii|a   which 
will   apply       An  empirical   gas  release   test,   or   a   se'ies  of   ci.-sts, 
at   a  speritic   sue would  supply the  needed   ir. lormat ;on       However, 
to  duplicate   -i   full-scale   vehicle milfunction   for   'he   sake  ol 
dispersion    .•.'.aiysis   seems   impr£:tica!       The   T'.'••rn«t i ve ,   Lhercforc, 
ir.   to  pei for.«  sub-sraie   tests  and  develop  .i   l.ible   of   ineteoroloHit.il 
parameters  correlated  with   familiar  climatic   ronditionb  .u   ,.   spc^ifiv 
site   from Which   to  assess   the  downwind  concentrations   lullowing  a   re lets. 

ß-2 



I 
I 

For  illustration.  Fig.  B-l   is a contour map of  the  blui'' 
area at  the  foul  of   the  Sarta Vnez Mountains near Point   Pedprnnles 
c^   >.... ;^-n'rA.  2r.  ar*-« wMch  has been  -lusnesied as  A   launch  -Ite   for 
a mulr l-mlllion   lb.   launch vehicle.    The map  shows  an area  2 0 x 2.5 
ar.les   In extent  -viLri  Uie ~v.^tcrn »Hgp  at  sea   level  and  the   f.ices of 
the mountains  up  to  typlral   elevations of 750  it.     The   ridge   line 
ot   the mountains   Is  a  shor'.   distance  to  the  east  at   P  nominal  eh-vatlon 
of   1000 u»  I«:DU  tt.      .".n:   .- r-'  -ir --<•■• nytnr rhis AT»*   is  ?.9fi billion 
pounds.    The  amount below  1000 tt.   ; s  aSoui   3 billion pc<uncU. 

rMs  erormous   amount  c>f  aii   «uulu   dilate   :'. ru i '. ioii  lb. 
»pill ot i.-:--?''' ' ■"** r>  '"   -n  1000 part« per lUl'iion  if the nlxn a were 
inslantaneo ;s   and  thorougt-.     Foliowing  an ac.ual   sjpH I ,   fumes will 
flow   in channels  over   the  ciesi of the rroun'-ains  eventvi^i:" .   tn   %e 
f*!!   red  ♦•-,•  the  urobstructed  air m.--ss  passing  »bov»»   1000   ft.     Th? 
flow pnrt»rn  through  and  beyond Lh? ■«ouni.ains   1«  nn:   ,">?>n.     KijrrnerTi"'r c, 
a«  shown In Fig    B-i,  t'.ic  local wind and the pdnt  r>f  i^.case vll I 
affect  the downwind concentration. 

Spill Tests 

The  objective of  per lormlng  Spill  test?   \*  to provide 
mimerUai values of vapor concentrations  in air within a few 
thousand feet of   the point  of release.    Diffusion of vapors   in the 
region beyond  can  then be  estimated   fröre kr.Twledge  of  afnonpherli: 
turnulence. 

Of  tb<>  tvo propel lant systems seriously considered  for 
irn 11tmi 11 Ion pound thrust  engines,   liquid oxygen  and hydrocarbon 
rate  low ab   toxic  agents  but  nitrogen  tctroxlde,  hydrazine,   anrf 
"TlKrl  ratt   high       iests  are   "•'ncrefor»  designed   for  the   latter 
pro^**nant   system. 

Spi1 Is  of   fuei-lnto-oxHi yet ,  oxldi r.er - into-fuel,   a^J 
' Id^-Sy-slöe   are   re< i^moerided   In rnch  eise   to measuit-   li»    cloud 
tort^at li.-'-.,   cl";H   slie.  '<<rpct.li>r  ~,i   travel     bouyance  ettects,  and 
duration of  burning-     Tests  SIIOJIH  be  made   in high  ant1   lov wind, 
and   in  stabic   anö   i.rstable  air.     Sampling   stations   arounrt   tne  ^.^.''.it. 
of  re'ease  will   rlpflne   the  cloud Sv   tt1-  vaj T   conccntr it )""< 
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1'1'c  spill   test»;  f.hculd  De  starteu  u.iii<  rt'i.inveiy sn.-i i 
quantities  of  prop» I lant        i''^   «'»l towii'j?   tests  are  rftcoinmenUiii! 
Intcially. 

(1) Ten gal loot   ct   iuel   released  into a   100 ^ali.'m  b'ualio'..' 
pool  of ox idi/er. 

(2) Ten  gallons of   Mif-l   rel("»»eü   int"   100 gillon   .v-ep 
pool   or   '<■ id iz; r 

(1)     Ter  palloni  of  oxldizcr  raUaseJ   into   lOJ ^nlu. 
«l.i! : c-   foo '   '.»t   t .ic i 

(4) Ten  aallo.is ol   axidizer  rel; :af,i   i:u.>   iCJ ^ailo.i 
Jeeu  pool   of   fu»-1 

(5) Fifty gallons of   fuel  released on titty ä-iiion.,   ii 
oxidtzer,   both  in   flimsy drums. 

(t>)     Fltty gallnna of  oxidizer  revised on   fifty gallons 
-''   fuel,   both   >'\   11 irasy drutis 

(/)     Fuel   and  oxidizer   sprayed   in  i.ti>aidtc   strcnm«  at   one 
gallon per  sec.   on   t rT.iion spot 

A;<pro>.lniatc 1 y   Tour   •«-■if«   nf   similar  thnracter   to   the 
•"■*.'   •    •"   ■:   should  be  conducted  usin^  tt.i  tinws  tlic   ir.itii!   quantlcu-s 
T'iese   ti-sts  should  be  chosen  to  best  extrapolate  ehe   useful   information 

At   'fTst  one   test   involving  apjjroxiSMt^l;.'   10,000 Rallont 
of propellant   should  be  conducted  usin^ a  tankage configuration 
simiar   to what   ray   be   expecteii   tor   the   larger   f. ize   vehicles.      1 he 
test  conditions  "hou'd  he  choson   to  simulate   a    ' i.'rtoJ  vi M. !r  on    ■ 

1 lurfh  nad . 

Instrumentation   for   the   spill   tests would   insist  oi   r" 
toxii.   v .por  i ..iicer.t rar 1 .,,  .lcti"r.>r  "etwer.;.       his  ueLwor*   is 
conceived  as  a   series  of  detector  ('"vices  and  a  central   data 
rscorHer,   with   arcrssory   powe»    p^ck«,  date   liiiks,   amplifieio, 
corparulv-    reteren».es   ir.d   sign.Tl   r,:lettut».      •   ^ "conuncnued  detrcv r 
it  th,-  ni.I 1   point     roi-ioiiH*t ric   cell  whi'li,   adapted  either   tor   oxidi.Tet 
or    uel,   reelsters  a  continuous   signal   in ~.i: 1 ivuit-■.  ^rt)p,)r.  Lnal 
to   the   toxic  vaoor   conrer'iai   on       Othei   cl-perts   su««e   ted   loi    tre 
lran?T.1 e.-iion  ant'   recording   svstc-   nr;   sho'..-n   >n   t^e   block   dianr.rn  of 
r < ^     B   ■! 
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Figure B-4  suggests   J patteiufor sampling  ?t<ition   locations. 
The pittern   I« nerely   Illustrative   und  not   necessarily optimum   for 
t'iip  mnrbfr  of   i i^trirnents  employed       Kach   station requires  two  pairs 

{ detectiiis,  on«-   oair   (for   fuel  ar.^  cxinizer)   near  thr-  grou'id,   and 
.mother   ^t   100  ff.   elevation. 

Atmospheric  Turbuicnv,»-  Tests 

The data  required   are obtained   from  instruments  such  as 
anemometers and vanes  to record continuously the short   term and 
long  cycle  ■-■iad   fluctuations.     These muse   be  pl»rrd on hilltops, 
in gullies,   in  the  passes  through   the   ridge   line, on  the   lee   sides 

■ <;   Mil-,  and on upwind  slopes.     The  -ibject of such measurements 
is  to  identify the  random turbulence   it  earh station and  to 
characterize  the  turbulence  numerically  in  such a iianner as  t" 
correlate  the disturbances with the more  obvious weather   indicators, 

Disturbance'; of the  aii   at each   station can be considered 
in  terms of  frequencies and  amplitudes.     in a . «infinuous  record 
over  a   Kmg  tlmo,   i-h^ri» will   be  high   fr»-quency  cycles   from guf-s, 
longer  cycles  from breezes,  cycles associated with daylight ani 
darkness,   tendcnc'es of  a veck's  duration  and  longer  tendencies 
which  repeat  yearly.     ObvK.ubl,   the  seemingly random and erratic- 
nature of sir turbulence can  be  treated on'y statisticaliy. 
Practically,  test  period will   be   for  repräsentative  short   time 
intervals,   long »nough  to establish  aversge values and   frequent 
cnougti   to  detect  changes .-ith  chang'.ig  climatic  conditions. 

For a  thorough  «urv?y,   rtver.il     «pots  should  be  studied, 
chosen   In  such a manner  a»  to  typiry  the  cor.^lcte character of 
'he   terrain.     Insfuuents  should   l>e  mounted  on -nacts  at  «Ic-val icriR 
rron 4   ft     to  1)0  ft.   above  ground.     Each   iustrumenl  cluster   should 
provide   for  the  measurrmMit   of  bcih  hor'.-nnral   and verticitl wind 
velocity   and  üliection,  with   undamped   aneiron.,>t»> s  jnd  vanes   (time 
.-ot\r,t.".'.t   O.i  f*r)   »•"'  Hamn»rl  .-.ne«   (time  con^-ta't   !>  to  15  sec), 
in addition,  dat-i   is needed  on   local   ai»   icwpi-r.-tture,  baioineti'lc 
prcccure   and  soil   temperoture       The   .iiily   -ind hourly  climate  ui 
the  area  will  be  correlated with  the  obs*rvjtion» of   turbulence. 
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Tn order of   Importartco  rfi»-   i^fr>n>«it)^ii  to be  collected 
«•ich weather station is: 

1 Horizontal wind vtlocicy aear the ground  Htw* response) 

2. H"T<2ontal wind v«*lwC-t>  at .1 height   (lyv rcupon«*) 

3. Verticsl  ^'>nd velocity   '.'.:-  thr "•-""ur..'.   CM^M''  »«fc^Oiisc) 

A. Horizontal ««Ir.d velocity near ground   <'hi0h responfe^ 

5. H( tliortal wind velocity  at  a height   (hifth respcinse) 

fi. Vertical wind  velocity at   a height   (high  response) 

7. Air  tenpcratuie 

8. Differential   t-mperaturc with height 

9. Barometric prewture 

IG. Soli   temperature 

Instrumentation   'or each  of   tbeae •neaaurenienLs   la   reconmendrd, 
but  not  necessarily a complete array  for each station of the  test 
network.     Elaborate  instrumentation would be a burdensome  expense, 
and   tremendou«  quantities  of  raw  daci will obscure   the  purpose  of 
the  tcrrs 

Th.-  tollowing  items arc  recommended for a  lb  station network r 

NU. ITgh        

16 Masts 

32 Anemometer 

1 Vertical Wln«^ Meter 

6 Horizontal Wind M£ter   (high response) 

f Air Temper. 1;ure Indicator 

6 Differential Veiuperature   Indicator 

f. Barometric  Pressure Transducer 

♦) Soil  Temperature   Indicator 

lr«nsm,!»<ir>'i fquipment and   re^ordinv   componer.t.«  are   also 
rrqulreH 
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