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FORE WORD

It is the purpr.: c Of 2A prt tc pravide instructi ons and guide lines to

Air Force and Range Contractor personnel on radiation hazards related

to ordnance devices, bio-effects and fuel. It should also prove beneficial

to Missile Contractors by providing their ordnance design engineers with

information on the external radiation environment in which their ordnance

devices will be operatiag or subjected during installation.

Information on radiation sources n~ut operated by the Range Contractor

was obtained from appropriate supervisory personnel by visitation to the

field sites. Information on radiation Fources operated by the Range

Contractor was obtained from technical file~s on the instrumentation sys-

tems. Every effort has been made to eliminate errors in the tabulated

parameters and characteristics of the instrumentation systems involved.

A bibliography of the referenne matetial used in th~e preparation of this

report is included at the and of each part. Throughout the report ref-

erence to previous wotk is indicated b~y the authoir's nanie followed by

numerical reference to ehe applic.abl bibliography.



a

Current Tri-Service research on radiation hazards in the three problem

areao 2=. SftLI e&anu h A T, F. . T.C. cp*rimetat..On may make

portions of this report obsolete. Changes in the status of radiation levels

f will not be disseminated in the future by publication of additional reports

but will be covered by publishing revisions to this initial document.

This will insure an up-to-date document for field personnel and other in-

terested parties. A plastic aid and instructions for adding or replacing

pages has been included in the rear of the report.

From time to time information on radiation levels may be required which

are not covered in this report. Range Contractor personnel who require

radiation measurements may obtain this service by telephone, confirmed

later in writing, to:

Operatios Planning (FCA)
Building 989-2, Room 2-101
Mail Unit 943
Patrick Air Force Base, Florida
Telephone, PAFB UL7-4162 or UL7-6349

Missile Contractors and/or Air Force Military Units should request

radiation measurements service through:

Commander
Air Force Missile Test Center
Patrick Air Force Base, Florida
Attention: MTRCF
Telephone: PAFB UL7-4208
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Although great care has been exercised in the preparation of the report,

some errore may hpve been overlooked because of the large number of

tabulations involved. Please forward any detected errors to either of the

above addresses.

This report supersedes AFMTC - TN - 59 - 4 which should be destroyed

in accordance with applicable security regulations. Distribution is through

ASTIA and in accordance with regulations governing this organization.

Special acknowledgement is made to the RCA Systems Analysis Unit for

their review and comments on the entire report; and to Colonel George M.

Knauf, Director of Occupational Health Laboratory, P. A. F. B. for his

review and comments on Parts II and III.

0. B. Rawls
Leader
Frequency Control & Analysis
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ABSTRACT

An analysis of Air Force Missile Test Center radiation sources, which

constitute potential radiation hazards, is discussed. The analysis is in

three parts; Parts I, II and III deal with ordnance, bio-effects and fuel,

respectively.

Within Parts I, II and III, tabulations have been included which show the

extent of hazardous radiation to ordnance for each missile complex, the

areas dangerous to personnel; and the areas surrounding the individual

instrumentation systems within which fueling operations may be dangerous

when irradiated.

A map of Cape Canaveral showing instrumentation site locations and

average effective radiated powers is included as an appendix.
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INTRODUCTION

The requirement to communicate reliably and to detect and track small

objects at large distances has resulted in the recent development of high

gain antennas and transmitters capable of producing radio frequency field

intensities here-to-fore not encountered.

Accompanying this trend of increasing field intensities has been a growing

I concern about radiation hazards. It is now generally recognized that R-F

radiation, under certain conditions, is a hazard to ordnance devices. At

the Air Force Missile Test Center the problem is aggravated because

many ordnance items are designed to perform their intended function

without regard to the electromagnetic field intensities prevalent from

radiation sources located external to the test vehicle

Not all pyrotechnic devices are susceptible to premature ignition by electro-

magnetic radiation. The devices of prime interest are the electrically

activated types; these are generally referred to as electric squibs or

squib-initiators. Electric squibs usually contain two wire leads, a bridge-

wire, an ignition charge, a primer and/or a detonator charge. Support

posts for the bridgewire, formed from the ends of the wire leads, the

bridgewire and charges are encapsulated in a small metallic container.

Electric power is supplied through the external wire leads. In some
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applications electric squibs are of the plug-in-type; the plug pins form

the major portion of the exposed wiring thus increasing the safety factor

at longer waveiengths.

A special arc type electric squib is sometimes used for high speed opera-

tions in which no bridgewire is used. The firing potential required to

establish the electrical arc between two closely spaced electrodes is in the

order of thousands of volts. This type will not be considered because of

the high firing potentials required, the separation distance between radia-

tion source and the squib involved and the fact that none are known to be

in use at the Missile Test Center.

From data gathered on electric squibs it is apparent that very little is

known of their R-F characteristics. Many agencies are conducting studies

to determine these R-F characteristics but until explicit information is

made available D-C characteristics must be utilized with theoretical

considerations to determine which radiating systems are hazardous and

must be silenced while susceptible ordnance devices are handled,

In the following sections an analysis of the various radiation sources in

use at the Air Force Missile Test Center is discussed. The theoretical

power contributed by radiating systems which operate above 30 megacycles

2
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to a hypothetical squib with overall lead length of one meter is calculated

and tabulated for each launch complex. Radiation sources locaed within

each missile have not been considered. Range Radiation sources operat-

ing below 30 megacycles have been considered in the Squib Power Ab-

sorption Characteristics Section on Page 9. The total power contributed

by all external radiation sources, collectively, has also been tabulated.

3
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DISCUSSION

The Ordnance Hazard

A hazardous condition exists when any source of electrical energy is present,

active and capable of producing in the squib bridgewire circuit the minimum

required firing power or more. This energy may be provided through related

hard wire circuitry as from a battery, generator or capacitor; through in-

ductive or capactive coupling to unrelated wiring; by the stptic discharge,

and through pickup of radiated electromagnetic energy. In addition to the

"in situ" hazard, a hazard may exist while transporting and handling such

devices. The degree of hazard to personnel is dependent in some cases on

whether the usual ar-ociated high explosive charge is connected to the

initiator at time of activation.

Unfortunately, the maximum no-fire energy of a particular squib is not a

discrete and fixed characteristic. it must be determined indirectly by

familiar statistical methods resulting in the specifying of a maximum no-fire

current for a certain ignition probability, frequently 0. 1%. Quality Control

methods are in use which result in the rejection of entire lots when any item

of a sample group, taken from the lot, activates on specified no-fire current

values.

Quality Control is believed to be thorough enough to safely permit use of

4
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specified no-fire current values in the determination of miaximuixl no-fire

power.

Accurate information about the maximum no-fire for all squibs of a particu-

lar type is useful since this power should be independent of frequency and

therefore can be used in calculation. at radio frequencies.

Normal Safety Practices During Handling of jquibs

It is commonplace to parallel a very low resistance snunt across the firing

leads of sensitive electric squibs; it should be observed, nowever, that this

can only be effective when dealing with an energy source ,iaving a hiigh im-

pedance compared to the resistance of the shunt and squio in virailel, since,

for low impedance sources the voltage across the squib bridgewie is

virtually the same with or without the shunt. The shunt docs provide an

extra bleeding path for rapidly discharging static charges and, in effect,

lowers the load impedance.

Twisting the wire leads of firing circuits may result in as much as 20 db of

attenuation. Twisted leads are standard on Dupont ordnance devices. Shielded

leads are preferable and used in some installations such as the 'ihor, Mace,

Matador, Titan and Atlas. With shielded leads the R-F attenuations is con-

siderably larger than with twisted leads alone.

5
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Calculations indicate that ordinary shielded wire should provide about 40 db

absorption of impinging radio waves. For safety reasons only 20 db attenua-

tion should be used in calculations to compensate for shielded leads.

The elimination of exposed wire leads by the use of plug-in squibs in metal

cases should eliminate the hazard from external radiation sources. Vvhile

transporting or transferring squibs, atwave lengths five times the plug pin

length or longer. Many plug-in squibs are in use on the Thor, Titan, and

Atlas missiles, however, not all squibs in use have been converted to plug-

in types.

R-F filters have been inserted in series with some of the shielded firing

circuit leads in the Thor missile to further reduce the hazard to sensitive

ordnance devices.

Weinbaum (5) has calculated the shielding efficiency of an aluminum enclosure

on the Atlas destructor package. According to his calculations approximately

165 db of attenuation occurs plus another 106 db for reflection loss making a

total shielding efficiency at 1 megacycle of 271 db. As the frequency in-

creases, the shielding efficiency tends to increase.

Under development are squibs using special R-F attenuating materials around

lead wires forming a high-loss R-F transmission line. These have proven

6
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very effective at mic-rowavp frequencies and to a smalle:c degree down to

about 50 to 100 megacycles. Future use of this type of squib, wh n it

becomes available, will furThe): redure th! hazard.

Finally, the practice of turning off radiation sources during ritical pe.riods

has been used, It is t.e most effetive p.f-o:-du., rbviovsly, but in geniial

the least desirable since it ireduce., , simu.tnktos-ope .ations capabilty

of the range.

Radiation Sour es

Present Cape Canave~ral and Patrick AFB sow:.,es of RF i& , whi aze

considered possible hazards are shown in 'Fable V of this report wi.h t.hp

exception of HF transmitters. Thepe a-re 21 high frequent.y :rommunication

transmitters with an output capabilfty of 27 channes; simultaneously at powe.-

cutputs r'anging from 250 to 3000 watts average %nd up to 45, 000 watts peak

envelope power. The power autput of VHF and UHF (. ommunication trans-

mitters are insignificant rela.ive to other' 2adiation souc-es and are not

considered hazardous, The iocations and aiverage effe'tive radiated powers

of Cape Canaveral radiation s _rr.,.es are shown rn Dr-awing B-97-411 in the

Appendix.

Five high power sadiation sou-.;s a, - .ted at Patrick .Air Fo.e Base.

These include the AN/FPS-6, AN/FPS-20, AN/CPS- 9, AN/FPS-.16 XN-1)

7
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and MPM-11C radars. Patrick Air Force Base is about 13. 7 nautical

miles from the nearest launch pad at Cape Canaveral.

The nearest downrange station to the missile staging and launching area at

Cape Ca-veral is Grand Bahama Island at a distance of about 165 nautical

miles. High power radiation sources at downrange stations are not hazard-

ous to ordnanLQ ite~ms at Cape Canaveral by virtue of their r -,-jdtation.

Tables I and !T aa. tahi-ration the high-frequency transmitters and trans-

mitting antennas used for radio communications, 'I primary concern are

the high-power transmitters operating with high-gain antennas in the

prcuximity of missile launch pads and assembly areas such as Polaris and

Pershing. To date, the frequencies of operation have been confined be-

low an upper frequency limit of 30 megacycles. The electrical characteris-

tics of squibs and their behavior at frequencies below 30 megacycles is

therefore of considerable concern.

Table IV is an inventory of the command-destruct antennas and transmitters

at Cape Canaveral including a tabulation of simultaneous radiation capa-

bilities. Current test requirements limit adjustable antenna elevations to

vertical angles between 20 and 50 degrees and antenna azimuth setting re-

quirements are contained within a clockwise sector extending from, 45 to

130 degrees true.

8



PART I - ORDNANCE
RADIATION HAZARDS
July 1961
Page 9

Squib Power Absorption Characteristics

Although data on squib R-F Characteristics in general are not available

one missile contractor supplied R-F impedance information on four types

of squibs Installed in its test vehicle.

From the data. presented it appears the resistance is a significant part of

the squib impedance up to about 600 kilocycles, above which, the squib im-

pedance is determined almost entirely by the reactive component. The

R-F resistance at 200 megacycles increased by an average factor of about

30 over the D-C resistance value. D-C resistance ranged from 0. 145 to

1.5 ohms for the four types. Between 0.6 and 200 megacycles the induced

voltage required for a given squib bridgewire current is therefore propor-

tional to the squib reactance assuming bridgewire resonance does not occur.

This neglects the source impedance of the induced voltage which if significant

would further decrease the current flow and increase the required induced

voltage for a given squib current.

Weinbaum (5) has measured the input impedance of an Atlas separation

cartridge (PN 7-04285-D). The specified D-C resistance of the cartridge

is 0. 7 to 1. 3 obms. The cartridge displayed a cyclic variation in input im-

pedance becoming purely resistive at about 500, 1200, 2400, 3500, 5800 and

8500 megacycles.

9



PART I - ORDNANCE
RADIATION HAZARDS
July 1961
Page 10

Assuming his slotted line was a 50 ohm type the resistance and reactive

components at 160 mc compare favorably with the impedance obtained at

200 mc for two of the four squibs mentioned previously. The measured

values are tabulated below:

.0-C Resistance Frequency Impedance

0.7 to 1.3 160 mc 5 + j46

0.62 200 mc 7.5 + j53.5

0.42 200 mc 3.1 + j44

These characteristics !ave been tabulated to show the divp,-Mig>. C: imped-

Znce values for three squibs with similar D-C resistance characterisitcs.

There was even greater divergence of R-F impedanc, betwcen the other

two squibs and those tabulated above.

Three different measuring methods have been used at AFMTC to evaluate

the R-F impedance characteristics of two types of squibs. These included

the impedance bridge, the slotted line and the wire substitution method.

Some divergence of measured values occured between different measuring

methods as well as between individual squibs.

This variation of impedance with frequency, squib type and, probably, the

measuring method indicates the complexity of the problem and time required

to evaluate each type individually. Wing Com. R. I. Gray of the R. A. F.

(Reference 9) points out the futility of impedance measurements because cf

expected impedance variations with line length and configuration.

10
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The time limitation necessitates that an alternate approach be used. The

approach must insure a safe condition. Certain assumptions, therefore,

must be made regarding the radio frequency ,haracterisitcs of squibs.

These assumptions must lead to results which insure the safe conditions

mentioned above and are not unreasonable or unrealistic to the point of

curtailing operations unnecessarily.

The safest assumption, regarding impedance, is that the squib presents a

conjugate impedance match, independent of frequency, for any squiz wirelead

configuration as an antenna. This assumption results in the transfer of

maximum power to the squib and represents the most hazardous condition.

The assumption is reasonable except at frequencies below 30 MC where

squib lead lengths are small relative to a hwav,1ength and the squib im-

pedance is but a few ohms.

In general, the resistive component of an antenna impedance decreases and

the reactive component increases rapidly as the length dec;oPases below four

tenths of a wavelength, (Kraus, Reference I Page 242). The magnitude of

the impedance is a function of the length to radius ratio and increases

rapidly as the frequency is lowered being determined primarily by the re-

active component.

Thevenin's theorem can be used to obtain an equivalent generato- for the

11
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short antenna. The effective length is approximately equal to its physical

length, and the voltage induced is equal to the electric field strength times

the effective length. The internal impedance of the equivalent generator

is a resistance in series with a capacitance as shown to the left of A-A

12
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in Figure "A" A'

Short Dipole - I
Equivalent Squib
Generator I qi

The short antenna consists of the squib wire leads, and the squib comprises

the load connected to the equivalent generator terminals.

It should be noted in Figure A, that maximum current would flow in the

external circuit when the load impedance is short circuited. Since the squib

impedance is small, the magnitude of the maximum squib current is deter-

mined primarily by the short antenna impedance at each frequency.

For frequencies below 30 megacycles maximum squib current is of interest

since an impedance match between squib impedance and short antenna im-

pedance is very unlikely.

To solve for total squib current let

Pi = Ii2  Rs

and

Ii =Vi =E i hi (Z i '  Rs)

13

13
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where

Pi = the squib p,',wer at any frequency fi

Ii  = the R.M.S. squib current

Rs = the squib R-F resistance assumed constant

Vi = the squib dipole induced voltage

Zi = the squib dipole impedance Ri - jX ci

Ei = the electric field strength

hi  = the squib dipole effective length

The squib total power becomes

Pt = Pl + P2 +............. *.. Pi

Eihi) 2  + (E2 h2) 2 Rs +......... (Ei hi) R s (1)
Z 2 Z 2

1 2 z
Multiplying and dividing by Ro 2 10

2 and rearranging terms, where Ro is

the resistance of a center fed resonant dipole and ho is its effective

height we have

P = R Ro i Eiho +R\ h E2 h 0  +o Rh E h 0( i h W ~ Wo- zi *ri3 -s (2)
The expression within the brackets is equivalent to a total Irms squared

value of current and the total power is
2

Pt R s I rms

14
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Each term within the brackets of E q. (2) contains two factors. The factor
2

(Ei ho ) is the RMS squared value of current that would flow in the load

of a short circuited resonant dipole at any frequency f i. The ratio
2

2 0 h2 i can be considered a compensating factor which compensates for

the fact We actual dipole is not a in length.

In Eq. (2) Zi > Ro and h o0 > hi ; consequently R - 1 and p .. 1
Z i  ho0

for dipole lengths sborter than about 0.45 . The sum of the terms

within the bracket of Eq. (2) will be a maximum when Z i equals R u and

h i = h o.

The total power under this condition becomes

Pt = Rs (Eh 0  + (E 2 h 0 ) + (Eh 0 ) (3)
I 2LRo Ro

Eq (3) represents the power delivered to a squib with leads long at all

frequencies which of course is not physically possible. It does however

provide a basis for evaluation of the hazard since the expression within the

brackets can be numerically evaluated and if below the no-fire current of

the most sensitive squib a safe condition can be assumed to exist. The

assumption is valid because of the factor R h i in Eq. (2) which becomes

1~ ho
very small as the frequency decreases.

15
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To evaluate Eq. (3) field strength measurements were made in those launch

pad areas considered hazardous because of thier proximity to the commun-

ications antenna field. These hazardous areas consistnd primarily of launch

pads 25A, 25B, 29, 30 and 30A and missile assembly areas in Hangar Y.

In addition to field strength measurements, the areas were explored with a

resonant and non-resonant antenna with 0-100 RF milliampere meter in-

stalled at its center.

'i'the results of the Hangar Y field intensity measurements are tabulated below

Afollowed by an evaluation of Eq. (3).
Dipole Electric Di. e

Ant Wave Dipole Effective Field Inouced I =V 1 ind IVJA.
jype Lengh Lengths Length V/M Voltage A o
Discone 110 .3 35.2 0.18... 9

Discone 51.5 , 0l 16.5 M 0. 04 0.66 9.1

Rhombic 14.9 .32 4.8 M 0.03 0.14 2.0
AA

• 3",.3 3.6 M 0.05 0.18 2.5

(3 92 2+ 2
A rms NO- .9) (9.1)2 + (2) + (2.5)

- 7520 + 83 + 4 + 6.2

= 7613.2

I rms = -7613 87.5 Ma.

Field intensity measurements at launch pads 25A, 25B and 29 let to similar
results. The most sensitive squib used in the areas adjacent to the

17
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the communications antenna field has a maximum no-fire current of 100

milliamperes DC. It is concluded that for the systems itemized in Table II

no hazards exist to ordnance items with leads less than fifteen feet long overall

or seven and one-half feet from squib to either end.

No indication of R-F current couid be obtained in any of the areas with dipole

and R-F milliampere meter.

Above 30 MC the effective elect .'cal aperture or area of the squib in ab-

sorbing power from impinging radio waves is the most difficult characteristic

to evaluate. It would be desirable to consider a receiving syst.m whose dir-

ectional gain properties increase with frequency. This more closely approaches

the actual case since the ga.n of a squib with fixed length leads would, in

general, increase with frequency. Since it has been assumed that the squib

impedance properly matches the impedance of any antenna configuration, the

receiving system can be considered on the basis of gain only.

The gains of the long wire, loop and unterminated rhombic antenna configura.-

tions have been determined and plotted in Figure 1, Page 16, as a function of

overall lead-length in wavelenghts. From the graphs it can be seen the un-

terminated rhombic configuration has the largast gain down to 2 A below which

the long wire configuration becomes the largest.

18
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All three wire lead configurations are possible. The safety practice of

using a shunt across the squib would make the loop and rhombic configura-

tions most likely.

Harper (3) has plotted the theoretical directivity of a maximum design,

terminated, rhombic antenna in free space as a function of wavelengths per

side. Within about 1/2 db, the directivity is a linear function and equal to

iON where N is the number of wavelengths in each leg or side. For the

terminated case the signal gain would be one-half the directive gain because

of the power lost in the terminating resistance. Other losses, such as

ground loss, have been neglected and the terminated signal gain has been

taken as ION. For the unterminated case the directive gain would be one-
2

half that of the terminated case since back lobes would exist. The signal

gain would remain the same because no power is lost in a terminating re-

sistor. The squib signal gain, therefore, is considered to bo ION down to an

overall lead-length of 2 , where

N :L (4)

L Overall length of squib leads in meters

= Wavelength under consideration expressed in

meters.

Squib signal gain in terms of wavelength and lead-length then becomes

G= 5L (5)
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From Eq. (2) and the relation

AeG ( )
4-r

the squib effective aperature for a lead-length of 2 ? or more becomes

Ae = 5L (7)
16 Ir

Kraus (1) gives the gain of the .2 resonant dipole as 1. A4 -id that of a sht

2

dipole as 1. 5. The difference in gain is 0. 38 db. The short dipole configura-

tion is not considered because of the small difference in gain. For squib lead-

lengths between 4- and 2 the signal gain can be obtained from the "long

wire" graph in Figure 1 and for lead-lengths less than , the gain can be
2

considered constant at 1. 64.

The squib effective aperture for lead-lengths of _, to 2 can be obtained
2

from Eq. (6), and gain obtained from Figure ". For lead-lengths below _
2

the effective aperture becomes

Ae = 1. 64A 2 (8)
4 -

Since squib lead-lengths are usually given in inches the following equation is

useful in conjunction with Figure 1 for obtaining gain

L =Lin Fmc (9)
11,880

where
L 2 = Overall lead- length in wavelengths

Lin = Overall squib lead-length in inches

Fmc - Frequency under consideration in megacycles
20
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It is of interest to note the frequencies at which transistion occurs from the

rhombic to the long-wire antenna and from the long-wire to the 2 antenna
2

configurations. Transition from the rhombic to long-wire occurs at a wave-

length given by

MfLm = Lin (10)
2 78.8

and at a frequency of

fmc= 300 = 23,640 (11)
A m Lil

Transition from the long-wire to the -2 configuration occurs at a wave-
2

length and frequency given by

m 2 Lm :LM (12)19.7

fmc 3 0 0  =5910
m Lin

where

fmc Frequency in megacycles

m = Wavelength in meters

Lm = Lead-length in meters

Lin = Lead-length in inches

For a squib with overall lead-length of 1 meter or 39.4 inches transitions

would occur at 600 mc (rhombic to long-wire) and at 150 mc (long-wire to

? dipole).
2
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From the data tabulated in Table I it can be seen that squib unshielded leads

do not exceed 1 meter. Where longer leads are indicated in Table I this in-

cludes internal wiring within the test vehicle. Internal squib firing-circuit

wiring is usually shielded. In those cases where it is not, shielding is 3till

provided by the test vehicle skin. It is unlikely over 40 inches of unshielded

wire would ever be exposed to direct radiation. Lot "A" Titan test vehicles

were an exception prior to the completion of the test program. The long un-

shielded leads in the lot "A" series have been replaced by shielded leads in

the "B" series.

The absence of specific information regarding the R-F characteristics of all

squibs used at A. F. M. T. C. and the divergence of the R-F impedance of the

types which have been measured prohibits exact evaluation of the hazard to

each type. It would be desirable therefore to have, as a reference, a hy-

pothetical squib with electrical properties duplicating the most hazardous

condition. The squib hazard relative to the "hypothetical" squib hazard may

then be estimated.

The properties of our "hypothetical" squib would have the following character-

istics:

1. A maximum no-fire power level equal to the product of the

squib D-C resistance and the square of the maximum no-fire

D-C current.
22
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I
2. An overall lead-length of 1 meter shielded or unshielded in

agreement with the actual squib.

3. A conjugate impedance to that of the lead wires for any config-

uration as an antenna and for any frequency.

4. Power gains and effective apertures in agreement with Eqs. (5),

(6), (7) ard (8).

Having defined the effective aperture/frequency relationship, lead-length and

impedance of our "hypothetical" squib only the radiated power density from

each source remains to be determined before the squib absorbed power can

be calculated.

Radiated Power Densities

The free-space radiated power density from any radiation source may be

calculated from the following equation:

P = ERP (13)

where

P = Field intensity in watts per square meter

ERP = Effective radiated power in watts

r = Distance from source in meters

Eq. (13) includes no correction for multi-path transmission. Free space
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radiation is approached by some A. F.M. T. C. sources whose energy is

radiated within a very small solid angle, whose antenna is many wavelengths

above ground and whose separation distance from the point of squib installation

is small enough that the wave front is relatively small. At larger separation

distances the wave front is such that large areas are irradiated and significant

random relect*.ons may occur. Tc compensate for this, i q. (13) must be

modified. Previous measurements of field intensities in the various complex

areas indicate that allowance for complete field strength reinforcement is inure

than adequate. The result is an increase in field intensityby four times. As

can be seen from Drawing D- 94100 (Appendix A) an indicated source may

consist of multiple installations and therefore this additional power must also

be accounted for. Multiple transmitter installations at A. F.. iV T . C". are not

phased at radio frequencies and therefore their field strengths do not havc

to be added vectorially. A correction factor of four applied to h q. (13) will

insure a safe condition and adequate correction for multi-Dath and mul t iple

installations.

Eq. (13) then becomes

P = ERP (14)

Eq. (14) may now be used in conjunction with Eqs. (6), (7), and (8) to cal-

culate the power absorbed in the "hypothetical" squib.
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Power Summation

The power absorbed by the "hypothetical" squib is related to power density

and squib effective aperture as follows:

W Ae Pd (15)

where

W = Power absorbed in watts

Pd= Power density in watts per square meter

Ae Effective aperture in square meters

The transition from rhombic to long-wire antenna for a squib with one meter

leads occurs at 600 megacycles. Substituting Eq. (7) Eq. (14) into Eq. (15)

for all frequencies above 600 mc we have for the power absorbed at each

frequency

W 5 5LniER

and for "n" sources

Wtl = 5L n ERPn ?n (16)
1 rzrn z

For all frequencies between 150 and 600 megacycles substituting 12,q. (6)

and (14) in Eq. (15) gives

t2=G 22
ERPn n (17)

r
where G is obtained from Figure 1 on Page 16.
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For frequencies 30 to 150 megacycles substituting Eq. (8) and Eq. (14) into

Eq. (15) gives

Wt3 = ERPn n (18)

Adding Eqs. (16), (17), and (18) gives

Total power absorbed = W t + Wy 2 + Wt3 (19)
from all radiation sources
by an unshielded squib

Total power absorbed = (Wtl + + Wt 3 )o(20)
from all radiation sources

by a shielded squib

where

= Shielding efficiency

Eq. (19) has been computed and tabulated in Table V for each radiation

source irradiating each missile complex, fuel storage area and for two points

within the industrial area. The two points chosen within the industrial area

are the nearest points to the MOD II and AN/FPS-16 Radars and thus re-

present the most hazardous condition.
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Individual Radiation Sources

The AN/FPQ-4 (DAMP Ship), AN/FPS-16 and the G. E. Rate and Track radars

constitute the greatest hazards individually. This is the result of their large

average radiated power and/or the close proximity of these radars to missile

complexes or assembly buildings.

The radars located at Patrick Air Force Base and the downrange stations are

not hazardous to ordnance items in the Cape Canaveral area.

No hazard exists from HF communications transmitters in the Pads 25A,

26B, 29, 30A and 30B areas, and Missile Assembly Area Hangar Y provided

(1) All squib maximum no-fire D.C. currents are 100 milli-

amperes or greater.

(2) Squib leads are no longer than seven and one-half feet

from squib to either end.

(3) Radiation sources and antennas are limited to those facilities

itemized in Tables I and II of Part I of this report.

Personnel handling ordnance items can increase the margin of safety consid-

erably above that provided in this report by observing the following precautions:

(i) Transport ordnance items in metallic containers with cover

lids firmly in place.

(2) Keep unshielded leads twisted atall times

27



PART I -ORDNANCE
RADIATION HAZARDS
July 1961
Page 28

(3) Keep ordnance leads as short as possible and shunted with

a resistance lower than that of the squib.

(4) Keep ordnance items in metallic shipping containers until

ready for installation.

Mobile 30 and 60 watt communication transmitters are not considered

hazardous if the following minimum separation distances are maintained:

30 watts 100 feet

60 watts 150 feet

Radiation Sources Collectively

The total absorbed power calculated and tabulated in Table V for each

missile complex is based on the following:

(1) All sources a'e radiating.

(2) Sources with rotatable antennas including duplicate

equipment are irradiating the squib with the maximum

energy possible including multi-path transmission.

It is very improbable the conditions above would occur simultaneously;

however, a squib capable of operating in such an environment without

activation will provide the greatest margin of safety.
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RE COMMENDATIONS

In those cases where it is impractical to desensitize a squib type with respect

.o a particular hazardous radiation source or where turning off the radiation

source results in an operating problem to the range, it is recommended the

use of a portable wire screen baffle, grounded and installed between the

ordnance personnel and the radiation .ource be considered.

As ar. alternate to a wire screen baffle electromagnetic energy absorbing

materials, such as, Emerson and Cuming, Inc. "Eccusorb" types AN and

CHW could be used.

Attenuation of about 20 to 30 db can be obtained with either method at

frequencies above about 50 megacycles.

In accordance with reference number (8), it is recommended the AFMTC

establish the following limitations:

(1) Future electro explosive devices used at AMR have a

no-fire current rating no less than one ampere for five

minutes for no more than one device per thousand to fire.

(2) Certification be required from the missile contractor that

each electro explosive device used on the missile is saf,

after installation with regard to on-board RF radiation sources,

such as telemetiry and beacons.
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TABLE I
INVENTORY HIGH FREQUENCY

COMMUNICATIONS TRANSMITTERS

Transmitter Transm. Quan. of Channels Total Rad.
Power Output Type Transm. Per Transm. Sources

250 Watts 30 K4 14 1 14
2.5KWperCH 96-D 3 3 9
3 KW 231-D 1 1 1
45 KW P, E.P. Collins S. S. B. 3 1 3

Sources Total 27

TABLE II
INVENTORY HIGH FREQUENCY

COMMUNICATIONS ANTENNA

Power Opt. Azimuthal Orien-

Acct. No. Type Range Rating Freq. tation Degrees

1 & 2 AA Rhombic 4-30 MC 45 KW 12-14 mc 109

3 & 4 D Rhombic 4-30 MC 45 KW 12-14 mc 119 & 127

5 & 6 C Rhombic 4-30 MC 3 KW 12-14 nz 131

7-12 Discone 3-30 MC 3 KW 3-30 mc Omni-Direct

13 Craig 2-10 MC 250 KW 2-10 MC Omni-Direct

14 T 2 FD 2-6 MC 3 KW 2-6 MC Omni-Direct

15 T 2 FD 2-6 MC 3 KW 3-9 MC Onaii-Direct

16 T 2 FD 3-9 MC 3 KW 2-6 MC Omni-Direct

17 Dipole 3.05 MC 3KW 3.05 MC 127 & 307
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TABLE II
INVENTORY HIGH FREQUENCY

COMMUNICATIONS ANTENNA

Power Opt. Azimuthal Orien-

Acct. No. Type Range Rating Freg. tation Degrees

18 Dipole 7.00 MC 3 KW 7.00 MC 127 & 307

19 Dipole 2.00 Mc 3 KW 2.00 MC 127 & 307

20 Longwre 150 feet 1 KW

21 Longwire 100 feet 1 KW

22 Interim Whip Center Loaded 250 W 3.3 MC Oni

23 Interim Whip Center Loaded 250 W 4.5 MC Omni

24 Interim Whip Center Loaded 250 W 7.35 MC Omni

25-31 UHF Discone 225.399mc 150 W Omni

32-43 VHF Unipole 120-150mc 1K% 0mi

44 AS-505 Collins Squirrel Cage 1KW 225-399MC Omni

45 Log Periodic Collins 22.5 KW 6.5-60 MC Rotatable Peam.
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TABLE IV
INVENTORY OF COMMAND DESTRUCT
TRANSMITTERS - CAPE CANAVERAL

Transm. Power
Quantity Tpe Output Modulation Location

8 FRW-2 600 W FM Bldg. 6-81585

2 240-D 10 KW FM Bldg. 6-81585
(amplifiers)

2 FRW-2 600 W FM Central Control
Building

INVENTORY OF COMMAND DESTRUCT
ANTENNAS - CAPE CANAVERAL

Transm. Power Power
Quantity Ty e Gain in DB RaLing Polarization Location

1 Collins 8 500 W Vertical Bldg. 6-81585

AS-555

2 Gabriel 6 2 KW Circular Bldg. 6-81585

1 High Power 10 10 KW Circular Bldg. 6-81585
Helix

1 Low Power 8 600 W Circular Bldg. 6-81585
Helix

SMR Steerable 24 10 KW Circular Bldg. 6-81585
Parabolic

Unipole 0.8 10 KW Vertical Bldg. 6-81585

1 Gabriel 6 2 KW Circular Central Control

1 Collins AS-555 8 500 W Vertical

1 Low Power 8 600 W Circular
Helix

I VHF Unipole 3 600 W Vertical
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SIMULTANEOUS CAPABILITIES

Power Output Quantity Location

600 W 3 Systems Bldg. 6-81585

10 KW 1 System Bldg. 6-81585

600 W 1 System Central Control Bldg.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Pads I & 2
Project: MATADOR

ERP* Distance ASP**
Radiation Source Megawatts Meters Milliwatte
Cape Canaveral - .

AN/FPS-8 Radar 1.23 670.4 .19
MOD II Radar 2.5 4854 .35
AZUSA MK I 1.0 3626 .13
AZUSA MK II 6.32 7867 .19
AN/FPQ-4 Radar on

DAMP Ship 77.5 8959 1.60
AN/FPS-16 Radar 28.2 4259 2.71
MOD IV Radar 1.57 3195 .17
BTL Rtdar GMCF-3 3701 .05
GE GMCF Radar:

Rate 4748 .25
Track 4748 .15

AN/FRW-2 C/D (C/C) 0.004 4854 negligibie
HP C/C Bldg. 6-81585

AMR Steerable 2.0 6655 1.62
NASA Steerable NO 6655 .26
HP Helix 0.10 6655 .06

STL-AGS GE GMCF 4748 .06
ABMA DOVAP 0.002 4851 .23
ABMA UDOP 0.002 4851 negl1gi61c
Communications:

Ant. Field (See written section of report under
squib power absorption)

Airborne Radiation: AN/APS-20 Radar should not be operated

at CCMTA below 5000'

Patrick AFB

AN/FPS-20 Radar 13.9 28200 o12
AN/FPS-6 Radar 26.2. 28200 .11
XN-I/FPS-16 Radar 3.62 27100 .01
AN/CPS-9 Radar 6.43 25200 .01
AN/4PN-IIC (GCA) 1.3 26250 .01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are 1
meter long.

*** This information is classified; it will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Pads 3 & 4
Project: Unassigned

ERP* Distance ASP**
Radiation Source Megawatts Meters Milliwatte
cape Canaveral

AN/FPS-8 Radar 1.23 6997 .18
MOD It Radar 2.5 4860 .35
AZUSA MK I 1.0 3559 .13
AZUSA MK II 6. 2) 8160 i
AN/FPQ-4 Radar on

DAMP Ship 77.5 9249 1.50
AN/1 FPS-16 Radar 28.2 4337 2.61
MOD IV Radar 1.57 3399 .15
BTL Radar GMCF-3 3747 .05
GE GMCF Radar:

Rate 5011 .22
Track 5011 .14

AN/FRW-2 C/:) (C/c) 0.004 4860 Negligible
HP C/C Bldg. 6-81585
AMR Steerable 2 50 6922 1.49
NASA Steerable 0:40 6922 .24
HP Helix 0,10 6922 .06

STL-AGS GE GMCFD 5011 .06
ABMA DOVAP 0.002 5124 .21
ABMA UDOP 0.002 5124 Negligi bie
Communications :

Ant. Field (See written section of report under
squib power absorption)

Airborne Radiation: AN/APS-20 Radar should not be operated

at CCMTA below 5000'

Patrick AFB

AN/FPS-20 Radar 13.9 28460 .12
AN/FPS-6 Radar 26.2 28460 .11
XN-1/FPS-16 Radar 3,62 27360 .01
AN/CPS-9 Radar 6.43 25470 .01
AN/MPN-llC (GcA) 1.3 26520 .01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are 1
meter long.

*** This information is classified; it will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Pad 5
Project: REDSTONE

ERP* Distance ASP**
Radiation Source Megawatts Meters Milliwatts
Cape Canaveral

AN/FPS-8 Radar 1.23 2283 1.67
MOD II Radar 2.5 5933 .23

AZUSA MK I 1.0 5963 .05
AZUSA MK II 6.32 3447 1.00
AN/FPQ-4 Radar on

DAMP Ship 77d5 4445 6.49
AN/'PS-16 Radar 28.2 4688 2.23
MOD IV Radar 1.57 2697 .24
BTL Radar GMCF-3 4828 .03
GE GMCF Radar:

"-- *.* 1236 3.69

Track 1236 2.22
AN/PRW-2 c/D (C/c)_ 0.004 5933 Negligible
HP C/C Bldg. 6.-81585
AMR Steerable 2.0 2483 1.60
NASA Steerable 0O0 2483 1.86
HP Helix 0.10 2483 .46

STL-AGS Gk GMCF 1236 .96
ABMA DOVAP 0.002 888 6.97
ABMA UDOP 0,002 888 .06
Communications:

Ant. Field (See written section of report under
squib power, absorption)

Airborne Radiation: AN/APS-aO Radar should not be operated
at CCMTA below 5000'

Patrick AFB

AN/FPS-20 Radar 13.9 24850 .16
AN/FPS-6 Radar 26.2 24850 .15
XN-l/FPS-16 Radar 3.62 23710 .01
AN/CPS-9 Radar 6.43 21740 .01
AN/MPN-IIC (OCA) 1.3 22760 .01

SEffective Radiated Power: Antenna gain times average radiated
power.

•* Power absorbed by a hypothetical squib whose leads are 1
meter long.

SThis information is classified; it will be sup- l d xpon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Pad 6
Project: MERCURY REDSTONE

ERP* Distance ASP**Radiation Source Megawatts Meters MilliwatteCape Canaveral

AN/FPS-8 Radar 1.23 2441 1.46
MOD II Radar 2.5 5792 .24
AZUSA MK I 1.0 5808 .05
AZUSA MK II 6.32 3604 .91
AN/FPQ-4 Radar -on

DAMP Ship 77.5 4594 6.08
AN/FPS-16 Radar 28.2 4550 2.37
MOD IV Radar 1.57 2547 .27
BTL Radar GMCF-3 4679 .03
GE GMCF Radar:

Rate 1.183 4.03
Track 1183 2.43

AN/FRW-2 C/D (c/c) o=.04 5792 Negligible
HP C/C Bldg. 6-81585 25 09AMR Steerable 2,0 2557 0.94
NASA Steerable 0.40 2557 1.75
HP Helix 0.10 2557 .44

STL-AGS GE GMCF 1183 1.05ABMA DOVAP 0.002 876 7.15
ABMA UDOP 0.002 876 .06
Communications:

Ant. Field (See written section of report under
squib power absorption)

Airborne Radiation: AN/APS-20 Radar should not be operated

at CCMTA below 5000'

Patrick AFB

AN/FPS-20 Radar 13.9 25000 .16
AN/FPS-6 Radar 26.2 25000 .15
XN-I/FPS-16 Radar 3.62 23860 .01
AN/PS-9 Radar 6.43 21890 .01
AN/M4PN-1IC (OCA) 1.3 22910 .01
* Effective Radiated Power: Antenna gain times average radiated

power.
** Power absorbed by a hypothetical squib whose leads are 1

meter long.
*** This information is classified; it will be supplied upon

request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Pad 11
Project: ATLAS

ERP* Distance ASP**
Radiation Source Megawatts Meters Milliwatts
Cape Canaveral.

AN/FPS-8 Radar 1.23 7435 .16
MOD II Radar 2.5 4026 .51
AZUSA MK I 1.0 2612 .25
AZUSA MK II 6.32 8605 .16
AN/FPQ-4 Radar on

DAMP Ship 77.5 9604 1.39
AN/FPS-16 Radar 2.2 3689 3.61
MOD IV Radar 1.57
BTL Radar GMCF-3 A

GE GMCF Radar:
Rate 5137 .21
Track 5137 .13

AN/FRW-2 C/D (C/c) 0.004 4026 .01
HP C/C Bldg. 6-81585

AMR Steerable 2 50 7043 1.44
NASA Steerable 0:0 7043 .23
HP Helix 0.10 7043 .06

STL-AGS GE GMCF 5137 .06
ABMA DOVAP 0.002 5327 .19
ABNA UDOP 0.002 5327 Negligible
Communications:

Ant. Field (See written section of report under
squib power absorption)

Airborne Radiation: AN/APS-20 Radar should not be operated

at CCMTA below 5000'

Patrick AFB

AN/FPS-20 Radar 13.9 29280 12
AN/FPS-6 Radar 26.2 29280 .11
XN-1/FPS-16 Radar 3.62 28170 .01
AN/CPS-9 Radar 6.43 26260 .01
AN/!MPN-lC (OCA) 1.3 27310 .01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are 1
meter long.

* This information is classified; it will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Pad 12
Project: ATLAS

ERP* Distance ASP**
Radiation Source Megawatts Meters Milliwatts
Cae Canaveral

AN/FPS-8 Radar 1.23 7779 .14
MOD IT Radar 2.5 3554 .65
AZUSA MK I 1.0 2049 .40
AZUSA MK II 6.32 8946 .15
AN/FPQ-4 Radar on

DAMP Ship 77.5 9888 1.31
AN/FPS-16 Radar 28.2 3383 4.29
MOD IV Radar 1.57 3322 .16
BTL Radar GMCF-3 *** 2682 .10
GE GMCF Radar:

Rate *** 5327 .20
Track *** 5327 .12

AN/FRW-2 C/D (C/c) 0.004 3554 .01
HP C/C Bldg. 6-81585
AMR Steerable 250 72C5 1.38
NASA Steerable 0.4O 7205 .22
HP Helix 0.10 7205 .06

STL-AGS GE GMCF *** 5327 .05
ABMA DOVAP 0.002 5559 .18
ABMA UDOP 0.002 5559 Negligible
Communications:
Ant. Field (See written section of report under

squib power absorption)

Airborne Radiation: AN/APS-20 Radar should not be operated
at CCMTA below 5000'

Patrick AFB

AN/FPS-20 Radar 13.9 29800 .11
AN/FPS-6 Radar 26.2 29800 .i0
XN-1/FPS-16 Radar 3.62 28690 .01
AN/CPS-9 Radar 6.43 26770 .01
AN/4PN-1IC (OCA) 1.3 27820 .01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Pnwer absorbed by a hypothetical squib whose leads are 1
meter long.

*1* This informatlon is classified; it will be supplied upon
request to qualified agencies.
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TABLE V

SITE RADIATION ENVIRONMENT

Site: Pad 13
Project: ATLAS

ERP* Distance ASP**
Radiation Source Megawatte Meters Milliwatts
Cape "1naveral

AN/FPS-8 Radar 1.23 8121 .13
MOD It Radar 2.5 3134 .84
AZUSA MK I 1.0 1542 .70
AZUSA MK II 6.32 9281 .14
AN/FPQ-4 Radar on

DAMP Ship 77.5 10170 1.24
AN/FPS-16 Radar 28.2 3158 4.92
MOD IV Radar 1.57 3479 .14
BTL Radar GMCF-3 2435 .12
GE GMCF fldar:

Rate 5549 .18
Track 5549 .11

AN/FRW-2 C/D (C/C) 0.004 3134 01
HP C/C Bldg. 6-81585
AMR Steerable 2 50 7385 1.31
NASA Steerable 0.40 7385 .21
HP Helix 0.10 7385 .05

STL-AGS GE GMCF 5549 .05
ABMA DOVAP 0.002 5816 .16
ABMA UDOP 0.002 5816 Negligible
Communications:

Ant. Field (See written section of report under
squib power absorption)

Airborne Radiation: AN/APS-20 Radar should not be operated

at CCMTA below 5000'

Patrick AFB

AN/FPS-20 Radar 13.9 30300 .11
AN/FPS-6 Radar 26.2 30300 .10
XN-1/FPS-16 Radar 3.62 29190 .01
AN/CPS-9 Radar 6.43 27260 .01
ANA4PN-11C (GOA) 1.3 28300 .01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are 1
meter long.

* This information is classified; it will be supplied upon
request to qualified agencies.
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I TABLE V

SITE RADIATION ENVIRONMENT

Sitei Pad 14
Project: ATLAS

ERP* Distance ASP**
Radiation Source Meawatt --Meters Milliwatt s
Cape Canaveral.

AN/FPS-8 Radar 1.23 8565 .12
MOD 11 Radar 2.5 2807 1.04

AZUSA MK I 1.0 1162 1.26
AZUSA MK II 6.32 9715 .13
ANFPPQ-4 Radar

DAMP Ship 77.5 10550 1.15
AN/FPS-16 Radar 28.2 3088 5.15
MOD IV Radar 1.57 3799 .12
BTL Radar GMCF-3 2377 .12
GE GMCF Radar:

Rate 5896 16

Track 5896 10
AN/FRW-2 C/D (C/C) 0.004 2807 .01
HP C/C Bldg. 6-81585
AMR Steerable 2.0 7677 5021
NASA Steerable 0N0 7677 -19

HP Helix 0.10 7677 .05

STL-AGS GE GMCF 5896 004

ABMA DOVAP 0.002 6193 .14
ABMA UDOP 0.002 6193 Negligible
Communications:
Ant. Field (See written section of report under

squib power abso'ption)

Airborne Radiation: AN/APS-20 Radar should not be operated

at CCMTA below 5000'

Patrick AFB

AN/FPS-20 Radar 13.9 30870 .10
AN/FPS-6 Radar 26.2. 30870 .10
XN.-I/FPS-16 Radar 3.62 29760 .01
AN/CPS-9 Radar 6.43 27820 .01
AN/MPN-llC (GCA) 1.3 28860 .01

* Effective Radiated Power: Antenna gain times average radiated
power.

•* Power absorbed by a hypothetical squib whose leads are 1
meter long.

*** This information is classified; it will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION FNVIRONMENT

Site: Pad 15
Project: TITAN

ERP* Distance ASP**
Radiation Source Megawatts Meters Milliwatte
Cape Canaveral

AN/FPS-8 Radar 1.23 8997 .11
MOD I Radar 2.5 2585 1.2,3
AZUSA MK I 1.0 1057 1.52
AkWA 1K Ii 6.p 10130 .12

AN/FPQ-4 Radar onDAMP Ship 77.5 10910 1.08
AN/FPS-16 Radar 282 3122 5.03
MOD IV Radar 1.57 4160 010
BTL Radar GMCF-3 2 --61 .11
GE GMOF Radar:
I Rate 6254 .14

Track 6254 .09
AN/FRW-2 C/D (C/C) 0.004 2585 .02
HP C/C Bldg. 6-81585
AMR Steerable 2.50 7974 1.13
NASA Steerable 0.4O 7974 .18
HP Helix 0.10 7974 .05

STL-AGS GE GMCF 6254 .04
ABMA DOVAP 0.002 6576 .13
ABMA UDOP 0.002 657U Negligible
Communications:

Ant. Field (See written section of report under
squib power absorption)

Airborne Radiation: AN/APS-20 Radar should not be operated

at CCMTA below 5000'

Patrick AFB

AN/FPS-20 Radar 13.9 31410 10
AN/FPS-6 Radar 26.2. 31410 .09
XN-I/FPS-16 Radar 3.62 30290 .01
AN/CPS-9 Radar 6.43 28350 .01
AN/4PN-llC (OCA) 1.3 29380 .01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are 1
meter long.

*** This information is classified; it will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Pad 16
Project: TITAN

ERP* Distance ASP**
Radiation Source Megawatts Meters Milliwatte
Ca' e Canaveral

AN/FPS-8 Radar 1.23 9453 .10
MOD II Radar 2.5 2512 1.30

AZUSA MK I 1.0 1303 1.00

AZUSA MK II 6.32 10580 11

AN/TQ.'!Radar on
DAMP Ship 7;-5 11310 1.00

AN/FPS-16 Radar 28.2 3285 45
MOD IV Radar 1.57 4583 .08
BTL Radar GMCF-3 ** 2699 .09
GE GMCF Radar:

Rate 6657 .13

Track 6657 .08
AN/ RW-2 C/D (c/c) o.oo=4 2512 .02
HP u/0 B dg. 6-81585

AMR Steerable 2.50 8312 1.04
NASA Steerable 0.40 8312 .17
HP Helix 0.10 8312 .04

STL-AGS GE GMCF *6* 8657 .03
ABMA DOVAP 0.002 6998 .11
ABMA UDOP 0O 002 6998 Negligible
Communications:

Ant. Field (See written nection of report under
squib power absor'ption)

Airborne Radiation: AN/APS-20 Radar should not be operated
at CCMTA below 5000'

Patrick AFB

," 1FPR0 ?Ldar 13.9 31950 .10
AN/FPS-6 Radar 26.2 31950 .09
XN-l/FPS-16 Radar 3.62 30830 .01
AN/CPS-9 Radar 6.43 28880 .01
AN/MPN-1C (oCA) 1.3 29920 Negigible

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are 1
meter long.

*** This information is classified; it will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Pad 17A
Project: NASA Projects

ERP* Distance ASP**
Radiation Source Megawatts Meters Milliwatts
Cape Canaveral

AN/FPS-8 Radar 1.23 3447 .73
MOD II Radar 2.5 5175 .31

AZUSA MK I 1.0 4970 .07

AZUSA M4K !1 6.32 4616 .56

AN/FPQ-4 Radar on
DAMP Ship 77.5 5630 4.05

AN/FPS-16 Radar 28.2 3983 3.09
MOD IV Radar 1.57 1881 .49
BTL Radar GMCF-3 *4* 3976 .04
GE GMCF Radar:

Rate ** 1641 2.10
Track *** 1641 1.26

AN/FRW-2 C/D (c/c) 0.004 5175 Negligible
HP C/C Bldg. 6-81585

AMR Steerable 2.0 3418 6.12
NASA Steerable 0.40 3418 .98
HP Helix 0.10 3418 .24

STL-AGS GE GMCF *** 1641 .54
ABMA DOVAP 0.002 1588 2.18
ABMA UDOP 0.002 1588 .02
Communications:

Ant. Field (See written section of report under
squib power absoiption)

Airborne Radiation: AN/APS-20 Radar should not be operatod

at CCMTA below 5000'

Patrick AFB

AN/FPS-20 Radar 13.9 25790 .15
AN/FPS-6 Radar, 26.2. 25790 .14
XN-1/FPS-16 Radar 3.62 24660 o01
AN/CPS-9 Radar 6.43 22700 o01
AN/MPN-llC (OCA) 1.3 23740 .01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are I
meter long.

* This information is classified; it will be supplied upon
.oequest to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Pad 17B
Project: NASA Projects

ERP* Distance ASP**
Radiation Source Megawatts Meters Milliwatts
Cape Canaveral

AN/FPS-8 Radar 1.23 3282 .81
MOD It Radar 2.5 5310 .29

AZUSA MK I 1.0 5129 .06
AZUSA MK II 6.32 4451 .60
AN/PPQ-4 Radar on

DAMP Ship 7.5 5413 4.28
AN/FPS-16 Radar 2..2 4110 2.90
MOD IV Radar 1.57 2013 .43
BTL Radar GMCF-3 4120 .04
GE GMCF Radar:

Rate 1584 2.25

Track 1584 1.36
AN/FRW-2 C/D C/C) 0.004 5310 Negligible
HP C/C Bldg. -81585

AMR Steerable 2.50 3313 6.52
NASA Steerable 0.40 3313 1.04
HP Helix 0.10 3313 .26

STL-AGS GE GMCF 154 058

ABMA DOVAP 0.002 141 2.47
ABMA UDOP 0.002 1491 .02
Communications:
Ant. Field (See written section of report under

squib power absorption)

Airborne Radiation: AN/APS-20 Radar should not be operated.
at CCMTA below 5000'

Patrick AFB

AN/FPS-20 Radar 13.9 25630 .15
AN/FPS-6 Radar 26.2 25630 .14
XN-1/FPS-16 Radar 3.62 24500 .01
AN/CPS-9 Radar 6.43 22540 .01
ANA4PN-11C (OCA) 1.3 23580 .01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are 1
meter long.

*** This information is classified; it will be supplied upon
rtquest to qualified agencies.
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TABLE V
SITE RADIATIONI ENVIRONMENT

Site: Pad 18A
Project: HETS

ERP* Distance ASP**

Radiation Source Megawatts Meters Milliwatts
00e Canaveral
AN/FPS-8 Radar 1.23 3916 .57

MOD It Radar 2.5 4861 .35
AZUSA MK I 1.0 4559 .08
AZUSA MK II 6.32 5085 .46

AN/FPQ-4 Radar on
DAMP Ship 7;6091 3.46

AN/VPS-16 Radar .2 3707 3.57
MOD IV Radar 1.57 1617 .66
BTL Radar GMCF-3 *4* 3633 .05
GE GMCF Radar:

Rate ** 1933 1,51
Track *** 1933 .91

AN/FRW-.2 C/D C/0C) o .00=4 4861 Negligible

HP C/c Bldg. 6-81585
AMR Steerable 2.0 3788 4.99
NASA Steerable NO 3788 .80
HP Helix 0.10 3788 .20

STL-AGS GE GMC F** 1933 39
ABMA DOVAP 0.002 1959 1.43
A M UDOP 0.002 1959 .01
Communications:

Ant, Field (see written section of report under
squib pbwer absorption)

Airborne Radiation: AN/APS-20 Radar should not be operated
at 0CMTA below 5000'

Patrick AFB

AN/FPS-20 Radar 13.9 26210 .14
AN/FPS-6 Radar 26.2 26210 .13
XN-l/FPS.-16 Radar 3.62 25080 .01
AN/CPS-9 Radar 6.43 23130 .01
AN/MPN-1C (GOA) 1.3 24160 '01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are 1
meter long.

*** This information is classified; it will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Pad 18B
Project: Unassigned

ERP* Distance ASP"4
Radiation Source Megawatts Meters Milliwatte
Cape Canaveral

AN/FPS-8 Radar 1.23 3791 .61
MOD II Radar 2.5 5046 .32
AZUSA MK I 1.0 4737 .08
AZUSA MK II 6.32 4961 .48
AN/FPQ-4 Radar on

DAMP Ship 77.5 5990 3.57
AN/FPS-16 Radar 28.2 3889 3.24
MOD IV Radar 1.57 1795 .54
BTL Radar GMCF-3 **3818 .05
GE GMCF Radar:

Rate *** 1948 1.49
Track *** 1948 .90

AN/IFRW-2 C/D (c/c) 0.004 5046 Negligible
HP C/C Bldg. 6-01585

AMR Steerable 2.0 3767 5.04
NASA Steerable 0NO0 3767 .81
HP Helix 0.10 3767 .20

STL-AGS 0E OMOF *' 1948 .39
ABMA DOVAP 0.002 1934 1.47
ABMA UDOP 0.002 1934 .01
Communications:

Ant. Field (See written section of report under
squib p wer absorption)

Airborne Radiationt AN/AP3-20 Radar should not be operated

at CCMTA below 5000t

Patrick APB

AN/FPS-20 Radar 13.9 26030 .15
AF/FPS-6 Radar 26.2 26030 .13
XN-1/FPS-16 Radar 3.62 24910 .01
AN/CPS-9 Radar 6.43 22960 .01
ANAMPN-11C (GCA) 1.3 23990 .01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are 1
meter long.

*** This information is classified; it will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Pad 19
Project: TITAN

ERP* Distance ASP**
Radiation Source Megawatts Meters Milliwatts
tape Canaveral

AN/FPS-8 Radar 1.23 9930 .09
MOD I Radar 2.5 2597 1.22

AZUSA MK I 1.0 1755 .55
AZUSA MK II 6.32 11040 .10

AN/FPQ-4 Radar on
DAMP Ship 77.5 11720 .93

AN/FPS-16 Radar 28.2 3556 3.88
MOD IV Radar 1.57 5050 .07
BTL Radar GMCF-3 3053 .07
GE GMCF Radar:

Rate 7093 .11
Track 7093 .07

AN/RW-2 C/D Ccc) O.O4 2597 .02
HP C/C Bldg. 6-81585

AMR Steerable 2 50 8684 .95
NASA Steerable 0N0 8684 . 15
HP Helix 0.10 8684 .04

STL-AGS GE OMCF 7093 .03
ABMA DOVAP 0,002 7451 .10
ABMA UDOP 0.002 7451 Negligible
Communications

Ant. Field (See written section of report under
squib pbwer absoption)

Airborne Radiation: AN/APS-20 Radar should not be operated

at CCMTA below 5000'

Patrick APB

AN/FPS-20 Radar 13'.9 32500 .09
AN/FPS-6 Radar 26,2 32500 .09
XN-1/FPS-16 Radar 3.62 31380 .01
AN/CPS-9 Radar 6.43 29420 .01
AN/MPN-1C (OcA) 1.3 30450 Negligible

Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are 1
meter long.

*** This information is classified; it will be supplIed upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Pad 20
Project: TITAN

ERP* Distance ASP**
Radiation Source Megawatts Meters Milliwatte
Cape Canaveral

AN/FPS-8 Radar 1.23 10420 .08
MOD I Radar 2.5 2824 1.03

AZUSA MK I 1.0 2293 .32
AZUSA MK TT 6.'32 11520 .09

AN/PPQ-4 Radar on
DAMP Ship 77.5 12150 .8'?

AN/PPS-16 Radar 28.2 3910 3.21
MOD IV Radar 1.57 5550 .06
BTL Radar GMCF-3 3486 .06
GE GMCP Radar:

Rate 7557 .09
Track 7557 .06

AN/RW-2 c/D o/c) 0.004 2824 .01
HP C/C Bldg. 1-81585
AMR Steerable 2 50 9084 .87
NASA Steerable 0.0 9084 .14
HP Helix 0.10 9084 .03

STL-AGS GE OMCF 7557 .03
ABMA DOVAP 0.002 7927 .09
ABRA UDOP 0.002 7927 Negligible
Communications:

Mnt, Field (See written section of report under
squib pbwer absoiption)

Airborne Radiation AN/APS-20 Radar should not be op-atoG
at CMTA below 5000'

Patrick APB

AN/PS-20 Radar I.9 33050 .09
AN/FPS-6 Radar 26.2 33050 .08
XN-1F/PS-16 Radar 3.62 31920 .01
AN/CPS-9 Radar 6.43 29960 .01
AN/MPN-11C (OCA) 1.3 30990 Negligible

* Effective Radiated Power: Antenna gain times average radiated
power,

** Power absorbed by a hypothetical squib whose leads are 1
meter long,

*** This information is classified; it will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Pad 21
Project: MACE and MATADOR

ERP* Distance ASP**
Radiation Source Megawatts Meters Milliwatte
.ape canaveral

AN/FPS-8 Radar 1.23 6118 .23
MOD It Radar 2.5 5007 .33
AZUSA MK I 1.0 3933 .11
AZUSA MK II 6.32 7277 .22

AN/FPQ-4 Radar on
DAMP Ship 77.5 8388 1.82

AN/FPS-16 Radar 28.2 4272 2.69
MOD IV Radar 1.57 2924 .20
BTL Radar GMCF-3 3790 .05
GE GMCF Radar:

Rate 4281 .31
Track 4281 .19

AN/FRW-2 C/D (c/cc) 0.004 5007 Negligible
Hi C/C Bldg. 6-81585

AMR Steerable 2.0 6171 1.88
NASA Steerable 0: 6171 .30
HP Helix 0.10 6171 .08

STL-AGS GE OMCF 4281 .08
ABMA DOVAP 0.002 4349 .29
ABMA UDOP 0.002 4349 Negligible
Communioationst

Ant. Field (See written seotion of report under
.squib pbwer absoiption)

Airborne Radiation: AN/APS-20 Radar should not be operated

at CCMTA below 5000'

Patrick AFB

AN/FPS-20 Radar 13.9 27610 13
AN/FPS-6 Radar 26.2. 27610 .12
XN-!/FPS-16 Radar 3.62 26510 .01
AN/CPS-9 Radar 6.43 24610 .01
ANA4PN-IIC (GCA) 1.3 25660 .01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are 1
meter long.

*** This information is classified; it will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Pad 22
Project: MACE and MATADOR

ERP* Distance ASP**
Radiation Source Megawatts Meters Milliwatte
ape Canaveral

AN/FPS-8 Radar 1.23 6223 .23

MOD I Radar 2.5 4970 .33

AZUSA MK I 1.0 3868 .11

AZUSA MK II 6.32 7383 .22

AN/FPQ-4 Radar on 1.78
DAMP Ship 77.5 49Q :7

AN/FPS-16 Radar 28.2
MOD IV Radar 1.57 2961 .20

BTL Radar GMCF-3 3762 .05

GE GMCF Radar:
Rate 4360 .30

Track 4360 .18

AK/FRW-2 C/D (C/C) 0.004 4970 Negligible

HP C/C Bldg. -852.
AMR Steerable 2. 0 6255 .83

NASA Stcerable 0. 40 6255 .29

HP Helix 010 6255 .07
STL-AGS GE GMCF 4360 .08

ABMA DOVAP 0.002 4436 .28

ABMA UDOP 0.002 4436 Negligible
Communications:

Ant. Field (See written seotion of report under,
squib pbwer absoption)

Airborne Radiation: AN/APS-20 Radar should not be operated

at CCMTA below 5000'

Patrick APB

AN/FPS-20 Radar 13'.9 27720 .13
ANRFaS-6 Radar 26.2. 27720 .12
XN-1/FPS-I6 Radar 62 26620 .01

AN/CPS.9 Radar .43 24710 .01
AN/MPN-110 (oCA) 1.3 25770 .01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power abso.rbed by a hypothetical squib whose leads are 1
meter long.

* This information is classified; it will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Pad 25A
Project: POLARIS

ERP* Distance ASP**
Radiation Source Megawatts Meters Milliwatts
Cape Canaveral

AN/FPS-8 Radar 1.23 1486 3.95
MOD I Radar 2.5 6720 .18
AZUSA MK I 1.0 6791 .04
AZUSA MK II 6,32 2656 1.68
AN/FPQ-4 Radar on

DAMP Ship 77.5 3741 9.17
AN/FPS-16 Radar 28.2 5469 1.64
MOD IV Radar 1.57 3516 14
BTL Radar GMCF-3 *4* 5640 .02
GE GMCF Radar:

Rate ** 1809 1.72
Trauk *** 1809 1.04

AN/FPR-2 C/D (c/C) 0.004 6720 Negligible
HP C/C Bldg. 6-81585
AMR Steerable 2.0 2363 12.81
NASA Steerable 0N0 2363 2.05
HP Helix 0,10 2363 .51

STL-AGS GE GMCF *** 1809 .45
ABMA DOVAP 0.002 1384 2.87
ABA UDOP 0.002 1384 03
Communications:

Ant. Field (See written section of report under
squib power absorption)

Airborne Radiation: AN/APS-20 Radar should not be operated

at CCMTA below 5000'

Patrick AFB

AN/FPS-20 Radar 13.9 24030 .17
AN/FPS-6 Radar 26.2 24030 .16
XN-I/FPS-16 Radar 3.62 22900 .01
AN!CPS-9 Radar 6.43 20920 .02
ANiMPN-llC (OCA) 1.3 21940 .01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are .
meter long.

*** This information is classified; it will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Pad 25B
Project: POLARIS

ERP* Distance ASP**
Radiation Source Megawatts Meters Milliwatts
Cape Canaveral

AN/FPS-8 Radar 1.23 1342 4.84
MOD IX Radar 2.5 6855 .17
AZUSA MK I 1.0 6936 .04
AZUSA MK II 6.32 2512 1.88
AN/FPQ-4 Radar on

DAMP Ship -7.5 3610 9.84
AN!FPS-16 Radar 21.2 5603 1.56
MOD IV Radar 1.57 .12
BTL Radar GMCF-3 .02
GE GMOF Radar:

Rate 1919 1,53

Track 1919 .92
AN/FRW-2 C/D (C/C) 0.004 6855 Negligible
HP C/C Bldg. 6-81585
AMR Steerable 250 2352 12.93
NASA Steerable 0:40 2352 2.07
HP Helix 0.10 2352 .52

STL-AOS OE OMCF 1919 .40
ABMA DOVAP 0.002 1491 2.47
ABMA UDOP 0.002 1491 .02
communicatons:

Ant. Field (See written section of report under
squib power absorption)

Airborne Radiation: AN/APS-20 Radar should not be operated

at OCMTA below 5000

Patrick AF

AN/FPS-20 Radar 13.9 23900 .17
AN/FPS-6 Radar 26.2 23900 16
XN-1/FPS-16 Radar 3.62 22760 .01
AN/CPS-9 Radar 6.43 20780 .02
ANA4PN-1C (GOCA) 1.3 21800 ".01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are 1
meter long.

*** This information is classified; it will be supplied upon
request to qualified agencies.

68



PART I - ORDNANCE
July 1961

TABLE V
SITE RADIATION ENVIRONMENT

Site: Pad 26A
Project: JUPITER

ERP* Distance ASP**
Radiation Source Megawatts Meters Milliwatts
Cape Canaveral

AN/FPS-8 Radar 1.23 2920 1.02
MOD X1 Radar 2.5 5373 .28
AZUSA MK I 1.0 5338 .06
AZUSA IK II 6.32 4081 .71
AN/FPQ-4 Radar on

DAMP Ship 77.5 5047 5.04
AN/PS-16 Radar 28.2 4141 2.86
MOD IV Radar 1.57 2099 .39
BTL Radar OMCF-3 4235 .04
GE 0MCF Radar:

Rate 1147 4.29
Traok 1147 2.58

AN/FRW-2 C/D (c/c) o=4 5373 Negligible
HP C/C Bldg. 6-81585
AMR Steerable 12? C 2821 8.99
NASA Steerable 0,40 2821 1.44
HP Helix 0.10 2821 .36

STL-AOS 0E GMCF 1147 1.11
ABMA DOVAP 0.002 1005 5.44
ABMA UDOP 0.002 1005 .05
Communioatonsu
Ant. Field (See wrItten section of report under

squib power Abso'ption)

Airborne Radiation AN/APS-2O Radar should riot be oprat e
at CCM'TA below 5000'

Patrlck AFB

AN/?PS-20 Radar 14.9 25450 .15
AN/FPS-6 Radar 26.2. 25450 .14
XN-1/FPS-16 Radar 3.62 21320
AN/CPS-9 Radar 6.43 22350
AN/MPN-IIC (OCA) 1.3 23370 .01

* Effective Radiated Power: Antenna gain times average radiated
power.

•** Power absorbed by a hypothetical squib whose leads are 1
meter long.

S** This information is classified; it will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Pad 26B
Project: NASA Projects

ERP* Distance ASP**
Radiation Source Megawatts Meters illiwatts
Cape Canaveral

AN/FPS-8 Radar 1.23 2762 1.14
MOD I Radar 2.5 5510 .27
AZUSA MK I 1.0 5493 .06
AZUSA MK II 6,32 3924 .77
AN/FPQ-4 Radar on

DAMP Ship 7.5 4897 .35
AN/FPS-16 Radar 28 .2 4274 2.69
MOD IV Radar 1.57 2245 .34
BTL Radar GMCF-3 4381 .04
GE GMOF Radar:

Rate 1137 4.37
Track 1137 2.63

AN/FRW-2 C/D C/c) 0.004 5510 Negligible
HP C/C Bldg. 2681585
AMR Steerable 2.0 2728 962
NASA Steerable 0.40 2728 1. 54
HP Helix 0.10 2728 .38

STL-AGS GE GMCF 1137 1.13
ABMA DOVAP 0.002 937 6.25
ABRA UDOP 0.002 937 o06
Communications:

Ant. Field (See written section of report under
squib power abso'ption)

Airborne Radiation: AN/APS-20 Radar should not be operated

at CCMTA below 5000'

Patrick AFB

AN/FPS-20 Radar 13.9 25300 .16
AN/FPS-6 Radar 26.2 25300 .14
XN-1/FPS-16 Radar 3.62 24170 .01
AN/CPS-9 Radar 6.43 22200 .01
AN?/MPN-IIC (OCA) 1.3 23220 .01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are 1
meter long.

*** This information is classified; it will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Pad 29
Project: POLARIS

ERP* Distance ASP**
Radiation Source Megawatts Mete.,s Milliwatts
Cape Canaveral

AN/FPS-8 Radar 1.23 1199 6.07
MOD It Radar 2.5 6984 .17

AZUSA MK 1 1.0 7078 .03
AZUSA MK 1I 6.32 2368 2,12

AN/FPQ-4 Radar on
DAMP Ship 7;.5 3478 10.60

AN/PS-16 Radar 28.2 5731 1,49
MOD IV Radar 1.57 3797 .12
BTL Radar OMCF-3 5916 .02
GE OMOF Radar:

Rate 2026 1.37
Track 2026 .83

AN/FRW-2 C/D (0C/) 0.004 6984 Negligible
HP C/C Bldg. 6-81585

AMR Steerable 2 50 2340 13.06
NASA Steerable NO 2340 2.09
HP Helix 0.10 2340 .52

STL-AGS GE OMCF 2026 .36
ABMA DOP 0.002 1597 2.1
AEMA UDOP 0.002 1597A
Communications:

Ant. Field (See written section of report under
.squib power absoi'ptlon)

Airborne Radiationt AN/APS-20 Radar should not be operated
at CGMTA below 5000'

Patrick APB

AN/?PS-20 Radar 13'.9 23760 .18
AN/FPS-6 Radar 26.2 23760 .16
XN-/FPS-16 Radar 3.62 22630 o01
AN/CPS-9 Radar 6.43 20640 .02
AN/MPN-llC (OcA) 1.3 21670 .01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are 1
meter long.

*** This information is classified; it will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Pad 30A
Project: PERSHING

ERP* Distance ASP**
Radiation Source Megawatts Meters Milliwatt
Cape Canaveral

ANfPS-8 Radar 1.23 2080 2.02
MOD II Radar 2.5 5906 .24

AZUSA MK I 1.0 6104 .05
AZUSA MK XI 6.32 3193 1.16
AN/PQ-4 Radar on

DAMP Ship 7;- 4651 2.27
ANIFPS-16 Radar 224651 2.27
MOD IV Radar 1.57 2803 .22
BTL Radar OMCF-3 4880 .03
OE OMC? Radart

Rate 913 6.77
Track 913 4.08

AN/IW-P 0/D (Olc/c)' o.o4 5906 Negligible
HP C/C Bldg. b-81585

AMR Steerable ;250 1876 20.34
NASA Steerable 0. 1876 3.25
HP Helix 0.10 1876 .81

STL-AGS GE OMOF 913 1.76
ABMA DOVAP 0.002 484 23.43
ABMA UDOP 0.002 484 .20
Communications
Ant, Field (See written section of report under

squib pbwer absorption)

Airborne Radiation: AN/APS-20 Radar should not be operated

at CCMTA below 5000'

Patrick AFB

AN/FPS-20 Radar 13'.9 24830 .16
AN/IFPS-6 Radar 26.2 24830 .15
XN-1/FPS-16 Radar .62 23690 .01
AN/CPS-9 Radar 9.43 21700 .01
AN/MPN-IIC (OA) 1.3 22720 .01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are I
meter long.

*** This information is classified; it will be supplied upon
request t qualified agencies.
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TABLE V
SIT RADIATION ENVIRONMENT

Site: Pad 30B
Project PERSHING

ERP* Distance ASP*
Radiation 3ource Megawtts Me1eas Milliwatte
Ma uaaveral7

AN/FPA"8 Radar 1.23 1921 2.36

MOD I Radar 9.5 6057 .22

AZUSA MK 1 1.0 6264 ,04
AZUeA MK I 6.32 3032 1.29

AN/FPQ-4 Radar or3
DAMP Ship 73900 8.43

AN/PPS-1l6 Radar 28.248123
MOD IV Radar 1.57 2964 .20

BTL Radar GMCF-3 * 5037 .03
OE OMCF Radari

Rate * 1044 5.18

Track .,* 1044 3.12
AN/RW-2 C/DJc/C } 0 .00k 6057 Negligible
HP C/CBldg.1.,-81565

AMRC Seerable 2 P 1807 21.90
NASA Steerable 0:40 1807 3.50
HP Helix 0.10 1

STL-AGS 0E OMCF 
10*

ABMA DOVAP O,002 714fl
ABXA UDOP Q.002 73
Communioationst I
Ah. Field (See written section of report under

squib pbwer absorption)

Airborne Radiations AN/APS-20 Radar should not be operated

at QQMTA below 5000'

Patrick APB
AN/PPS-20 Radar 13.9 24680 .16

AN/FP-6 Radar 26,2 24680 .15
XN..l/FPS..16 Radar ~ : 2 21550 .01
AN/CPS-9 Radar 3 21550 .01
AN/MPN-llC (OCA) 1.3 22570 .01

Effective Radiated Power: Antenna gain times average radiated
power,

*0 Power absorbed by a hypothetical squib whose leads are I
meter long.

0 This information is classified; it will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Pad 31
Project: MINUTEMAN

ERP* Distance ASP**
Radiation Source Megawatt.s Meters Milliwatts
Cape Canaveral

AN/FPS-8 Radar 1.23 4270 .48
MOD It Radar 2.5 5013 .33
AZUSA MK I 1.0 4528 °08
AZUSA MK 1I 6,32 5439 .40
AN/FQ-4 Radar on

DAMP Ship 77.560433
AN' PS-16 Radar 282 3926 3.18
MOD IV Radar 1.57 1916 .47
BTL Radar 0MCP-3 3753 .05
0G O4CP Radar:

Pate 2478 .92
Track 2478 .55

AN/PRW-2 C/D (C/C) o.04 5014 Negligible
HP C/C BldS.6-81585
AMR Steerable 2 50 4315 3.84
NASA Steerable 0N0 4315 .61
HP Helix 010 4315 .15

STL-AGS GE OMCF 2478 .24
ABMA DOVAP 0,002 2483 .89
ABMA UDOP 0.002 2483 .01
Communications:
Aht. Field (see written seotion of report under

squib pbwer abpr!ption)

Airborne Radiation: AN/APS-20 Radar should not be operated
at OMT0A below 5000'

Patrick AFB

AN/FPS-20 Radar 13.9 26310 .14
AN/PS-6 Radar 26.2 26310 .13
XN-1/FPS-16 Radar 3.62 25190 .01
AN/CPS-9 Radar 6.43 23250 .01
AN/APN-IIC (OCA) 1.3 24290 .01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are 1
meter long.

*** This info:nmation is classified; it will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Pad 32
Project: MINUTEMAN

ERP* Distance ASP *

Radiation Source Megawatts Meters Mil:liwatt"
Cape oanaveral

AN/FPS-8 Radar 1.23 4524 .43
MOD I Radar 2.5 4797 .36
AZUSA MK I 1.0 4266 .09
AZUSA MK II 6.32 5693 .37
AN/FPQ-4 Radar on

DAMP Ship 77,5 6740 2.82
AN/FPS-16 Radar 28.2 3738 3.51
MOD IV Radar 1.57 1787 .54
BTL Radar OMCF-3 3530 .05
GE OMCF Radar:

Rate 2603 .83
Track 2603 .50

AN/P.vRW-2 C/D (C/C) O.OO4 4797 Negligible
HP C/C Bldg. 6-81585
AM Steerable 2 50 4474 3.57
NASA Steerable 0N40 4474 .57
HP Helix 0 10 4474 .14

STL-AQS 0E 0MCF ## 2603 .22
ABMA DOVAP 0,002 2647 .78
ABMA UDOP 0,002 2647 .01
Communioations:

Aht. Field (See written section of report under
sqi.ib pbwer absoption)

Airborne Radiation: AN/APS-20 Radar should not be operated

at CCMTA below 5000'

Patrick AFB

AN/?PS-20 Radar 13.9 26590 .14
AN/VPS-6 Radar 26,2 26590 .13
XN-l/PPS-16 Radar 3,62 25470 .01
AN/PPS-9 Radar 6.4,3 23530 .01
AN/MPN-1lC (OcA) 1.3 24570 .01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are I
meter long.

* This information is classified; it will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Pad 34
Project: SATURN

ERP* Distance ASP**
Radiation Source M eawatts Meters Milliwatt.
Cape Canaveral

AN/PPS-8 Radar 1.23 11090 .07
MOD I Radar 2.5 3238 78
AZUSA MK I 1.0 3116 .17
AZUSA MK II 6.32 12160 .08
AN/PPQ-4 Radar on

DAMP Ship 7;.5 12720 o79
AN/IFPS-16 Radar 28. 4442 2.49
MOD IV Radar 1.57 6260 .04
BTL Radar OMCF-3 * 4138 04
GE OMOP Radar:

Rate 8193 .08
Track 8193 .05

AN/FRW-2 Ci cZc) 0.004 3238 .01
HP C/C Bldg. 6-81585

AMR Steerable 2 50 961.0 .77

NASA Steerable 0N/LO 9610 o12
HP Helix 0.10 9610 .03

STL-AGS 01 0MCF 8193 ,02
ABMA DOVAP 0.002 8581 .017
ABMA UDOP 0.002 8581 Negiiglble
Communications:

Ant. Field (See written section of report under
squib pbwer absorption)

Airborne Radiationi AN/APS-20 Radar should not be operated

at CCMTA below 5000'

Patrick APB

AN/FPS-20 Radar 13.9 33800 .09
AN/FPS-6 Radar 26,2, 33800 .08
XN-/FPS-16 Radar 3.62 32670 .01
AN/CPS-9 Radar 6.43 30690 .01
AN/MPN-llC (OCA) 1.3 31720 Negligible

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are 1
meter long.

** This information is classified; it will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Pad 36
Projeot.- CENTAUR

ERP* Distance ASP**
Radiation Source Menawatts Meters Milliwatts
cape Canaveral

AN/FPS-8 Radar 1,23 7178 .17
MOD 11 Radar 2.5 4291 .45
AZUSA MK I 1.0 2944 .19
AZUSA MR II 6,32 34 8 17
AN/FPQ-4 Radar on

DAMP Ship go 9378 1.46
AN/FPS-16 Radar 2 .2 3855 3.30
MOD IV Radar 1.57 3186 .17
BTL Radar OMF-3 3227 .07
OE OM0F Radar&

Rate 4982 .23
Track 4982 .14

AN .RW-2 C/D (0/C)8 0.004 4291 .01
HP C/C Bldg. 5-B1585
AMR Steerable 2 50 6896 1o50
NASA Steerable 0:0 6896 .24
HP Helix 0.10 6896 o06

STL-AGS O OMOF 4982 .06
ABMA DOVAP 0,002 5145 .21
ABNA UDOP 0.002 5145 Negligible
Communioationsu
Ant. Field (See written section of report under

squib power abso'ption)

Airborne Radiation AN/APS-20 Radar should not be operated

at CCMTA below 5000'

Patrick AFB

AN/FPS-20 Radar 13.9 28910 .12
AN/FPS-6 Radar 26.2. 28910 .11
XN-I/FPS-16 Radar 3.62 27810 .01
AN/CPS-9 Radar 6.43 .25900 .01
AN/MPN-IIC (OCA) 1.3 26950 .01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are 1
meter long.

.** This informat on is classified; it will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Hangars E & F
Project: All Projects

ERP* Distance ASP**
Radiation Source Megawatts Metrs Milliwatti
Cape Canaveral

AN/FPS-8 Radar 1.23 7012 .18
MOD II Radar 2.5 964 8.85

AZUSA MK I 1.0 2081 .39
AZUSA MK II 6.32 8028 .18

AN/FPQ-4 Radar on
DAMP Ship 77.5 8528 1

AN/FS416 Radar 28.2 382 336:4i
MOD IV Radar 1.57 2479 .28
BTL Radar OMCF-3 921 .81
OE OMOF Radar:

Rate 4098 .34
Track 4098 .20

AN/FRW-2 C/D c/c) o.oo04 964 12
HP c/C Bldg. 6-81585

AMR Steerable 2.50 5414 2.44
NASA Steerable 0 5414 .39
HP Helix 0.10 5414 .10

STL-AOS GE OMCF 4098 .09
ABMA DOVAP 0.002 4510 .27
ABMA UDOP 0.002 4510 Negligible
Communications:
Ant. Field (See written section ot report under

squib pbwer absorption)

Airborne Radiation: AN/APS-20 Radar, should not be operated
at CCMTA below 5000'

Patrick APB

AN/FPS-20 Radar 13.9 29800 .11
AN/FPS-6 Radar 26.2. 29800 .10
XN-I/FPS-16 Radar 3.62 28660 .01
AN/CPS-9 Radar 6.43 26660 .01
AN/APN-ilC (OcA) 1.3 27670 .01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are I
meter long.

*** This information is classified; it will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Hangars N and U
Project: All Projects

ERP* Distance ASP**
Radiation Source Megawatts Meters Milltwatts
ave Canaveral

AN/FPS-8 Radar 1.23 8087 .13
MOD Il Radar 2.5 620 21.39

AZUSA MK I 1.0 2256 o33
AZUSA MK IT 6.32 9071 .14

AN/FPQ-4 Radar on
DAMP Ship 71.5 9493 1,42

AN/FPS-16 Radar 2 .2 1512 21.45
MOD IV Radar 1.57 3616 .13
BTL Radar GMCF-3 1769 .22
GE GMCF Radar:

Rate 5183 21

Track 5183 .13
AN/RW-2 C/D (C/C) 0.004 620 .30
HP C/C Bldg. 6-81585

AMR Steerable 2.50 6361 1 77
NASA Steerable 0.40 6361
HP Helix 0.10 6361 .07

STL-AGS GE GMCF 5183 o05

ABMA DOVAP 0.002 5603 .17
ABM UDOP 0.002 5603 Negligible
Communications:

Ant. Field (See written section of report under
squib power absorption)

Airborne Radiation: AN/APS-20 Radar should not be operated
at CCMTA below 5000'

Patrick AFB

AN/FPS-20 Radar 13.9 30880 O0
AN/FPS-6 Radar 26.2. 30880 .10
XN-1/FPS-16 Radar 3.62 29730 .01
AN/CPS-9 Radar 6.43 27730 .01
AN/MPN-11C (OCA) 1.3 28740 01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are I
meter long.

* This information is classified; it will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Hangar Y
Project: POLARIS

ERP* Distance ASP**
Radiation Source Megawatts Meters Milliwatte
Cape Canaveral

AN/FPS-8 Radar 1.23 1-343 4.84
MOD It Radar 2.5 6614 19
AZUSA MC I 1.0 6870 .04
AZUSA MY 11 6.p 2421 202
AN/FPQ-4 Radar on 3292 1184

DAMP Ship 7;- 3 171
AN/FPS-16 Radar 2.2 5360 1-71.
MOD IV Radar 1.57 3572 .14
BTL Radar GMCF-3 5625 02
GE OMCF Radar:

Rate 1572 2.28
Track 1572 1.38

AN/FRW-2 c/D (c/c) 0.004 6614 NeglJigible
HP C/C Bldg. 6-81585
AMR Steerable 2.0 1607 2772
NASA Steerable 0:40 1607 4.43
11P Helix 0.10 1507 1.5I

STL-AGS GE GMCF 1572 59
ABMA DOVAP 0.002 1174 3-98
ABMA UDOP 0.002 1i74 .04
Communications:

Ant. Field (See written section of report under
squib power absorption)

Airborne Radiation: AN/APS-20 Radar should not be operated

at CCMTA below 5000'

Patrick AFB

AN/FPS-20 Radar 13.9 24130 .17
AN/FPS-6 Radar 26.2. 24130 -.16
XN-l/FPS-16 Radar 3.62 22990 01
AN/CPS-9 Radar 6.43 20990 o02
AN/MPN-IlC (OCA) 1.3 22000 o01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are 1
meter long.

*** This information is classified; iL will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: MINUTEMAN Assembly Buildings
Projeot: MINUTEMAN

ERP* Distance ASP**
Radiation Source Megawatts Meters Milliwatts
Gape Canaveral

AN/FPS-8 Radar 1.23 5337 .31
MOD It Radar P. 5 2620 1.20

AZUSA MK I 1.0 3130 017
AZUSA MIK I 6.32 6374 .29
AN/PPQ-4 Radar on

DAMP Ship 6951 2.65
ANi PS-16 Radar 28.2 1365 26.32
MOD IV Radar 1.57 1058 1.55
BTL Radar OMCF-3 1737 .23
GE OMCF Radar:

Rate 2422 .96
Track 2422 .58

AN/FRW-2 C/D (C/c) 0.004 2620 .02
HP C/C Bldg. 6-81585

AMR Steerable 2 50 3895 4.71
NASA Steerable :O4 3895 .75
HP Helix 0.10 3895 .19

STL-AGS GE GMCF 2422 .25
ABMA DOVAP 0.002 2829 .69
ABMA UDOP 0.002 2829 .01
Communications:

Ant. Field (See written section of report under
squib power absorption)

Airborne Radiation: AN/APS-20 Radar should not be operated
at CCMTA below 5000'

Patrick AF1B

AN/FPS-20 Radar 13.9 28120 .13
ANIFPS-6 Radar 26.2 28120 ILI
XN-1/FPS-16 Radar 3.62 26980 .01
AN/CPS-9 Radar 6.43 24990 .01
AN/4PN-IIC (GCA) 1.3 26000 .01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are 1
meter long.

* This information is classified; it will be supplied upon
request; to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site: Hangar C
Project: All Projects

ERP* Distanoe ASP**
Radiation Source Megawatts Meters Milliwatts
Oavnaeral

AN/FPS-8 Radar 1.23 5875 .25
MOD 11 Radar 2.5 4939 034

AZUSA MK I I.0 3938 o11
AZUSA MK 13. 6.32 7030 .24
AN/FPQ-4 Radar on

DAMP Ship 77.5 8139 1.94
AN/FPS-16 Radar 28.2 4152 2.85
MOD IV Radar 1.57 2716 .24
BTL Radar GMCF-3 *** 3703 .05
GE GMCF Radar:

Rate ** 4028 .35
Track *** 4028 21

AN/FRW-2 0/D (c/c) 0.004 4939 Negligible
HP C/C Bldg. 6-81525

AMR Steerable 2.0 5916 2o 04
NASA Steerable 0 O 5916 °33
HP Helix 0.10 5916 .08

STL-AGS GE GMCF *** 4028 .09
ABMA DOVAP 0.002 4094 .33
ABMA UDOP 0.002 4094 Negligible
Communications:

Ant. Field (See written section of report under
squib power absorption)

Airborne Radiation: AN/APS-20 Radar should not be operated

at CCMTA below 5000'

Patrick AFB

AN/FPS-20 Radar 13.9 27450 o13
AN/FPS-6 Radar 26.2 27450 .12
XN-I/FPS-16 Radar 3.62 26350 .01
AN/CPS-9 Radar 6.43 24440 ..01
AN/MPN-IIC (OCA) 1.3 25490 .01

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbed by a hypothetical squib whose leads are 1
meter long.

*** This information is nlassified; it will be supplied upon
request to qualified agencies.
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TABLE V
SITE RADIATION ENVIRONMENT

Site. DeI" EC /Rea
Project: All Prnec~s

ERP* Distance ASP**
Radiation Source Megawatts Meters M11iwatt .
Cape Canaveral

AN/FPS-8 Radar 1.23 " 0 07
MOD 1I Radar 2.5 .85

AZUSA MK I 1.0 1,166 13
AZUSA MK IT 6.32 . "i Win
AN/FPQ-4 Radar on

DAMP Ship 77.5 24
AN/FPS-16 Radar 2 .2 2 67
MOD IV Radar 1.57 i, 04
BTL Radar GMCF-3 04
GE GMCF Radar:

Rate 09
Track 05

AN/FHW-2 C/D (CcC) o=04 .3;
HP C/C Bldg. 6-81585
AMR Steerable 2.50
NASA Steerable 0.40 ,
HP Helix 0.10 .03

STL-AGS GE GMCF W.* 5 02
ABMA DOVAP 0.002 P 477 of
ABMA UDOP 0.002 9'
Communications:

Ant. Field (See written section of report under
squib power absorption)

Airborne Radiation: AN/APS-20 Radar should not be operated

at CCMTA below 5000'

-4tr.1k AFB

AN/FPS-20 Radar 13.9 397C0 09
AN/FPS-6 Radar 26.2 336 OP
XN-1/FPS-16 Radar 3,62 32620 .0

AN/CS-9 Radar 6.43 3063 Oi
AN/MPN-IIC (OCA) 1.3 .3 6 4 9 Negi gtble

* Effective Radiated Power: Antenna gain times average radiated
power.

** Power absorbcd by a hypothetical squib whose leads are 1
meter long.

*** This information is classified; it will be supplied upon
request to qualified agencies.
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ABSTRACT

This paper presents a method of determining the factors used to
determine the probability that a specified critical power density
level in the vicinity of a launch pad may be exceeded by the cumu-
lative effect of various electronic instruments during a four-hour
critical period. For the specific pad investigated, the critical
level can be exceeded by the concurrent Illumination by one domi-
nant radar source and either one of two other radars, but at a
probability 1v1 Tovf c.wIv 1O-7 or less,,
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PROBABILITY OF ACCIDENTAL IGNITION OF ELECTITC SQUIBS
4 BY RADIO FREQUENCY ENERGY

PURP(SE:

This paper attempts to obtain a quantitative estimate of the danger of acci-
dental squib ignition by R. F. energy emanating from electronic Instruments;
and to develop a method whereby estimates of the probability of accidental
ignition can be computed readily for various launching pads.

INTRODUCTION:

During a period of four hours prior to launch, it is necessary to expose
electric squibs to electromagnetic radiation from surrounding instruments
while each squib is removed from its metal container, hand carried, and
finally installed inside a missile. For the sake of simplicity and uniformity,
the squib's leads are assumed to form a receiving antenna one meter on a
side ( I m facing all directions). The critical power density sufficient to
ignite the squib is specified by the manufacturer as 125 milliwatts per square
meter. The power density of each ra.diating instfument, measured in the
same units at the target, has been computed. Assuming that these quantities
are additive, the problem is to determine the probability that the combined
radiations exceed the critical limit.

SCOPE AND LIMITATIONS:

In order to speak of the probability of an occurrence, here the probability
of accident, P(A), or the probability of exceeding the critical limit, it is
necessary to define the extreme conditions (when accident can .and cannot
happen), and the assumptions involved. In the latter, the theoretical estimate
will tend to favor reducing the chance of "calling a situation safe" when it is
unsafe, as compared to the chance of "calling a situation unsafe" when it is
safe. Hence, the theoretical estfmates tend to be conservative by factors of
safety which may reach 100 or possibly higher.

Al
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Critical Condlons

a. If the power density at the target (vicinity of pad) Is less thAn the
critical value, the squib is assumed safe, le.., P(A) = 0.

b. If the power density exceeds the rriical value, even for periods
as short. as i few microseconds, the squib will ignite, I. e. , P(A)=Lo

Simplifying Assumptions.

a. The critical level is assumed constant ond known. Actually, one or
more sub-critical transients may be followed by one above the
critical level and the squib may not fire (1). The duration of the It. F,
energy may be too short to fire, or a portion of the energy is
diss,pated during a prolonged illumination and the squib fails to fire.
There are thus numerous variables which affect Ignition, hence the
critical level Is a fuzzy line rather than a precise mathematical
quantity.

b. It is assumed that conditions which might lead to accidental ignition,
e. g. accidental shock, high temperature, static electricity, etc,,
are not present. Actually, their existence tends to reduce the
critical level temporarily and thereby may increase the probability
of accidental firih-g..

c. It is likely that the exposure of squibs is of short duration, a. matter
of minutes, compared with the assumed critical period of four hours.
Hence the joint probability of dangerous illuminatiun and presence of
an exposed squib is actually less than if the squib were exposed
continuously,

d. The favorable orlen,.ation of the "one meter antenna" to two or more
instruments at different locations at the same time s convenient for
theoretical estim.es of exposure time. But the addition of several
power densities is not valid, hence the actual probability of the
combined power level is considerably less than theoretical.

A2
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THE PROBABILITY MODEL.

Elemental Quanties-

The radiation of any Instrument. a seen by the target has two quantities
associated with It: a positive magnitude of R. F energy and a time interval
during which the tsrget Is Illuminated. The time interval may be classified
as continuous, pulsating, or a spike at a random instant. The first is constant
and continuous over the entire critical pcriod. The pulsating type is analogous
to the positive half of a square wave with amplitude equal to the power density
and time interval equal to one-half the period.. The last one's duration is but
a fraction of Ra second.

Elemental Probabilities.

The probability of illumination by any instrument may be taken as the time
average or ratio of the total duration of illumination and the total critica'
period. Thus for the "Ith" instrument:

Pi (t) ;,t t (sec) (1)

-T7T 0-(sec)

If there are n positive instances of duration At:

Pi (t) = n (At/l.44) 10- 4  (2)

a. For the instrument. continuously on target, P(t) = 1.

b. For the pulsating instrument, the total duration is half the
critical period, hence, P(t) = 0.5°

c. For the random sweep by a radar (such as may occur during
a r'andom sweep past the target while moving to or from the
boresight tower) the probability is governed by the duration
of illumination during a sweep and the expected number of
sweeps, Equation 2.

Figure I illustrates power density versus critical period at a typical launch
pad. Q, is continuous and constant, Q2, Q3 and Q4 represent three radars
each with eight sweeps at random Intervals. A pulsating Anstrument would
appear as a square wave with duration equal to half a period.

A4



ANNEX A
July 1961
PRage A5

The most prevalent electronde g 'ar present, rtdar, As considered to have a
definite beam width, a constfant rate as It sweeps past t.he target, and a random
instant when At sweeps over the target. The target. is represented by one
meter width and subtends an angle that is inversely proportional to the distance
between. instrument and pad. The dura.tion of Ullumination is: (See Fig. 4)

A 0V 4 Os (3)

Where: 0 b denotes beam width of radar, in mils

as = 1/r 1000 (mils)i and r dpnnt.q diRtanep In meters

..) = nominal sweep rate, 5° /se e l00 mils/sec

If the expected number of sweeps during the critical period is n, then:

PI (t) - n, c i  10- 4  (4)

Where: c1  = At/i. 44

1. 44 104 denotes the number of seconds in 4-hour
critical period

C ombinations,

Since the power density level of any instrument is less than the critical level
(those exceeding it are silenced), it will take the combined effect of two ur
more instruments to exceed the critical value. Since the effect of continuous
power density is to reduce the tolerance between other instruments and the
critical value, (or what amounts to the same thing, it probability is unity)

revise-d crtclvalue may b^ used:

Q' crit Qcrit - Ql (5)

Where: Q1 denotes the sum of instruments with continuous
illumination.

Although the power densities of two (or more) instruments are additive, the
chance illumination is a product of the two (or more) element.s! probabilities:

P(2,3) = P2 (t. P 3 (t) (6)

A5
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4[ P(i,J, .,..k) r' I (t)-Pj M ...o P01~t (7)

This means that the probability of exceeding the critical limit (revised),
depends on all possible combinations which can combine to exceed the limit.
Thus:

P(A) = P(2,3) +P(3,4)+ o°. P(i,J,.o.k) (8)

In order to simplify the process further, It Is convenient to adopt a series
and parallel circuit analogy (2): See Figure 2.

Series.

If success depends on concurrent occurrence of two events that are independ-
ent of each other, I.. e, Q2 + Q3 , with probabilities Pq(t) and P 3 (t):,
respectively:

P(a) = P2 (t)'P 3 (t) (9)

Parallel.

If success depends on the occurrence of either or both events, Q2 or Q4 :

P(2,4) I - q2 q4  (10)

Where: qi= I-p,

But: q2 q4  (l-p2) U-P4) - P2-P4 +P2 P 4

Substituting in Equation 10:

P(2,4) 1- (l-P 2 .-P4 +p 2p 4 )

Or P(2,4) =P 2 
+ P 4 - P 2 P 4  (11)

Series -Parallel.

If success depends on an alternative of two occurrences concurrent with a
third event, then:

Pc) =F 3(P2 + P4 - P 2 P4 ) (12)
These probabilities are associated with the power densities listed in the table
and diagram in Figure 3.

P(d) = P3 (P5  P6 ) (13)

P(e) P3 (P 2 'PP k)  (14)
A7
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i Randon Sweeps of fltdprs..

For the special condition when the probability of illumination is a joint event
of one radar (Q3), and an alternative (either one or both) illumination by one
of two radars (Q2 or Q4 ), the probability is given by Equa i.on 12. Now, if
the sweeps continue at random times but their number during a four-hour
critical period is taken as a pa-rameter n, then by substituting Equation 4 in
Equation 12:

P(A) [n 2c 2 + n4c4)10"4 -(n 2e 2 n4 c4 )l0-8l n3 c310 4  (16)

P(A) 0 when rg,'- 0. This means that if radar Q3 is not
present, for the case considered, the chance of
exceeding the critical power density and therefore
the probability of accident Is zorn. P(A) = 1 when:

n2 c2  nc = n4 c4 S 104

Sample Results Compu0-,,r for aTpical Pad..

The array of radiating ir-truments and their respective power density levels
:arp listed In Table 1. Except for a number of low-power Instruments which
ire treated as continuous and constant, they are radars.. The coutinuous
power density levl p rm#ts s.veral alternative cases which exceed the critical
level (Table 2), but. only Case 1 need be considered significant. Since Case 1
consists of radars only, P(A) may be related directly to random sweep rate,
Equation 16.

Table 3. Probability of 3 radars illuminating target as a function of N.

(N = n 2 = n 3 = n 4 Random sweeps during 4-.hour period)

N P(A)-1O8

i O 09 40 81
10 9.40 69 56

100 939_ 57 54 66

All



rf- 4t. A"S O..'.W ( ' (,C;/vLf~ TM

0/IRArltiV OAb S5fYIdfX(ln ~/' O.Avt iA6 o,'4A''

memKA W~, M/s

SQUIR U.ADY5

d PA PA o?

t'2



89- Fig. 5 Probability P(A) As a Function of the
6-- Number of Random Sweieps, N by Each of

- Three R~drs Dring Cric.0 4 - Hour
-- Period. TN - ! = N3 "N = N 7.

2 3 '4

/0-6-

5-

4-
3-

. / 0 -7 - I
*

% -1 I

/0.8-

6-
-- I

4.- I
j- .. F-- A/OM/A/A XECE

/ 2 .45'68?/0 2 .5O40 60 00 /00

A13



ANNEX A
July 1961
Page A14

A nalysis of R~esulits.

TIablP 3 resulls are 0hown in Fgae5, Assuming that the number of random
hweeps by each of the three radars Involved Is An the order of 1 to 12, the
Probability of exceeding the critical level ranges from 10-9 to 10-7. For the
t ase considered, this applies to a continuous power density level of 8 7 milli-
Watts/square meter. Should this constant level fall below .5.. 8 mw/rn 2,, an
Additional radar would be needed-A to, -xcced critictal level and Consequently
the probability would drop by a factor of1(-.

CONCLUSIONS:

1. For the specific pad conditions, the probability of accidental squib
41gnition. based on the probtility of joint illumination of the target
by a specifixc radpr a~nd eid.her one of two others Is in the order of
10-7 This pyresupposes a. continuous illumination by other instruments
amounting to 8. 7 milliwatts per square mieter. A lower contInuous
level would require concurrent. sweeps by more than two Yradars, and
a resulting (hop in probability by 104

2. For any pad, the probability of exceeding a specified sale limit d epends
on the level of contimnuusy rading P. V' sourrps and Hiie randlom
sweep of a high power density radar beam. If the sumn of these two is
below the critical level, then the concrurr(,nt sweep of two radar beams
determines the probability of exceeding the safe limit, and so on for
combinations of thran, four, or' more radars.

3. If there exists anr oscillutng o,- pukr-afingy Instrumant, then the com-
putation of cumulative power clvikskties should lie split Into two parts,
part with constant level and 1)2.t ith oscillatIng (peak) level, with
probability equta~l to 0.. 5 inA eaclx. Otherwvise, the continuous and.
oscillating quantities miay bc itoked to form a ntw lxevel assumed constant,
P (t) = L.

A1.4
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INTRODUCTION

The development and use of high power radar and communications equipment

stimulated a great deal of interest in research in the area of possible biological

effects which may result from exposure to RF and X-Radiationo

Of these two types of radiation, micro-wave radiation presents the greater

hazard to operating and maintenance personnel. It is evident that many

devices now in use at instrumentation sites on the Atlantic Missile R1ange

can produce X-Radiation.. It should be noted, however, that shielding to

provide adequate personnel protection has been made an integral part bf all

high power tubes employed in such devices. Maintenance personnel who

could be subjected to X-Radiation during maintenance and repair of thcae

devices are provided with suitable safety instructions in the maintenance

and instruction manuals for the respective eqtipment. Adherence to these

safety and maintenance instructions will provide adequate protection from

X-Radiation.

Microwave radiation Injury has been demonstrated in animals, but has not

been observed clinically in eldctronics personnel. Arlmal eyes were

found to be vulnerable to the shorter wavelengths. The injury resulting

from microwave radiation appeared to be thermal in natur ..

Based on evidence that injury had been caused to animals, ani could

possibly be ciaused to personnel, all available information wa4 researched
1



PAR' II - 1310 EFFECTS
ItAI)IATION HAZARDS
July 1961

~Page 2

in an effort to establish a safe exposure level to this form of possible injury.

Sufficient factual data Is not available to determine the safe exposure level

for each frequency; therefore, it was decided to select one level satisfactory

for all frequencies.

Past research indicated that a power density of 0. 2 wntts/cma was required

to produce damage. The accuracy of the methods and instrumentation used

was somewhat questlonable, and possibly some cases of reported damage

might have been caused by power densities of approximately 0. 1 watts/cm.

The expanded use of electronics has also resulted in adding minute amounts

of RF energy from incidental sources at many frequencies. Since it is

iriipractical to measure the power density at each of these frequencies, a

safety factor of 10 was selected and the present level of . 01 watts/cm '' was

established. This level is the maximum for either continuous or intermittent

exposure.



PART II - BO EFFECTS
RADIATION HAZARDS

ageJuly 1961~Page 3

DISCUSSION

With the growing interest in the biological effects of microwave radiation,

many rumors have circulated concerning the possible effects to electronics

personnel subject to radiation for microwave generating devices. As is

generally the case with such rumors, the effects of radiation on personnel

have become exaggerated and distorted. Hazards to personnel do exist and

should not be discredited; however, recent experiments with laboratory

animals have disclosed that the present level 0. 01 watts/cm " power density

as a maximum safe level is a valid and safe figure, and has an additional

safety factor of 10 built in.

The distance from each instrumentation site at Cape Canaveral and Patrick

Air Force Base where the power density will equal or exceed the level of

0. 01 watts/cm2 has been calculated and is listed in Table I. It should be

noted that these distances are calculated for the level present in the main

beam of the antenna. Many locations much closer to the radiating source

will not be subject to this power level duc to the fact that the antenna in

many cases cannot illuminate the area in question.

The following method is used at AFMTC to determine safe distances. It

takes into account reduced gain in the Fresnpl Zone and includes adequate

safety factor.

3
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Round Apertures

Step 1 Determine whethel Ur not a hazard exists anywhere in
the field by substituting in the foflwing formul.-

W
Pd max -4 A

where Pd max maximum possible power density in
watts/sq CM

W maximum power input into the awtenna
(average power) in watts

A area of the antenna aperture in sq. CM

If Pd max equals or exceeas ( G watts per square CM,
a hazard exists somewhere in the fie-.16..

Step 2 Calculate the mini mum qae c:tus-:e f:' 'm the f':,I..,wng
formula:

D=M

G gairi of the atenna

N maximum power input into the antenna
(average) ka watts

For any other antenna shape, the same method wil. apply w!tth the flowing
exception.

In Step 1 .. A will be calculated as thouigh the antenna had a rceund
aperture circumscribed about the ...... nt a ar-e T.at is,

A - 7)D

Where D = the i~oigeqt dstance ac oss t,e tntenna
aperture.

4
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Radiation hazard measurements have been performed on the sites marked

with an asterisk in the Table I. In each case the measurements performed

indicate that the actual measured power density at the diatance indicated In

the table is somewhat less than the maximum safe figure of . 01 watt/cm 2

The exact distance where Lhe power density becomes 0. 0. watt/Cm 2 has ncot

yet been determined, but all measurements made to date indicate that the

distance will be something less than that listed in Table I.

Measurements performed and tabulated on MOD-II Radars indicates that no

hazard exists at any distance from the antenna. The theoretical distanc:

from the MOD II Radar where the maximum exposure level of 10 mw/cm 2

would exist in 146 feet. This is obtained by computation using the far field

furinula d=J .R? This distance is within the "near field" of the antenna

defined as (L2) where Lt a largest linear dimension of the antenna. The

"far field" formula becomes incorrect at this distance, and a correction

factor must be applied. This correction factor is dependent on the size

and type of antenna in use. At some point within the "near field" the power

density will be at a maximum, and the distance at which this maximum

occurs is dependent on the antenna dimensions.

5
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While no hazard exists from the MOD-II Radar, it serves as a good example

of the power density distribution within the "near field". Measurements at

15 feet from the antenna indicate a power density of about 1 mw/cm 2 , while

measurements at 35 feet indicate a power density of 3 mw/cm 2 . At a

distance of 109 feet the power density is 6 mw/cm2 . At anv distance areater

than 109 feet the power density decreases by the inverse distance square law.

This serves to point out an important point when measuring power densities

in questionable areas. A measurement may indicate no hazard when taken

in close to the antenna, while a hazard may exist at some greater distance.

Measurements performed in a questionable area should be done with caution,

and they should include careful consideration of the "near field" power

distribution.

Measurements were performed at the FPS-16 radar site at Cape Canaveral

on 5 June 1959. The results of this survey are as follows:

1. No measureable radiation was observed on the antenna pedestal

or service platform to the side and rear of the dish.

2. The entire roof of the building should be considered a hazardous

area with the exception of the service platform and antenna

pedestal to the side and rear of the dish. Due to maximum

6
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depression angle of the antenna, the measurements on the roof

of the building were not in the main beam, and do not reflect

the maximum power density that could be encountered at heights

above 6 ft from the roof. The measured power density at a point

near the edge of the roof and at a height of approximately 6 ft was

above the maximum exposure level of . 01 watts/cm2 .

3. The power density measured at a Pint near the intersection

of the FPS-16 access road and Skid Strip Road was . 0092

watts/cm2 . This is near the maximum exposure level, and ii the

power were raised slightly, this position would become hazardous

when illuminated with the main beam of the antenna.

4. Points close in to the FPS-16 building including the pax-king

areas to the font and side of the building are not subject to

illumination by the antenna and no hazardous le eiels exist In

these areas.

Conclusions

To avoid unnecessary hazards, the following precautions should be observed:

1. All areas in which RF power densities of 0. 01 watts/cm 2 are

suspected or detected should be considered hazardous areas.

7
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2. All such areas subject to ingress by personnel should be

appropriately posted with warning signs. Personnel should

not be permitted in such areas except under emergency

conditions, and periods of exposure in these areas should

be kept to an absolute minimum.

3. Where test procedures require free sipace radiation, the

radiating device should be oriented in such a manner as to

avoid directing the beam toward inhabited areas or other

personnel groupings. Care should be taken to avoid

directing either the primary beam or accessory lobes in

such a manner as to expose personnel in adjacent areas.

8
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TABLE I

MAXIMUM OUTWARD RADIAL DISTANCE FROM RADIATING
ANTENNA AT WHICH THE POWER DENSIT 1 WILL EQUAL OR

EXCEED 0. 01 WATTS/CM

Instrumentation Effective Radiated Distance
AMR Power (e)_

MOD II Radar * 2. 5 Megawatts No hazard**
MOD IV Radar * 1. 57 Megawatts No hazard
FPS-8 Radar * 1. 23 Megawatts No hpznrd

BTL No hazard
G. E. (Rate)* *** 218.0
G. E. (Track)* No hazard
FPS-16* 28. 2 Megawatts 492. 0
FPQ-4* 77. 5 Magawatts 610.0
AZUSA MK 1* 1. 0 Megawatts 92.5
FRW-2 C/C 4. 0 Kilowatts 5.8
AZUSA MK II 6. 3 Megawatts 230.0
10 KW C/C AMR Steerable 2. 5 Megawatts 146
Antenna
10 KW C/C Helix (NASA) 692. 0 Kilowatts 77
10 KvV C/C Sterling Antenna 270. 0 Kilowatts 48
10 KW C/C any Antenna 10
FPQ-6 630 Megawatts 2300
FPS-6 Radar* 26.6 Megawatts No hazard
FPS-20A Radar * 13. 9 Megawatts No hazard
CPS-9 6.43 Megawatts No hazard

* Sites at which radiation measurements have been made. See

Bibliography - Rio-Effects

** Determined not to be a hazard by Field Measurements.

*** Classified Iriormation.

9
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INTRODUCTION

Of the three general areas of RF radiation hazard on the Atlantic Missile

Range, that of combustible liquids has undoubtedly received the least

attention. Although power densities of much greater magnitudes are

required to create fuel hazards than in the bio and ordnance field, once

such a critical density has been reached, the potential hazard may be even

greater. An Air Force standard of 5 watts/cm 2 peak has been established

by the Rome Air Development Center as the critical power density which

must not be exceeded in locations where fueling operations are in progress.

The RF radiating systems at AMR are shown in Appendix I. Table I, on

Pages 4 and 5 indicates areas around these sy;Atnm, th,-t sir-: coni.,rr

hazardous to fueling operations.
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DISCUSSION

The peak power density of 5 watts/cm 2 was established using a synthetic,

highly volatile fuel made of methane. Since the volatility of this fuel is

greater than that of high test aviation gas, automobile gasoline, diesel fuel

or kerosene, contours established using R watts/,m 2 will Un rnn .ra thon

ample safety factor for these commonly used petroleum derivative fuels.

This critical power density is relatively high, therefore, it will be found at

relatively short distances from the radiating system and then only while the

area of concern is being illuminated.

Further safety factor is injected when it is realized that ignition of petro-

leum fuel cannot be caused by RF irradiation alone. There are two con-

ditions that must be met in order to cause ignition:

1. The liquid fuel must be vaporized such that a combustible

ratio exists.

2. The electromagnetic field must create a potential difference

sufficient to cause an electric discharge through the vapor.

The presently used critical level was established using an ideal ccmbustion

ratio for the methane fuel and the RF induced electric discharge wa.

obtained only by placing metal chips in the vapor.
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With the above facts in mind, ordinary static charges sometimes built up

on moving, insulated vehicles are tD be cnns.d.ered mrnre dangernTuS than RF

irradiation. Normal operating tec:hniques which require grounding vehicles

and fuel delivery apparatus greatly reduce these hazards and even further

reduce RF hazards.

Although fueling operations might occur within the critical contour for some

of the devices listed in Table I, they have been noted as No Hazard bec ause

of the beam configuration, shielding effect of nearby objects ard/or elelati')n

of the radiating system above the area cf concern.

Because of the large built-in safety factor inherent in these considerations

additional margin for rnultipath addi.tion cf RF cnergy 'as not been i"r

eated.

In the "fresnel"region of an antenna the puwer density curve no longer
follows the far field 1dttr.bution, Therefore a d.e:termiation must. be

made as to whether thE. 5Was pp.r square CM level is possible with the

particular source under consideratAon. The absolhl.te maximum p, wer Censity

is equal to 4 times the peak power distribution across the aperture. The

procedure for determiiiing fuel hazards is the same as that described in

Part II page 3 for Biolcgicai. Hazard determinatron with the exceptions that

peak power is used for the calculatf'ant and the limit iqs 5 watts peak/sq. CM

rather than. 01 watts a-yerage/sqo CM.
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TABLE I
MAXIMUM OUTWARD RADIAL DISTANCE FROM RADIATING

ANTENNA AT WHICH FUEL HAZARD WOULD EXIST
Antenna Distance

Instrumentation Peak Power Watts Gain Feet

MOD II Radar 400,000 5010 185
MOD IV Radar 250, 000 25, 100 327
FPS-8 Radar 1, 000, 000 1140 140
10KW Command/Destruct 20, 000 6.3 **
DTL Rad=- 3*4... 27
G. E. Rate Radar **** **** *

G. E. Track Radar **** **** 164
FPS-16 Radar 1,000, 000 28, 200 695
FPQ-4 Radar 3, 050, 000 28, 200 1210
Azusa Mark I 1000 1990 **
FRW-2 Command/Destruct 1600 5 **
STL "AGS" Transmitter **** ****

ABMA DOVAP 4000 1
GAT Command 10, 000 1216 **
FPO-6 Radar 3, 000, 000 126000 2500
FPS-6 Radar 3, 500, 000 7400 404*
FS-20A 3,000,000 3160 404*
CPS-9 250, 000 28 000 344***

* These radars have been checked by RCA FCA and RADC personnel. No
hazard was found to exist to fuel at the Phillips 66 service station located
at the South Boundary of eAFB, nor to traffic on highway AlA adjacent to
these radars. Reports are available on these investigations. See
Bibliabraphy - Fuel.

** Fuel should not be handled within 10 feet of any radiating antenna.

* No radiation hazard to fuel exists from this radar at eleration angles of 0
or greater. Caution should be exercised during fueling operations in the
ramp area to the South and Southwest of Hangar 800 when the radar is
operated at depression angles below 0 degrees.

** Classified information.
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Quantity Recipient

1 Mgr., RCA Data Acquisition
MU 741, Bldg. 425-3, PAFB

I Mgr., RCA Frequency Control &
Analysis, MU 6030, Cape Canaveral

I PAA Base Manager., GBI

1 PAA Base Manager, San Salvadur

1 PAA Base Manager, Eleuthera

1 PAA Base Manager, Grand Turk

1 PAA Base Manager, Mayaguez

I PAA Base Manager, Antigua

I PAA Base Manager, Ascension

I Mgr., RCA Systems Analysis
Bldg. 989, MU 511

PAFB, Florida

Mgr.., Safety and Securlity
Bldg. 423-1, MU 114
PAFB, Florida

RCA Radiation Safety Committee
Corporate Staff Safety - RCA
Bldg. 2-2, Camden, N.J.

Mgr., Operations Control
Bldg. 989, MU 920
PAFE, Florida

Mgr., Operations Planning
Bldg. 989, MU 943
PAFB, Florida
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1 PAA Oj.erations Manager
Bldg. 425, MU Ill, PAFB

1 Mgr., Picket Ships
Attn: Leader ORV 1851
c/o PAA Marine Base Manager
Recife, Brazil

1 Pan American World Airways, Inc.
P.O. Box 4187, PAFB, Florida
Medican Director, Medical Dept.
Bldg. 414, MU 923

1 RCA Frequency Control & Analysis
Bldg. 989, MU q42
PAFB, Florida

I RCA Communications, MU 943

1 RCA Operations 1Evaluation, MU 944

1 Radar, RCA Operations Planning
MU 943

1 Mgr., RCA Electronic Shops
MU 821, PAFB, Florida

I PAA Facilities Engineering
MU 116, Bldg. 989
Attn: F. E. Lurner

3 MTV - Program Management

3 PAA Mgr., Cape Operations
MU 5030, Bldg. 1645
Cape Canaveral

3 Supt. , PAA Pad Safety
Bldg. 1645, MU 5260
Cape Canaveral



DISTRIBUTION LIST

July 1961

Quantity Recipient

I PAA/RCA Range Scheduling
Bldg. 1645-2, MU 15060
Cape Canaveral

1 Mgr. , Cape Instrumentation
MU 5100, Cape Canaveral

I RCA Radio Communications
Attn: J. T. Sullivan, MU 520U
Cape Canaveral

I Cape Radar
Attn: V. M. Brown
MU 5180, Capje Canaveral

I Data Support Console
Attn: C. E. Brown
MU 5120, Cape Canaveral

I Operations Control
Attn: M. J. Van Brunt
MU 920, Bldg. 989
Cape Canaveral

1 Mgr., PAA Technical Systems
Engineering, MU 842

30 ASTIA

I MTASI

1 Mgr., RCA Range Services
Engineering

I AFM'rC Technical LLbrary
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1 Supt., of Missile Propellants

i Ordnance Surveillance SpecialiSt
Bldg. 1724, MU 5330

PAA Manager, Range Development
Bldg. 989, MU 840
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ITO ADD A PAGE..

ayd otpnc page in poiinover plastic rings

adpress between rings with plastic inserter. Slot-
punched section8 wil snuap ii.' p'-ilion under rings.

TO REMOVE PAGE .. . __

A

Lift page at on- corner, next to plastic binding ele-
mnent. Pull along eleme~nt. Do not attempt to tear all
slots at same time.

TO RETAIN INSERTER.

H-ook inserter on to plastic binding element bctween
last pagc ar-d -1nz:id~ back cerof manual.
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