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- AIRNENA Y

ABSTRACT

Flight procedures and design requirements for instrumenta-

tion for making aerial radiological surveys are developed in
this study, It is concluded that an aeria. monitoring system
designed with presently available components is not only
feasible but also practical to monitor fallout from nuclear
incidents, A recommended system which was selected on the
basis of cost and response time is described in considerable
detail,

Radiation fallout patterns, expected number and location
of burst points, wind effects, and local anomalies are conw
sidered in connection with aircraft range, speed, and basing
constraints to develop flight procedures for making a sﬁrvey
of the U.S. or of fallout of a single burst, Sensor design
is based upon the capability to measure ground radiation
levels between 1 R/hr and 1000 R/kr from altitudes above
1000 feet in the presence of airborne activity.

Facsimile, teletype, and digital systems are considered
for the data system to provide the national center with
geographical position and time referenced radinlogical data

with which contour maps can be constructed.
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1. INTRODUCTION

The United States is now faced with the threat of a large
scale nuclear attack and may continue to be for many years, If
an attack does come, the measure of our ability to survive and
recover will be the courage with which we appraise the dangers,
and the vigor with which we act to prepare for them.

Although many people and large quantities of physical goods
will be destroyed immediately by blast and heat radiation, a
certain percentage, hopefully large, will survive, The ability
of our nation to recover will depeud, to a large degree, upon
the capability of the people who survive the initial dangers to
overcome the effects of nuclear radiation resulting from the
fallout caused by the nuclear bursts.

Theoretical calculations to determine the distribution of
short term fallout usually assume that the wind blows in just
one direction at a given speed. Under such conditions, radio-
active fallout will tend to settle in a cigar-shaped pattern,
with radiation intensity diminishing in the downwind direction
anC toward the outside edges, 1In practice, however, winds at
different altitudes move in different directions at different
speeds. So actual patterns of fallout tend to be highly irreg-
ulaxr, This means that it is not safe to predict radiation levels
as an estimate of hazard in an area., The only sure answer is to

measure the radiation intensity,
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The purpose of this study,according to the contract, is to
rdevelop flight procedures and establish the design requirements
for instrumentation needed for large area radiological surveys,
using drone, military or commercial aircraft in the 150 to
350 knot speed range, In order to identify optimum operational
prccedures and devise the integrated system to accomplish the
required surveys, the contractor shall establish an analytical
model which will permit evaluation of various flight procedures;
data collection, processing and display methods; individual sys-
tem comnonents and combination of components; and the interaction
of these factors in the complete system."

To be effective the airborne system must determine the
amount of radiation on the ground from measurements taken in the
air, process the data, and transmit it to a ground station in a
usable form, Thus, consideration is given to airborne data
transmission and processing techniques and instrumentation, as
well as to sensor design requirements, The airborne readings
may be taken in the presence of an air burden that may be quite
intense,

Based upon such factors as expected location of bursts,
time history of bursts and fallout from bursts, meteorological
data and fallout characteristics, flight paths and survey
patterns are determined which efficiently gather the required

information,
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As opposed to a ground monitoring system where fixed sensors
are deployed in advance of a nuclear incident, the capability to
choose the characteristics of the monitoring points (dose rates
or monitoring location) is exploited in the aerial system, Opera-
tional and design parameters relating to the quality of the data
with respect to the amount of detail and accuracy are based upon
assumptions regarding the needs of the user, Design requirements
are made on the basis of systews cost and response time,

Recommended systems are detailed in Section 2, This includes
a description of the components needed and their method of
employment in the system, as well as the quantity required and
the cost, The remainder of the report is devoted to the formula-
tion and analysis of the survey problem, and describes how and
why the recommended systems were chosen,

Section 3 contains a discussion of the important factors
which cause variations in the area and shape of fallout patterns
from ground bursts of nuclear weapons, The distribution of
isodose rates and the formation of hot spots inside the area
bounded by the 1R 'hr dose rate line are considered, A sample
distribution of fallout patterns over the U.S., relative to an
assumed target system is given in Section 4 and flight procedures
to monitor fallout from a single burst and for multiple bursts
are developed in Section 5. In Section 6, the crew—radiation-

shielding problem is examined, Section 7 contains the technical

17



details associated with estimating fallout radiation intensity
on the ground from measurementes made in the air, The design of
a practical airborne detector is given and a sensor system for
use iu contaminated air is described.

A detailed description of available components for proces-
sing and transmitting data from the survey aircraft to the
national center is given in Section 8, Facsimile, teletype,
and digital systems are included. Section 9 contains estimates
of investwent and yearly operating costs of candidate survey
aircraft and Section 10 gives cost effectiveness trade-offs and
comparisons which are used to determine a preferred system., Con-
clus;ons and recommendations resulting from the study are given

in Section 11,

18



2, TECHNICAL DESIGN OF AERIAL MONITORING SYSTEM

Two general types of aerial monitoring systems have been
considered in the study. One, called the "Flock" system, con-
sists of a number of low flying survey aircraft, each carrying
survey apparatus and transmission equipment to relay the data
to ground receiving stations, The other, called the "Covey"
system, consists of low flying survey aircraft and a high alti-
tude control or Director aircraft which hovers in the air within
data transmission range of the survey aircraft assigred to it,
The Director aircraft receives the data from the survey aircraft,
processes it, and transmits the results to ground receiving sta-
tions, Based upon analyses performed in later sections of this
report, the "Flock" system is the recommended system and the

"Covey'" system is the alternate or second choice,

2,1 Recommended System

This section gives a detailed description of the elements of
the recommended system and an operational procedure for its use,
The system consists of sSurvey aircraft, the radiation detector
system, and the entire data link from the detector system in the
survey aircraft to the data display device at the National Center,

2.1.1 Survey Aircraft

The comparative evaluations, based on cost, made in Section 10

resulted in the selection of the Beech G18S as the preferred

19
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aircraft to be used for low altitude data collection flights
with either the Flock or Covey System, The Howard 500 (see
Figure 8.4) although more expensive, may be more suitable for
the survey airplane if factors such as crew comfort, reliw
ability from inflight maintenance, alternate mission capability,
etc,, are considered,

The Beech 18S is a low wing airplane with a 9,700-pound
gross weight (see Section 9). It is a twin reciprocating
engine aircraft with a low altitude (sea level) flight capa-
bility of 1470 miles range at 155 mph, or 1170 miles range
at 195 mph, These ranges are available with a payload of
2000 pounds. The airplane can be operated from an' maintained
at a large number of small civilian airports where the airplane
will normally be based. The crew consists of pilot, copildt,
and data plotter,

2.,1,2 Radiological Sensor

The fallout dose rate at ground level is to be inferred
from the y-ray flux measured at the position of the survey
aircraft, Detector requirements are determined by the flux
obtaining at the detector and the background level, It is shown
in Section 7 that the necessary information may be obtained
by taking the difference between simultaneous measuremeats of

(signal 4 background) and background alone,

20
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Properly shielded and collimated scintillation detectors
are optimal in this service, An "upward-=looking'" detector
measures background alone, while a "downward-looking" detector
responds to signal plus background. This design is based
upon a Munte Carlo prediction of scatter effects at the alti—
tude under consideration (see Appendix C). Ratemeters are
proposed as convenient means of obtaining analog information
which may be fed directly into the system computer,

Detailed consideration of the expected y-—ray fluxes from
fallout, contaminated air, and natural background enables
calculation of detector requirements. For example, it is

found that detectors with a sensitive area of 1.25 cm2

and an
acceptance angle of 1,21 steradian are appropriate for use
at 2200 feet for survey over ground level dose rates in the
range 1 R‘'hr to 1000 R’hr, The accuracy of the measurement
of y--ray flux from fallout is 10% or better in this range.
These calculations and conclusions are discussed in 7,2,2,
The weight of a complete detector system (two shielded
detectors and electronic adjuncts) will be approximately 200
pounds,
Calibration and standardization of the detectors are

considered; it is found that both processes are reasonably

simple,
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2,1.3 Data Systom — Facsimile

The Flock System is used to designate a group of survey air-
craft operating independently of each other, Rach aircraft has
a data collecting, data processing, and air-to-ground data
transmission system,

A cut-away sketch of equipment installed in the cabin of the
Beech 188 aircraft is shown in Figure 2,1, This location of the
equipment is tentative as an aircraft weight and balance study
may require shifting of equipment,

The dual sensors are shown mounted in a cabinet with sealed
cones in the line--of-sight of the detector opening. The section
of the fuselage that the sensor looks through has a removable
port which will be open during the survey, A roll of aluminum
foil which is advanced during the survey covers the opening to
provide a clean surface for the sensor to look through,

The data system block diagram shown in Figure 2.2 indicates
the functions of the various components., Parameters measured
in the aircraft are (1) the altitude above the terrain,

(2) dose rate in roentgens per hour, (3) time in terms of a
preselected reference time, and (4) latitude and longitude of

the point over which the dose rate was measured.
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o Navigation System .- The LN-3 inertial guidance system

proposed by Litton (see Section 8,3.3) is recommended to give
the geographical coordinates of the point over which the dose
rates are measured, This system is in use in the F110 aircraft,
A Bendix AN/ASN--39 computer provides manual updating capability
to the LN~3 system and a backup navigation capability in event
of a platform failure,

o Radio Altimeter —= The RCA Radio Altimeter (see Section

8.3.4) appears to be the best unit in terms of cost, weight,

and accuracy to measure altitude above ‘the terrain, The unit

may require modification to provide an output voltage proportional

to the altitude .

o Dose Rate Output - The intensity of the radiation on the

ground measured in terms of R/hr will be the difference between
the outputs of the two detectors discussed in Section 2.1.2,
properly corrected for altitude and time,

o Time and Altitude Computer - The effect of time and the

effect of altitude on dose rate are logarithmic relationships,
Computations involving these relationships can pe made by a
small computer {(see Section 8.3.5.2) made up of commercially
available componénts, Altitude and time outputs may be used to
drive logarithmic amplifiers coupled with voltage dividers to
make the required corrections, The computer will have controls
for setting in reference time, time of the initial burst, and

time for the final burst,
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o Data Recording - The corrected dose rate and the geographic
coordinates are processed by a signal condition into a form com-
patible with a visual strip recorder, The geographic coordinates
are processed into coarse, medium, znd fine by a synchro repeater
to permit the reading of position to the neartest minute of arc,
The data are displayed on a visual strip recorder, making a per-
manent record. The data are also recorded on a magnetic tape as
a backup system,

o Data Processing - The data plotter, using data from the
visual recorder, will manually plot dose rates in 1, 3, 10, 30,
100, 300, and 1000 R/hr steps versus geographic coordinates on
an area map, The area maps containing the data plots will be
transmitted by facsimile to one of the Civil Defense Regional
Headquarters,

o Data Transmission - The area map with dose rate readings
plotted manually by the data plotter will be inserted in the
facsimile data transmitter, The facsimile transmitter (see
Section 8.3.2,2) converts the map to an amplitude modulated (AM)
signal by a phototube scanner. The AM output of the facsimile
transmitter is converted to frequency modulation (FM) by a signal
converter (interface) so that the signal will be compatible with
the long range radio. The long range radio signal is transmitted

to the D Regional Headquarters,
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o Ground System - As the maps are received by facsimile at

Regional Headquarters from the survey aircraft, the data will
be replotted manually on a large area map, When all the data
for the map of a preselected area have been received (this may
require several facsimiles from the survey aircraft) contours
will be drawn and the maps will be transmitted by facsimile to
the Civil Defense National Center,

o Teletype Alternate Method — A monitoring system utilizing

teletype data transmission from air-to-ground differs from the
facsimile method only in that a teletype is used instead of
a facsimile transmitter,

2.1.4 Monitoring Procedure

The basic monitoring system is designed to make equally
spaced survey flights covering the U.S and the output is
a presentation of the data in the form of radiation contours
drawn on a national map, Radiation levels of 1, 3, 10, 30,
100, 300, and 1000 R/hr have been selected as sufficient for
the user on a national scale (see Section 5,2), However, other
values can be measured to adapt the syétem to satisfy the
needs of a regional or local user, To aid in the construction
of the contour maps, a dose rate reading is taken each time
the survey flight path crosses the hot line (maximum point).

The survey flights begin approximately 12 hours after

the last burst so that the fallout is essentially down, Delayed

27
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fallout, where debris is carried to great heights, may be much
longer in coming down,

The U.S. is divided into rectangles =2ach of which is
assigned to two survey aircraft, These rectangles vary in
shape to make them fit the area, but their dimensions are
determined by the range of the aircraft and the fineness (separa~
tion of flight paths) of the survey. A set of rectangular
areas corpatible with the range of the Beech 18S making a survey
at 50-mile intervals is shown in Figure 2.3, A rectangular
survey pattern is used and each aircraft ends its survey flight
at its base. The primary data collection portion of each flight
is made in the north-south direction (see Section 5.3). A total
of 55 Beech 18S aircraft are needed to make this surface sur-
vey with 50-mile spacing. An expanded view of one area of
Figure 2,3 is given in Figure 2.4, This plot shows the location
of the airport (away from expected targets), the wmonitoring
flight path of the two survey aircraft, and a sample of the
type of readings obtained. Dose rate contours for one fallout
area have been drawn. Only monitoring points and radiation
levels are shown for the other burst points,

In this example, the arrows show the direction of the
survey flights, but the survey could be made in the opposite

direction,
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2,1,5 Operating Procedure

When the alarm is received that a nuclear incident has
occurred, up to 12 hours are available to prepare the aircraft
for flight., The crew consists of a pilot, copilot, and data
plotter, The data system will be turned on and an operational
check made of the complete data system, The insertion of the
calibration source will provide a signal for an operational
check of the radiation detector system., The preparation of the
inertial guidance system for flight will provide data for check-
ing that part of the data system, The radio altinmeter has
calibration signals which will provide data for checks of
the altitude input signal, The time-altitude computer may be
checked by changing the settings of the "time of burst" knobs
on the control panel, The output of the sensors will be adjusted
to zero with lead plugs inserted in viewing ports of the lead
shield surrounding the sensors., The facsimile transmitter will
be checked by transmitting to the Civil Defense Regional Head-
quarters, When the data system has been completely checked out,
it will be placed on standby to wait take-off time, When take-
cff orders are received, the time and altitude computer will
be energized, The reference time, the time of the initial
burst, H), and the time of the last burst, HZ’ will be set into
the computer, The acquisition of the above data is a command

and control function and the operational aspects of the monitoring
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mission involving command and control, authority for take-—off,
weapon burst data, etc., are not considered in this report.

Bn route to the start of the first data run, the data system
will be calibrated by inserting the standardized radiation
calibration source into the sensors and recording the calibra-
tion data signals on the visual recorder and on magnetic tape.
When the aircraft arrives at the first data run pusition, the
visual recorder and the magnetic tape recorder will be turned
on and the run started. A continuous record will be made during
the data run, The motors that advance the foil port covering
are turned on to ensure that the sensors are looking through
an uncontaminated opening,

During the flight and continuing till he is finished, the
data plotter manually plots the data on an area map. The data
will then be transmitted to the ground station by facsimile.

A magnetic tape recording, which will record continuous analog
data, will be used as a source of data in event of failure of

the visual recorder,

2.1.6 Estimates of System Costs

An estimate of the initial investment in equipment, plus
the costs of establishing the system and the operating costs

for a period of five years is given in Table 2,1,
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Table 2.1
COST ESTIMATES

Aircraft

o

(o]

o]

Beech 188
Equipment Installation

5 yr operating costs

Equipment Available from Manufacturer

(¢}

(o]

o
0
o]

Equipment Available from Several Manufacturers-

Minneapolis-Honeywell Visicorder Yodel 906A
Collins Radio (HF) 618T

Westrex (Division of Litton) Facsimile
AN/GXC=-5

Sanborn-Ampex Magnetic Tape Recorder
Mod., 2000

Elasco Inc, power supplies

Litton Industries Inertial Guidance System
RCA Radio Altimeter
Bendix ASN-39 Computer

Including GD/FW but requiring Modification or
Special Fabrication

(o]

Sensors, Ratemeter, Shielding;Typical
Manufacturers; E.G. and G, Bendix, RCA,
Baird Atomic, Nuclear Ins, GD/FW

Time, Altitude Signal Conditioner,
Westronics, International Data System,
Nuclear Ins., GD/FW,

Synchro Analog Repeater Signal Conditionmer,

Gianinni, GD/FW,

Miscellaneous Equipment., Consoles, Meters,
Switches; International Data System, Elec-
tronic Communications Inc,, Nuclear Ins,,

GD/FW.

Ground Equipment Costs

Total System Costs (55 aircraft)

33

119,715
65, 000
53,253

5, 500

7,000

7,500

8, 000
3,000

90, 000
6,000
7,000

4,500

4,000

4,000

5,000
76, 000

21,5 Million
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2,2 Alternate System

A Covey system consisting of 10 Director aircraft and 50
Survey aircraft is proposed as an alternate monitoring systsa for
making a national survey with 50 mi. flight spacing, The Howard
500 is selected for the Director aircraft and the Beech 18S for
the Survey plane. The Howard 500, although more expensive, may
be more suitable for the Survey plane if factors such as crew
comfort, reliability, alternate mission capability, etc., are
considered,

The Howard 500 is a 35,000 pound, long range, piston type
aircraft featuring a pressurized cabin and a low noise level,
It is powered with two Pratt and Whitney, 2500 HP R-2800CB-17
engines, The take—off distance over a 50 foot obstacle is
less than 2500 feet, 1Its payload and cabin space will accom-
modate 12-.14 passengers, A cut-away drawing of the Howard 500
showing a tentative installation of equipment for a survey
aircraft is shown in Figure 8.4, The cabin space of the
Howard 500 is more than sufficient to permit the installation
of the airborne equipment for the Director aircraft shown in
Figure 8.2 for the Grumman Gulfstream,

At an altitude of 22,000 feet with the above payload, the
Howard 500 has an endurance in excess of 14 hours, which is

more than the endurance of the Beech 18S at low altitude, At
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low altitude, the range is 2177 miles at a block speed of 246 miles
per hour, or 1600 miles at a block speed of 300 miles per hour,

The fiight procedure for the Covey system is somewhat similar
to that described above for the Flock systom, The survey is
made in the north-south direction, The survey aircraft will make
an '"up and back' survey flight sending the data as it is
collected to the high altitude (20,000 ft or above) Director
aircraft using UHF. The air-to-air communication between the
Survey aircraft and the Director airplane is limited to line of
sight. Each director aircraft will control a rectangle whose
width i1s 250 miles on either side of 1ts line of flight and
whose length is roughly half the range of the aircraft, TFor a
50-mile survey interval, a covey will consist of one director
aircraft and five survey aircraft, In an "up and back" flight
profile, they will be spaced at 100-mile intervals,

The covey data system with digital data limiting as shown
in Figure 8.7 provides automation to the data system, The survey
alrcraft will measure the data as in the flock system., The
data ocutput will be limited to preselected levels of radiation
and will be in digital format. The data will be recorded on a
digital stepping recorder which is advanced only by command of
the data. At intervals, the data, along with "hot line"
information, will be relayed to the director aircraft where it

will be recorded on tape until it can be relayed to the Civil

35



Defense Regional Headquarters. From here the data will be trans-—
mitted directly to the national center where it is recorded on
tape in computer format as it is received, It is assumed that
the Civil Defense-Regional-to-National Communications System

will be used. The computer will be used to process the data

into discrete dose rate levels and to make a tape on which the
data are grouped according to discrete levels, The tape will

be used to drive an X-~Y plotter with a Z mode to plot the

data in discrete levels, The X=Y plots can be used to draw

the dose rate contours and a different color of ink will be used

for each contour,
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3. FALLOUT FROM NUCLEAR WEAPON DETONATION

In order to devise instrumentation and monitoring techniques
for aerial survey procedures it is necessary to consider some of
the characteristics of the fallout patterns which m}ght be ex-
pected from a variety of weapon explosions., A simple model which
can be used to predict the effect of wind, weapon yield, altitude
of burst, precipitation, etc., on the deposition of fallout on
the ground is needed to analyze the requirements for a monitoring-
system,

Several methods of various degrees of accuracy have been
developed for making estimates or predictions of the expected
downwind fallout plots, Each requires a knowledge of the total
and fission ylelds of the explosion,; the burst height, and thé
atmospheric structure and wind patterns to the top of the radio-
active cloud in the vicinity of the bursti. A somewhat detailed
mathematical model provides the best estimate of downwind.fallout
dose rates. Usually a digital computer is required to handle the
great amount of input data and arrive at a forecast pattern,
However, a simplified mathematical model has also been developed
(Ref, 3.1) which greatly reduces the computation required. The
model described in Sections 3.1 - 3.3 is an idealized-wind-
fallout model and is felt to be sufficient for the purpose of deter-

mining the design parameters of an aerial survey system,
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In the idealized model, use is made of a simple cloud
configuration and a single "effective'" wind speed, or average
of the wind vectors at altitudes up to the top of the cloud,
This wodel produces a symmetrical downwind fallout pattern,

No attempt is made to indicate irregularities which will
undoubtedly occur in a real fallout pattern,

In spite of the limitations of idealized fallout patteras,
they are-stil; very useful for planning purposes, as for

example the problem of planning survey routes and procedures

. for aerial monitoring of ground fallout. Although a number

of factors — such as burst conditions, weather, terrain, and
weapon design - introduce uncertainties in assessing the fall-

out patterns, the methods to be discussed in the following

section offer a valuable and convenient means for evaluating

the input information required in assessing the mdnitoring
procedurés for a nuclear attack on a complex target system,
They will undoubtedly underestimate the fa;lout in some loca-

tions and overestimate it is others,

3.1 Forecasting Technique

In general, an initial source of radioactivity is defined,
describing the stabilized cloud by appropriate spatial and size
distributions of radioactive particles, The "effective" wind

speed or velocity pattern is determined for one or more typical
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conditions and the particles are tracked to the eartht's surface
by considering their fallout speeds and the effects of winds
existing aloft, The need for quick-—reference fallout patterns
which can be easily used in evaluating multiple bursts and over-
lapping fallout conditions dictates the omission of more rigorous
calculations, The methods employed in this study make use of
the idealized fallout plot described above,

3.1.1 Source Model

The apparent dimonsions of the initial radioactive cloud
from a nuclear detonation have been documented from past weapon
test measurements, Available data (Ref. 3.2) describe such param-
eters as mean cloud height, mean cloud radius and variability
of cloud top based largely upon land surface weapon vields below
the megaton range., Vertical rise of the mushroom cloud stabilizes
in approximately six minutes and appears to do so independently of
yield. Further expansion of the mushroom diameter for megaton devices
continues for a longer period of time, The ultimate cloud diamater
can be estimated from qualitative considerations and extrapolation
of low yield device curves, A schematic of the source model
employed in evaluating the idealized fallout patterns is shown
in Figure 3.1, From qualitative statements about the activity
distribution it is noted that most of the activity is present in
the lower one—~third of the mushroom, For megaton devices the
stem radius hnd activity fraction is small enough to cause only

a minor contribution to the downwind fallout pattern. It does,
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however, contribute a large amount of fallout to the ground zero
area during and immediately following ascent of the cloud.

The use of "particle-size'" and "fall-times" is a standard
technique employed by most analytical methods., This technique
simply describes a downwind plot on the earth's surface where
fallout particles of certain sizes will arrive and from what
altitudes they come. The initial cloud dimensions, stable cloud
height, as well as particle size and activity distributions are
basic data for describing the fallout pattern,

3.1,2 Particle-Activity Distribution

Significant quantities of fallout particle sizes up to 400u
will be produced in a surface burst due to entrainmenf of soil
and earth materials, The actual distribution depends greatly
;pon the location of the device when it is detonated. A surface

burst or underground detonation produces greater quantities of

the large-sized particles while an explosion in the upper atmosphere

produces only small quantities of fallout particles greater than
20p in diameter, There is evidence that particles of this size
and smaller require great lengths of time to fall from heights
involved in an air burst, e.g., fallout particles of l0u diameter
(2.5 gr/cc density) fall approximately 1,5 ft/min so as to require
550 hours to fall to the ground from 50,000 feet.

In view of the large uncertainties in actual dynamics of
clo" ' formation under the turbulent conditions of the initial

clouu configurations, it i1s convenient to assume that all particle
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sizes occur at all elevations within the cloud model, The actual

particle-size.activity distribution is extremely difficult to

determine due to fractionation mechanisms such as fireballl conden~

dation and concentration of fission-—product activity by mass
migration.

3.1.3 Time of Fall of Particles

The rate at which raaioactive particles settle in the
atmosphere is important, since it deterwmines the time that the
p@rticles will spend in various wind layers. The time spent in
the wind layer, coqbined.wifh the horizontal wind velocity,'
allows calculation of the horizontal displacement of the particle.
Pnrficle fallmtimes to the ground fron'specitied heights are cal-
culated using the aerodynamic equations of motion. The effects
of verticgl air motions are ignored since they generall& cannot
be predicted and do not confribute significant 1lift to particles
which are expected to fall in the first few hours., 1In the multi;

layer cloud deposition analysis the particle fall-times are

applied independently of the vertical wind motions unless a coherent

weather forecast is available., This will introduce a certain
amount of error which is larger in the downwind fallout #rea
where dose rates are lower and will tend to overestimate the
dose rates,

3.1.4 Conversion of Activity to Dose Rate

The fission yield produced by detonation of a nuclear device

will be about 1,4x10%3 Bw fissions, where W is the total yield inmn
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kilotons (based on an energy release of 1012 calories per kiloton
of TNT) and B is the ratio of fission to total yield, 1In deriving
the scaling function for dose rate over the fallout patterns which
follow, a 100% fission yield is assumed, and gross gamma activity
at one hour following the burst is taken as the reference yield
according to the Way-Wigner formula for fission-product decay.
Because the gamma radiation is biologically more significant than
the associated beta radiation (at least for the external radiation
dose) the fallout activity wmay be stated in terms of a gamma
megacurie (3.7x1016 photons per second).

The amount of activity present decreases with time according
to a complex decay scheme for the multitude of isotopes produced,
The quantitative treatment of the decay of multiple contamination
from mixed fission products involves use of the reiationship,

1 = kt® where I is the activity level or exposure rate in roentgens
per unit time at tine t, and k and n are empirical constants. The
exposure rate is proportional to the gross activity and is a
measure of the radiation produced by the source per unit time,

The value of I for mixed radioactive elements may be computed for
any time if observations have been made to permit determination

of the constants k and n. It can be estimated to a reasonable
degree of accuracy by the ‘empirical time-~decay relationship

I(t)/Io -t , Where t is the time after fission,
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Radiation dose rates at a sensor are also dependent upon the
concentration of fallout over an area surrounding the sensor and
the age of the fallout, The effective gamma energy for gross
fission-product activity as a function of time after a fission
burst is shown in Figure 3.2 for the range of gamma photon energies
of interest, KEstimates for the fallout dose rate plots are based
on the dose rate obtained at a three-—foot elevation, An average-~
value conversion factor of 7 R/hr per gamma megacurie per square
mile (Ref. 3.3) provides a convenient and quite accurate basis
for determination of dose rates from fallout activity during the
time interval of interest (6-24 hours) in aerial surveys, This
is equivalent to using the knee of the curve in Figure 3.2 as a
decision point., A significant increase in the conversion factor
may be expected for times less thamn four hours after the detonation
due to the higher energy of the decay spectrum. For contamination
densities differing from one megacurie per square mile, the dose
rates may be scaled directly over the representative areas involved
in the fallout plot, Actual dose rates near the ground will
differ somewhat from the ideal case because of the roughness of
local terrain and the presence of some beta activity. The corre-
sponding dose rate reduction factor will depend on local terrain
features and a variety of radiation scattering and shielding
considerations, As a roqgh approximation, a factor of 0,7 is come

monly applied (Ref. 3.5).
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Due to the relatively short mean free path of beta radiation
in air, this cowponent will not be detected by a monitoring air-
craft, Consequently, the beta contribution is not coneidered in
estimating dose rates for the fallout plots. It will, however,
constitute a serious hazard for contamination of clothing and beta-
burns in the case of body contamination. In this respect, the
crew of an aerial monitoring system may be exposed to beta radia-

tion while unprotected on the runway prior to take—off,

3.2 Idealized Fallout Patterns

Fallout deposition is usually cénsidered in two general
categories (early fallout and delayed fallout) depending upon the
time required tovtall to earth. As a rough estimate, about 60%
of the total activity will settle to the earth .within several
hundred miles of ground zero in the first 24 hours following'a
large yield surface burst,' The remaining activity will eventually
reach the earth within three to five years as delayed fallout,
most of it many hundreds or thousands of miles away,

Significant early fallout from a weapon burst will occur,
in most cases; only from surface bursts where the fireball comes
in contact with the ground. The contaminated area will usually
be (1) a circle around ground zero where large pieces of earth,
dust, and debris have been intimately mixed with fission products
and other activated materials generated in the explosion, and (2) a

kind of elongated pattern of contamination that will extend
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several hundred miles downwind from the burst, Most of the con-

taminated material in the ground zero circle usually descends
within an hour or so and is known to result in lethal or
hazardous conditions up to several miles from the center, Major
emphasis i1s given to the downwind fallout patterns since it is
here that the probability of surviving the initial blast effects
is greater,

In the early stages of a surface burst, immense quantities
of dirt and debris are taken up into the fireball and become
radioactive, The large pieces of material fall to the earth
rather quickly (in the first hour or so at the most) and form
the high intensity patterns of the close-in fallout, The
smaller particles return to the ground more slowly and tend to
fall out over a very wide area in a direction downwind of ground
zero, The extent of the contamination will depend primarily
on the fission yield associated with the explosion and the
prevailing meteorological conditioms,

Within the Fallout patterns from a single burst, the meas-—
ure of fallout radiation, whether it be activity, dose rate, or
maximum integrated dose, varies continuouély from a minimum on

the "boundary of the pattern to a maximum at one or more points

somewhere in the interior, The general contour of an idealized

form of fallout pattern is shown in Figure 3,3. The dimensions
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of the fallout pattern contours can be estimated rather crudely
for various explosion yields by the "one~third power" scaling
rule (Ref, 3.3). Some representative results based on the maxi-
mum dose rate contour of a l-megaton surface burst and an ideal
wind speed of 15 mph are given in Table 3.1, 1In this table
the intensity of the fallout radiation is expressed in terms
of a reference radiation dose rate l-hour after the explosion,
These data indicate quite clearly that extremely high fallout
dose rates will exist over very large areas of land,

The unit-time (H+l) reference dose rate (l-~hour after
burst) forms a convenient basis for estimating subsequent dose
rates at any time after deposition, It should be noted, however,
that downwind déposition, for the ﬁost part, will not be com-
plete for many hours after the burst, Durirg this time, radio-
active decay of the falling cloud particles will result in a decrease
of intensity prior to actual deposition, For convenience, a
radiation reduction factor based on the empirical decay formula
(Section 3.1.4) is employed to calculate the radiation intensity
at any time after an explosion, Values of the radiation reduc-~
tion factor are given in Table 3.2, These, too, are rather ideal
values since the empirical decay formula is based on the bulk
characteristics of mixed fission product decay, Divergence from
this form of decay may be expected whenever significant quantities
of neutron activation.products are present and/or some degree of
fractionation f;om the mixed character of bulk fission product

activity is encountered,
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Table 3.1

APPROXIMATE DIMENSIONS OF CORRESPONDING MAXIMUM RADIATION
CONTOURS PRODUCED BY FALLOUT, 1-HOUR REFERENCE DOSE RATE

FALLOUT REDUCTION FACTORS

Time After
Burst-Hours

Radiation
Reduction Factor

1

6
12
18
24
168
336

1.0
0.110
0,049
0,030
0,022
0,00215
0.00093

50

Maxiwmum Radius Downwind
Bomb Dose of G2 Dispiacement | Downwind | Crosswind
Yield Contour Circle of GZ Circle | Distance Distance
Megatons R/hr Miles Miles (Miles) (Miles)
1 3000 0.43 0.60 22 3.1
2 3780 0.54 0.76 28 3.9
5 5130 0,74 1,03 38 5.3
10 6450 0,92 1,29 49 6.7
20 8160 1,17 1.63 60 8.4
f
: Table 3.2
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Several typical fallout plots for a l-megaton surface burst
are shown in Figure 3.4. The effective wind speed is taken as
15 mph, The plots show a number of isodose rate lines for
certain round number values of the dose rate as would be
observed on the ground for various times after the explosion,
The plots for two and three hours after the burst have been
interpolated from the data presented in the "Effects of Nuclear
Weapons" (Ref, 3.3) by use of the simplified cloud model described
in Section 3.1.1, These plots indicate the time dependence and
extent of major fallout contamination as the cloud progresses
downwind., The maximum isodose contour (3000 R/hr) is the result
of large particulate fallout and is seen to diminish quite
rapidly. The 100 R/hr contour reaches its maximum width about
one hour after the pprst but continues to spread downwind as
far as 22 miles in approximately two hours, In three hours the
1000 R/hr contour has receded to about seven miles. In general,
the dose rate contours are seen to be related very closely to
the downwind progress of the cloud until some time after six
hours when cloud depletion and time~decay begins to lessen the
degree of fallout activity deposited,

These resulis are shown more graphically in Figures 3.5 and
3.6, which indicate the fallout history for a l-megaton burst
under the effects of a 15-mph wind and a 30-mph wind, respec-

tively., These figures indicate the downwind (centerline) progress
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of each of the selected dose-rate levels as a function of time
after the explosion, The 1 R/hr dose rate line for a 15-mph
wind reaches its maximum downrange extent somewhere around

225 miles, This occurs about 16 hours after the burst, The
contour has receded to about 200 miles at 18 hours after burst.
In 100 hours the contour has receded to about 80 miles
downrange and continues receding with increasing time, The
progress of eacn 0f the selected dose rate contours may be
traced in a siwmilar wmanner from the down range location at
which fallout is essentially complete,

In Figure 3.6 the corresponding fallout history for a
30-mph ideal wind is shown. Under this condition the maximum
downrange extent is seen to be greatly increased, the 1 R/hr
contour reaching possibly to 360 miles in 16 hours, Time
persistence of the dose rate levels is correspondingly lowered
due to the greater dispersal of early falling particles in the
downw}nd area,

One item that must be constantly kept in mind is that
the fallout process takes time and that this time is dependent
on the size of the fallout particles, If the simplifying
assumptions of the early fallout patterns are accepted, then
it is evident that the greatest amount of the fallout distribu-
tion is essentially complete in about 24 hours, Assuming large

weapon surface bursts, significant patterns of radiation for
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purposes of effecting aerial monitoring surveys will probably
exist on the ground as early as 10 or 12 hours, The time of
cessation of fallout for any given point on the ground and

the location of airborne particles from the non-depleted cloud
must also be taken into consideration,

3.2,1 Effect of Wind on Fallout Patterns

To map the extensive deposition of fallout from weapon
yields in the wmegaton range requires the inclusion of many com—
plex meteorological sariables and consideration of the fact
that clouds from these large detonations extend to altitudes
in excess of 60,000 teet'(nef. 3.1). The fallout plots
presented in the previous section to indicate the scope of the
downwind deposition pattern must be regarded as only a very
rough estimate, The assumptions with regard to a one-dimensional
idealized wind vector leaves much to be desired and certain of
the simplifying assumptions deserve further evaluation,

The effects of varying wind speeds on the downwind fallout
pattern is shown in Figure 3.7 for ideal wind speeds of 5, 15,
30, and 60 miles per hour, The radiation intensity along the
centerline of the fallout pattern is given in terms of the
unit-time reference dose rate as a function of downwind distance,
Since, for megaton detonations, the wind speeds are much higher
at the upper altitudes affecting the initial cloud configuration,

it is expected that an "effective" wind speed for the more
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general weather conditions may be as high as 30 miles per hour.
Periodic conditions could result in persistent wind speeds as
high as 60 mph and as low as 5 mph during some of the summer
or winter months,

The action of horizontal wind currents is to transport
particles in the atmosphere according to the direction and
speed of the wind, As particles descend their motion is
influenced by the winds prevailing at all levels through which
the particles pass., Vertical currents existiag in the atmosphere
may operate to increase or decrease the rate of fall of particles
as long as they are within the region of the convective activity,
Turbulence does not, on the average, increase or decrease the
time of fall, but because of the increased particle motion
which accompanies the increased alr motion, there will be an
increase in the dispersion of the particles through the air with
the possibility of isolated local "hot" spots,

Rains generally originate from atmospheric clouds at
heights below 20,000 feet. Theoretical considerations and
observations‘indicate that when precipitation occurs, the
water drops act to scavenge the particles suspended or falling
in the atmosphere, One effect of precipitation on fallout
particles is to accelerate the particles already falling,
Particles so small as to tend to remain suspended in the
atmosphere, may adhere to precipitated water drops and consequently
move downward with the drops, crusing local hot spots to develop

on the ground.
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Magnitudes of rising air mass velocities up to 10 cm per
second in dry air would support 35 micron particles and
appreciably slow down larger particles, Downwind moving air
masses seldom exceed 5 cm per second. The velocity of rising
air masses in rain areas may be as much as 1 meter per second
(Ref, 3.6), but rain would carry the particles down at
velocities much greater than 1 meter per second,

Since the determination of the actual location and
density of falloutactivity depends on the winds encountered
by the fallout particles, errors in esiimating the winds
will produce errors in prediction of these quantities. However,
there is a limit to the accuracy of wind estimates, The stand-
ard deviation of the magnitude of this error is estimated to
be approximately 10 knots for a thick layer of 50,000 feet
or more (Ref, 3.7). The usual meteorological forecasts of
winds compare favorably with persistence when a deep layer
is involved, but the usefulness of such forecasts appears to
be ol doubtful value if the forecast period is extended beyond
24 hours,

Theoretical calculations to determine the distribution of
early fallout usually assume that the wind blows in just one
direction. In practicc, however, winds at different altitudes
move in difierent directions at different speeds. The effects

of such a condition on a simplified plot of downwind fallout is
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shown in Figure 3.8, The situation is purely hypothetical but
serves to illustrate the possible distribution due to a 10 megaton
surface burst near Fort Worth, Texas, followed by a 10 megaton

air burst (grcater than 2-mile-burst height) over Dallas, Texas.

In preparing the fallout plot, the prevailing wind patterns
for the local meteorological area were assigned., Surface winds
were generally southwest at 15 mph with circulation veering
gradually with altitude to northwesterly winds at 40,000 feet
moving 70 mph, Stratospheric winds were westerly at about
50 mph. The effective wind speed as determined from a study of
25 wind vectors was found to be about 40 miles per hour, The
two bursts are assumed to occur simultaneously and are separated
by approximately 45 miles.

The 10 megaton surface burst assumed near Fort Worth is
largely responsible for major downwind fallout, A cursory
evaluation of the hypothetical air burst over Dallas indicates
a contrib tion of as much as a ten percent increase over the
fallout intensities expected from the 10 megaton surface burst,
Downwind radiation intensities are plotted for several selected
isodose contours given in terms of the one-~hour reference dose
rate,

The figure shows a pattern of dose-~rates stretching about

400 miles downwind with a maximum width of 60 miles. The area

60



§4N03U0) 93%Y 950(Q 90ULISJOY SWIL-aTun g°¢ "BTd

DUTM HdH Off
d PISTX UOTBETA 230G \
SETTEQ J9A0 38ang JIIV IW OT |
Y3d0M 3404 3¥® j3s8dnd I0IANS LW OT \

\

61



PO

of significant deposition includes some 20,000 square miles
stretching across northeast Texas and parts of Louisiana,

Mississippi, and Alalama,

3.3 Tiwe of Arrival of Fallout

In previocus studies (Ref, 3,8) for low yield weapons (KT
range) the time-~to-peak activity has been defined as the time
of arrival of fallout particles originating in the lower third
of the mushroom, This has been applied for times up to 13 hours,
For arrival times greater than 13 hours it is felt that the
time=to-peak activity can be defined as twice the time of
arrival, ' These relations are found to apply over a wide range
of arrival times, yields, and scaled heights,

The summary analysis of the 1959 Congressional hearing on
"Biological and Environmental Effects of Nuclear War' includes
Table 3.3 as a summary of the principal arrival and deposition
characteristics of a 5 megaton land surface burst, No indica-

tion is given of the speeds of the winds involved,

Table 3.3
APRIVAL AND DEPOSITION CHARACTERISTIC OF A LAND SURFACE BURST

Characteristic 8-Mile 60-Mile
Downwind Downwind
Time of Arrival 0,25 hr 7 hr
Tiwe of Peak Fallout 1.5 hr 13.5 hr
Time of Peak Intensity 4 hr 10=14 hr
Time of Cessation 6 hr 16 hr
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The following estimates are presented in "A Note on the Tiwe
Duration of Close=in Fallout Deposition from Megaton Explosions'
(Ref. 3.1) by G. H., Gilbert, The winds chosen were those for
S. W, Ontario for several days taken over intervals of three
days and the cloud was divided into four layers between 10,000
and 90,000 feet, The size of the cloud was taken to correspond
to an explosion of about 5 MT yield. The average wind speeds
given in Table 3.4 are averaged over the 40,000, 60,000,
and 80,000 feet "effective" wind values; seasonal values of
S. W. Ontario are 30 mph in summer and 60 mph in winter,

The peak dose rate occurs before the end of the deposition
period since the decay rate exceeeds the increase in dose rate

from continued deposition {see also Figs, 3.5 and 3.6),.

3.4 Variations From Idealized Fallout Patterns
The technique for predicting the fallout patterns which

have been presented in the preceding pages are applied only as

a rough tool to delineate the possible extent and magnitude

of areas containing dose rates above 1 R/hr, It is unlikely
that much would be gained by applying refinements necessary

for a complete and rigorous solution of each problem; the natural
limitations to prediction of meteorological conditions at some
unknown time corresponding to a nuclear attack, precludes the
possibility of prevenient fallout estimates, With more ade-

quate data on the size and activity distribution of particles,
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Table 3.4

TIME-DEPOSITION CHARACTERISTICS OF FALLOUT

Downwind
Distance 50 miles 100 miles 150 miles
Avg. Ying
Speed (a) (b) (a) (b) (a) (b)
Summer
15 1.8-7.8 3.7 4,8-14 9.2 7.7=-20 13
30 0.9=2,9 2.0 2,.3-4.5 3.7 3.7=6.5 5.3
Winter
| | ] |
40 0,8-2,7 i 1.5 |, 1,8=3.5 | 2.5 2.,9-4.8 4.3
65 0.5-1.5 1.2 1.0-2,3 1.8 1,7-3.3 2.5
80 0,4-1.3 0.8 1,0=1,7 1.5 1.5-2,3 2.1

(a) =~ Duration of Deposition in hours,

(b) - Tiwme of Peak Intensity in hours,
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latent analyses of the fallout deposition may be accomplished
but determination of the actual fallout patterns will ultimately

depend upon some form of monitoring survey,

In addition to the foregoing analysis of idealized fallout
patterns, anotlier calculation was performed for a S5 megaton
surface burst using the average wind data of Washington, D.C.,
for March 1962, together with the simplified mathematical model
developed by R, R, Rapp of Rand Corporation (Ref. 3.1). The
results of this evaluation indicated changes in the form of the
dose rate contours as in Figure 3.9.

Due to the persistence of higher wind velocities in the
upper atmosphere, the long downwind patterns are still found to
prevail but differences in the speeds and directions of the
winds of the lower atmosphere result in a non~symmetrical cross-
wind pattern, This is shown graphically in the fallout plot
of the Smokey Event from Operation Plumbbob (Fig. 3.10). The
local irregularities and separated regions of high activity
are characteristic of downwind deposition under actual condi-
tions,

In the event of particularly calm weather conditions where
the direction of the winds change with altitude and the velocity
of the wind is small, it is conceivable that fallout patterns
for even the high yield leviids might result in considerable

close~in deposition as shown in Figure 3,11,

65



Winds - Miami 1200 Gmt, October 30, 1961
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Fig. 3.9 Comparison of Idealized Patterns and
Detailed Computation - 1 Mt
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3.5 ldealized Fallout Pattern From Multiple Bursts
It is expected that much of the country will be exposed to

fallout from more than one burst, From the standpoint of collect-
ing, processing and reporting dose rate readings, the consequent
overlapping of fallout which results from multiple nuclear
weapons bursting at different locations and at different times
must be considered, The likelihood that fallout from more than
one weapon may occur at a given location may be predicted to
some extent if knowledge of the target system, meteorology, and
enemy strategy is assumed; but any prediction of the time of
burst would be most uncertain,

3.5.1 Effect of Separation of Burst Points

The first type of fallout pattern to be examined is caused
by the simultaneous (defined as within‘a half-hour or so) explosion
of several weapons in close proxinity.. This might occur when two
or more separate targets are located close together, or when
target characteristics would require scheduling several weapons
for high destiruction probability, Figures 3.12 and 3.13
illustrate the idealized patterns obtained from two overlapping
bursts and incldde a reference burst for comparison, All bursts
shown are 1 MT with a 15 mph effective wind velocity. For cross-—
wind separation distances of five miles or less (which might be
obtained by multiple bursts against a single target), the

resultant patterns are similar to the single burst pattern, except
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for the increased width and somewhat greater downwind distance of
the higher dose rates, For crosswind separations of five to

15 miles, the low isorates are siwmilar to those of a single burst,
except for the increased width; but the higher dose rates begin
to form in separate hot spots downwind of each of the burst
points. However, the area_ of lesser activity between the hot
spots is very small, and might be eliminated if shear winds

were present,

For separations greater than 15 miles, the isolines
indicating an appreciable level of activity are completely
separated; but as before, the separation is small and shear
winds might eliminate the low dose rate areas. For downwind
separations, the lengths of the isolines are increased, but no
other changes are noticeable,

The tendency for the isolines to separate (crosswind bursts)
into hot spots downwind from each burst point increases with
the age of the pattern, and progresses from the higher activity
levels down to the lower levels, even when shear winds are
present,

Because of the uniformity and persistence of the wind flow
at the high altitudes of the cloud, and the relatively small
effects of shear winds, it is unlikely that the axes of simul-
taneous bursts will cross, and thus, only parallelhot lines are

considered,
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The (crosswind) separation distance at which the bursts can
b~ considered as separate depends on both the plotting accuracy
of the monitoring system and the significance to the user of the
narrow, low-activity area between the hot spots, At time (t + 15)
hours or later the minimum separation may thus vary upwards
from 20 miles to as much as 60 miles for 1 MT bursts,

The (downwind) distance between bursts necessary for them
to be considered as separate bursts is at least as great as
the length of the highest isoline of interest at the time the
survey is being made. The overlap will extend farther, but it
should not be difficult to determine that there are two sources
and two distinct patterns,

The additive effect of multiple simultaneous bursts
separated 100 and 300 wmiles in the downwind direction is shown
in Figure 3,14, The dose rate contribution from burst 1 does
not appreciably extend the length of the dose rate contours for
burst 2, The same remark holds for burst 3. Thus, with a random
pass through the area the probability of intercepting a 300 dose
rate line from burst 1 is essentially the same as that for burst 2
or burst 3, Hot spots (closed contours) can be expected for the
100 and 300 R/hrdose rates between each of the three bursts, The
30 R/hr and 10 R/hr rates will form closed contours between
bursts 2 and 3, but will not between bursts 1 and 2. It is

emphasized that the preceding remarks apply to idealized fallout
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patterns and sowe variation can be expected where shear winds
are present, Again, the separation distance required depends

on the downwind separation of monitoring points and the
importance of the area between the two high-—rate areas, Minimum
separation distances are shown in Figures 3,15 and 3,16,

3.5.2 Effect of Time Separation of Bursts

The second major category of fallout pattern is caused by
multiple bursts occurring at different times, either at the sime
spot or at different locations, In addition to the rroblem of
determining the dose rate contours resulting from the overlapping
ratterns, this category has the problem of prediction of dose
rates at a later tiwe since the fallout at any point is a mixture
of radiation activity of different ages with different decay
rates,

Tue dose rate at any time after a 1 MT bursts is shown in
Figures 3.5 and 3.6 fur several locations downwind from the
burst point, If fallout from another burst occurred at one
of these points at some later time, it is apparent, from an
inspection of the slope of the curve at appropriate times, that
the fallout from each bomb decays at different rates. Thus, if
only the total rate is wmeasured, and either the first or second
burst is used as a reference time, an error will occur when

an estimate of activity is made for a later time,
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A mathematical treatmwent of time scaling to account for decay
of fallout radiation is given in Section 10,4 of this report. A
quantitative relationship is given for dose rate as a function of
time after burst for fallout from simultaneous bursts, Several
approximations to account for the decay of a mixture of residual
radiati ons of different ages are computed and boundary conditions

for estimating the error are given,
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4. DISTRIBUTION OF EXPECTED FALLOUT AREAS

To assist in defining requirements for an aerial monitoring
system, an assuwed target system and the related distribution of
fallout areas are described in this section. The location of
civilian airports suitable for basing survey aircraft is con-
gsidered from the standpoint of survival from blast and heat as

well as from the effects of fallout,

4.1 Target Distribution

The target system shown in Figure 4.1 was chosen to represent

a maximum enemy effort against both military and non-miliary

strategic targets, Approximately 125 military installations

and cities (communication and supply centers) were located

throughout the United States, The distribution of these targets

is heavy in the northeast, south, and southeast with clusters

on the west coast., Only scattered targets are shown throughout

most of the remainder of the country, This target system is

not intended to include all possible targets, although the

representation of the distribution of the targets is believed

to be reasonable for various enemy strategies, However, no

accuracy in analysis is lost because of the omission of targets,
The fallout pattern, not the burst point, is of primary

concern for the monitoring system, For large bursts the pattern

will approximate a rectangle of 80 by 500 miles, Thus, it is
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apparent that only a few bursts may cover an entire area with fall-

out, and additional bursts (from omitted targets) would only in~
crease the fallout level without adding appreciably to the size
of the fallout area, so that no additional monitoring is required.
This condition prevails in the eastern section of t:e country and
to some extent in the southern part,

In the west, there is only a limited number of targets so
that large areas free from fallout can be expected. Even so,
the monitoring system must be designed to survey areas where
no bursts are expected in order to locate fallout from erratic
bursts which may occur, However, a search procedure to detiermine
the presence of a fallout area does not require the fine detail

that would be used to monitor a fallout area,.

4,2 Fallout Distribution

The distribution and extent of fallout over the United States
which can result from one or more burst points in the neighbor-
hood of each target of the assumed maximum target system is shown
in Figure 4,2, The map was constructed using a wind pattern
typical for a midsummer day at (H+15) hours., It is assumed that
the general direction and extent of the fallout area would be
determined by winds at high altitude, Low altitude and surface
winds will tend to smear these patterns, making them broader,

possibly shorter, and somewhat irregular along the edges.
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The explosions are assuwed to have fission yields ranging
from one to five megatons, with most of the smallexr being
delivered by ICMB's, The amount of fallout increases with fission
yield which may increase the width of the fallout area but has
little effect upon the length., Using 1 R/hr dose rate as a
boundary, the maximum distance across a fallout area varies from
50 miles for a 1 MT to 80 miles for a 5 MT burst, The length
may vary from 80 to N miles, depending upon wind speed,

From 4 to 8 bombs can be expected at each hardened military
installation and from 1 to 4 at large unhardened area targets,
depending upon the magnitude of the strike and the weapon delivery
system used. With present estimates of delivery accuracy, bursts
will be clustered around aimpoints, Thus, it is assumed that
multiple warheads aimed at a single target would form a single
fallout pattern, However, fallout of different ages nay be
present since it is unlikely that multiple weapons would be
scheduled to arrive simultaneously at a given target.

There may be bursts at points far removed from any possible
taiget., These would be caused by gross guidance and navigation
errors or by our defensive measures (Dead Man Drops)., No
prediction can be made concerning the location or number of

these erratic bursts,
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The possible variations in the distribution of fallout over
the United States caused by seasonal variations in high altitude
wind direction is shown in Figure 4,3, The direction of the hot
line will vary more than 45° on either side of the east-west di-
rection only a small percent of the time, and these variations
will occur mainly over small areas., Thus, a north-south move-
ment of the survey aircraft would, in general, cut the downwind
hot line, and consequently, the dose rate contours, within 45°
of the perpendicular, This leads to the decision to design the
monitoring system to make survey flights in the north-—south
direction. For areas where the predicted wind at the time of
the survey varies more than 45o from east-west, individual ;ir-

craft can alter .aeir flight paths to cover the area to which

they are assigned.

4,3 Base Survival

The monitoring system must survive the initial enemy attack
since it will not begin operating for some time after the first
burst falls., This means survival from nuclear effects including
radiation from fallout as well as from the effects of blast and
thermal radiation. Thus, all facilities associated with the
aerial monitoring system must be favorably located with respect

to the target system, In addition, adequate facilities must be
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made available for critical personnel needed to operate the system,
At a distance of 25 miles or more from the predicted impact points
the probability of survival from blast or heat radiation from as
many as four 5 MT warheads aimed at the target with CEP's on the
order of 3 or 4 miles is estimated to be in excess of 99%, Each
target in Figure 4.1 is enclosed by a circle with a 25 mile radius,
Thus, the area exterior to these -circles represents an area of
almost certain survival (at least $9%) from blast and heat radia—
tion,

Figure 4.4 shows the locations of non-military airports which
are outside the expected damage areas of the target system and
which have the capability for maintenance designated as S-5. This
is the designation given in the Directory of Aerodromes 4 ailable
to Military Aircraft to civilian airports that presently have
facilities for storage and aircraft and major engine repairs., To
estimate operating costs, these airports are assumed to be manned
by Air Force recovery units,

The number and distribution of this set of airports indicates
that with possibly a few exceptions, there is an airport available
within a few miles of where it would be needed for economical opera-
tion of a survey system,

The problem of protection against fallout is different from

protection from blast and thermal radiation because of the area
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involved, All equipment and personnel must be protected, Personnel
may remain for a limited time in levels as high as 30=50 R/hr with-
out ill effects. The equipment may also be exposed to these levels
and here there is danger of loss of effectiveness due to contamina-
tion by fallout particles,
It is emphasized by Figure 4.3 that in the eastern and southern
portions of the United States no area is free from expected fallout
if bursts fall on the assumed target system, At any time, of
course, not all of the area will be covered, but it is not possible
to predict with any confidence the location of areas that may escape
fallout. Even in the western and central United States, wind direc-
tions vary so that fallout can occur almost everywhere,
The following conclusions are made from the previous discussion:
1. The aerial monitoring system should be designed to
provide the same degree of monitoring detail and
accuracy of radiological data (dose rate levels and
flight path spacing) over all section of continental
United States, The same remarks would likely apply
to the 49th and 50th states, although they were
not considered in the analysis,

2, There are enough adequately equipped civilian airports
located at a reasonably safe distance from military
installations and large population centers (possible

targets for nuclear attack) to base the aircraft

88



- e T e

for an aerial monitoring system, However, the air-
craft, equipment and personnel must be provided with
protection from fallout, Possible methuds of manning

the system in wartime are given in a later section,
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5. MONITORING PROCEDURE

5.1 Introduction

The purpose of the aerial monitoring system is to provide
the capability to monitor the radiation from fallout resulting
from nuclear explosions, The system should be designed to prow
vide the capability to survey the United States following a
nuclear war, although, a portion of the system could be used to
survey a local area that became contaminated from a peacetime
nuclear accident, The system is national in scope and the
output of the system is a presentation of the data in the form
of dose rate contours drawn on a map of the area surveyed,

Thus, the monitoring procedure must provide sufficient
detail to satisfy the needs on anational scale, This does not
preclude the capability to provide data useful for regional or
even local needs, In the presentation of radiological data
on a contour map it is -implied that areas free from fallout
have been verifed.

It is assumed that the survey will not begin before the

early fallout is down, For the case where the nation is subjected

to many nuclear bursts, fallout patterns may overlap in many
areas, especially in the eastern, southern, and parts of the far
vestern United States, Thus, the time to begin the survey is

determined by the level of radiation in the air rather than by
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cloud passage from a burst., Typically, about 60 percent of the
total radioactivity from a ground burst appears as fallout within
a period of approximately 12 hours., The remainder stays suspended
in the atmosphere for long periods of time so that airborne
activity around and below the survey aircraft may be quite intense.
The distribution of isodose rate curves indicates that the
flight procedure to monitor a single isolated fallout pattern may
be quite different from that required to monitor an area where
fallout at a point contains a mixture of radiation from multiple
bursts, This is especially true if the location of the burst

points are not accurately predicatable,

5.2 Monitoring lLevels and Data Required

Three basic technical problems must be resolved in designing
an airborne system, First, the radiation on the ground must be
reliably determined from measurements made in the air. Second,
accurate location of the positions where the measurement were
made must be recorded. And, third, these measurements must be
scaled to a common reference time to account for the decay of the
activity with time,

To solve these problems, the wminimum amount of information
required for each data point (reading) must include the radia-
tion level in R/hr or an equivalent, the altitude above the

terrain, the coordinates of the point at which the reading is
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taken and the time. The system can be designed to read radiation
levels at fixed intervals of time along a flight path or to record
the position where preselected radiation levels occur. 1In either
case, there is a compromise to be made between the amount of data
needed to comnstruct meaningful dose rate contours and the time
required to process the data, Referring to Figure 3.4, it is
evident that recording dose rate levels at 1 R/hr increments would
require in excess of 1000 points along 40-50 miles of flight path
across one fallout pattern, Mindful of the fact that the survey
is to be made on a national scale and the resulting contours are
to be drawn on a scaled map of the U.8,, too many data points
would not be meaningful, Thus, in order to reduce the amount of
data to be processed it has been assumed that isodose rate lines
of 1, 3, 10, 30, 100, 300, and 1000 R/hr are of interest., This
range of rates will encompass minimum and wmaximum values of
interest, and other values could be substituted for the inter-
mediate values if conditions of use warranted it,

It is determined in a later section (Section 8) that the set
of data points given above will not overload the data transmission
_8ystem, but recording too many data points may cause the processing
time to become intolerably iong.

Examination of a set of typical fallout contours (Figs., 3.12
and 3.13) shows that for a flight perpendicular to the wind direc-—

tion, the dose rate goes from zero to peak to zero in distances
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varying from 60 to 80 miles. Also, the value of -the peak (hot
line) can vary from more than 1000 R/hr neaxr the burst point to
less than 10 R/hr far downwind., Thus, considering a 400 mph air-
craft, the rate at which data i1s gathered when surveying a single
fallout pattern may vary from five points per minute to only one
point in six minutes. The number of data points per mile of
flight will not be greater than this maximum number when surveying
areas covered with overlapping fallout areas. The average value
for a series of cuts or for an entire flight may be appreciably
less than the maxiwmum,

The number of data points per fallout area is givem in
Figure 5.1 for various survey spacings. The total flight distance
required to survey a fallout area varies from 400 wmiles up to
as much as 1250 miles, depending on wind speed and survey spacing.
These numbers refer to idealized plots and may be considerably

different for actual fallout patterms,

5.3 Survey Procedure for a Single Burst
The distribution of fallout from a single burst indicates

that flight paths crossing the fallout pattern in the crosswind
direction would provide a maximum number of useful data points
per flight mile. In the crosswind direction, the dose rates
change rapidly and the dose rate pattern is symmetrical about

the hot line in the sense that the dose rate increases to a
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maximum (hot line) and then tapers off to neligible values, Further-
more, each crosswind flight path will intersect the hot line for any
spacing between flight paths less than the total downwind length

of the pattern.

The dose rate of the falloui pattern dec?eases monotonically
in the downwind direction with the exception that isolated hot
spots may occur because of some local conditions, The gradient is
small, varying with wind speed and distance frowm the burst point,
If survey flights were being made in the downwind direction, only
small isodose rate changes per flight mile would be encountered
and the chance of intercepting the hot line would be very small,
This argument suggests that where a chcice can pe:made (wind
information is available), a survey flight pattern where a large
percent of the flight is made in the crosswind direction should
be chosen,

A spiral, rectangular, or triangular flight pattern (Fig. 5.2)
can be used to search for and survey a fallout area, The spiral
pattern gives a uniform survey over a square area, To search a
rectangular area, the spacing in one direction will be greater
than in the other resulting in wasted effort., This pattern is
useful in locating the position of a burst point or isolated hot
spot in the absence of accurate wind direction, But the spiral
is not efficient in making a survey of a fallout area for two

reasons, Too much of the survey flight is made in the downwind

96



3sang 913ulg T JO0F SuIdll}ed Kasrang

qu3TT] Butanp

sueTd 3y3T1g Sut3ueud
any watgoad uciaes
-TABU p943EBOTTCWOD 8JI0k

LTwacitun

S® psJdaA0D 30U ST
eaJB 38Ul pur J33J40UsS

gT 9oueasTp used

ayq a4deoxs g uasi3j3ed
se aues ayj asowie sI

¢ ua@j3sed

L

patJea

20 ued WAYl U3IIM]

-5q S30UB]STP JU]
pue syadusl Yied (q)

seed yoes uo

opel 940 UBD BIJE

saTaoeOTPRI 8U3 JO
a%eassco d3aTdwod (e)
4U3TT1I
SuTanp paTJeA 9q Ue)
(uot3osatp pUTH usAt3
& sagoddnsasd) uota
-03J4TD DUTH# aua SUOTE
fgnare waocJTun B S3aATD

2 uasiaed

e et i e

z2°S "3y

UMouy
40U €T UOT4BULIOJUT PUTAM
Jo0 ‘quasaad sJge sSputH
Jeays usaym pood La3a ST
sqods

qoy pue qutod 3sang
astoaad 3ur3ed0T JO
£aTTTqeqoad H00% B S3ATD
BaJEe STOUM 39Ul J3A0
Lapaans waoJtun B saaTd

T uaa33ed

97



b TS AR

direction and secondly, the data is not being recorded in desirable
patterns relative to the contours to be drawn.

The rectangular search pattern is ideally suited for surveying
a fallout pattern where the parallel paths are in the crosswind
direction, Each flight path intercepts all lines of equal dose
rate of the fallout area, The portion of the flight wmade in the
downwind direction is equal to the length of the area being surveyed
and much of this may be made outside the fallout area,

The distance between crosswind flight paths can be varied to
make the survey as the detailed as desired. The flight paths can
be close together near the burst point to give an accurate descrip-
tion of the hot line and the higher dose rate contours; and they
can be farther apart as the survey proceeds downwind from the burst
where radiation changes are small,

The triangular pattern gives a nonuniform method of covering
the area with a shorter flight length and would be used where the
location of the fallout area is known, A more uniform pattern
should be used in collecting data near the burst point, especially
if preselected dose rate levels are being recorded.

Figure 5,3 is an example of the survey of an idealized plot
of a 1 MT burst with a 15 mph average wind beginning at (H + 12)
hours, The spacing between crosswind paths was varied with
downwind distance from the burst point, When making a survey of
a fallout pattern that is known to be isolated, a cockpit display

of the radiation levels beneath the aircraft gives an indication
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to the pilot when to turn after crosiing the area, The flight
path represented by the dashed line is a combination of the
rectangular pattern near the burst point and the triangular
pattern downwind, Except for the 100 R/hr isopleth, the number
of data points is the same for both cases, The distance flown
in the triangular survey is approximately 16% less than that
for the rectangular,

If a uniform rectangular survey with 30-mile spacing is
used, the total distance flown is 16% less than for the variable
spacing shown but no data points are recorded for the 300 R/hr
rate and only two points for the 100 R/hr line, At the other
extreme, if a 10-mile uniforms survey is used, the total distance
flown is almost two times that for the variable survey, No
more data points are recorded for the 100 R/hr and 300 R/hr_line
but many more are recorded for dose ratesc lower than 100, where

fine detail is less important,

5.4 Survey Procedure for an Area

The distribution of fallout in an area where two or more
nuclear bursts contribute to the radiation (Fig. 4.2) is
predictable only to the extent that the location of the burst
points are known, Although it is expected that Nudets can
furnish detonation points, number and yield of bursts, and, to

some extent, the time of arrival, neither the design of an

100



aerial survey system nor its operation should be based upon the
survival or output of that asystem, Consequently, in the absence
of detailed and accurate knowledge of the number and location
of bursts, a uniform survey pattern is required in areas where a

high density of bursts is expected. The rectangular flight pat-

tern is best for a uniform search of an area., The distance between

flight paths, and consequently, the area that can be surveyed

by an aircraft, depends upon how important it is to intercept a
given R/hr line., The two distinct types of flight patterns con-
sidered in this study are shown in Figure 5.4. 1In each, ﬁorth—
south movements are considered to be the primary data ga.hering
flight directions although some information wil), of course, be
coilected during east-west movements,

Method A is wmore economical in range, but has two major dis-
advantages, First, each aircraft must be located at a separate
base, where the landing base for one is the take—off base of the
next in the chain, The result is a loose knit 6rgunization from
the standpoint of both administration and peacetime training
exercises, Secondly, if bases are not available near the survey
flight range of the aircraft, excessive range is lost,

Method B differs from Method A in that each aircraft returns

to its own base, Thus, each airplane wmakes two east-west flights

over the area instead of one which decreases .the amount of air-

craft range available for survey purposes, On the other hand,
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in Method B a base can be located anywhere along the line L so that
a suitable base is more likely to be found closer to where it is
needed, Consequently, less distance (aircraft range) is wasted
going to and returning from the survey flight path, In this method,
two aircraft can be located at a base, and if a base is available
at the top or bottom of the survey area, four aircraft can use

the same base,

5.4.1 Model for Survey Method A

It is convenient to regard flight patterns in terms of
rectangles of length L (north-—south direction) and width W, A
series of such rectangles, or a single one, are made to fit the
country without too much waste at the boundaries, although some
ocean coverage is desirable, Then for each rectangle, the distance
D to be flown is given by

WL

D= + (W~I)
where I is the distance between successive north-south movements,
Here W/I gives the number of monitoring paths used to cover
the rectangle and (W-I) is the total distance covered between
monitoring cuts (east-west movement).
If bases could be located as desired, then the number of air-
craft required to monitor a rectangle would be D/R, where R is
the aircraft range. However, bases must not only have complete
repair and maintenance facilities but they wmust also be located

awvay from expected target areas to ensure high survivability, It
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is estimated that a base which satisfies these criteris could be

found within a 50 wmiles radius of any required position,

Thus, the number N of aircraft required per rectangle is

D [\n. "1 1
N= _____ =|__ 4 W=I —
R=-100 I R-100

and the number of bases is N + 1,

The time required to collect the data is given by R/v where
v is the survey speed of the aircraft., To find the number of
aircraft required to survey the U.S. using Method A, the area is
divided into convenient rectangles and an N is determined for
each rectangle and flight separation distance, I,

The variation in number of aircraft required to monitor the
U.S. with changing aircraft range and monitoring intervals is
shown in Figure 5.5, The variation with time is shown in Figure
5.6, It can be seen that long ranges are best from the point
of view of number of aircraft but worst when time to monitor is
considered. The dashed lines show the effect of the choice
of the distance L on the number of aircraft required. As L
decreases, the number of aircraft increases because more east-
west travel is required,

5.4.2 Model for Survey Method B

In survey Method B, the variables of choice for a given

survey path spacing are the dimensions of a rectangle associated
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with each aircraft range and the number of survey cuts assigned to
each, Three cases are shown in Figure 5.7 where n ias the number
of survey paths per aircraft per rectangle., It can be seen that
in each case, 2 base can be located anywhere along the length L
without changing the survey flight distance of the aircraft. An
average of 60 miles is allowed for the off course variation of the
location of available bases from where they are needed, This is
30 wiles on either side of the centerline parallel to a length L.

From the geometry of the figure, the range of an aircraft is

given by
R = oL + (2n~1)I + 60 n=2, 4,6, ...
and
2 2
R=nL +nl +60 + \|[L° ¢+ [(n=1) I ne=1235,...
where

n = number of north-~south paths

I = distance between paths

L = 1length of the rectangle being surveyed

The width W of the rectangle controlled by each aircraft is

W = nI,

This method permits the use of two aircraft per base and the
area of base responsibility is a rectangle with dimensions L x 2nanI.
From the relationship between R, L, and W, it is seen that there is
a variety of dimensions of rectangles for each aircraft range and
path spacing I. Consequently, the area that an aircraft can survey

will vary with the number of cross flights, n,.
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A comparison of the survey efficiency of the cases shown in
Figure 5.7 is wmade in Table 5.1 for a 1000 mile range aircraft and

& 60 mile survey separation distance,

Table 5.1
BFPICIENCY COMPARISON

n=32 ne=3 n=4

Survey Area Aircraft
(sq. wi,) 45,600 | 32,400 31,200
Bfficiency (area/flt.mi.) 45,6 32.4 31.2
Perceat Effective 100 71 68

These results show that, disregarding other constraints,
rectangular survey areas determined by n = 2 are preferred, by
n = 3 is next, and 80 on, It is noted that the number n also
determines the shape of the rectangle where a small n gives a
loné narrow north-—south oriented rectangle and a large n makes
the orientation in the east-west direction,

The number of aircraft required to monitor a given area
using Method B can be found from a map exercise, The given area
is covered with rectangles whose dimensions are computed using
various values of n for a given aircraft range, R, and survey
spacing, I. The most economical system from the standpoint
of number of aircraft is found by using as many rectangles as

possible with n = 2, then with n = 3, and so on,until the area
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is covered, Irregular shaped areas ares covered with rectangles
whose dimensions are found for the best choice of n, The relation-
ship between aircraft range and the number of aircraft required to
monitor the U,8, is given in Figure 5.8 for different valupl of 1.

An example of a map exercise for a survey of the U.S., is
shown in Figure 5.9, The distance between the primary data collec-
tion flight paths is 60 miles, Two aircraft with a 1230-mile
range are assigned to each rectangle except for three areas which
require only one, A total of 57 aircraft is required for this
system,

Figure 5.10 is an expanded view of rectangle A in Figure 5.9
showing survey paths relative to four fallout areas and a typical
base location, The 60-mile separation distance survey intercepted
the 100 R/ar and 300 R/bhr line of one burst and the 100 R/hr line
of another, It is not difficult to visualize the importance and
usefulness of readings on the hot line in locating the points
where the 300, 100, 30, and 10 R/hr contours close in two of the
areus,

The preceding discussion shows that it takes more aircraft
to survey a given area using let;od B than using Method A, and
the difference will vary with the shape of the area to be
surveyed, However, Method B has many advantages over Method A

which cannot be measured quantitatively, There is an operational
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flexibility associated witr Method B that Method A does not have,
Each aircraft is assigned to survey a given rectangular area based
upon a specific flight pattern with respect to an expected fallout
pattern. If, in local areas, fallout conditions are appreciably

different from the expected, an aircraft can make the survey of

the area asaigned to it using an appropriate flight pattern for
thq new conditions., There are fewer oporatioﬁal units with Method B

than with Method A since two or more survey aircraft can operate

from the seme base. with Method B. Thus, the administration,

training, manning, and operational functions are easier to coor-
dinate with the fewer units. Furthermore, operational units
consisting of two or four aircraft and associated ground support

may be more economical to operate during peactime,

5.5 Drawing Isodose Rate Contours

For thu purpose of describing the construction of a set of

isodose rate contours, we consider an idealized fallout area

resulting from a single burst, The survey flights are being made

in the cross wind direction, The position of the data points

are being plotted at points wheore preselected radiation levels

occur on the gréund. Thus, readouts include only isodose ::tes

of 1ﬂtorost which reduces the plotting and interpolation problems,
Each flight through the area provides data points for all

preselected levels less than the value at the hot line., The value
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at the hot line is also recorded. Obviously, the number of data
points collected by the system for each fallout pattern will depend
upon the number of cross flights through the area,

A typical example of the collection of data points for five
flights is shown in Figure 5.11, The 300 R/hr isoline was inter-
sected only once giving two points for the coatour, There are
six 100 R/hr, eight 30 R/hr, and ten 10 R/hr points recorded and
the hot line was intercepted on each cross flight, The long side
of the isodose rate lines can be quite accurately described by
connecting points on the contours of lesser values where several
points are available, For instance, in the example shown there
are ten points, five on each side of the hot line, to describe
the long side of the 10 R/hr contour. This coantour, drawn first,
aids in constructing contours for the higher dose rates where
fewer points are available, The down wind extent of each isodose
rate of interest (the preselected set)'can be determined by a
simple interpolation between the values recorded on the hot line,
Consequently, each contour can be closed in the down wind direc-
tion at points whose positional accur;cy is dot‘r-%nod by
logarithmic interpolation, ‘

It is expected that smocth curves will be used to connect
lnqceslivo points around a contour, smoothing out irregularities
caucdd by local conditions, If more detail concerning the

position of a contour between two flights paths is needed, the
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survey must be made in more detail, requring that cross flight paths

be closer together,

It can be seen that if the hot line is a monotonic function,
the contours can be closed much more accurately by using inter-
polated points on the hot line than by increasing the number of
cross flights to collect more data points, The probability of
intersecting a given isodose rate line within a few miles of its
extremity is very small, Isolated hot spots can be distinguished
by the non-monotonic variation of the hot line, provided the

entire hot spot does not fall between two successive cross flights,
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6. RADIATION EXPOSURE TO AIRCRAFT CREW

The total dose received by unprotected personnel in the sur-
vey aircraft was calculated for single traverses along and across
an idealized fallout pattern. 12 hours after a 1 MT burst, The
traverses are taken to pass directly over ground zero, as shown in
Figure 6.1,

According to Figure 6.1, the maximum dose oxpected for a
traverse at 2200 feet is about 0,01 R. The dose received in a
single traverse is not hazardous,

Whatever air contamination is present will contribute to the
dose received by the aircraft crew, In the situation described in
Section 3,2,1, the dose rate due to contaminated air will be
approximately 0,004 R/hr. The dose contribution from the air may,
then, be expected to be rather small compared to that from the
ground,

It is wentioned in Section 4 that survey aircraft equipment
and personnel must be protected from fallout since a survey cal-
not begin until most of the fallout is down ﬁnd the deposition
of fallout cannot be predicted with any degree of accuracy. For
the same reasons, the aircraft and crew can be exposed to various
radiation levels for short periods of tiwe during taxi, take-off, -
and landing,
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The amount of shielding, if any, required for crew protec-—
tion will depend in detail upon the survey pattern and the total
exposure time during the survey, A typical mission during a
saturation attack should expose the crew to considerably less than
a 30 R/hr wission dose,.

The dose which might be received as the aircraft itself
collects contamination may reach a few R’hr. However, the unknown
relation between the specific activity of the air and the buildup

on the aircraft preclude analysis of this hazard at the present

time,
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7. SENSOR DESIGN

7.1 Introduction
Radiation from fallout on the ground is toc be detected

~guantatively in the presence of background by a detector sbne

distance above the surface of the earth, The fallout dose
rate ;t ground level is to be inferred from the radiation
intensity at the detector.

In arriving at a preliminary design for a practical
detector, it is assumed that system accuracy shall not be
limited by detector characteristics as such., That is, the
detector is to measure the y-ray flux at the detector position
with an accuracy which is greater than the accuracy with which
the flux at that point is known to be related to .the ground
dose rate.

Detector requirements may be estimated in terms of

(a) gampa-ray flux (at altitude) due to sources on

ground

(b) background intensity at altitude

(c) desired accuracy of the system,

A sodium iodide scintillation detector will be used, and
its output will be fed into a ratemeter to develop an analog
indication of the y~ray flux at the detector, Use of such a

detector and ratemeter is desirable because the equipment is



readily available, and produces an analog output convenient for
subsequent processing in the system computer. These equipments
together will be referred to as the detector channel,
The following sensor design is recommended: Two shielded
scintillation detectors facing 180° apart, one open toward
the ground, the other open to the sky, The cone of acceptance
of each detector has a h;lt angle of 45°. The outputs of
these detectors are opposed in such a way as to comwpensate for
background., Each detector consists of a sodium iodide crystal
iz the shape of a right cylinder, 2" long with a crossection
of 1,25 cm2, wounted on a type 6199 photomultiplier or
equivalent, The time constant of the ratemeter is 1.4 seconds,
This design will permit the wmeasurement  of the 1 R/hr
isopleth with a 10:1 signal—to-nois® ratio while flying at
2200 feet altitude and will permit the tracking of the maxizum

rate of change in gamma flux while crossing isopleths at a

speed of 340 kts at an altitude of 500 feet, The system accuracy

for measurement of the gamma flux at 2200 feet altitude is £10%
with a confidence level of 68.3%.

7.2 Sensitivity snd Accuracy of Detector Channel

For the y-ray energies of interest here, the efficiency
of a practical detector may be assumed to be 100% (see
Appendix C), The direct output of the detectorisa train of

pulses occv ring at an average rate
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1 (1)

i - ; A nec-

where ; is the (average) y-ray flux at a detector with effective
area A. It is necessary to consider the average quantities N
and g; .rather than instantaneous values N and ¢, -because of

the statistical nature of the processes which produce radia-—
tion; N and # are predictable only statistically from N and 8
(sees Ref, 7.1, Ch, 28).

7.2,1 Ratemeter Accuracy
The indication of a calibrated ratemeter will be N and

have a standard deviation (Ref, 1, p. 803)

1l
o(N) = V—z—- NT (2)

where 7 is the time constant of the instrument. The fractional

standard deviation of the ratemeter indication is

o(N) 1l
o, = — - — (3)
NT 2RT

7.2,2 Separation of Signal and Noise
Now, in general, ¢ and N will be the sum of contributions

from fallout on the ground (the signal) and from background
(the noise)., As shown below, however, it is possible to arrange
a pair of detectors so that one will respond to noise plus back-

ground, while the other responds to background alone, The
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difference between the indications of these two detector channels
will be indicative of the signal from the ground,

Denote by Ng the "true" sigmal, i.e., that which would be
observed with no background, Let Ny be the background as
determined by the background detector channel, Let ﬁBs be
the sum of signal and background as determined by the main detec-
tor channel, Let /A be the difference between the observed out-

puts of the two detector channels,

A = Ngg - Np (4-a)

and

A= Ngg - RB x i (4~b)
The question now is that of how accurately the difference,
/A, between Np_ and Np, reflects the mean signal N_. It can be
Bs B 8

shown that the standard deviation of A is

o) = | (Np,) + o2 (Np). (8)

Let the signal=to-~noise ratio be

R
S = &
NB

so that equation (5) may be written as

1 249 /2
o - - R0 o)l )
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The fractional standard deviation for A is

o(A) 1 2 1/2
- A+ =) ; )

i.T 2ﬁ'T 5

substituting # A for N, according to equation (1),

a(d) 1 2 1/2
RT 2 BAT 5

The fractional error in the measurement of Ns by differences

of NBs and NB is thus

Ko (D) K o z) 1/2 ©)
- — - m— *- -
N,T \/2 i’s AT ]

where K is the number of standard deviations associated with the

desired confidence limits:

K= 0,675 conf, limit = 0,50
1,00 = 0,683
2,00 = 0,958
3.00 = 0,997

Finally, the quantity BQA is found from (9)
- (s + 2)K3
. 28 €371

(10)

In Figure 7.1, ?.A is shown as a function of 8 for various

values of K/, and T= 1.4 sec, a reasonable value of situations
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of practical interest. Similar data are given in Table 7,1 where

confidence limits and percent error are related to K/c.

Table 7.1

CONFIDENCE LIMITS AND PERCENT ERROR FOR VARIOUS
VALUES OF K/€

K& K C.L. E(%)
2 1 68.3% 50%
3 95, 5% 100%
99.7% 150%
5 1 68,3% 20%
2 95,5% 40%
3 99.7% 60%
10 1 68,3% 10%
2 95, 5% 20%
3 99.7% 30%
20 1 68.3% 5%
2 95, 5% 10%
3 929,.7% 15%
30 1 68.3% 3.3%
2 95,5% 6.7%
3 99.7% 10,0%

For a system with € = 0,1 (10% accuracy or better) and con-
fidence limits of 68.3% or better, K£ = 10; thus in Figure
7.1, the regiomn abové the Kf#¢ = 10 curve includes all acceptable
values of B'A for any signal=to~-noise ratios, Figure 7,1

shows that B.A & 37 even with an infinite signal-=to=noise ratio,

129



7.2.3 Response Time

By its very nature the ratemeter in a detector channel has
a tiwe constant T ., Changes in B; which occur in times
appreciably less than 7 seconds will not be "followed" by
the ratemeter, It is necessary to determine T ro that
resolving-time errors are less than the desired system error,
€. In particular, the tiwe constant is selected so that

£ [
dt max

where l??/dt].‘x is the maxiwum time rate of change of 7 as
the detector moves over a fallout pattern and 3; is average of
% in the region of [dBth]"‘. Equation (11) states that the
fractional change in § will not exceed € in one time constant
interval.

It will be noted that 3; is the sum of signal and back-
ground, Since the background probably can be assumed to

change only slowly when the signal is changing rapidly,

@) [
dt dt
max max
Therefore, if 7T is such as to satisfy (11) when there is

no background, it also will satisfy (11) when there is back-

ground,
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7.2.4 Overall Accuracy of Detector Channel

The signal-to=-noise ratio generally will be worst when
the signal itself is small, Thus, B;A would be evaluated from
equation (10) for the 8 obtaining for passage over the least
isopleth to be resolved, On the other hand, when a traverse
is made over the "heart" of a fallout pattern where the
isopleths are closely spaced, the response time of the
instrument will limit overall accuracy. Thus, the 7 from
equation (11) is to be inserted into equation (10) when B;A

is evaluated.

7.3 Signal and Noise
While it is not possible to calculate exactly the signal

and background which will obtain after even a single bomb burst,
the calculations =iy be done accurately enough to guide the
design of a practical detector,

7.3.1 Expected Signal

The flux 3;(b) obtaining at an altitude h above contaminated
ground has been calculated; the maximum time rate of change of
3§(h) has been calculated for an idealized fallout pattern,

These data are given in Table 7.2; Figure 7.2 shows ?;(h)
vs, h for a 1 R/hr level at the ground,.
The radiation reaching the detector is concentrated mainly

in the so0lid angle around the vertical below the detector; this
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may be seen from Figure 7,3, which shows the angular distribution
of the radiation for an altitude of 1800 feet, This angular
distribution is derived directly from Monte Carlo data geaerated
at GD/FW for another project (Ref, 7.2). The angular distribu-
tion is only weakly dependent upon altitude for the range of
altitudes of interest here, The data of Figure 7.3 may be

taken to apply at the altitudes of interest here, See

Appendix C for further discussion of the validity of this
angular distribution,

Representative data of Figure 7.3 are given to aid in the
choice of a detector acceptance angle, It is desirable to
retain as wmuch of the unscattered radiation as pospible to keep
the number of photons striking the crystal as large as possible
and to maximize the ratio of photons eatering in the (0°+ x)
acceptance half angle to the (180°-x) acceptance haly angle,
This last item is of importance in the design of a detector
to eliminate the effects of background (see Section 7.4.3),

Relative Amount Ratio

Acceptance Scattered + Direct of Photons Re- (0_°_|-_:6:_)_
Half Angle Normalized at 0-30° tained _(1809-x
0-24° 85 70 30.2
0-30° 100 82 27,6
0-45° 127 100 21,2
0-80° 144 100 16.2
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The acceptance half angle of 45° appears to be a good choice in
that the number of photons adwitted is relatively large; all the
direct beam is accepted and the (Oqﬁx)(iso°-x) ratio is large,
Additionally, with a 45° acceptance haltf angle, approximately
60% of all the photons available to an isotropic detector are
admitted. This 450 half angle will be used in all further
calculations,

The intensity of radiation at the detector depends upon
geomeirical altitude and upon the mass thickness of the air
between source and detector, The latter quantity is dependent
on air temperature, barometric pressure, and to a small degree,
relative humidity, Ordinarily, barometric pressure varies about
the wmean of 29,96 in, Hg by no more than 5%. Sea level air
temperatures range from -3o°c to +40°C depending upon -season
and location; thus air temperature variations of, say, +12%
are to be expected. The variation in air density due to these
effects may be as great as $+17%.

The largest conceivable density of water vapor in the air
(100% relative humidity at 40°C) is 5.0 x 10~5 gm/cm’; this
value corresponds to a mass increase of approximately 4% for
the saturated air. Generally, the relative humidity is less
than 100%; and saturation is especially unlikely in regions of the
country where extremely high temperatures occurs., Thus, the

effect of humidity will be ignored hereafter,

The variation in flux at the detector due to the above

mentioned meteorological effects may be greater than $30% if no
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compensation is made, If however, the survey aircraft maintains

a constant density altitude (rather than constant truealtitude) the
error will be wminimized; for altitudes of approximately 1,000 feet
or more, the error will be within system accuracy (10%). Alter-
natively, of course, the necessary corrections may be made by the
system analog computer,

7.3.2 Expected Noise (Background)

Background from three sources must be considered. Natural
background is, or can be made negligible, Boub debris remaining
suspended in the air may be quite severe. Contamination of the
survey aircraft also may be severe,

7.3.2.1 Background from the Air Burden, Typically, from
a surface or low altitude burst about 60% of the total radio-
activity appears as fallout within a period of, say, 12 hours
subsequent to detonation. The remainder of the radiocactivity
stays suspended in the atmosphere for some time, Thus, in down
wind areas where the short-term fallout is essentially complete,
the air .burden of radioactivity may be far from negligible,

It may be assumed that far down wind the residual radio-—
active cloud (that remaining about 12 hours) is reasonably
homogeneous and "thick" in terms of altitude of the survey air-
craft, Thus the airborne detector is, for all practical purposes,
immersed in a uniform volume source of radiation. This volume
source is bounded on one side by the ground which itself is a
surface -source of radiation,

While the detector and its collimator may be surrounded by a

small volume of uncontaminated air, parts of the airborne source

are very near the detector, so proximity alone may make the
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background quite large even when the specific activity of the alr
is small,

As would be expected, the flux reaching a downward-looking
detector from the distributed air source depends upon the thick-
ness of the layer of air beneath the detector, i.,e,, upon
detector altitude, Figure 7.4 shows the dependence of the dose
rate(rather than flux) at a 27 detector vs, air layer thickness,
in terms of the dose rate which would obtain for an infinite air
medium, It will be seen that a 1,000 foct thick air layer gives
90% of the infinite layer dose rate, Further, it will be seen
that the dose rate, hence the flux, increases rather slowly
with increasing altitude, and is essentially constant above
1,000 feet,

Figure 7.5 shows the specific activity of the air which
will give a flux equal to that from the 1 R/hr isopleth at a
detector with 1,21 steradian (a cone of 45° half angle) acceptance
angle (see Section 7,3.,1),

Twelve hours after the explosion of a single one MT bomb,
the specific activity of the air (in the down wind region where
fallout levels would still be of interest) is expected to be

no more than approximately 0,612 ca‘saec'l.

The specific
activity of the ground will be about 7 x 10° cl‘zsec"'1 per R/hr
of contamination,

7.3.2.2 Background from Contamination of Aircraft, If
the survey aircraft passes through contaminated air, its skin,

and especially the leading edges of airfoils, will becowme
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contaminated, It is not possible to calculate the extent of such
contamination, but empirical data shows this may be in the R/hr
region,

7.3.2.3 Natural Background, Natural background, wainly
from cosmic radiation, is small at low altitudes, amounting to

approximately 1,2 counts/c-2 steradian,

7.4 Practical Design
For design purposes it is required that the detector channel

indicate y-ray flux with an accuracy of 10% or better with con-
fidence limits of 68.3% or better, Operation is thus limited
to values of BBA and S which fall on or above the K£ = 10 curve
in Figure 7.1, The dynamic range of the detector channel is
to be 1:1000, to enable measurements over fallout sources in
the range 1 R/hr to 1000 R/hr (ground level), ¥Yor the reasons
given in Section 7.3.1, the half angle of the detector collimator
is taken to be 450; the solid angle of acceptance is 1,21
steradian, With this angle of acceptance a detector will receive
60% of the total flux(s) listed in Table 7.2. The natural backe
ground will be approximately 1 sec"1 per cnz of sensitive area,
Thus, the background will be approximately nuwerically equal to
detector sensitive area,

7.4.1 Simple Case, Clean Air

It thorosis no air contamination, natural background will

be the only source of '"noise," and signal-=to-noise ratios can be
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found from the data in Figure 7.2 and Table 7.1, A signal=to=
noise ratio of 1,0 can be obtained at an altitude -of 4400 feet
over a 1 R/hr isopleth, From PFigure 7.1, the minimum value of
BEA (average signal through the detector) is found to be
108 sec~l, BSince Bg 18 1.0 cx~3 sec™! in this case, A should
be 108 cu’. This is an awkwardly large detector whose use
here is not feasible,

If a signal-to-noise ratio of 10 is available, B, A is
reduced to the more reasocnable value of 43 sec‘l. Fron
Figure 7.2, it is found that a 10:1 signal-to-noise ratio can
be obtained 3500 feet above the 1 R/hr isopleth, and that gg
will be 10 cw—2sec™!. Thus, the detector area need be only
4.3 cmz. ¥With the stated dynamic range of 1:1000, the counting
rate over the 1000 R/hr dose rate is 43,000 sec—l, which is
well within the capability of the detector channel,

7.4.2 ]llustration of Effect of Air Contamination

A more realistic design is one which takes into account
air contamination, Using the rather pessimistic estimate of air
burden given in Section 7.3.2.1, and referring to Figure 7.5,
it is found that a 1:1 signal-to-noise ratio obtains at
2200 feet above the 1 R/hr isopleth,

This is to say both air and ground sources will give fluxes
of 280 cm‘zsec‘l at the detector, Evidently natural background

(~1 cm‘zsec'l) is negligible when the air contamination is so

great, so the signal=to-—noise ratio is unity in this case,
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From Figure 7.1, it is found that § A must be 108 sec-1,
The signal flux 35 is 280 cm‘zsec‘l, so the sensitive area of
+he detector has to be only 0.4 cnz. With a dynamic range
of 1:1000 the range of actual counting rates for this detector
will be from 216 msec~l at the 1 R/hr isopleth to 108 x 10° sec™!
at the 1000 R/hr isopleth.

In the absence of air contamination, this detector will
show a background rate of a1 sec™. At 2200 feet, the
signal-to-noise ratio will be better than 100:1, so ggA = 37,
The signal flux at this altitude is 280 cm—2sec™l above the
1 R’hr contour, so A actually need be no greater than 0,13 cnz.
Evidently, the 0.4 cm? detector is suitable for use at 2200
feet in clean or contaminated air,

The resolving time, 7 = 1.4 sec, of the ratemeter was

calculated from equation (11),

Tse;?;
.

6 dg
where € was set at .1 and values of B‘ = 9,9 x 10° and [ -—] -
dt

max
7.15 x 105 vere chosen from Table 7.2 for speeds of 340 mi/hr,
above the 300 R/hr isopleth and an altitude of 500 ft, the

extreme case,
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7.4.3 Background Detector
Now, as indicated earlier, it is necessary that the back-

ground be known when the signal-to=noise ratio is unfavorable,

The background may be determined with a '"noise'" detector identical
to the main detector, but looking upward, At an altitude of

1800 feet, the upward=looking noise detector will receive
approximately 5% of the flux from the ground that the signal
detector receives (see Figure 7,3), At 2200 feet the 'noise"
detector will receive only about 2% from the ground. This

effect is about equal that of the natural background, and will

be ignored hereinafter, The effect could be reduced further by
use of a narrower acceptance angle (see Section 7.3.1).

7.4.4 Specific Design

A preliminary engineering design, based on the ideas of
the immediately preceding sections, is given here, The detector
and its lead housing are shown in Figure 7.6, The scintillator
is a standard 1,75 inch-diameter, two inch-long NaI(T ) crystal,
preferably of the "matched-window" type, The photomultiplier tube
is the 1=1/2-inch type 6199 or equivalent. To -1ninize the
volume included within the shield, the preamplifier should be
located just outside the shield, The dynode resistor chain is
included in the detector assembly,

The shield is shaped to minimize its weight while providing
2 wminimum lead thickness of 2-1/4~inch, This thickness o0f lead
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is sufficient to reduce 1 Mev flux by a factor of more than 100,
At the period 10-12 hours after a burst when a search is begun,
the flux at the ground with energies above 1,0 Mev is about 10%
of the total, Since photons of 1.0 Mev pass through about
five relaxation lengths in reaching 2200 feet, it can be seen that
all particles originally of energy less than this will be repeatedly
scattered and considerably degraded in energy. 8ix of the 10%
of the initial flux above 1.0 Mev is in the range 1.14-1,47 Mev
where the 2200 feet altitude still represents about four relaxa-
tion lengths, 8o it can be safely assumed that the spectrum
at altitude is much softer than on the ground and that very lew
photons of energy greater than 1 Mev exist, Consequently, the
lead shield calculated on the basis of 1 Mev flux should be wmore
than adequate, As shown, the sensitive area of the detector is
1,25 cnz, three times the miniwmum useful area found in Sectiomn 7.4.2,
Use of the larger area provides slightly improved sensitivity,
and gives a reasonable safety factor to include effects of
various approximations made earlier,

The acceptance angle of the collimator aperture in the
shield is 1,21 steradians, the value determined previously, The
weight of the shield and detector (excluding shield mounting
hardware) is approximately 90 pounds and the total weight £48r
a system which includes both '"signal" and "noise" detectors will

be approximately 200 pounds,

146



- RO o KR Y P et . s e s

The signal-to-noise ratio may be improved by minimizing the
quantity of contaminated air within the acceptance cone of the
detector. Thus, as indicated in Figure 7.7, the first few feet
of air below the detector may be isolated from contamination by
placing the detector some distance from the skin of the fuselage
(it is presumed that the air inside the plane will be uncon-
taminated).

This expedient is equivalent to removing a truncated conical
volume of contaminated air (indicated by the dotted lines in
Figure 7.7) from the acceptance cone of the detector, Approximate
calculations indicate that a 25% to 50% reduction in background
way be possible if the column of clean air can be made several
feet long.

Evidently, the detector can be surrounded with clean alr only
if the skin of the aircraft provides a bharrier to the external
contaminated air. The skin, however, will itself become con-
taminated; it will then constitute a fixed source within the
cone of acceptance of the detector.

To avoid this difficulty, it is suggested that the normal
skin of the aircraft be replaced with a continuously renewable
barrier, This may be done as shown in Figure 7,7 where (aluminum)
foil covers the fuselage; as the foil beneath the detector becomes
contaminated, it is advanced, bringing into place fresh uncon.

taminated foil,
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7.4.5 Detector Channel Electronics

A block diagram of the electronics for one detector channel
is shown in Figure 7.8, The function of the preamplifier is to
match the impedance of the signal cable leading to the main
amplifier, so that the latter may be located in the operator's
console at some distance from the detector proper, " The amplifier
raises the signal to a level convenient for further signal proces-
sing, The discriminator rejects small (electrical) noise pulses,
and forms acceptable signal pulses to uniform size and shape,

The shaped pulses are fed into a ratemeter circuit which
developsan analog output proportional to the pulse rate. The
analog output is fed to a visual indicator and/or to the system
computer,

At some point in the circuit ahead of the ratemeter, it is
desirable to differentiate the signal pulses from the photo-—
multiplier tube. The differentiating time constant should be
approximately equal to the rise time of the pulses appearing
at the photomultiplier anode, i.e,, about 0,25 usec. This
expedient maximizes the counting rate which the channel can
tolerate without "pile-up,"

High voltage (1000-2000 VDC) for the photomultiplier is
derived from a well-regulated power supply. The resistance of
the dynode chain must be relatively small in this application,
in order to maintain reasonably constant photowultiplier gain

over a wide range of counting rates. The current capacity of
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the power supply will be somewhat greater thanm that usually needed
for photomultiplier operation,

All of the electronic components in the detector chamnel are
readily available commercially in vacuum tube models. The vacuum
tube equipments, however, are inconveniently large and heavy, and
often too fragile, for the intended application. Transistorized
equipment is far superior for the present purpose., Much, if not
all, of the necessary equipment is available commercially (see
Appendix A), If commercial equipment is not fully suitable for
this application, transistorized equipment may be fabricated as
required according to existing "standard" designs,

Some idea of the size of the detector channel electronics
can be gained from Figure 7.9, where is shown a package containig
a high voltage power supply, all of the electronics indicated
in Figure 7.8, and a number of additional electronic functionms,
This package was built by General Dynamics/Fort Worth for the
ARENTS satellite, The package occupies 200 cubic inches, and
weighs four pounds,

While all the electronics for both "signal" and '"noise"
detectors can be gotten into one such package, it probably is
most desirable to use one package for each detector channel,

Then failure of one channel would not affect the other in any
way; and maintenance and repair is reduced to a "plug—in"

operation,
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7.5 Calibration and Standardization

By "calibration" is weant the empirical determination of the
relation between ground-source strength and detector output, By
"gtandardization" is meant the adjustment of a detector chanmnel
to the proper -onsiti§ity.

7.5.1 Calibration

S8ince it is hardly feasible to calibrate against a real
fallout pattern, a calibration procedure using artificial sources
is required.

Consider a detector at altitude h above uniformly contaminated
ground having a specific activity of s° y~rays sec'lcl'z. With
the geometry of Figure 7.10, the strength of an elemental ring

source is
d8p = 2v S, a da;
the flux at the detector from ds, is

das 2'S°B°-c o 40 da (12)
- a8
° 4y (a3 n2)

where B is a buildup factor and L is the mzcroscopic cross section
for y-rays in air,
Now consider a point source on the ground at distance a from

the subdetector point (Fig. 7.11); let the strength of this source
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be equal to the specific activity of the ground source 8,, mentioned

above. The flux at the detector from the point source is

(a2 4 h’)]'/2
8,Be (13)

4r (a2 4+ h2)

dp(a) -

which differs <from (12) only by the factor 2wada.
Combining (12) and (13), obtain

s, = 27 d,(a)a da (14)

Once dp(a) is determined experimentally, ‘o is found at once by
numerical integration of (14):
L

g =2 L g,.(a )a aa
o ¥ jop TP

i
The point source flux.dp(a) may be measured by rscording counting
rate as & function of time (i.e., position) as the detector moves
at constant velocity along a straight line passing directly over
the source.

The error due to detector motion with respect to a
distributed source is discussed in Section 2,3; there it is
shown the magnitude of this error is proportional to7 » the
resolving time of the system, When a detector is in wmotion

with respect to a point source, equation (1l1) is still wvalid, but

[dﬁht].'x is no longer a property of the source, but is determined
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by the velocity of the detector, In this case, the fractional

error due to detector motion is related to 7 by
eu Tv/h

The resolving time, 7 , will be of the order of 1 sec for

a practical system, so
€ = v/h

or at an altitude of 1000 feet,

€ =~ 10~3 v.

Since € should be made as small as possible for calibration pur-
poses, v has to be quite small, For € = 0,01, v must be less than 10 ft/
sec; & speed which is hardly within the range of winged aircraft,
For this reason it is recommended that calibration be done with
the detector in a helicopter.

An adequate calibration can be obtained with a Co60 source;
the average y-ray energy for Co60 ig 1.25 which does not differ
greatly from the ~ 1 Mev effective energy of y-rays from fallout,
If greater épectral similarity is desired, a composite calibration
source may be used (eo.g., co80 4 csl37),

The maximum fractional error reluiting from the motion
of the detector is approximately v/hr, v being ;Po detector
velocity, With small v, this error can be made negligible, so

the controlling error will be that associated with counting statistics,
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With a reasonably slow traverse (v = 10 ft/sec) the calibra-
tion source should have a strength of several hundred curies, the
exact value depending upon details of the calibration procedure,

The traverse of the source can be made by a helicopter flying
at reduced speed and guided by radar and/or a conspicuous grid
marked on the ground, Another practical wmeans of obtaining the
same information would be to place the detector at the top of a
1000 foot tower (e.g., the tower at NRTS) and move the source
along the ground beneath it,

Perhaps the best calibration source would be a reactor fuel
element of an age and history to give a y-ray spectrum like that
of fallout of some specified age. However, handling and licensing
problems probably preclude their use,

7.5.2 Standardization

Having calibrated one system against a standard source, the
calibration may be transferred to other systems by use of stand-
ard sources to provide a known signal at the detector, A practical
method for standardization is to use a small radioactive source
to produce a known flux at the detector; the ratemeter is then
adjusted so that it properly indicates the known count rate so
obtained, It would be desirable to add a remotely—operated source
to the shield assembly shown in Figure 7.6, so fhut in=£f1light

standardization can be done simply and at will,
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8. DATA SYSTEM STUDY

The purpose of this section is to study the data aystem that
might be assembled from commercially available components, The
term, data system, refers to the entire data link from the radi-
ation detector in the low flying survey aircraft to the data
display device in the national center. Obviously, such a data
system can have many variations, In order to present the
variations studied without repetitious descriptions, the systems,
subsystems, and components of the subsystems are described; then
the various airborne data systems and the ground data systems
are described,.

The major conclusion of the study is that the Flock Data
System with facsimile data transmission to the CD Regional Head-
quarters is the preferred system, The Flock Data System consists
basically of a radio altimeter, an inertial guidance system, dual
radiation detectors, a computer for time-altitude correctionms,

a visual strip recorder data display, a facsimile data transmitter,

and a long range radio,

8.1 Design Requirements

The designs of the proposed data systems are based on the
following requirements:
(1) The data system must be operable in tiwme of peace
and must be capable of accomplishing its mission

in time of war,
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(2)

(3)

(4)

(5)

(6)

The system must be operable in 150 to 350-mile
an hour aircraft,

The system must be capable of monitoring the
maltiple bursts of a saturation attack,

The aystem must be capable of determining the
radistion levels on the ground from measure-
ments in the air,

The system must be capable of operation in
radioactive air burden that remains 12 hours
after the initisl fallout,

The data must be presented in a timely,

easily interpreted form,

8.2 System Description
8.2,1 (Covey System
The Covey System consists of a mother airplane flying at

approximately 20,000 feet altitude with several sensor carrying

aircraft called "chicks" flying at low altitude, hence the name

"Covey, "

The Covey System uses line-—of-sight communication

between the sensor carrying aircraft and the control aircraft,

The control aircraft utilizes long range radio to relay the

data to the .CD Regional Headquarters, The number of sensor

carrying aircraft per control aircraft are determined by the

type survey pattern to be flown,
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The sensor carrying aircraft serves as a data measuring unit,
It measures five parameters: (1) altitude, (2) dose rate, (3) lati-
tude, (4) longitude, and (5) time. The dose rate is corrected
for the effect of altitude and is referenced to a common time, The
processed data are relayed to the control aircraft by telemetering,
The control aircraft serves as a data processing center, a
communication center, and s flight control center, The data are
received from all the sensor-—carrying aircraft via telemetry, The
data are processed into a format compatible with the data trans-
mission system, The composite data are transmitted to the ground
station by facsimile, teletype, or digital encoder, Qia long range
radio,
SOné of the wmerits of the Covey System are as follows:
(1) The system will have good ieliability because
of the many emergency methods that can be adopted.
For example:
(a) In case of telemetry failure, the sensor
carrying aircraft can transmit descriptive
numerical data on UHF or VHF radio,
(b) In event of complete communication failure,
the sensor carrying aircraft can record
written data.
(c) 1In case the long range radio fails, the
data can be evaluated after flight because
the data are recorded on magnetic tape and

visual records,
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(2) The system provides good in-flight coordination,
because the data plotters in the control air-
craft are also flight directors,

(3) The multiple data inputs from the sensor carrying
aircraft give the data plotters sufficient data
from which to plot the isopleths of the fallout,

(4) The system reduces the amount of air—to-ground
communications as compared to the Flock System,

(5) The system is capable of operating with faster
search aircratft,

The disadvantages of the Covey System are:

(1) The system requires a control aircraft which is
expensive and complex,

(2) The system provides more aircraft and equipwent
than is needed for single burst requirements,

(3) The system is dependent on the control aircraft.

8.2.2 Flock System

The Flock System consists of a "Flock" of independent, sensor

carrying aircraft flying at low altitude, Each Flock aircraft
has a data collecting, data processing, and data transmission
system,

The data system inthe Flock aircraft is similar to that

of the chicks in the Covey System except that the telemetry
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link is eliminated. The same parameters — - altitude, R/hr, lati-
tude, longitude, and time -~ - are wmeasured and processed as in
the chick aircraft, The use of aircraft with a large payload
capacity permits the Flock aircraft to utilize the same air-to-
ground data transmission techniques as the Covey System,
The advantages of the Flock System are as follows:
(1) The data links between the chick and mother are
eliminated.
(2) The expensive and complex mother aircraft is
eliminated.
(3) The Flock aircraft can operate independently
or dependently,
(4) The search patterns are flexible and can be
easily redirected.
(5, The data are recorded on permanent records for
postflight transmission in event of communica-
tion failure,
The disadvantages of the Flock System are as follows:
(1) The system does not offer good in-flight
coordination,
(2) Bach Flock aircraft must communicate with the
ground station,
(3) The plotting of data will be difficult in rough

alir,
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8.3 Subsystem Description

Several variations of the Covey System and the Flock System are
possible, The following subsystems are presented in detail so that
the discussion of the variations may be presented in block diagranm
without repetitious details,

8.3.1 ta Communications

The Covey Syatem requires data transmission from the chicks to
the mother aircraft, To hold down radio interference, it is
desirable that line—of-sight communications be used between the
chicks and the mother aircratt, Telemetry is a line-—of-~sight
data transmission link which has been in use for many years,

The transmission of data from the mother aircraft in the Covey
System or the chick aircraft in the Flock System to ihe ground
stations requires long range radio, The CD Regional Headquarters
have been selected as the data receiving stations,

8.3.1.1 FM/FM Telemetry, Frequency modulation/frequency
modulation (FM/FM) telemetry has been used in flight testing
aircraft and missiles for a number of years, The technique
consists of frequency modulating a transmitter output with the
outputs of subcarrier oscillators which have been frequency
modulated by data signals, The frequencies of the subcarrier
oscillators conform to the standards of the IRIG (Inter-Range
Instrumentation Group) Steering Committee, which represents most

military missile test ranges in matters pertaining to instrumentation,
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The data to be transmitted from the sensor carrying aircraft
(in this case latitude, longitude, and R/hr) are converted to elec-
trical signals which provide a source of modulation energy for
the subcarrier oscillators, The frequency modulated outputs of
all subcarrier oscillators are multiplexed and amplified, thus
providing a source of modulation energy which is used to frequency
modulate the transmitter, This double modulation process results
in an FM/FM output of the transmitter which is amplified and trans-
mitted to the telemetry receiving aircraft,

In the control aircraft the telemetry signals from all the
chicks are received on one multipurpose antenna, The output of
the antenna is routed to a multicoupler which separates the
telemetry signals and routes them to the correct receiver. The
RF transmitted signals are demodulated by the receiver to reproduce
the muitiplexed signal transmitted by the sensor aircraft., The
multiplexed signals are then routed to the signal discriminators
where the subcarrier signals are separated and the original data
signals that were transmitted by the sensor carrying aircraft are
recovered,

The telemetry subsystem can be made up from the following
components,

o rl/FMTblemeteringyransnitter = FM/FN transmitters are

available from several manufacturers., A typical unit is made by

Tele-Dynamics, Division of American Bosch Arma Corporation. The
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unit is a compact 215 to 260 megacycle telewmetry transmitter
occupying only 20 cubic inches and weighing only 20 ounces, It
employs reliable silicoa transistors for high efficiency and
offers true frequency modulation with better than 0,01% fre-
quency stability.

o RF Power Amplifier - An RF power amplifiermade by the

same company as the transmitter provides 15 watts output into
the antenna over the entire 215 to 260 wmegacycle telemetry band
at modest DC and RF inputs, The unit occupies 23 cubic inches
and weighs only 14 ounces.

o Wideband Amplifier -~ The same company makes a transistorized

wideband amplifier in a compact unit for multipurpose use in
telemetry transmitting systems to increase the output level at
the multiplexed signal outputs, The amplifier is simple, rugged,
and offers high stability in severe environments,

o Signal Multiplexer - A special multiplexer is recommended

a8 most units available are designed for the full 18 IRIG subcar-
rier oscillators., The design of the multiplexer is simple — con-
sisting of 100 K-ohm resistors in parallel with a 300 K-ohm
resistor to ground, In the final design, the multiplexer can

be built into the subcarrier oscillator tray.

o_Subcarrier Oscillator - Subcarriers are manufactured by
several companies and consist of several types, The voltage
contxolled oscillator (VCO) is the most commonly used because of

its excellent stability, accuracy, and ease of calibration,
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A typical subcarrier oscillator is made by Tele=Dynamics. It
is a completely transistorized unit, offering high input impedance,
exceptional linearity, and low current drain, The unit is
insensitive to power supply variations, and has a filtered output,

0 Multicoupler — A multicoupler is required to permit the con-
trol aircraft to have just one telemetry receiving antenna instead
of one for each chick, Each chick will be transmitting continuously
on different frequencies, The control aircraft must be able to
receive all the transmissions simultaneously and then separate
them,; A typical telemetry multicoupler is made by Defense Elec-~
tronics, Inc. The unit provides coupling between eight receivérs
and one antenna in the frequency range of 225 to 260 wmegacycles
while providing 60 db minimum isolation between ocutputs,

0 Preamplifier — The use of a multicoupler normally results

in the attenuation of the received signal, A preamplifier is used
to correct for the signal loss. The Defense Electronics, Inc., makes
a unit that provides 20 db gain while cperating into a 50 ohm
sysiem,

0 Subcarrier Discriminator — In a telemetric data receiving

system, a discriminator is required to separate the modulated
composite subcarrier signals into the individual subcarrier signals,
The discrisinator band-pass filter passes only the subcarrier
signal to which it is tuned, Commercially available discriminators

such a8 those wade by Tele~=Dynamics are available with better than
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0.1 percent linearity and 0.5 percent stability over a 24 hour .
period,
8.3.1.2 Long Range Radio, The use of "ionospherical bounce

to accomplish long range radio communications has been .in use

for a number of years, Present ‘ionospherical telegraphic and
voice communications use the band from about 4 to 28 mc (mega-
cycles), During periods of lower sunspot activity, the upper
frequency may have to be lowered to 20 mc., The airborne radio=
activity 12 hours after the last burst will not present a serious
radio communication problem due to the many frequencies available
and the eight CD regional receiving stations,

The use of single side band (SSB) high frequency (HF) radio
provides a four=to=—one power advantage over amplitude modulation .
(AM) where the power is divided between the carrier and the two
side bands, The airborne SSB HF radio is capable of producing
400 kv PEP (peak envelope power) permitting data transmission
2,000 to 3,000 miles, The interface components required to make
the data compatible with the long range radio are described
in following paragraphs,.

The data rate is determined by the bandwidth of the single
side band, Digital data can be handled at 75 bits per second,.
Teletypewriter data can be handled at 100 words per wminute,
Facsimile data depends on the design of the particular facsimile
transmitter, A typical facsimile transmitter can send an 8 x 10

map in six minutes,
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Several companies manufacture long range single side band (88B)
high frequency (HF) radios, The Collins Radio Corporation makes
the 618-~T which provides 28,000 channels with 1 kilocycle spacing.
The set weighs only 50 pounds and is designed for airborne use,
The set receives and transmits on 2 to 30 megacycles, It has
400 watts outpower power., The long range radio requires inter-
face equipmwent to match it with the type equipment working into
it. A description of some available interface equipment is as
follows:

0 TE-204A-2 Collins Synchronous FSK Data Modem - The data

modem is used primarily in air-to-ground communication networks,
The modem transmits and receives synchronous, serial, binary data
over a standard 3 kc (kilocycle) voice channel derived on SSB
(single side band).

Transmitting at 75 bits per second, equivalent to 100 words
per minute, the TE-204A-~2 is particularly well suited for teletype-
writer and many other applications., The TE=204A-2 synchronizes
on the transmitted signal, not on the content of the message.
Either the built-—in or an externally supplied clock pulse can
be used for synchronization, The unit uses frequency shift keying
to convert binary data into four audio tones spaced 440 cycles
apart in the frequency of 935 to 2255 cps (cycles per second),

For in-band frequency diversity and for time diversity

operation, the modem transmits each binary bit on two tones, the
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first half of the bit at the low end of the band, the second half
at the high end of the band.
o TE=399R~1 Teletype Adapter - In the transmit function, the

unit accepts single channel, serial, nonsynchronous, Boudot coded
data from a keyboard, tape reader, or storage unit, It also
synchronizes accepted data for subsequent transmission,

o CV-786 ~ Single Channel Telegraph Terminal -~ The interface

equipment provides a single channel of half duplex telegraph
communication via single side band radio circuit, Teletypewriter
rates up to 100 words per minute can be obtained for airborne
applications,

The CV 786 operation allows for r-f frequency translation
errors and in airborne applications can accommodate a Doppler
shift for speeds up to 600 knots,

The CV 786 can be used in place of the TE-399R-~1 and the
TE~204A-2,

0 Westrex Transmitting Converter -~ The output of the Westrex

Facsimile Set AN/GXC-5 is 500 to 5000 cps (cycles per second)
which exceeds the 3000 cps bandwidth of the SSB (single side band)
radio. The transmitting converter converts the 500 to 5000 cps
AM (amplitude modulated) signal to 1500 to 2300 cps FM (frequency

modulated) signal,
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8.3.2 Airhorne Data Processing Systems

Three data processing systems were studied for the Covey
System and the Flock System: (1) digital, (2) facsimile, and
(3) teletype,

8.3.2.1 Digital Data. The Covey Digital System requires
transmission of the data from the sensor carrying aircraft to
the control aircraft, The most accurate way to transmit the
geographical coordinates is in digital or decimal format. The
position fixing system will either provide the geographical
coordinates in digital form or the geographical coordinates
may be converted by shaft encoders to the desired form, The
rate of conversion must not exceed the response of the subcar-
rier oscillators used with the telemetry transmitter, The
corrected dose rate data may be transmitted in analog form,

In the control aircraft, all data are recorded on magnetic tape
and displayed on a visual strip recorder. The data plotter
will monitor the visual recorder to see that the data appears
to be correct., The rate of data transmission to ground is
limited to the frequency response (75 bits per second) of the
single side band radio., A programmer, multiplexer, and emcoder
unit will convert the analog data in correct sequence and
command the control gates of the shift registers so that the
data will be put into correct format, During the time the

analog signal is connected to the encoder, the encoder is driven
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through a complete cycle, to génerate the N information bits which

describe the analog signal level, The information bits are com-
bined with the proper markers into the correct pattern for trans-
mission.

The rate at which data will be received from each sensor
carrying aircraft at the computer will vary with the number of
sensor carrying aircraft per control aircraft as this will set
the sampling rate, The 75 bits per second transmission rate
will be used for the information from one airplane, If the sys-
tem provides too wuch data, the sampling rate mway be decreased
or a threshold computer may be added to the data system of each
sensor carrying aircraft, The threshold computer would transmit
data only at discrete levels such as 1, 3, 10, 30, 100, 300,
1000 or 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024 R/hr. The
use of a threshold computer requires that the data plotter
determine the "hot line" information, It would also be desirable
to use a magnetic tape recorder with each sensor aircraft to
record the data before it was iimited by the threshold computer,

The digital system for the Flock aircraft is similar to
that of the Covey System except all equipment is in the Flock
aircraft, The digital data from the navigation sjlte- are fed
into a shift register, The analog data are converted to digital

data by an encoder, The data are put into serial form and
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combined with the proper markers prior to transmission., The
amount of data to be transmitted may be reduced by a thrashold
computer as was suggested for the Covey System, A magnetic tape
recorder would be required for each Flock aircraft,

The transmission of digital data by long range radio to
a ground station requires the use of a data modewm such as a
Collins Radio TE-=-204A-2 for interface equipment, A frequency
shift keying (FSK) technique is used, Each binary bit is
transmitted on two tones, the first half at the low end of
the band and the second half at the high end of the band, In
the receiver, the diversity combiner linearly combines the two
halves of each bit, either of which is sufficient to distinguish
the binary information. The digital system could be made up
from the following components:

o Encoder -~ An encoder is a device which converts analog
data to digital data or 'to binary-coded-decimal (BCD). Encoders
are readily available which are capable of encoding to an accuracy
of 10 or more bianary digiis, providing an inherent accuracy of
better than 0.1 percent, A typical airborne unit is made by
Dynamic System Electronic Corporation., The unit, designed to
handle three anslog inputs, meets MIL-E-S272C standards,

0 Multiplexer — A multiplexer is a device which accepts
the analog inputs and on command of a timing programmer presents

each analog signal to the encoder for digitalizing., The



multiplexer system is composed of a switch with bipolar capa-
bilities and extremely high isolation from both ground and the
driving source. A typical multiplexer made by Dynamic System
Electronic Corporation incorporates both the encoder and multi-
plexer into one unit,

o Programmer - The programmer is the heart of the digital
system., It contains a clock rate oscillator operating at the bit
rate or some multiple thereof, A typical programmer is made
by the Systron-Donner Corporation,

o Shift Register - The magnetic shift-.register element is

a passive solid state device which stores (remembers) binary
information that has been fed into its input circuit, and repro-
duces that information by making available essentially the same
binary information as its output terminals, The binary input
information is introduced in the form of a current pulse driven
into an input winding on a magnetic core, and the output
information appears as a voltage pulse inducéd in an output
winding on that core, A typical shift register is made by
Magnetics Research Company,

0 Synchronous Generator - The purpose of the synchronous

generator is to accept randomly=timed, arbitrarily-shaped input
pulses and to convert them 1nto.propor1y timed and shaped pulses
compatible with standard wave forms, A typical unit is wmade by

Computer Control Company, Inc,
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8.3.2.2 Facsimile Data, The transmission of data from the

mother aircraft of the Covey System or the chick of the Flock
System can be accomplished by a facsimile transmitter, The
facsimile transmitter transmits the map as amplitude modulated
signal, The modulation characteristic is such that the maximum
level occurs when scanning black and miniwum level when scanning
white. The amplitude wmodulated signal may be transmitted
directly for one type of facsimile transmitter which operates at

180 rpm drum speed, Another type transmitter uses a converter

to convert the amplitude modulated signal to a frequency modulated

signal which is compatible with the 8SB radio, 8Still another
transmitter converts the amplitude modulated signal to digital
data at 75 bits per second,

The facsiwile map may be a complete plot of fallout or just
plotted data points depending on the type survey made,

0o A typical facsimile transmitter is made by Westrex
Corporation, The transmitter is a portable field unit designed
for the Marine Corps, It transmits an 8 x 10 inch map in six
minutes over standard military AM radio transmitters, A signal
converter or interface is made by the same company for convert-
ing the AM signal to FM for long range radio compatibility,

8.3.2.3 Teletype Data, The teletype consists of a wmanu-~

ally operated teletype or a tape operated teletype, a teletype

interface, and the long range radio, The teletype transmitter,
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when operated by tape, can handle 100 words per minute where each
word contains four characters, Considering that latitude, longi~
tude, and dose rate can be described in 12 characters, the tele-
type can transwmit 33 data points per minute,

In using this system, the data plotter will plot the data
on an area map to check for validity, He will then transfer
the data to teleprinter tape by typing the numerical values
with a teletype porfbrntor. The completed tape is then used to
operate the téletypo transmitter,

0 The teletype equipment may be purchased or leased., A
typical teletype is made by Western Electric Co., Inc.

8.3.3 Position Fixing

Three techniques were studied to determine the geographical
coordinates of the point over which the dose rate is measured.
The systems can not rely upon ground navigation aids because
such aids might not be availableafteran atomic attack.

8.3.3.1 Inertial Guidance System, The inertial guidance

system consists of a atable platform omn which a primary sensing
device such as an accelerometer is used to detect any movement
of the aircraft along a single axis, Such movewent is known as
translation, The force of gravity exerts an influence on an
accelerometer. This force cannot be distinguished from a force
exerted upon the mass due to accelerating motion, The method

used to eliminate this error is to keep the accelerometer axis
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normal to the direction of gravity. This is done by mounting
the accelerometers on a platform, or stable table, which is
free from the attitude deviations of the aircraft. The wost
common method of stabilizing the stable table is by the use of
gyros to detect any movement of the table from the vertical.

The Litton IN=3 Inertial Guidance Systewm is in Air Force
inventory and is used in operational aircraft such as the F=1ll0,
The system can provide one to three-mile accuracy during four to
five hours flight time. A Bendix AN/ASN-39 computer is used
with the system to give position indication, initial conditionms,
and & means for manually updating the position data, In the
F=110 aircraft, this computer provides a backup navigation
capability, in the event of a platform failure, by using air-
speed and magnetic heading inputs,

8.3.3.2 Duppler-Attitude Navigation System. The Doppler-

Attitude System utilizes Doppler radar to measure the velocity
of the movement of the aircraft along three axes. The radar
transmits three beams to the ground, then the Doppler effect
is measurdéd on each beam to determine the voloéity. The com=
puter takes the sums and differences to compute the aircraft
velocity along the three axes, This system weighs more than
the inertial system and offers less accuracy, but is less

expensive,
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The Doppler-Attitude System studied consists of an AN/APN-102

GPL Doppler, a Lear S1-200 altitude and heading reference, and
a Bendix AN/ASN=39 computer, These components are off-the-shelf
and are proposed for a future fighter aircraft, The Doppler-

attitude system weighs approximately twice as much as the inertial

guidance system and gives two to five-mile accuracy.

8.3.3.3 Radar=Transponder Position Fixing System. The

radar~transponder system was studied in an effort to find a
less expensive wmeans of determining the position of the senmsor
aircraft, If the control aircraft has a highly accurate naviga-
tion system and a long range radar, the sensor carrying aircraft
position in relation to the control aircraft can be determined.
The control aircraft must have a radar with beacon interrogation
capability and the sensor carrying aircraft must have transponder
beacon, With such a system, the control aircraft will be able
to determine the range and bearing to each sensor aircraft., The
range and bearing information, used in conjunction with the
position of the control aircraft, would provide the data for
determining the geographical coordinates of the sensor aircraft.
This system could determine the position of the sensor
carrying aircraft to :1.5 miles, However, this error must be
added to the potential error of one to three wmiles of the control

aircraft.
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This system simplifies the equipment in the sensor carrying
aircraft and complicates that in the control aircraft., Also, it
requires that the sensor aircraft be at least 90 miles from the
control aircraft at all timesto prevent the radar side lobes
from triggering the transponders.

The radar~transponder equipment are in Air Force inventory,
The AN/APN-59 search radar and the AN/APN-69 transponder are
made by Sperry Gyroscope Company, 8Similar equipment AN/APS-88
search radar and AN/APN-134 transponder are made by Bendix
Corporation., The Bendix Corporation also makes the coumputer
required with the system. The AN/APN-89 is an x-~band, high-
power, airborne radar beacon designed to serve as a navigational
aid. The beacon operates in conjunction with any standard
x=band radar equipped with beacon interrogating facilities,

In response to an appropriate interrogating signal from a

radar system, the beacon transmits a coded reply which results in
A presentation on the radar indicator, The AN/APN=59 search
radar is a small, lightweight, x-band radar. When used for
beacon operation, it transmits an interrogating signal and

then displayvs, in plan position, the space-coded identification
of the automatic reply,

8.3.4 Altitude Measurement

The height above terrain must be known quite accurately to

compensate the radiation measurements. Existing radio altimeters
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can measure the altitude above terrain very accurately, The out-
put of the selected altimeter may require modification to provide
a voltage output proportional to altitude, An aneroid barometer
would not be usable to determine the height above terrain for
most sections of the United States,

The RCA radio altimeter has the best weight, volume, cost,
and accuracy of three altimeters studied. However, the unit
is not in Air Force inventory yet, Comparable altimeters are
made by Bendix or Emerson, Bendix makes the AN/APN-141 and Emerson
makes the AN/APN-150,

8.3.5 8Special Data System Components

The following special data system components were studied:

8.3.5.1 Tape Recorders, Two types of tape data recorders

were studied for airborne use, An analog tape recorder made by
Sanborn-Ampex provides a record-reproduce system which can
handle signals from DC to 5000 cfclos. For the smaller aircraft,
when weight is a problem, a small recorder made by Mnemtron
Corporation may be used,

The other type recorder considered was the digital stepping
recorder made by Digi=Data Corporation, The Model DSR 1400 steps
on cossand with the presence of each data input character, at
stepping rates up to 300 steps per second, The stepping action
of the capstan is accomplished by a multi-pole stepping motor,
Reel, capstan motor, and transport coantrol circuits are completely

programmed by solid state devices,
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8.3.5.2 8Signal Conditioner Components, All the subsystems

use signal conditioners, A signal conditioner is a device which
processes a signal from an unusable form to a usable form, Signal
conditioners such as DC amplifiers and AC amplifiers are available
from several companies, A voltage analog repeater is another type
of signal conditioner which can be secured from Gianinni
Corporation, The special signal conditioner for correcting the
dose rate readings for altitude and time will require design work
but can be made up from commercially available subcomponents,
The computer must he designed to account for the altitude
attenuation factor and the time delay factor,
(1) The effect of altitude attenuation may be
approximated by an equation of the form
-~bh
#(h) = B, Rjae
where
g(h) 1is the flux at altitude
do(ho) is an arbitrary constant in » c-'alec‘I/R/hr.
RG 41s ground contamination in R/hr,
b,a are arbitrary constants

h is altitude

The value of the constants must be determined by a

calibration procedure,
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(2)

(3)

4)

The radio altimeter output can be used to drive a
logarithmic amplifier, The amplifier output
with a volage divider network can solve the above
equation,

The effect of time on the dose rate readings can
H) +Hy +1/2
be approximated by the equatiom Ry = RG (t;-—-;——-l
Rl +H =12
2) where R, is the dose rate cor-
2

(t -

rected for altitude effect, t, is the time at which

the weasurement was made, H. is the time of the first

1
explosion, Hy is the time of the last explosionm, t

is the common reference time, A time synchronous motor
can be used to drive a logarithmic potentiometer

which in conjunction with a voltage divider network

can solve the above equation, The computer should

have controls for setting H;, H t, and a variation

2°?
of the exponent,

The effect of air density variation is small in
comparison to the overall system inaccuracy. A
correction could be applied by using an aneroid
barometer to drive a potentiometer in the computer,
The effect 61 temperature is small in comparison

to the overall system inaccuracy. A temperature

correction could be easily instrumented.
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8.4 Variations of the Data Systems

Several variations of the Covey System and the Flock System
were studied, Basically, each system processes the initial
signals in the same way, except for the radar—transponder
position fixing system where thg geographical coordinates are
determined in the mother aircraft,

8.4.1 Covey Telewetry Data System

The block diagram of the telemetry data system for both
the Director aircraft and the surviy aircraft is shown in Figure
8.1, Starting with the five parameters - (1) latitude, (2) longi-
tude, (3) dose rate, (4) time, and (5) altitude - the block
diacrin shows the signals being processed by signal conditioners,
The dose rate, time, and altitude are combined in the signal
conditioner to give dose rate corrected for altitude and time,
The latitude and longitude signals are processed into a form
compatible with telemetry. Each brocessed signal is then used
to modulate the frequency of a subcarrier oscillator, The out-
puts of the subcarrier oscillators are combined in the signal
multiplexer into a composite FM signal, The cowposite FM signal
is used to modulate the RF carrier of the telemetry transmitter.
The output of the transmitter is further amplified and transmitted

to the control aircraft.
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Figure 8.2 shows the data system equipment for the Director
aircraft installed in the Grumman Gulfstream, The installation
of equipment for a survey aircraft is shown in Figure 8.3 for
the Beech 188 and in Figure 8.4 for the Howard 500, Referring
to Table 9.2 for cabin space comparisons, it can be seen that
the equipment for the Director aircraft shown in Figure 8.2
for the Grumman Gulfstream can be similarly installed in the
Howard 500 shown in Figure 8.4,

In the control aircraft, the telemetry signals from all the
chicks are received on one antenna, A multicoupler is used to
separate the telewmetiry signals and to route each signal to a
receiver which is tuned to match the transmitting frequency of
a particular chick, This receiver separates the composite sub-

carrier signals from the RF carrier and routes the composite sig-

nal to the subcarrier discriminators, The subcarrier discriminator

reproduces the original data signal,

The reproduced signals ~ latitude, longitude, and dose rate =

are processed by signal conditioners into a form compatible
with the visual recorder. The latitude and the longitude sig-
nals must be read to the nearest minute, A signal repeated
with three speed readout - coarse, medium, and fine - is recom-
mended to make the data easily read,

After a data run has been completed, the visual record of

the data - latitude, longitude, and dose rate -~ is plotted on
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an area map. The data plotter will plot only enough data to permit
him to draw the isopleths of the fallout, When the isopleths have
been drawn, the map may be transmitted by facsimile to the ground
station, An alternate method would be to reduce the data to tele-
type format and punch it on teletype tape, The teletype tape
would be used to operate a teletype transmitter to relay the data
to the ground station,

8.4.2 Covey Telewetry Data System Utilizing a Sampling
Technique

Figure 8.5 is identical to Figure 8.1, except that the direc-

tor aircraft data system is simplified, By sampling the telemetry
receiver outputs at two second intervals, the components and the
amount of data will be reduced., The data will be displayed on
two visual recorders instead of eight. The data processing
and data transmission to ground will be accomplished in the sawme
manner as for the more complex systew,

8.4.3 Covey Telemetry Data System with Digital Data

Transmission to the Ground Statiom

Referring to Figure 8,6, one can see the data system is

identical to Figure 8,5 except the outputs of the signal condi-
tioners in the mother aircraft are routed to a multiplexer and
to a visual recorder. It is also evident that the more complex
telemetering system of Figure 8,1 could be used., The multiplexer
samples the data at a predetermined rate and relays one channel

at a time to the encoder, The encoder converts the analog signal
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to a digital format and sends it to the shift register, The shift
register stores the digital data until cowmanded to transmit it
to the interface equipment, The interface equipment processes
the digital data so that it is compatible with the long range
radio,

8.4.4 Covey Digital Data System with Data Limiting

The vast amount of data that would be generated in the event
of a saturation attack on a national scale requires that a sys-
tem be considered to limit the amount of data transmitted. A
block diagram of a digital system using a threshold computer
to limit the amount of data is shown inm Figure 8.7. The data
are processed as in the other systems through the signal condi-
tioners, The analog output of the dose rate signal conditionmer
is routed to a threshold computer. The computer passes data only
at discrete levels, At each level the discrete value of radiation
is encoded to binary form, When the encoding is complete, gates
to the latitude shift register and the longitudeé shift register
are triggered in turn so that digital data in serial form are
presented éo & digital stepping recorder. The digital stepping
recorder advances only on the command of each data input, A
typical mission of 1000 miles would generate approximately six
minutes of digital tape data using this technique, The flight
director in each survey aircraft sust note the highest reading
obtained on each data run and the geographical coordinates of

the reading.
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The digital data transmission to the control aircraft would
be accomplished by playing the digital data tape back into the
telemetry transmission system. The data transmission may be
made simultaneously from all the survey aircraft if each operates
on a different telewmetry frequency and the control aircraft is
equipped with msatching telemetry réceivore a8 indicated in the
block diagram., An alternate method would be for the survey air-
craft to space their transmission of data so that no overlap
occurs, This would require only one telemetry receiver in the
control aircraft, The data system in the control aircraft is
essentially a tape recorder and a tape playback system, In the
block diagram shown, a separate tape channel is provided for each
survey aircraft, During playback one channel at a time is played
back putting the data in serial form for transmission to the
ground, The playback rate is set at 75 bits per second to be
compatible with the long range radio. In the system where the
survey aircraft space their transmission,the control aircraft
will record the data on one channel of tape as it will already
be in serial form. 1In each case the hot line data will be relayed
by audio to the control aircraft and transmitted to ground by
teletype over the long range radio,

Bach survey aircraft has two tape recorders, One is the
digital stepping recorder and the other is a backup recorder

which records all data prior to the threshold computer, The
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backup recorder provides redundancy aud also a source of morxe

detailed data if it is required.

8.4.5 Covey System with Cowbined Radar and Telemetering
Data System

The block diagram shown in Figure 8.8 shows that the
parametors — altitude, time, and dose rate - are processed
as in the other data systems. The overall systes appears to
be less complex; however, the precision timing required may make
it more difficult to fuanction correctly. When the radar inter
rogator in the mother aircraft tranlnifl & particular code to
the chick aircraft, the transponder in the chick replies and
also closes a relay in the data transmission link, The
transponder reply causes the radar computer im .the mother

aircraft to compute the range and azimuth of the chieck. The

" azimuth and range are resolved by a computer, which is also

part of the navigation system, into latitude and longitude, At
the same time, the dose rate is transmitted to the mother air-
craft by the telemetering link, The dose rate, latitude, and
longitude may be displayed on a visual recorder as in the other
data sysfo-o and transmitted by a facsimile or teletyps to the

ground stations,

8.4.6 Flock Data System with csimile or 1
Transmission to Ground

Referring to Figure 8.9, one can see the data inputs are

processed as for the Covey Data Systems, The outputs of the

signal conditioners, however, are displayed on a visual recorder
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recorded in the Flock aircraft. The data are plotted on an area
map after completion otha run a8 for the Covey System. The area
map is transmitted by facsimile over long range radio to ground,
The data may also be punched into teletype tape and the tape

used to operste the teleprinter,

8.4.7 Flock ta System w
to Ground

The block diagram shown in PFPigure 8.10 shows that the
signal inputs are processed as in the other systems up through
the signal conditioners., The analog outputs of the signal
conditioners are routed to a magnetic tape recorder and to a
multiplexer., The multiplexer samples the analog data on com=
mand from a prograz timer and ‘connects one signal at a time
to an encoder. The encoder converts the analog data to digital
data, The output of the encoder is stored in a shift register,
The output of the shift register is 75 bits per second consist-
ing of the original signals in digital form, or real time in
digital form, and of identification pulses, The output of
the shift register is processed by the interface equipment
into a form compatible with the long range radio for transmis-
sion to the ground,

8.4.8 Flock Digital Data System with Data Limiting

The vast amount of data that world be generated in the event
of a saturation attack and the complex data transmission to

ground from continuously transmitting Flock aircraft makes the
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study of a data limiting system a neceasity, The data system shown
in Figure 8.1l1 is the same as that outlined in paragraph 8.4.4
except the data transmission will be to ground ﬁsing long range
radio instead of toelemetry to the control aircraft, The short
digital tape for the entire flight would permit the aircraft to
space their transmission to the ground which would reduce the ocom-
munication load at the ground station, Each Flock aircraft will
have two tape recorders, One is the digital stepping recorder
and the other is a backup recorder which .records all data prior
to the threshold computer,
8.4.9 Convertible Data System

. Referring to Figure 8.12, one can se¢e that the data system
is similar to the Flock Data Systems described above except a
telemetering link has been added. The addition of the telemetering
link would permit the sensor carrying aircraft to operate as part

of the Covey 3ystem or as part of the Flock System,

8.5 Ground Data Handling System

Each of the proposed aircraft—to=ground data transmission
systems require a different data handling technique in the ground
stations., The CD Regional Headquarters will have the radio system
most likely to survive, Each headquarters is to have underground
radio facility with telescoping antennae. The antennae will
remain retracted until after the initial burst, The eight CD

Regional Headquarters are so situated that the data gathering
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aircraft should be able to communicate with at least one Gf the
centers at all times with the long range radio. Each of the eight
centers is equipped with Collins Radio receiving equipment such

as the 50 E-1 receiver, The 50 E-1 receiver is a servo tuned SSB
(single side band) HF (high frequency) receiving set. The set

way be tuned in 1 kc (kilocycle) steps from 2 to 29.999 mc
(wegacycles). Operation is possible on either sideband or both
sidebands independently. The received signal may be amplitude
modulated, or with additional accessory equipment, teletype, or
facsimile,

8.5.1 Covey Data System Using Facsimile Data Trans-
mission

As previously stated, the control aircratt will transmit an
8-1/2 x 11 map of plotted data to the ground station, The ground
station will receive the facsimile map on a facsimile receiver
operating in conjunction with a long range radio receiver, The
received data will be prepared for setransmission by facsimile
to the classified center, The complete data map in the most
easily interpreted form would be available to the using agency
in 10 to 15 minutes after the control aircraft transmitted the
data,

8.5.2 Covey Data System Using Teletype Data Transmission

The control aircraft will transmit data in "point" format,
i,e,, latitude, longitude, and R’/hr over its teleprinter system

via long range radio. The ground station will receive the
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teletyped data via long range radio receiver system. The teletype
device will type the data on paper and will punch a teletype tape.
At this point, the data may be plotted on area maps and trans-
mitted by facsimile, or the data may be transmitted by teletype
to the using agency. The teletype system will take approximately
30 minutes to an hour to get the data from the control aircraft

to the using agency,

8.5.3 Covey Data System Using Digital Time Trans-
mission

The control aircraft will be transmitting data continuously
when the sensor carrying aircraft are flying over fallout., In
case of a saturation nuclear attack, the sensor carrying
aircraft would be measuring radiation almost continuwously in
some areas of the country. Consequently, the amount of data
to be handled will be large., To avoid the loss of data, each
ground station must be equipped with a tape recorder and data
playback, For normal mode of operation, the data will be
received on the long range radio with a Collins Radio Data Modem
Interface as accessory equipment, The interface equipment has
a synchronization detector which selects one of the low fre-
quencies and one of the high frequencies for synchronization
of receiver base to received signal. The output of the inter-
face equipment will go to magnetic tape and to a data relay
device, The data relay device such as Nacon I or Nacon II

will transmit the data to the classified center.
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At the classified center the data will be received in its com~

munication center on a Kineplex Data Modem, The received digital
data will go to a buffer memory which permits the incoming data
to be gapped on tape in computer formwat. The special computer
formats, such as parity, end of record marks, write initiate
signal, beginning of block, etc,, are added to the tape. The
computer tape is then placed on the computer and instructions
given to print out the data in respective R/hr format (1, 3, 10,
30, 100, 300, 1000) on digital tape. The digital tape with the
reduced amount of data is then played back into digital magnetic
tape plotting system. F, L. Mosely Company, Model 44A magnetic
tape control unit will accept data from IBM computer tapes
recarded in the binary of binary-coded—decimal mode., The sane
company makes the Model 44B tape converter which converts binary
data at a sapacity of 12 binary bits per axis, and with a
resolution of 4096 points for each axis, The output of the tape
converter 18 used to drive an X-Y recorder, The X-Y recorder
will print out all the 1 R/hr data points, then will print out
the 3 R/hr data points and so on until all the data are plotted.
The plotted data on the X=Y chart will then be transferred to
the map of the United States and isopletha drawn,

8.5.4 Covey Data System Using Digital Data Limiting

The reduction of the amount of transmitted data greatly

reduces the ground system workload. The equipment required at
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the ground station and the national center will be the same as for
the continuous system. However, the processing time will be greatly
reduced,

8.5.5 Flock Data System Using Faceimile Data Transmission

The Flock aircraft will transmit data on an area map to the
ground station by using a facsimile transmitter, The ground
station will use the received faceimile map to plot the data on
& large area map, The ground station may hawe to wait for
several Flock aircraft to transmit their data before sufficient
data will be available to plot the isopleths, The ground station
will use facsimile transmission to forward the large area map
to the using agency, The data will be available to the using
agency in a matter of minutes,

8.5.6 Flock Data System Using Teletype Data Transmission

The Flock aircraft will transmit data to the ground station
in latitude, longitude, and R ’hr format on a teletype transmitter,
Th; ground stations will plot the data on a large area map.

When sufficient data are available, the ground station will
transmit the data by facsimile to the using agency, or it will
transmit the raw data., The data should be available to the using
agency approximately 30 minutes after receipt by the ground
station,
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8,5.7 Flock Data System Using Digital Data Transmission

The Flock aircraft will transmit digital data continuously
when the aircraft is over a fallout area., This continuous
transmission requires that more than one receiver be available
in the ground station, By using a multicoupler, the antenna at
the ground station can handle several simultaneous transmissions,
The handling of the multiple channels of received data requires
the use of a TE-202 Data Modem and a tape recorder for backup,
The TE=-202 Data Modem can handle up to 40 parallel synchronous
data signals each operating at 75 bits per second. The data can
be handled in the same wanner as for the Covey System at the using
agency and will require the same length of time to reduce the
data. The tape recorder playback will prevent the losa of data
in case a problem develops in the data transmission channel on
the ground,

8.5.8 Flock Data System Using Digital Data Limiting

The limiting of the data to discrete levels and the .record-
ing of the data on a digital stepping recorder reduces the
total transmission time to approximately six minutes, The short
transmission time permits the survey aircraft to space their
transmissions without danger of overlapping. The elimination
of overlapping communications eliminates the requirewent for
multiple radio receivers in each CD Regional Headquarters, Also,

the need for the large TE-202 Data Modem is reduced to a single
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channel data modem, The data processing in the national center
will be._greatly reduced by the limited amount of data,

8.0 Data System Bvaluation
The evaluation of the data system must ‘be based on accuracy,

response tiwe, and cost, All data systems have the same
relative accuracy. This leaves only cost and response time
for the system evaluation,

Table 8.1 is an estimate of the cost of the components
for the variationg of the data systems, The table indicates
that the Flock System utilizing 50 survey aircraft with a tele-
type data system is the least expensive., The Flock System with
the facsimile data system is only slightly higher., The Flock
System with digital limiting is the next best,

Table 8.2 shows the estimated data processing times for
the variations of the data system. The Flock section of the
table is based on a 648-minute mission with 50 aircraft and
a 336.minute mission with 100 aircraft., The Flock Data System
using the facsimile technique and 100 survey aircraft has the
fastest data response tiwme,

Based on the above results, the Flock Data System using
facsimile transmission is recommended as the first choice,
Teletype transmission is so close to the facsimile transmission
in cost and response that it should be grouped with the facsimile

as first choice.
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When all factors are considered, such as flight coordination,
in-flight data reduction, simplification of communications and
automation, the Covey System using five control aircraft and

digital data limiting, is recommended as second choice,
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9. AIRCRAFT

Two general types of survey systems are being considered.
One consists of a number of low flying survey aircraft, each
carrying survey apparatus and transmission equipment to relay the
data to ground stations, The other system involves a high altiw
tude control aircraft hovering in the air within data transmission
range of the low flying survey aircraft assigned to it, This
control aircraft receives data from the survey aircraft, processes
it, and transmits the results to a ground station.

In this section, operational and performance requirements of
the survey and director aircraft and estimates of investment
and operational costs of candidate aircraft that wmeet these
requirements are given, Operational costs are based upon an
operational concept where the aerial monitoring system is
attached to and is co-located with Reserve Recovery umnits now

agsigned to non-military dispersed airports,

9.1 Operational and Performance Requirewments

The operational and performance characteristics of the
survey aircraft will bhave a major effect upon the design and
cost of survey system, There are many trade-—ofis between range,
speed, initial cost, payload, and operating costs of various air-

craft to be considered, each of which will affect the cost of the
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system, The respouse time at which the data can be presented in
the form of radiation contours varies with the range and speed
of the survey aircraft and the method used to process aand
transmit the data. Range and speed are primary factors in
determining the number of aircraft required for the system, amd
consequently, the cost, Thus, more than one type of aircraft
sust be analyzed in designing the aystem, |

The survey aircraft must have a high probability of surviving
the set of conditions that result in the use of the monitoring
system, This indicates that they must be based at existing
civilian airports which are at a safe distance from expected
burst points, Basing at these remote airports, many of which
have limited maintenance facilities, increases the operating
costs and precludes the uso of many types of aircraft, especially
many high performance aircraft presently being used by the
military.

The capability to meet the following requirements is used
to select candidates for the low flying survey aircraft.

1, Operate with a payload of 2000 pounds plus a pilot,

copilop, and one operator,
2, Contain sufficient usable space for installment
of survey apparatus and data transmission equipment,
3. Provide 5 kva electrical power, preferably from

engine generators,
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4, Cruise between 150 and 350 knots at low altitude,

S. Be readily adaptable to equipment installations,
both permanent and removable,

6. Operate at altitudes as low as 1000 feet with
a maximum degree of flight safety,

7. Be maintainable at out of the way airports (safe
distance from large cities and military installa-
tions),

. 8. Be stocwable in existing hangars at remote
airports,

It is assumed that only production aircraft are to be con-

sidered and that modification will be limited to that needed

to install the equipwent necessary for accomplishing the mission,

9.2 Aircraft Types and Characteristics

Using the above considerations as guidelines, candidate
aircraft and selected characteristics are listed in Table 9.1,

It is noted that drones are not included in this list of
candidate survey aircraft, This omission of drones is due to
the fact that survey aircraft are restricted to operate in an
air environment relatively free of radiation. Consequently, the
crew is not subjected to excessive radiation which eliminates
the primary reason for using more sophisticated, less reliable

drones,
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The cabin space listed for the Aerocommander 560F (see
Table 9.2) includes a crew compartment for two, The remaining
amount of space is not large enough for one additiomal crew
member and the amount of data system equipwment required, Thus,
the Aero 560F is not considered further in the -analysis, One
possible installation on the Beech 188 is shown in Figure 2.1,
However, a center of gravity analysis which is required before
installation may introduce special installation problems requir-
ing rearrangement of equipment. The cabin space and payload
of the other candidate aircraft are sufficient for easy installa-
tion and maintenance. Movable installation mounts are possible
in these larger aircraft, A cutaway of the Howard 500 is pictured

in Figure 8.4 and of the Grumman Gulfstream in Figure 8,3.

Table 9.2
CABIR SPACE
Length Width Height
(Inches) (Inches) (Inches)
Aerocommander*
(560F) L26 129.5 52 53
Beech 188
L23 125 52 66
NAA T-39
Saberliner 190 : 62.5 67.4
Grumman
Gulfstream 396 88 73
Lockheed C-140
Jetstar 336 - 73
Howard 3500 336 64 74

’A crew of two occupies part of this cabin space,.
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‘ 9.3 Estimates of Aircraft Cost

9.3.1 Investwent Costs

The invertment <costs for the aircraft and engines were
obtained from the manufacturer, These costs are qualified on the

basis that they were prepared for 50 aircraft to be delivered in

the spring of 1964,

The costs of the navigation system and the sensor equipwent

were estimated from component costs, The cost of equipment
installation is based on past modification experience. These
costs include modification engineering of equipment, installation
engineering cost, and actunl cost of installing the equipment
in an aircraft already produced, Where it would be possible to
install the special navigation equipment and sensor eqQuipment in
the aircraft while it is in production, the cost of actually
installing the equipment could possibly be reduced to 40 to 60
percent. This savings could be from $16,000 to $24,000 per
aircraft in the investment cost, However, the engineering costs
! for modification of equipwent and installation would remain
the sawe,

The above costs are itemized in Table 9.3,

9,3.2 Operating Costs

The operating costs for the aircraft in this comparison
»ﬁoro computed by using the Air Transport Association standard

method modified for the particular type of operation, The costs
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for this comparison are divided into two categories: (1) costs
that vary directly with utilization, and (2) fixed costs,

The variable costs depict the flying operations in costs of
fuel and oil, Other variable costs are maintenance labor and
material costs., These costs include the direct labor based on
average labor cost, plus a 12.5% cost for the maintenance burden,
and the cost of material used in maintaining the aircraft and
engines, The special equipment maintenance cost and the cost of
landing fees are also included.

The fixed costs for operating the system include the air-
crew salaries, and the hangar rental, It was assuwmed that
aerial wonitoring crews were Air Force Reserve personnel, The
crev salaries were computed for a three man crew:

Pilot, Captain (10 years experience)

Copilot, Captain (8 years experience)

Systems Operaiion, Staff Sergeant (6 years experience)

These crews will have reserve duty 24 days a year (48 paid
periods)., It was also assumed that the aerial monitoring crews
were attached to and co-=located with Reserve Recovery units now
assigned to non-military dispersed airports. Since a USAF officer
and two airmen are scheduled to be permanently assigned to each
dispersal base, it was assumed that these personnel and the
recovery units would handle the duties of operational and

administrative support for the aerial monitoring unit,
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The recovery unit personnel at the dispersal base would be
available for ground handling of the aerial monitoring aircraft
during an emergency. Part of the recovery unit's training will

be in conjunction with the peacetime operations of the aerial

monitoring system,

Operating costs are itemized in Table 9.4,
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14, PERFORMANCE EVALUATION

This section presents.effectiveness comparisons between various
candidate systems where range and speed of the survey aircraft and
total system costs are the primary factors in the evaluation, The
capability to make a uniforms survey of the U.8. is used as a basis
for the quantitative computations for comparing the various monitor-
ing systems,

Bven though the National Center needs to have a uniform degree
of accuracy or detail of radiological information over the entire
country, it does not necessarily require the capability to make a
unifors survey over the U.8, In portions of the country, especially
in ths southwest and western U.S,, where there are only a few
logical strategic targets, a more economical system might suffice,.

A widely spaced survey with separation distance up to 150 to
200 wiles can be made to search for . fallout areas, This search
may be followed by a detailed survey of the fallout areas discovered.

However, it is concluded from the results presented in Sec-
tion 8 that a system which is best for a uniform survey would also
be best for variations from it where only a portion of the country

may be surveyed in fine detail,

10,1 Cost Effectiveness

The cost which enters in the decision procedure consists of

the initial investment in equipment including installation costs
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and an operating cost for a period of five years, These costs and
the assumptions for their derivation are detailed in Section 9, The
number of survey aircraft of each type required to make the survey
was computed by combining a map exercise with the mathematical
models described in Section 5,

It is convenient to group the various monitoring systems
studied into two general classes, the Covey system and the Flock
system,

The Flock system is used to designate the group of survey
aircraft operating independently of each other, (No control
aircraft.,) Each Flock aircraft has a data collecting, data
processing and air~to-ground data transmission system,

The Covey - system consists of a mother aircraft flying at
20,000 feet altitude receiving data from several sensor carrying
aircraft flying at low altitude, The control aircraft receives
data from the survey aircraft, processes it into a formsat com-
patible with the data transmission system and transmits the
composite data to the ground by long range radio, The air-to-
air communications system between the survey aircraft and the
director aircraft is line of sight and limits the separation
distance to no wore than 250 nautical miles,

10.1.1 Flock System

The number of each type of aircraft required to make the

survey of the U,.S., using survey Method B is shown in Figure 10-1,
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The number of bases for each type is half the number of aircraft,
With the exception of the C-140, two speed-range combinations
determined by wmaximum speed and maximum range speed at low alti-
tude are associated with each aircraft,

These curves reflect the effect of aircraft range on survey
separation distance, The curve for the C=140 begins to
increase for flight separation distance greater than 100 miles
because too much of its range is used in the east-west direc-
tibn rather than in the north-south direction, For the same
reason the other curves will turn upward at some separation
distance greater than that shown,

The curves in Figure 10,1 show that the number of aircraft
required to make a survey of the U.8. is proportional to the
range, The Howard 500 can make the survey with the least
number of aircraft and the North American T39 requires the
largest number, There is an appreciable difference between the
nusber of aircraft required at maximum range and maximum speed
flights in all cases,

The total system cost for each type of aircraft is shown
in Figure 10.2 for a 50-mile survey interval, Costs range from
slightly more than 20 million for the Beech 188 at maximum range
speed to over 180 million for the high speed Lockheed C-140,

The survey time varies from 9.5 hours for the Beech 188 to 1.7

hours for the North Americam T39, Although it requires a smaller
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number of Howard 500 aircraft to make the survey, the system cost
of the Beech 188 is less. At maximum rangs speed the system cost
using tho Howard 500 is alwost twice that of the Beech 188 and
that of the Grumman is slightly less than 4 times the cost of
the Beech 188, On the other hand, the survey time of the Grumman
is less than half that of the Beech 188. There is less than

one hour difference between the Howard 500 and the Beech 18S8.

A comparison of systems costs as-a function of survey
interval is given in Figure 10.3. The curves show that a decision
preference between systems based on cost does not change with
the asurvey interval except for the Lockheed C-140 at a survey
interval of 140 miles,

The system costs given in Figure 10.2 for survey Method B
are compared with the system costs for survey Method A in
Figure 10,4, They are ordered according to survey time, The
costs for survey Method A were computed using a 500-mile length
of the survey rectangle and a survey interval of 50 miles,

It is recalled that in survey Method A only one aircraft is
located at each base and a take-off base becomes the landing
base foran adjacent aircraft in the survey chain, Method A is
compared with Method B in the form of the ratio of the cost using
Method A to that using Method B, The value of the ratio A/B
shown at the bottom of Figure 10.4 shows this comparison

quantitatively, It is seen that for each system it is less
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expensive to use survey Method A than to use survey Method B,
The rank of the systems according to total cost is the sawe
for both wethods, This is true for making any survey of equal-
areas.

Although Method A is on the order of 10% less costly than
Method B (fewer aircraft are required), Method B has several
important advantages over Method A. In a system designed to
use Method B, each aircraft or pair of aircraft is assigned to
survey a particular rectangular area, The dimensions of this
area are determined on the basis that the fallout 6loud passage
is from v~ ' 'n east, However, if the wind is different from
this at the time the survey is to be made, each aircraft can
use an alternate survey pattern over his area without having
to coordinate his method with all other aircraft in the system,
It i8 recalled (Fig. 5.4) that areas are not associated with
each aircraft in Method A, The above argument combined with
the discussion in relation to Figure 5.4.leads to the selection
of Method B upon which to design the monitoring system,

10.1.2 Covey System

The area of control of the director aircraft in the Covey
system is limited to a rectangle whose width extends 250 miles
on either side of the line of flight of the director aircraft,
The length of the rectangle is equal either to the range of
the aircraft or to half its range, according as Survey Method A
or Method B is used.
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If Method A is used, a complete Covey unit must be based at
either the north or south end of the rectangle assigned to it
lnq,after completing the aurvey,’nhlt land at the opposite end,
The number of survey aircraft per director aircraft is N = W/I,
If Method B is used, the rectangle length is approximately half
the range of the aircraft and the number of aircraft per covey
is N = W/21, It is not economical with either method for the
entire covey to be based at one base, Too much useful range is
lost in going to and returning from the survey areas farthest
from the base,.

Using the Howard 500 or the Grumman Gulfstream as the Direc-
tor aircraft and the Beech 188 for the survey aircraft, 10 coveys
of 5 survey aircraft each are required to monitor the U.S8, with a
survey interval of 50 miles where the flight procedure is based
on an up and back flight for each survey aircraft, ¥Five coveys
with 10 aircraft each are needed for a one-way flight (Method A).
It is estimated that the Director aircraft would not receive and
process data from more than 10 survey aircraft.

The estimated cost for a Covey system using the Howard 500
and the Grumman Gulfstream for the irector aircraft is given in

Table 10,1,
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Table 10,1

TOTAL SYSTEM COST* FOR COVEY SYSTEM (I=50)

Howard 500

Grnl!lnTﬁnlilixgll___
One Way Up and Back One Way Up and Back
Flight Flight Flight Flight
Director A/C 5,506 11,192 7,683 15, 366
Survey A/C 18,750 18,750 18,750 18,750
Ground Data
System 76 76 76 76
TOTAL 24,422 30,018 26,509 34,192

*Cost in Thousands of Dollars

10,2 Response Time

.Response time is defined as the elapsed time required to
sense, transmit, and process the data, incimding the tiwe to con-
struct the final presentation map. Response time can vary with
the endurance of the aircraft, which is a function of speed and
range, as well as the type of data transmission and data presenta~
tion used, Increasing the number of survey aircraft, where -each
does not use its full range capability (operating at less than its
endurance), will shorten the data collection time, provided it does
not overload the data transmi@sion and processing equipment,
ing to this definition, response time does not include the time from
the first burast until the survey begins (time for fallout to come

down),
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The time required for data collection shown in Figure 10,2
represents the endurance of the aircraft at the given aircraft
speed and is the same for survey Methods A and B, It is seen
that decreasing the response time by using high performance
aircraft is expensive in total cost, The survey time for the
Beech 188 at maximum speed is 6,0 hours and at maximum-range
speed is 9,5 hours, The survey can be completed in 1.7 hours
with the T=39 for an increase in cont by a factor of about 7,

It was remarked earlier that the data collection time could
be lessened by employing more aircraft in the system and not
utilizing the full enduraunce (range) of the aircraft, In Fig-
ure 10.5 the smaller survey times for the Beech 188 and
Howard 500 have been obtained by doubling the number of aircraft
in the monitoring system. The number of aircraft can he doubled
by placing four aircraft at each base in survey Method B, and
allowing each to survey one-=half of the area or roughly along
one-half of the assigned flight path,

Likewise, the cost of the survey system can be approxi-
mately halved by performing one ground refueling, thus, doubling
the survey range of an aircraft. This wolld approximately
double the data collection time, halve the number of aircraft
required, and keep the same number of bases; approximately
half would be refueling bases, The number of units in the
ground data system would be decreased, since the rate at which

data are collected would be less,.
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Estimates of the total response time shown in Table 10.2
are foun§ by adding to the data collecting time (aircraft
endurance) an estimate of the time required after the survey
flights iro finished to process and transmit the data. The
latter estimates are made in Section 8,

The response times range from 5.1 hours to 16,7 hours,

The time for the low speed, long range Beech 188 with a digital
system is longest and that for the high speed Lockheed C-140
with the facsimile system is least, It is recalled (Fig. 10.,1)
that the cost nof the high speed C—~140 system is over nine times
the cost of the Beech system,

Not all of the difference in response time is the result
of the difference in aircraft endurance; there is an appreciable
difference in time between transmission and processing wethods.
The facsimile system requires the shortest time and the digital
requires the longest, It is imporiant to note the effect of
survey time on the time required for processing, With the
digital system, 7.2 hours are added to the survey time of the
Beech 188 system, while 11.2 hours are added to the higher
speed systems., There is no significant variation with
speed for the facsimile and teletype systems and no variation

for the digital limiting system,
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The response time for the Covey system using the Beech 188
as a survey aircraft is less than the tiwe for the Flock system
with the same aircraft, This decrease in response time amounts
to one hour for the facsimile and digital limiting systems and
two hours for the digital,.

10.3 BSystem Accuracy .

The radiation contours are intended to present to the user
a picture of the radiation situation as interpreted by the
monitoring system. The reliance that can placed on these contours
depends upon the fineness with which the survey is made and on
the accuracy of the data that are collected and recorded.

The fineness of the survey is defined by a combination
of the radiation levels chosen for measurement and the separa-
tion of the flight paths along which the measurements are made,.
These two factors are somewhat interdependeni, For example, if
the 300 R/hr is specified, only emough cuts are required to
intercept the 300 R/hr line and additional cuts made between the
300 R/hr line and the 100 R/hr line do not comtribute much to
the accuracy of the final result,

The accuracy of the presented data can be defined by the
probability fhat the highest R/hr line of interest is intercepted
by a survey flight. The expected values of the hot line for
an idealized fallout pattern are used to compute the probabilities
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given in Figures 10.6 and 10.7. These probabilities can be
interpreted to mean the expected percent of the time that a
survey of a fallout area will provide a dose rate reading of
the magnitude specified. Probability numbers given in ‘
Table 10.5 for 30 miles and 50 miles survey téiuht separations

are taken from these figures,

Table 10,3

PROBABILITIES ASSOCIATED WITH 30 MILE AND
” 50 MILE SEPARATION FLIGHTS

i B 1 NT 5 MT
‘15 mph 30 wph 15 mph 30 mph
R/hr 100 300 {100 (300 {100 | 300 100 [300
30 wiles .64 .44 | 92| .66(1.0 | .94 1.0]1,0
50 miles .40 .10 | ,58| ,40{1.0 | .60 1.0(1,0

The data in Table 10.3 show that the amount of detail
relative to 100 R/hr and 300 R/hr dose rates is not significantly
better frow a 30-mile survey than from a 50-mile survey for
53 MT bursts., For 1 MT bursts, the probability numbers increase
by as much as 50% although the largest for the 30-mile survey
is only 92%. The difference in cost to provide the extra
survey aircraft and equipment to obtain maximum detail is
appreciable, Using data in Section 10,1, it is found that,

depending on the aircraft used, the cost of making a uniform
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survey of the U.8. with a 50-mile spacing is from 30% to 35% less
thar one with a 30-mile spacing.

Two sources 61 error contribute to the inaccuracy of the
data collected and recorded. There are errors associated with
estimating the intensity of the radiation on the ground at some
reference time from measurements taken in the air, The magnitude
of these errors are a combination of errors from sensor design,
errcrs resulting from estimating radiation attenuation with
altitude, and errors in time scaling to account for decay rate,.
A second source of orror derives from the imaccuracy of the
ground position at which each reading is wmade,.

The ageuracy of the Litton LN=3 inertial navigation system
is estimated to be on the order of 2 n.mi, per hour at a 300-
knot speed, This 18 the error that is accumulated from the
point of the last position fix point, It is estimated also
that visual fix points which can be used to erase a large part
of the accumulated errors are available at least each 300 miles
along any pre~planned flight path, Based upon this assumption,
it is expected that position errors during the survey flight
will not exceed a CEP of 3 to 4 miles,

The effect of these errors is discussed in relatiom to
the survey flight paths shown in Figure 5.11, It can be seen
that an error in the distance between successive flight paths

(lateral range error) will have only a small effect on the
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value of the contours because of the small gradient of the dose
rate in the downwind direction. The errors associated with an
inertial guidance system are random with respect to both range
and azimuth, The random lateral errors may cause the readings
to be taken on either side of the intended flight path, However,
a series of readings over a single fallout area (5 to 30 minutes
of flight) will fall on one side or the other of the intended
path, so that each set of points collected along a cross flight
of a fallout area are subjected to the same error,

The effect of range errors may tend to make the contours
vary somewhat from a smooth idealized fallout patterm or
accentuate: the irregularity of an actual burit. The relative
error between the position of successive points along a flight
path (range error) across a single fallout area is small because
of the short distance between the points being recorded, If
there is an appreciable distance (time) between recording points
on flight path 1 and on flight path 2 (Fig. 5.11) over the
same fallout area, the effect of range errors is to displace
the entire set of readings in range, either forward or
backward, The relationship between the location of points on
flight path 2 and 3 may be similar, The net result would be
to deform the relatively smooth contours into wavy lines or to
displace a portion of the fallout area if the errors are biased

in the same direction,
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A relationship between range error and the change in dose
rate along cross wind flight paths is found by assuming that
the cross section of a fallout pattern in the cross wind direc-

tion can be approximated by the expression

- %

R(y) =C e

where C is determined by the value of the hot line, and ¢ de-
scribes the distribution of fallout about the hot limne, A
change dR in R caused by an error dy in the down range position

of the measurement is given approximately by

w2

dR = = — C e dy
o2

and the percent change in R is

dR 2y
—|= — day .
R P

if ¥ 18 the position of the 1R/hr., line then

y - O'Vlnc

4R . 2 !ZInC q

y.
“] R=1 °c

For idealized fallout patterns resulting from the explosion of

20
YinC

megaton weapons, ¥y ,;? 20 miles, and o >

244



[N e

L BT e rmparme s

Thorotoio )
dR nC
_] < = .
R Rel 10

For most cases of interest (when fallout is down), C < 1000 R/hr,

and
dR < ln 1000
R - Yo dy = ,69 dy.
R=1

The last equation shows that the percent error in the 1 R/hr,

reading is no greater than 69% of the magnitude of the error :iin

y.

10,4 Rate of Decay of Nuclear Fallout

10,4.1 Time Scaling for Simultaneous Bursts
After a nuclear burst takes place, decay of the radioactive

material starts immediately, Samples taken in an area by a
single aircraft cannot all be made at the same time; so as the
aircraft moves from one sample point to another, decay of the
fallout is still taking place. Thus, it becomes desirable to
have a reference time to which all the sample times can be
referred, This is accomplished by taking a sample reading at
some point, and scaling the value to sowe reference time usiig

the decay function t'l‘z. The wmost common reference time is
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H + 1 hours, however, some reference time after the readings are
taken may be more convenient,

For a single burst, reasonably accurate predictions of the
radiation level at a given location at time t can be nado‘by
either of two methods: (1) if the timwe of burst is known, a
single measurement of the dose rate can be taken at some
known time after the burst, or (2) if the tiwme of burst is not
known a second measurement of the dose rate at the same point
can be taken after a given interval of time, In the "Effects
of nuclear Weapons" it is shown that the function ¢=1-2
approximately describes the decay of radiation from a single
gource, Consequently the following scaling law can be applied

to both cases:

R (t) = C (t-ﬂll)’l'2

Where H) is the time of burst, R is the dose rate in R’/hr at time
t, C is an arbitrary constant and t > H;.

For the first case, if t = t  is the time the measurement is taken,
R (ty) is the measured dose rate, and Hy is known, C can be com-

puted to give
R (t) = R(to) (1:0—81)1'2 (t...al)—l.z

A similar result can be obtained for the second case by solving

two simultaneous equations where C and H, are the unknowns.

1
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For bursts which take place at the same time, if the fallout
from one burat mixes with that from another burst, then the dose-

rates are additive and the decay function is exponential and

approximately follows the t"]"2 decay factor, However, if the
bursts do not take place at the same time, then the dose-rate
is additive at each point but the decay function for the sum is

not exponential. It is desirable to have a function which

approximates the rate of decay for fallout from bursts which
occur at different times where the number and the yield may be
. unknown quantities,
It is assumed that the time, H,, of the first burst is
known and the tiwme, Hy, of the last burst is known (n2 > Bl).

It is also assumed that at some point, a reading, R is wmade

a?

] at fiie'fo. Suppose that n bursts take place in the time
interval H,, Hy, Let R(t) denote the actual dose rate of the
fallout from these bursts at any time t, Then one approximation
of R(t) is found by assuming that the radiation level R‘ weasured
at to resulted from a single burst at H;. The approximation is
denoted by Rl(t) in Figure 10,8,

| Another approximation is found by assuming that R- resulted
from & single burst at Hz. This function is denoted in Figure

10.8 by Rz. It can be shown Iutho-aticilly that Rl(t)<: R (t) < n,(t)

-

. for K2< t < t, and Ry (t) >R(t) > Rz(t) for t >t° as shown

in Figure 10.8 by the following method,
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R(t)

—_—< 1 for Hpo< t< t
Rl(t) 2 . o
R(t)
—_— > 1 for H < t<t
R(t)

_— < 1 for t >t
R_(t) o

1

R(t)

—_ >1 for t >t

R, (t) i

Rl(t) = R(t) = Rz(t) for t = to

It can be argued that for time t > to' Rz is a better approxima-~

tion to R than Rl; and R2 becomes a better approximation as the

time interval nz-nl increases,

A more versatile approximation, however, is found by
H, + Hz
1

assuming that Ra resulted from a single burst at time t =
2

This function is denoted in Figure 10,8 by Rs, and is given

by the formula
H, 4, 1.2 H, 48, -1.2
172y (-12)

2 2

R3(t) = Ry (t, -

By using the same method as above, it can be shown that R3 is

for t » to.

also bounded by R; and Rz; that is; Rz< R.< R

3 1
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The difference between the boundary functions, Rl(t) - nz(t),
bas a maximum value for sowme t > to' This maximum value and
the time t = t. at which it occurs can be computed by equating to
zero the derivative of the function with respect to t, and solving

for t. This calculation gives:

Ho(to,-Hy)' 55—nl(t°-nz -5

(tgelly) 5 = (tgfig) >

and

Rg(ty=ty) (Ba-H))
Rl(t) _ Rz(t)] e s(ta—to) (H-H) )
max (ty=Hy ) (ty=Hy)
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11, CONCLUSIONS, RECOMMENDATYONS, AND IMPLEMENTATION
PROGRAM
11.1 Congclusions

The design of an aerial monitoring siste- for making
radiological surveys on a national scale is technically
feasible and operationally practical., The subsystoms can be
instrumented from commercially available components and avail-
able aircraft require only installation of special equipment,
The radiation sensor and electronics channel designs are
within the state—of-the-art, Using a sodium iodide scintilla-
tion detector and logarithmic computers, the dose rate at
ground level can be determined from simultaneous measurements
of signal and background at altitude. The system is designed
to register ground dose rates ranging from 1 R/hr to 1000 R/hr,

The design of the data system which includes equipwment
to process and transmit the data to Civil Defense Regional
Centers utilizes proven components which are commercially
available or can be fabricated from available parts, The
data system capacity exceeds the maximum requirewments assumed
for the user.

A rectangular flight procedure whose primary data collect=-
ing flight paths cross the hot line (direction of fallout cloud
passage) at right angles gives the largest number of data points
per flight mile., Continuous dose rate readings from 1 R/hr to
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1000 R/hr are recorded on tape, but discrete intervals are

reported to the Regional Centers,

11.2 Recommendations

The Flock System with the Beech 188 as the survey aircraft
and with facsimile data transmission is recommended as the pre-
ferred system (Secion 2,0) bamed on cost and response time.

The Covey System with digital data liwmiting is second choice
based on the desirabllity of automation,

Because contracts presently held by RCA and E.G. and G.
are concerned with different systems to perform much the same
task as the present conmtract, it is recommended that comparative
analysis should be made during the design phase to determine
areas of compatibility between the aerial mcnitoring system
recommended in this report and a corresponding automatic ground
based system similar to that being described by Radio Corpora-
tion of Awerica,

A brief comparison can be made at this time., The aerial
system cap be designed to report radiation levels at fixed
intervals of time along flight paths with a given spacing, or,
as recommended in this report, it can be designed to report the
geographical position where preselected radiation levels occur,
On the other hand, a ground based system reports readings
which occur only at preselected positions (sensor locations)

determined long before the burst occurs., With the aerial
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system, the flight path can be varied to suit the fallout condi-
tions and repeat surveys can be made to f£ill in gaps omitted

in a previous survey, The ground based system may, depending
upon the burst point, not record the critical radiation levels
in an area unless the monitoring points are very close together,
A ground based system can wake reports immediately following
nuclear explosions, while the aerial systom wmust delay until

the early fallout is essentially down,

Consequently, these two systems have characteristics which
may be mutually beneficial for a composite system and a basic,
valuable compatibility might be developed between them. For
example, if the ground based system is designed with a 50-mile
spacing, the airborne system could plan flight paths to overfly
the ground sensors, supplying data at in-between points., A major
problem area ;n this regard is the calibration of an airborne
detector system and a ground sensor to give essentially equal
readings at a point,

At the present time, data from the aerial system (a
facsimile of contour lines) and the ground system (g‘uuubered
grid) are not presented in a common format until the national level
is reached. Sowe consideration might be given to placing these
in a common format at the regional level, As a beginning, both
systems could report the same radiation levels, for example = 1,

3, 10, 30, 100, 300, 1000 R/hr, or a similar set,
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11,3 Implementation Program

Here is presented a brief program of future work leading to
the establishment of an asrial monitoring system,

Phase I - This is a low cost, experimental effort to
detéermine those essential performance figures for the detector
design which were not calculable under ‘the present study. The
deleterious effects of air-scattered radiation on the proposed
tvo-detector configuration should be determined by flying over
a fuel element source., At the saxs tiwme, it would be economical
to calibrate the detector and determine the constants of the
equation for the altitude correction computer (Section 8.6.9).
Also, more comprehensive data on contamination of air and
vehicle resulting from airborne delayed fallout should be
obtained to enable more accurate assessmeant of the radiation
background,

At the successful completion of this phase, the Office
0f Civil Defense would know that the proposed system was
technically sound.

Phase II - Thilvvould be a low cost development of the
new items of hardware needed for a ilight system, These items
are considered to be well within the state—of-the-art, The

majpr items would be:
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o Analog Computer -~ The analog computer described in

Section 8.6,9 should be designed and evaluated,

0 Dual-differential detectors -~ the prototype system
should be built, with electronics, power supplies, and stand-
ardization sources.

o Data display - The synchro repeaters providing coarse,

medium, and fine latitude and longitude data to the strip
charts should be evaluated to determine if this is the best
method of displaying the data.

o Foil covered ports - The proposed ports with the motor

driven foil covering for the detector to "look" through should
be evaluated.

Phase IIl - A prototype survey aircraft should be instru-
mented and tested. The complete data system, navigation system,
altimeter, radiation detection system and data transmission
system should be installed, Generators for additional power
must be provided, A weight and balange study of the aircraft
should be accomplished, Adequate equipment should be provided
at a Civil Defense Regional Center to receive and process the
data, A flight test program designed to simulate actual
missions should then be initiated,.

System tests should include ground operational checks as
well as a flight test prograw, The radiation may be simulated

by causing remotely operated standard sources (Section 7.5.2) to
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be driven in and out of the field of deiection of the sensors,
The data cSystem can be exercised by simulating dose rate levels
in the aircraft for various geographic positions on the

ground,

The-needs of the user at the national and regional level
should be examined in terms of possible responses that can be
made to various types of radiological reporting. This data
will help to define the amount of detail and accuracy desired
from the survey which in turn sets the number of aircraft
needed for the survey and the dose rate levels to be reported.
Stanford Research Institute and Edgerton, Germeshausen and

Grier, Inc., are cu}rently engaged in studies relating to this

problem,
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APPENDIX A

(to Section 7)

Listed below is some representative electronic equipwment of

the type suitable for use in the detector channels,

equipment is of modular construction, and is fully transistorized,
Low voltage DC power for operation is required for these units;

the operating power may be obtained from a master power supply,

or from smaller supplies for each unit,
Amplifier, RCL* Model 20112
4" x 9" x 12" 4 1b

Amplifier, RIDL'* Model 30-20
4" x 9" x 10" 3 1

Logarithmic Ratemeter, RCL Model 20408
4" x 9" x 12 5 1b

Logarithmic Ratemeter, RIDL Model 35-7
4" x 9" x 10" 31

High Voltage Power Supply, RCL Model 20703

4" x 9" x 12" 5 1b

High Voltage Power Supply, RILD Model 40-9

$535

$425

$725

$475

$615

$495

High Voltage Power Supply, ERA*™** Model HAR3K/2 $285

RCL* = Radiation Counter Laboratories, Skokie, Illinois
RIDL'* = Radiation Instrument Development Laboratory, Inc.,

Melrose Park, Illinois

ERS*" = Electronic Research Associates, Inc., Cedar Grove,

N.J.
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APPENDIX B

List of'co-paniea making components usable in the proposed

data systems,

Awpex Corporation, Redwood City, California

1. Digital Tape Transport FR200
2. Tape Recorder/Reproducer TFR100

Avion Division ~ ACF Industries, Inc., Paramus, New Jersey

1. Analog to Digital Converter
2. Digital to Analog Converter

Bendix Pacific, Bendix Aviation Corporation, North Hollywood, Calif,.

1, FM/FM T/M Transmitter

2. FNM RF Amplifier

3. Voltage Controlled Oscillator
4, Subcarrier Discriminator

5. Search Radar APS 88

6. Radar Transponder APN 134

Colline Radio Company, Richardson, Texas

1, Long Range Radio

2. Kineplex Data Transmission System
3. Data Modem TE 204

4, Teletype Adapter 399R-1

5. CV 786 Data Modem

6. Digital Data System

Computer Control Company, Inc,, Framingham, Mass,
1. Master Oscillator
2. Synchronous Generator
3. Shift Register

Consolidate Electronics, Subsidiary of Bell and Howell,
Pasadena, Calif,

1., Recording Oscillograph
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Data--Control System, Inc., Danbury, Conn,

. Maltiplexer

. Voltage Controlled Oscillator
FM RF Amwplifier

. Subcarrier Discriminator

. Pulse Synchroanizer

. Power Inverter

DR -

Data~tronix Corporation, Norristown, Pemna,
1. Blectronic Commutator
Defense Electronics, Rockville, Maryland
1. FM/FM T/M Transwitter
2. FN/FM T/M Receiver
3. FM/FM T/N Multicoupler
4, FM/FM Preamplifier
Digi-Data Corporation, Hyattsville, Maryland
1, Digital Stepping Recorder (magnetic tape)
Di/an Controls, Inc., Boston, Mass,.
1, Magnetic Shift Register
Dynamic System Electronic, Phoenix, Arizona
1, Combination Analog to Digital Converter and Multiplexer
3. Digital to Analog Converter
3. Power Supplies
Elasco Incorporation, Roxbury, Conn,
1, Power Supplies
Electronic Communications, Inc., St. Petersbur 10, Florida

1. Pacsimile Transmitter
2, Data Systems

Electro-Mechanical Research, Inc,, Sarasota, Florida

1. Subcarrier Discriminator
2, Subcarrier Oscillator
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International Data Systems, Inc., Dallas, Texas

1, Data Systems
2, Digital Data System Compouents

Magnetic Research Company, White Plains, New York
1, Magnetic Shift Register
Minneapolis-Honeywell, Heiland Divisior, Denver, Colorado

1, Visicorder
2. Magnetic Tape Recorder

Mnemtron Corporation, Pearl River, New York
1, Magnetic Tape Recorder
Monitor Systems, Inc., Sub. of Epsco Inc.
1, Multiplexer
2. Amlog to Digital Converter
3. Digital Tape Recorder
F. W, Mosely Company, Pasadena, California
1, Magnetic Tape Control Umit
2, Tape Converter
3. X~Y Recorder
Potter Instrument Company, Inc., Plainview, New York
1, Digital Tape System
Ransom Research, Division of Wyle Labs,, San Pedro, California

1, Power Supplies
2., Shift Register

Sanborn Company, Waltham 54, Mass,
1, Analog Tape Recorder '
Sperry Gyroscope Company, Great Neck, L.I,, New York

1, Radar Transponder
2., Search Radar
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Standard Products, Inc,, Wichita, Kansas
1, Facsimile Transmitter
Systron-Donner Corporation, Concord, Calif,

1, Programmer

Tele-Dynamics, Div, of American Bosch Arma Corporation, Philadelphia,

Penna,
1. Voltage Controlled Oscillator
2, FM/FM T/M Transmitter
3. FN RF Amplifier
4, 'Subcarrier Discriminator
5. FN RF Receiver

Telemetering Corporation of America, Sepulveda, Calif,

1., Multiplexer

2. Awplifier

3. Subcarrier Oscillator
4. FPM/FMT/MTransmitter

Teletype Corporation, Subsidiary of Western Electric Company,
Inc., Chicago, Illinois

1, Teletype Tape Reader
2. Tape Perforator
3. Tape Perforator and Transmitter
¥estern Union Telegraph Company, New York, New York

1, Ilntraiax Facsimile Transmitter
2, Teleprinter

Westrex Corporation, Division of Litton Industries, New York 19,

N.Y .
1. Facsimile Transmitter and Receiver
United Electro Dynamics, Inc., Pasadena, Califorfnia

1. FM/FM Telemetry Components
2, Analog to Digital Converter
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APPENDIX C
Validity of the Detector Design

In using a two detector y-ray survey system fog_the deter-
mination of ground contamination from fallout, the following
factors wust be considered: (1) the air contamination noise,

(2) the angular distribution of air-scattered y-rays at the
detector altitude resulting from the distributed ground fall-
out, (3) variation of the ground source spectrum with time and
the relation to the detector-altitude count rate, (4) calibration,
(5) the effective area of the ground contamination source seen

by the system as a function of altitude, and (6) the use of
detector bias to improve the difference of the two detectors,

The following is a summary of the above items with principal
reference to items (2) and (3).

Considering the case of a surface burst, the air contamina~
tion forms a source of radiation assumed uniformly distributed
about the aircraft system, The use of a signal + background
minus background difference technique for eliminating the air
contamination component has been proposed (see 7.4.3); however,
the use of such a system pre-supposes the signal (y-rays coming
from the ground fallout) is observed only by the one downward

looking detector.
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For the 1800-ft altitude considered, the unscattered flux
component of y-rays reaching the detector was calculated to be
at least an order of magnitude lower than the air-scattered
component, Thus, the main source of signal at the detector:is
air=scattered y-rays (assuming low sir contamination), The
angular distribution of this air-scattered component must be
investigated in order to assure that the detector-difference
method can be used, eo.g., if the y-ray angular flux at the
detector altitude were nearly isotropic, the difference method
could not be used.

The angular distribution of air-scattered y-rays can be
approxiwated by the use of Monte Carlo point isotropic, mono-
energetic, infinite—air-medium data (see Ref. 1) assuming a
uniform distribution of such sources on the ground. These
data were used to evaluate the y-ray angular flux N.(h,o) as
a function of altitude h and angle & off the vertical axis
(Fig. 1) by the equation

(o o) 2r

N (h,0) = j rdr J’ agu(p, o)

o o

where M(p,©) is the Monte Carlo angular distribution corresponding
to a separation distance p = p (h,r) resulting from a point
isotropic, mono-energetic source of 1 photon/cnz-aoc. Figure

c.1.)
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Fig, C.1 Geometry For Distributed Source

The upper limit on the radial integral was replaced by
r = 2h for the altitude studied, h = 1800 feet, That this is a
valid approximation is shown in Figure C.,2 where the integrand

of the above equation rM(p,0) is plotted against r,
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Fig. C.2 Angular Distribution v, Radial Distance

It can be seen that the contribution to the integral drops
rapidly from air attenuation before r = 2h, An additional
desirable feature is apparent; the spatial resolution on the
ground of the detector system is good enough to detect any
average flux changes for which it is designed,

Theae Monte Carlo calculations were evaluated at 1.0 Mev
and at 0.5 Mev. The angular distribution resulting from 1 Mev
primary y-rays, shown in Figure 7.3, is typical of both energies,
From Figure C.3 (derived from data in Ref, 2), which shows the

ganma spectrum at the ground about 12 hours after a burst, one

b ooy T TS AT 5



il

Relative Units

can see that the major portion of the spectrum falls within the
0.5-1,0 Mev region discussed above., The spectrum is nearly cone

stant during the initial search period, 10=20 hours after detonation,

40

—

30f

201

- 10}

lllllllll‘l FOS N N

1.0 2,0
Gamma Energy - Mev

|

Fig. C.3 Gamma 8Spectrum at the Ground at (H+12) Hours

Gamma rays of energies less than 0,5 Mev experience only a few
scatters before entering ihe large Compton cross-—section region
and are absorbed before reaching a height of 1800 feet. The small
peak, centered about 1.7 Mev, contributes about as many photons

at 1800 feet as does the much larger peak centered about 0.8 Mev

because of the greater mean free:G path at that energy; but the

angular distribution of these photons is even more peaked in the

vertical direction than are 1 Mev photons, Consequently, the
angular distribution of Figure 7.3 is a valid input for the

detector design,
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The detector design assumes a flat response for all gamma
rays impinging upon it so that the count rate for each detector
would be directly related to the flux, For the predominantly
low-energy, scattered radiation at 1800 feet, this is a valid
assumption, Piguge C.4 shows the detection efficiency of Nal

crystals of differing thicknesses as a function of y-ray energy.

Thickness of Nal Crystals
3"

1 1 1 1 1 i 1 } ] 1 1 1 41 |

.2 .4 .6 .8 1.0 1.2 1.4 1.6
Gamma Energy in Mev

Fig. C.4 Detection Efficiency as a Function of Energy
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It can be seen that the efficiency is never less than 66% for

'all energies below 1 Mev for a 2 inch crystal and is better for

a2 3 inch crystal, The number of y-rays of energy greater than
this, relative to the total flux, can be expected to be small,
In conclusion, the detector, as designed, appears to
satisfy all the conditions it should., If experiment, however,
reveals that some of the above calculations were inaccurate by

discovering a larger flux than anticipated from the skyward

direction, the situation can be corrected by adding a suitable

bias leiol to both detectors, The skyward radiation, having
been scattered more often to reverse its direction, is of much
less energy than the radiation entering the lower detector

and would he preferentially discriminated against., Of course,
a bias will reduce the total number of counts to be expected,
but these can be increased again by flying at a slightly lower
altitude,

Calibration of the detector depends upon overcoming two
difficulties, Pirst, the spectrum at the ground is changing
as a function of time and extends over a broad band of emergies,
from nearly 0 to 2,8 Mev, Second, the distribution from any
energy interval of the spectrum to the flux at any altitude is
a function of the altitude, For example, from Figure C.3
one can see that ﬁt the ground level the peak at 0.8 Mev is

approximately 10 times as large as the peak at 1.7 Mev, Yet,
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at 2300 feet, the contribution to the flux from these two peaks
is about equal, At a still higher altitude, the contribution from
the 0,8 Mev peak would disappear and only the flux arising from
the 1,7 Mev peak would still be present. The same flux would be
present if a single energy source of 1,7 Mev and the proper
intensity were present 6n the ground, However, a calibration
based on this source would be misleading since it would tell
nothing about the dose at the ground from the rest of the
spectrum, At lower altitudes where other portions of the spec-
trum contribute to the flux, the relative contributions are
changing and the siwmulation of the flux at a range of altitudes
by use of discrete energy radioisotopes becomes almost
impossible,

Both difficulties can be overcome by calibrating the
detector at various altitudes above this source, using a fresh
fuel elemwent, irradiated for a few hours, as a scurce, The
fuel element will closely approximate the energy of the fallout
radiation as a function of time, Having a fuel element as a
source eliminates any uncertainty as to how well the flux at
altitude represents the true spectrum at the ground. It is
only necessary to calibrate the detector at several altitudes
above the source so that the constants of the equation below
can be determined, The use of this equation is discussed in

Section 8.6.9,
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«=bh
g(h) = §, 8 ae
f(h) is the megsured flux at altitude,
ris/cnd/sec
'o is ———;7;;-—f- for the source spectrum, measured at
the ground, and thereafter trsated as
a constant,
8 1ia the source strength of R/hr, measured at the ground,
h ia the altitude,
b,a, are constants to be deterwined.

In actual survey work, 8 is the unknown and the eguation

to be solved becomes

#h) +bh
S - ‘f‘ e
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