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ABSTRACT~

Design concepts and parameters are presented for two radio-

logical monitoring systems: a Shelter-Based System, and an Auto-

matic System. Gamma radiation intensities up to 1000 R/hr. are

to be monitored. Recommended spacing of sensors is based on

computer simulation of accuracies obtainable with various sensor

spacings. Various combinations of instrument error, fallout

pattern, probability of instrument malfunction, and orientations

of the sensor network were used in these simulations. Initial costs

and annual operating costs are estimated.
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SECTICN I

INTRODUCTION

This report dpscribes the results of the research performed

under Contract OCD-OS-62-140 awarded by the office of Civil

Defense of the Lepartrcnt of Zcferne cn !April 30, 1962, tc the

Data Systems Center of the Radio Corporation of America.

The Importanhce of civilian defense is recognized by the

present structure of the Civil Defense organization and by

the existence of a national shelter program. Both the approved

shelter program and that planned for the future are *active'

elements of the civil defense program. National military plans

contain both offensive and defensive elements. Among defensive

elements is civilian defense, for the ability of a nation to

I protect its cvilian structure is. in itself, a form of deterrence.

A defensive element may include both active and passive

I components.

Passive components are those which react to the environment:

sensing and displaying changes in it so that active components

may be brought to bear. It became clear in the course of the

work that a radiological reporting system was valuable in

I proportion to the existence of active elements such as shelters

in being or plans for moving populations. By the same token,

I active elements could be effective in proportion to support
furnished by passive elements. Briefly then, a shelter program

I requires a radiological reporting structure to be effective.

and a radiological reporting structure requires a shelter program

I
1o 1-auale



These broader considerations were recognized as outside the

seor- of tho current re.r'arch. They have been noted because the

resefrch team operated within this general conceptual framework.

1.0 SCOPE OF RESEARCH

The purpose of this research was to develop parameters for

local and national prediction and monitoring systems. PredicLion

and monitoring systems of the national, regional, and state level$

were examined to develop improved rol!ecting, handling, and

displaying systews. Consideration was given to improved instrmnents

and related equipment, including automatic reporting systems, as

tn th,'ir role and adequacy for the task. Various automatic

reporting systems were examined for statistical reliability; for

technical and economic feasibility; and for comparable performance

as between different systems.

Parti,'ular emphasis was given to the evaluation, elimination

and control of variables such z-. '.:rain effects, influence of

weather, shielding of nearby buildings and vegetation, detector

spacing and directionality.

In general, parameters for national and local prediction and

point monitoring systems, for data handling and display techniques,

for improved hardware, and organizational and training requirements

were developed. The work began with analysis of needs for

radil.4yical data and consideration of various possible ways of

obtaining it, and built on research already done in this area. This

analysis is presented in more detail in Section It.

A"-2



I
2.0 ORIENTATION

I
Emphasis ha- buc'n on fixed point ,v)nitcring s" .. ems,

including autcrhitic i opC r rting systems.

Meting the rediological data needs at n-.tional and regional

levels was of primary concern, without ignoring -tate and local

level s. That is, the rieeds to 1e met are tl- needs of autharitios

who weuld bh planning the best utilization cf the nation's

resources, at nvtional level, as well as th:zc of officials at

regional level who would be backing up nati-.ai authorities, and

advising sL• 1te ind local officials of the r:iiological situation

for c'•prational. decision-making.

3.0 S1IMWARY AND CONCLUSIONS

It is concluded that a fixed station on:itoring system canI-
obtain teasonably accurate information alout large scale effects.

In doing this the station obtains informaticni about actual in-

tensities (large and small scale effects) in the immediate neighbor-

hood of isolated points at which sensors are located. The useful-

ess of this information is limited to deriving information about

1--ge scale effects over the whole area, ay.! representing the

actdal intensity (large and ým.illt scale effectz) within several

tcns of feet of those isolated points. A fixed station monitor-

ing system with sensors spaced the order of a mile apart 'or more)

does not provide information which may be used operationally to

represent the actual intensities (large and small scale effects)

over an area. (A spacing of the order of hundreds of feet would

be required for this purpose.)

[ 1-3
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Large gains in accuracy of kncwledge of large scale effects

are obtained from any given decrease in sensor spacing, to a

sr[.-cing of about twenty miles. Significant gains result from

further decreases to about ten miles ind smaller gains to about

six miles. Further decreases yield only small gains in accuraay

because this knowledge is limited by large gradients in large

scale effects (in a small pcrcetitaq-_ of the area), and also by

small scale effects, sensor inaccuracies, and other influences. I
Sensor spacinqs of one or two or three miles do yield slightly

better information t-han spacings of six miles, but this small

improvement in tnformation comes at a disproportionate price.

Studies of information needs indicated that information

about large scale effects is needed at all organizational levels.

Knowledge of actual intensities (large and small scale effects)

is important at local level. Knowledge of actual intensities

would be useful even at National Level if it could be provided

economically. In fact, implementation of any monitoring systeva

which has been proposed is not expected to eliminate the need

for interrogations from National Level for detailed information

about specific points and areas.

It follows that limits on the accuracy of informat.t,,- which

could be useful (even at National Level) were found to exceed

the accuracies obtainable with feasible fixed station monitoring

systems.

Therefore, sensor spacing, and system accuracy requirements,

should be based on the relationship of cost and effectiveness

rather than on limits on information needs. This was done, as

described in section IV,7.

1-4
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It was concluded then, that a radiolo'ical monitoring and

prediction system is needed for regional and national use during

the early post attack period. Two systems (a preferred system

and an alternate) which will bcet meet this need are summarized

below, and are pre-;vntc'J in det3il in other sections. Further,

a hybrid system, or combinnation of these, is considered.

It was further concluded that local operational data needs

would best be mnet 7y cor•miunicating with shelters by shelter trans-

ceiver or telephone, and by mobile monitoring.
I

TI!, two ;ystems described differ In their data collection

methods (items 1 through 7 of figure I-1), but are similar with

respect to higher level communications, data processing, and

display (items 8 through 10). In a sense they may be considered

a single system with two variations. One is referred to as the

| Shelter-Based System and the other as the Automatic System. Al-

though either system would be suitable, the Shelter-Based System

is considered better for reasons of flexibility, implementation

feasibility, and maintainability, as described in section V-1.

In the Shelter-Based System, a person in each of certain

designated shelters would take a gamma radiation intensity read-

ing each hour and communicate this reading to the relay point

(also a shelter) by shelter transceiver or telephone. This pro-

[ cedure is compatible with present monitoring plans. At the Relay

Point, readings received from six other points and the reading

at the Relay Point itself would be manually recorded by setting

switches. This process is planned to be completed a few minutes

II before the scheduled time for interrogation of this relay point. At

the scheduled time the seven readings at this kelay point are scanned

*1[-
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and automatically transmitted to regional headquarters and to the

National Center by a communicationu network.

rn the Automatic System, unattended sensors record intensl-

ties which are transmitted to the Relay Point. The Relay Point ih

this case is recommendcd to consist of an AMOS (Automatic Meteoro-

logical Otserving System) Unit. From this point, intensities are

transmitted to regional headquarters by a communications network.

Some comparisons of the parameters of these systems are given in

figure I-1.

1-
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"Shelter-Based Autormatic

1. Sensor Ion Chamber Ion Chariber
(CD V-711BX (Modified

CD V--711X)

2. Nu.cr of Sensors 20,000 20,003

3. Spacing of Sensors 6 to 20 miles, 6 to 20 miles,
.'arying with pop- varying with pop-

Sulaion density; ulation density;
hexaqonal arrange- hexagonal arrange-
:ent approximately. ment approximately.

4. Reporting interval I hour 1. hour

- 5. Sensor to Relay Point Shelter Transceiver Radio or land line
Communication or Telephone

6. Number of Relay Points 3,000 1,000

S7. Characteristics of Special design, Automatic Meteor-
Relay Point Equipment manually operated ological observing

system Station

8. Relay Point to Reg- Weather land line Weather land line
ional and National network (FAA Set- network (FAA Ser-
Headquarters Commun- vice A, supplemented vice A, supplemented)
ication

"9. Computing equipment Meditim Size Medium Size
Regional Headquarters Scientific Computer Scientific Computer

10. Display Equipm-.ot at X-Y Plotter: Re- X-Y Plotter;
Regional Headquarters production and Reproduction and

Projection Equipment Projection Equipment

11 i. Equipment at National As now planned As now planned
Cen ter

12. Initial Cost* million 28.3 million

13. Annual Operating Cost 5.5 million 2.6 million

Figure I-1. Radiological Monitoring System Parameters

* Includes all costs except for Shelter-Based System Sensor to Relay

Point communication. See pages 4-60 to 4-64 for detailed breakdown.

* 
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In either the Shelter-Based System or the Automatic System,

data are transmitted from relay points to Regional and National

Centers by a fixed c_-."unications network. In order to reduce

the complexity at outlying points, a polling type of net operation

is recommended. In -rr.ation, available at each of the relay

points, is transmit•_t- upon command of the network. The weather

communications netw:z-; (FAA Service A) operates in this way and

is recommended for c.:ssible use.

Gamma radiation intensities are transmitted to the eight

Regional Headquarters and to th1 National Center. Computer

processing occurs at each of these places. Intrnsity contours,

population exposure estimates, predicted intensities, and

predicted exposures, are derived. Monitored intensities, weather

data, and burst information are used in these calculations.

i-[1-B .n
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4.0 METHOD OF DETEPRMINING SYSTEM PARAMETERS

Determining the parameters of a radiological reporting

system consists both of isolating the important elements and

criteria and of cv..aluating them by themselves and in combination.

Criteria could not be applied without some knowledge of the value

of radiological data to higher levels of Civil Defense control.

Considerations were determined as far as possible at tle outset

of the study and were further developed as the control of the

study allowed. They are expressed in terms of value to the

national level, although they apply to regions as well.

4.1 Usefulness of Radiological Data to National Level

The usefulness of radiological data from a sensor network to

the National Center depends on the following factors:

1. attack phasing

2. requirements for information accuracy

3. required decisions and actions

4. command an, control

S. system vulnerability

4.1.1 Attack Phasing.-The radiological monitoring system require-

ments depend critically on the question of attack phasing and its

relationship with the othet factors listed above. At one extreme

would be an essentially simultaneous salvo attack. In this case,

it is assumed by some persons that for the period immediately

following the attack civil defense woeiid be directed by lower

level headquarters. This situation would continue throughout the

period of most of the fallout deposition and up to the point where

it is safe for a substantial number of the surviving population

!
1-9
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to emerge from shelters. During this period it has been claimed

that the information requirements for the national center can be

met by the current National Resources Evaluation Center programs.

These programs, based currently on information from the Bomb Alarm

system, estimate casualties, and damage to a large number of re-

sources. Fallout contours are also computed.

This procedure provides a picture which may be adequate for

an early over-all qualitative estimate of the situation. However.

it does not provide a basis for estimating the situation with

respect to critical resources locarted at a relatively small number

of points nor does it provide a k-asis for initiating emergency

actions such as decontamination, movements of people, materiel,

or supplies, manning of vital facilities, etc. It can be argued

that (1) no actions of this kind would be undertaken immediately

following the attack and (2) when the time comes for such actions.

communicationE with local areas will establish feasibility in terms

of nuclear radiation hazard.

The validity of these arguments decreases with an increase

in the period during which the strategic nuclear exchange is assumed

to take place. If this period stretches out into days and weeks

it is clearly not acceptable to dispense with national direction of

civil defense activities until efter fallout deposition has been

completed. For this situation it is necessary to evaluate the need

for radiological data for a list of required actions and decisions

considerably expanded from that of the single salvo attack.

4.1.2 Requirements for Information Accuracy.-The need for radio-

logical data from sensors can be related to requirements for in-

formation concerning radia.ion intensities to an acemracy greater

than that obtainable only from estimates of burst locations

1-10'



and yields coupled with zmetcorological data.

I
Errors in estimates of JLoznd zero locaticns and of wind

v'ectors are unimportant when infor--.tion is wanted concerning a
OituaLion that is not sensitive to variations in position.

orientation, and shape of isointensity contours. For example,

estimate of the total area affecte! by intensities of a given

I level is relatively insensitive to these variations. Obviously.

the situation at specific locations is sensitive to these

variations. When, for example, an estimate of the situation is

being made at the national center, the importance of errors in

I the position, orientation, and shape of isointensity contours

depends on the uniformity of distribution of resources that are

I being considered.

i If there are errors in estirates of number or yield of

bursts, even the estimates of total areas affected by radiation

intensities of a given level can Le seriously in error.

Radiological sensor data would previde clues to improve even these

overall estimates.

n 4.1.3 Required Decisions and Actions.-A list of the decisions

that may be required at the natienal center is given in section

l Consider the following questions that may be typical of the

information needed for an estimate of the situat~ioi,

(1) flow many ports or petroleum refineries, for example,

will have radiation intensities at levels safe for manning within

the next x hours?

(2) Which airfields of a certain type can be expected to

be put out of operation becdgse of radiation and for how long?

-_' -... .• , i . , ' ... . . .. " -- 2).... .
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These questions are sensitive to errors in location of

fallout contours. Furthermore, if fallout deposition is wtill

taking place, they require more information than would be

available to people on the scene even if they are equipped with

sensors.

4.1.4 Command and Control.--It is essential that leadership and

authovity at the national level be exercised at the earliest

possible time following the initiation of a nuclear attack. The

accuracy and timeliness of the information available at the

national level will have an important effect on the ability to

establish the central authority following a devastating attack.

Predicting time of arrival of fallout, for example, should be a

responsibility of national and/or regional civil defense centers.

Warnings should proceed from higher to lower levels. In the

post-attack period, the existence of such information may be more

important to the re-establishment of control than is the exis-

tence of law. Once this flow of information and cooperation has

been established it should be easy to establish in the opposite

direction.

4.1.5 System Vulnerabilitv. -Since all information systems are

vulnerable to damage from attack and possibly also to sabotage

or spoofing, there is added advantage for multiple data sources

and communication channels, as well as multiple types of

Information (e.g. monitored radiation intensities as well as

burst data).

4.2 Approach

The method used in the study was an adaptation of that which

has been successfully applied to military information systems.

1-12
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Design of inFnrmation systems is always so complex that each

I problem requires that a unique method be, at least in part,

developed for it. Because of the unicity of the civilian defense

I ,roblem, the approach which had been useful in military information

bystems had to be revised quite drastically.I
The broad conceptual model for civilian defense against

Sradiation in the post-attack period is that of an information

system which serves a decision making complex. To knowledge of

physical and physiological effects is added knowledge of current

radiation in space and time. The bank of knowledge modified by

current information allows decisions to be made on actions to

limit the deleterious effects of radiation and to protect the

population in the area under control

I The radiation reporting system is seen always as embedded in

the larger Civil Defense structure. This larger structure is

1 concerned with many other kinds of information being reported and

must make decisions fri-m a large number of alternatives and over

a wide range of activities.

I The research began with investigation of system requirements.

Requirements were exFrcssed as needs for radiological data at

1 various levels of civil defense. Planning and decision-making

which would be critically influenced by radiological information

were examined. From these findings, estimates were made of the

accuracy required to make specified decisions. Section 11.1.0

I shows the results of these considerations expressed in terms of

accuracies.

Had it been possible to find explicit statements of decisions

j which would be made under variuus conditions of radiation exposure.

1 1-13

-. . . . . . ... . ..-



it might have been possible to proceed from the needs for data to

the accuracies required from a reporting system. Theie explicit

statements have not been nor could they be made. Conditions vary

so widely°that the decisions under any set of circumstances are

largely judgmental. At the local level, for example, the size of

the civilian group, the age level, degree of prior exposure, and

protection factor of rhelters must be taken into account in de-

ciding what activities should be undertaken.

The civil defense structure is more difficult to direct from

higher echelons than is the mi!itary. First. the organization

Is less disciplined because it is civilian in nature. Political

formations such as state governments intervene between echelonsl

the regional structure of civil defense, although technically

necessary, has no political counterpart. Because of this dis-

parity between the political and the technical structure, and

because of the pervasive nature of civil defense in the post-

attack period, it is difficult to determine which decisions are

policy a'0d which are operational control. Here again, it is

difficult to find clear guidelines for decision explicitly ex-

pressed.

Because the difficulty of the decision process made policy

formation equally difficult, the optimal method of going from 4

data needs to required accuracy could not be followed. System

accuracy, which was being developed simultaneously with require-

ments, has to be pursued independently. Available system elements

such as sensors, communications, data processing and displays werestudied by themselves and in system combination. Examination of

th, rate of change of ganmma radiation intensity with distance in s

Sthe large scale pattern and small scale variations tsad. cleat that

Sthe spacing of sensors was an important unknown parameter.

i, 1-14 mn ni
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The relationship 17ctwen seF;:•or . pcijEt and accuracy of in-

formation about actual intensity wa.s: no)t kn•o.n. A &nmputer simu-

lation was undertaken to det, .iUCe the effect. of varying a iiumber

of parameters. soiction TV-2 describe's this si:mulation in detail

and shows the interrelationship.; of indic,,ted dose rate accuracy

I and such influences as instrument error, fallout pattern, pro-

bability of instrument malftinction, orientations of the sensor

I network, and small scale effects.

I The range of detector spacings which wo:,uld provide effective

dose rate accuracy was used as inptit to further design stages.

Various devices which could sense, comminicate, compute, ot

display data were considered from among those presently available

or soon to become available. By considerinq requirements and

limitations, these were narrowed to a few which could be con-

sidered for inclusion in system designs.

From the selected devices and from possible system configura-

Stions, two radiological reporting systems were designed. The

advantages and disadvantages were studied and evaluation criteria

applied.

I
Ii
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5.-- STRUCTURE OF REPORT

The remainder of this report is divided into five sectionst

CHOICE OF CONCEPTS

ELEMENT CONSIDERATIONS

SYSTEMi CONSIDERATIONS

SYSTEM EVALUATION

RECOMMENDATIONS

In CHOICE OF CONCEPTS data needs and system evaluation criteria

are discussed, and a preliminary selection is made of systems 'i

be cDnsidered in detail.

in ELEMENT CONSIDERATIONS,the choices of types of sensors,

relay units, communications and data processing methods, and data

proc'_ssing and display equipment are presented.

In SYSTEM CONSIDERATIONS, reasons for choices of sensor

distribution and operational doctrine are presented, and training

reqz-irements, personnel requirements, and cost estimates are given.

'n SYSTEM EVALUATION, methods of evaluation, and limitations

3f tSe recommended system are stated.

2n RECOMMENDATIONS, the preferred approach in implementing

the r-ecommended system, beginning with a pilot system, is described.

Also. other research which would contribute to future radiological

monitoring and prediction techniques is suggested. ,
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SECTION I1

CHOICE OF CONCEPTS

In order to exoress clearly parameters which define a re-

porting system, they muot be shown as applying 'o specific

systems. If this is not done-, systems are eypressed in such

general terms that neither the systems nor the p-rameters Lad,

be jud-ed.

The needfor ridiological data at the various echelons of

the civil defense structure was developed. The complexity of

the decision process piesented a direct line to be follow'd

between these data needs and a comparative evaluation of con-

"tending concepts. It is clear that unless the system meets at

least some of these needs there is no justification for building

it. We can apply a number of criteria to these concepts to

choose those which are to be developed to the system design stage.

The most important of the design criteria to be applied is

effectiveness. To some extent the ability to generate data to

meet the needs of the various ecuelons is a measure of effec-

tiveness. We have defined effectiveness to include consideration

of accuracy so that it may be applied comparatirely to system

designs rather than as a limiting test.

Ii

I.
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1.0 DATA NEEDS

The interrelationships between active and passive elements

of civil defense were discussed in section 1. No attempt has

been made to estimate to what extent plans and construction

will have developed by the time the organization is called upon

to function. Assuming some capability for action, data needs

can be stated for various organizational levels of civil de-

fense in terms of the kinds of decisions which would be made

at these levels.

Widely different situitions are expected in different areas

of the country during the emergency period. Some decisions and

actions which would not be germane to a densely populated, badly

hit area, will apply to a less populated area which receives

light fallout. Knowing the true situation will be important to

decision makers in both cases. Defining this knowledge requires

that accuracy be described as the relationship of what is reported

by the syitem to what actually exists. This is more precisely

defined by the considerations 'hich follow.

It is appropriate to state one requirement for this system

in terms of the probability of know.ing, to a specified accuracy,

the radiation intensity at any point and time. The design

objective could be stated as the minimum cost system yielding

specified valued of ifT,a, and b, such that for all points p and
times t of interest and for the appropriate range of values of

the radiation intensity W(pt) the probability P is such that
-A ra -_

Pa Proba L
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where w(p,t) is the e-timate o-f the radiation intensity obtained

by means of the system. It is st::en that this leads to the use

of a and b as indications of acc'ricy and of if as an indication

of the confidence of the estimate.

I The probability P is a function of the probability distribution

of fallout patterns over the set of all possible attack,

Imeteorological, and terrain coni-tions, as well as such system

characteristics as sensor spacinr. instrument accuracy, system

I reliability and surviveability, -.nd data processing procedures.

On the one hand, a statement of the rerquired values of 1 #

a, and b, constitute a system rr-quirement. On the other hand,

I given a radiological monitoring system, determination of the values

of 7r , a, and b, which corresponS to the performance of that

I system constitutes a method for evaluating that system.

In order to determine suitable values of 7r , a, and b, it

is necessary to anticipate those dlecisions and actions which will

be based on radiological information during an emergency period.

Many of these decisions require information in addition to -d

radiological data; for the present purpose only the needs for

radiological information will be considered.

Decisions are expressed as those which inhere in the civilian
defense function. It is recognized that the most important J1
function of the national center nay be to advise policy makers on

I survival so that strategic decisions can be made on the conduct

of military operations. The. pervasive influence of Civil Defense

information has been mentioned. Because radiological information

must meet the direct needs first, only theae are presented. That

it will meet other needs is reccpnized. Because emphasis is upon j

2-
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- defending the entire population, deC..sions which might be made

at regional level are described first.

Notation to be used in the discussion ist

W(p,t)÷- actual radiation intensity at point p and time t.

M(P., t.)= measured radiation intensity at point P., i1

1, 2, ... , n and time t., j= 0, 1,... where to is

the time of burst. The time intervals A t=t -t

are not necessarily uniform.

W(p,t)= estimate of W(p,t) based on M(P., t.) and possibly

other information such as burst point, yield, wixa

vectors.

1.1 Decisions Which Might Be Made at Regional Center

1.1.1 To Warn Other States if Fallout Appears in a Given State.

The requirement here is to determine with a specified degree of

confidence that the radiation intensity over a given region does

or does not exceed a certain threshold. In other words, we want
to know. with probability of at least X on the basis of

measurements m(pi, r ) at time 7 and points pi, i-l. 2.... n,
whether the maximum of W(p, r ) over all p in the region is
greater than (or less than or equal to) p. That is, if

max M(pi, r ) •
P1.

we want to know with confidence coefficient ) that

max W(p,T ) • i.

2-4 1
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.P max W(p, ;) -

where P. is the fidu-ial proi,,b.i Jity.
F

* 1.1.2 To Request a Dccontawii.riLid Route Passing Through Several

* States.- Presumably this decisiun would not be madc until after

1- deposition has been sscntially cn.:plted from all known bursts

affecting the area.

L If there is only one burnt, this dut.crmnination can he made

when successive monitored int.i:;itir.; indicate that radiation

levels are dccreasing with time. flowover, if there are multiple

'- bursts contributing to the fallout over a given Irea, differences

in the time of arrival may cause the pattern of intensities to

vary over time in such a way tIha, the Ofetermination cannot be

made with assurance without information to u~upplement that obtained

I from the sensors. In particular, prior to (rawing conclusions

from successive monitored intensities, knowledge is needed that

[ the time of arrival has passed for significant amounts of fallout

from all prior bursts affecting the area. This knowledge may

"require more information than can be made available at regional

level. If so, it may be necessary to settle for a procedure of

(1) extending munitoring over adjacent areas, at least in the

direction of prevailing winds, and (2) concluding that deposition

is essentially completed over the area of interest when intensities

decrease with time over the augmented area.
i , I]

Such a procedure could lead to (1) serious errors in the

event of unanticipated wind conditions, or (2) serious delays

in undertaking a mission if the decision is pdstponed until

intensities decrease in a region from which fallout in fact would

not arrive.
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The final decision to undcrtake a decontamination mission

would be made on!y after e.-itimating that the total expected dose

that w,.)I~ld be receivedl by those performing the mission 1-i within

acceptable limits. Pre.-.umably mol-ile monitoring at local le-el(s)

where the decontaininati.)n would N- performed cculd provide data

for this purpose. Sin:u Lhc accuracy requirements are relatively

severe, it is dv:iirah]•, to supplieent information obtained from

fixed sensors.

Before requesting mobile I reun itoring, however, a hcvdquarters

must have somp lire-l.minary infor;mation indicating whottheL there is

a reasonable probability of feasibility and enabling selection among

possible routes of the one(s) that appear most likely. At a

minimum, the headquarters mitst know whatLej" radiation Inlensities

along the route are within safe limits for mobile monitoring.

The specification for this application should be the probability

of knowing, to a specified accuracy, the radiation inte1i1ity at any

point along the route in question. In other words, for ipecifled

values of a and b we want to determine irso that

Prob V •--- -

for time " and for points p along the route in question.

For the purpose of estimating the effect of sensor Apacing

on this information requirement, the distribution of the random

variable i
(P r W(Pkk' 1 r W(Pk ' )Z /WCP,

2!-
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for a set of points P., k= 1, 2,... will be estimated. (It is

seen that JT(PK', ) is a continuous functio3nal version of the

relative error.) In actual operations the points of interest

would be along the route(s) being considered for decontamination.

itowever, zinice the location of such points relative to the

fallout pattern cannot be predicted, the analysin of system

perforr'.,nce should be mc for a set of points scattered over

the entire region being simulated. In order to have a conservative

estimate of system performance an effort should be made to include

extreme values of J(Pk k ). At the same time it. is desirable

to keep the rntputations reasonably simple. The analysis will

also take account of possible procedures for estimating intensities

at points other than those at which measurements are made.

1.1.3 To Advise Movement of Persons From One State to Another

State.-Again, it is presumed that the decision would be made

only after deposition has been essentially completed from all

bursts known to affect the area.

I
It is necessary to consider the dose that would be-received

on the route(s) over which movement would take place as well as
the intensity in the area into which population is to move. The

f first consideration is of the same form as that of 1.1.2 while

"the second is the same as that of I.I.I. The acceptable limits

on P. 37 , a, and.b, and the range of W(pt) that is of interest

may, however, be different.-

1.1.4 To Advise the National Center That Uelp Can Be Given to

Other Regions, and

1.1.5 To Advise the National Center That help is Needed.-The

I radiological information requirements would vary depending on the

j 2-7



type of hclp offered or needed. flowever, the considerations

are of the same form as those discussed under 1.1.1 and 1.1.2

and 1.1.7.

1.1.6 To Pcriorm the Functions of a Regional Center That is Not

in Operation as Authorized by the National Center.-This requirement

affects the corununicat-inns design but would not affect accuracy

requirements beyond thos.e considerations listed elsewhere L. this

sect kon.

1.1.7 To Warn States of Expected Arrival of Fallout.-The problem

here is to obtain an estimate W(p, r + a r I for points p of a

region and time r + A 7 on the basis of measurements M(p1 , 7

at points pi of the array at which fallout has arrived (therefore

not necessarily scattered over the entire region) and at time

S7" units earlier than the time for wiIch the estimate is made.

The radiation intensity W(pt) is a very complicated function

of the attack pattern (e.g., number, spatial and temporal position

and height of bursts), weapons' characteristics (e.g., yield,

fission-fusion ratio), and terrain and meteorological conditions.

Ideally the estimate W(pt) would be made with the use of a

fallout model which is a mathematical realization of the above -A

function with all available data, including monitored radiation

intensities, used to estimate the parameters of the function.

There are several reasons why, despite a number of efforts, a

completely satisfactory fallout model has not yet been developedy j
namely: (1) many aspects of the fallout phenomenon are not well

understood; (2) insufficient data exist to test some of the

hypotheses concerning these phenomena: (3) a model that attempts

to include all of the pertinent considerations in detail is

2-8
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mathematically intractable. Aside from this, however, efforts

to obtain an exact formulation of the function W(p,t) would not

be justified for the kind of operational use considered here since

it is not conceivable that very accurate information would be

"available concerning some of the parameters.

1.2 Decisions Which Might be Made at the National Center

The information requirements at the national center can be

expressed in the same forms as those for regional center. In

the following list of decisions reference is made to that part of

1.1 in which comparable considerations are discussed. The

appropriate values of the parameters p, Yr. a, and b; and the

range of W(p,t) may be different for the national center..I
1.2.1 To Warn Other Regions if Fallout Appears in One Region.-

The considerations are comparable to those of paragraph 1.1.1.
bI

1.2.2 To Order One Region to Assist Another Region.-The

considerations are comparable to those of paragraphs 1.1.4 and 1.1.5.

1.2.3 To Supply Information Required for Planning Offensive and

Defensive Strategy.- The considerations discussed in 1.1.1, 1.1.12.

1.1.7, and III.5.2.1.

1.2.4 To Warn a Region of Expected Arrival of Fallout.- The

considerations are the same as those of paragraph 1.1.7?

1.3 Decisions at State, County, and Local Levels

[ Similar characterizations of radiological information needed

for state, county, and local use may be made. Decisions which

might be made at these levels ares

""2-
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1.3.1 Decisions dt State Level

- rTo cequest that rescue teams or supplies be sent from one

county to another.

- To reque.t docontaminaLion of a route passing through more

than one county.

- To advise movei, nt of persons from one county to another.

- To advise rCgional headquarters that evacuees should be

sent to othe, s;tates.

- To advise regional headquarters that evacuees can be

accepted from other states.

- To warn adjacent counties if radiation is detected in one

county.

- To perform the functions of a county center which is not

in operation.

1.3.2 Decisions at County Level.-There is variation from state

to state in the number of reporting levels between local and

state level. There may be two intermediate levels (sometimes

called sector and area), or one (county),or none. However, the

following decisions might be made at sector, area, or county

level where these levels exists

- To decide to move persons from a tegion under cognizance

of one local center to that of another.

- To decide to request decontamination of a route passing

through areas under more than one local center.

- To decide to request that assisttnce be sent from one local

center to another.

- To advise the next higher level that evacuees can be accepted.

- To advise the next higher level that persons should be

evacuated from this area to some other area.

- To perform the functions of a local center which is not in

operation.
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1.3.3 Decisions at Local Level.-Decisions which might be tmade

at local level are:
- To undertake or not to undertake rescue and re-supply missions

of various durations.

- To undertake or not to undertake deccntamination missions.

I - To perform mobile monitoring.

- To advise the public to take shelter (in the event of

Iunpredicted fallout or failure to receive warning).

- To advise the public to remain sheltered, or to limit

1 unsheltered stay times.

To advise movement from one shelter to a safer one.

To advise evacuation of a locality.

S-. To advise the next higher level that evacuees from other

areas can be accepted.

S- To advise the public that return to homes is permissible,

possibly for limited periods.

S- To advise individuals of the intensities to which they are

being exposed so that each person's dose may be estimated.

Although it is of interest to examine values of if, a, and

b which appear to be appropriate for each decision, at each

level, individuallyonly a single set of values at each level
(the most stringent) determinces the radiological information

1. requirements at that level. Judgment necessarily enters at this

point, for different planners and decision makers place different

emphasis on importance of accurate radiological information.

Values of these parameters have been chosen which are intended

to satisfy most decision makers.

I' Recommended values of the parameters, P, a, and b for

j Regional and National planning and decision making are P-.60,

1 2-11
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a=l/2, b-1. In other words it is recommended that a monitoring

system provide these headquarters with intensity informationwhich

is within a factor of 2 of the true intensity 60% of the time.

This choice of values was made after the computer simulation

described in section IV-2 was completed. It is based on cost

versus effectiveness considerations; more accuracy would be use-

ful in making the decisions described if it were feasible to ob-

tain that accuracy economically.

For local operational decisions, recommended values are

P-.90, a=-1/4, and b=1/4. In this case, the true intensity

would be within 25% of the indicated intensity 90% of the time.

A fixed station monitoring system which will provide this ac-

curacy is not considered economically feasible.

Systems described in this report are intended to meet the

accuracy statement for Regional and National use. In most

localities- the local data requirements should be met by manual

monitoring. State and County needs would be met by information

passed up from local level, and down from Regional level.

A second requirement for the system is that it provide pre-

dictions of the future radiological situation. Accuracy of pre-

dictions depends not only upon radiological data accuracy, but

also on weather information, burst information, sophistication

of the prediction model and other factors. A precise statement

of required prediction accuracy would not be meaningful, but

accuracy comparable to accuracy of weather prediction might be

obtained.

2-12
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Improvements which the new system should achieve over

present procedures are:

a. More factual information on the radiological situation

at all levels.

b. More rapid and timely information.

c. No major increase in over-all communications network

requirements.

d. More uniformly accurate radiation data.

2
!
!L I
I
I
1
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2.0 SYSTEM E'VALUATION CRITERIA

A new radi.ogical reporting system, to be acceptable, must

be better in m.•eeting stated criteria than the existing or other

proposed systems 1hich could accomplish similar functions.

Criteria considered are effectiveness, cost, speed of response,

reliability, invulnerability, implementation feasibility, and

flexibility. These criteria are not independent. For example.

reliability, invulnerability and speed of response all contribute

to effectiveness, as defincd below.

2.1 Definitions of Criteria

2.1.1 Effectiveness.-Efi2ctiveness is defined as the probability
of knowing to a specified accuracy the radiation intensity at
any point and time. The concept of effectiveness was described

more precisuly in section II.1.0.

2.1.2 Cost.-This is defined as including initial and stand-by

costs. Initial costs include design and installation. Stand-by

costs include maintenance, incremental communications, stand-by

personnel, and rental or imputed depreciation on items not

included in initial costs. Operating costs in the posL-attack

period, like those of any emergency system, will not be critical

in deciding among systems: personnel requirements in number and

depth of training will be more significant.

2.1.3 Speed of Response.-This is defined as the elapsed time

over which radiological data will be sensed, transmitted, and

processed, to affect a decision. It is made up of the iesponse

times of sensors, communications, and data processors to the

extent that the functions must be performed in sequence.
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2.1.4 Hlelia-i'ity.--This is defined as the degree to which the

systcm will hold tts specified performance when it is called upon.

IVlialbility of haLrdware elements of the system, such as a sensor-

LLt:)Ca•c•.er. is ui.c.4sured by the probability that the element is

in operable condition at any point in time. Reliability is

estimated on the assurption that such elements will receive no

maintenance during th-. critical period after attack. Routine

maintenance would be performed during peacetime.

The dependability of human elements of the system also enters

into the reliability of the system. Because radiation can be

sensed only by means of instr,-aents and beciause the data are

transmitted by machines, the ability to read and to enter information

is critical in this regard.

2.1.5 Invulnerability. -This is defined as the extent to which

the bystem can be expected to withstand the effects of enemy

action. Invulnerability can be increased through such measures

as hardening of installations and the use of redundancy (1) to

provide alternate system components for use in the event the

original components are damaged and (2) to provide corroborating

data to decre;.se the probability that the system can be

successfully spoofed.

2.1.6 Implementation Feasibility. -This is defined as the extent

to which the design can be installed within time and cost schedules.

Systems which depend heavily upon development of new components

would, for example, rank lower than those which will operate

using state-of-art equipment. Where development is required, a

system would be preferred in which new desians do not necessarily

depend upon other designs in sequence.

2-15
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2.1.7 Flexibility.-This is defined as the degree to which the

system is inbensitive tu changes in design parameters, assumptions,

and it••signed fttnctions. For example, the concept of flexibility

would include the ability to accept without major system redesign

addition of new types of sensors or increase in the number of

sensor points or the ,3W1)stitution of higjh-speei for low-speed

commitnication lines. Tho' s;ystpm s`hould be able to add functions

such as prediction in ahi~ition to monitoring current intensities.

While in stand--by status, the system should be able to

function in an cexercise mode maintaining logs required for

critiques.
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3.0 SYSTEMS GIVEN PRELIMINARY CONSIDERATION

!
The system concepts following were compiled in order to

I make a preliminary examination of systems covering a broal

spectrum with respect to sensor density and degree of autcmation

j as well as a variety of doctrines for sensor dittribution.

Figure II-i gives for each system estimated order of magnitude

I costs and ratings in terms of the criteria listed in section

II-2.

Concept No. I. Household instruments. With 53.000,000

I households in the United States, the cost of putting an instrument

in each household would be about i billion dollars at $20 each.

I Assuming that a family shelter program were put into effect,

such a system might prove effective for supplying the kind o'l

I detailed radiological picture needed at the local level, though

there would be difficult problems of coordination. In order to

1 satisfy the information needs of the regional and national levels,

it would be necessary to provide means for collection and

1 communication of data from a selected group of households. The

reliability following an attack of a system based on the

Ii performance of specific individual households would probably be

low. To provide extensive redundancy to increase reliability

would probably significantly increase the cost of facilities for

collection of data for transmission to higher levels and probably

1.. would also increase the response time. This concept received
no further consideration.

Concept No. 2. Unattended sensors - dense network. A

[dense network for this purpose means spacing of less than 1 mile

between sensors. At an optimistic cost of $400 per sensor more

L than 1.5 billion dollars would be required for sensors.

S2-17



In order to p•rovide for communications and data processing more

than I billion dol]lars would ),e required for the system. Such a

s•ystem would have a high degree of effectiveness for regional and

national needs. Spacing would probably have to be considerably

under a mile in ordt.r to rnreet all local information needs. Ever,

for a one mile :-pcinq the c,)st ir probably out of range of

feasibility. "1tis systen received no further consideration.

Concept No. 3. Unattended sensors - sparse network. A

sparse network is defined as meaning one with spacing of more

than one mile between sensors. A sparse uniform network of 20,000

automatic sensorz, spaced at 14 mile intervals, with communications,

and computing equipment was originally estimated to cost about

30 million dollars. A unit cost of $1000 was then assumed for

sensors and an additional 10 million dollars was allowed for

co.puters, conuunications, and displays. This system would have

to be supplemented by mobile monitoring in order to meet local

needs; however, it appeared to have sufficient promise for regional

and national needs and to be within a cost range to warrant detailed

con:ideratiuix. It is designated as the Automatic System which is •

described in detail in this report.

Concept No. 4. Metropolitan sensors - dense. About 120

million persons living in urban areas could be served by an

automatic system of unmanned sensors in these areas only. Figure

11-2 shows the location of "Standard Metropolitan Statistical
Ara.(1)

Areas: ( Because of the reduced area, this system would require

less than 15% of the number of sensors of Concept No. 2. However, I.
rural areas would have only indirect information and data from 4
non-urban areas that might be used for prediction would not be

available.
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Concept No, 5. Metropolitan sensors.- sparse. This system

would cost only about 15% as much as Concept No. 3. However, it

would suffer the same drawbacks as Concept No. 4 with respect

to rural areas and, data for nationwide prediction. Furthermore.

it would not meet loca! needs even in metropolitan areas.

Concept No. 6. Target area sentors. This concept isI
similar to No. 5 except that military installations would be

included. It wae estimated that this would increase the cost

I over that of No. 5 by about $I million. It suffers the same

defects as No. 5 with respect to nationwide coverage. However,

Sthis system would permit improvement In the accuracy of information

availaole to the National Resources Evaluation Center.I
Concept No, 7. Shelter sensors - dense. The shelter

I program that was announced in May, 1962,(2kncludes plans for

shelter spates for all Americans by 1967. Assuming that about

f 1,000,000 group shelters are cstablished nationwide, and that a

remote reading shelter instrument would cost about $150, the

cost of putting a sensor in each shelter would be about $150,000,000. *

Provision would be made for communication of readings to regional

I.headquarters aP4 for computing equipment at regional headquarters

as in Concept No. 8 below.

Concept No. 8. Shelter sensors - sparse. This system is

similar In nationwide coverage to Concept No. 3. However,
instruments read by persons in selected shelters would replace

automatic units. The preliminary estimate of the cost of a

system containing 20.000 sensors was $20 million dollars. A

I computer and display would be required at the headquarters of each

region. This system, designated the Shelter-Based System, is

IL described in detail in this report.
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Concept No., 9. Present system. The estimated cost for

this system is based on iG0,000 instruments at an average cost

of $60. The present system is considered to be only fair with

respect to local needs because the present number of instruments

is too small. (Tt is being increased, of course, as budgets

permit.) It is considored poor with respect to regional needs

because of the likely response time during an emergency and

because of differences in quiality of preparations for radiological

monitoring from state to state and locality to locality.

Concept No. 10. Augmented present system. Increasing the

number of sensors to 500.000 would enhance the effectiveness of

the present system. Further, no better way to meet many of the

local monitoring needs has appeared. However, it cannot be

guaranteed that all states and localities will meet their

responsibilities in taking advantage of the existence of these

instruments. Further, without special provisions for transmittih

data to regional headquarters response time would still be long.

The capability of the system to meet the needs at this level is,

therefore, rated poor.

Concept No. 11. AMOS system. In the Automatic Meteorologipal

observing System.(AMOS) under development by the Weather Bureau

(see section 111.3.0), unattended weather sensors will be placed.

throughout the nation in a'hexagonal pattern. Up to 1000 statiops

are planned as necessary to improve weather service, with 11 now

in operation, nnd others in test. This system can be considered

a apecialcase of Concept No. 3. Entries in table I are based on

use of only one radiation sensor per AMOS unit.
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The systems that have been singled out for detailed study

I are Concept No. 3 and No. 8 since they seem most promising for

neeting regional and national needs for a cost that is in the

1 range of feasibility. in addition, a hybrid system is also

considered that is a combination of these two. Such a hybrid

I system might be desirable if the shelter based Pyntom appears

advantageous and if the likelihood of a program that would

j provide adequate nationwide coverage by this means seems low.

I

I

Ii

[
I
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SECTION III

ELEMENT CONSIDERATIONS

A radiological monitoring system consists of sensor instruments
I

to measure radiation intensities; cornunications links which connect

i sensor instruments to relay points; relay points which collect radi-

ation intensity data from several sensors and put the collected

I data in the proper format for transmission to designated destinations:

a communications network which provides the means for connecting

I relay points to Regional Headquarters and the National Center; and

data processing elements to ccmpute and display the information

1 required at Regional Headquarters and the National Center. Hluman

beings may be at different levels of the system for purposes of

Smonitoring and decision making.

1 In an automatic radiation monitoring system all data gathering,

communicating, aud processing are performed without human intervention.

j Tn a manual system human beings are involved in functions other than

decision making, e.g., data collection and transmission.

1.0 SENSORS

An analysis of sensor instruments and sensing techniques was

performed to determine the sensor best suited to the needs of the A

system. Ion chamber, Geiger counter, scintillation counter, photo-

1 conductor, and semiconductor devices were evaluated.

As a result of examining the newer techniques under development,

it was determined that none were sufficiently developed to provide

the basis for design of a new instrument which would be available

,[ quickly.
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To guide in the selection, criteria were assumed. It is

required that the instrumentt

I. Detect and measure gamma radiation.dose rates over the

range of I to 1000 R/hr. Higher and lower dose rates are of

interest if the cost is not substantially increased.

2. Be capable of responding to any level of radiation within

the required range in not more than two minutes.

3. Read within t 15% of the true dose rate in cobalt - 60

and/or cesium - 137 gamma radiation fields incident normal to the

top and normal to the side of the detection. cL~ment.

4. Have an error (due to energy dependency) no greater than

- 15% of the true dose rate for any gamma radiation energy between

80 key effective, and 1.2 mev effective with the radiation incident

normal to the side and top of the detector element.

5. Have a response such that the difference in the indication

for radiation incident normal to the side and to the top of the

detector element does not exceed 15% over the photon energy range

of 80 key to 1.2 mev.

6. Be capable of meeting the response time requirements

previously stated after one year without any radiation exposure.

7. Give an off scale indication when exposed to radiation

dose rates greater than 1000 R/hr., and a "zero" indication when

exposed to less than I R/hr.

8. Read within these accuracy requirements after any level

and period of time of over-exposure.

9. Be capable of 30 day continuous operation under all weather

conditions. The detector element and any other unprotected portions

of the instrument must be designed to withstand blast pressures,

temperatures, and radiation effects of nuclear weapons outside the

10 psi overpressure zone as a minimum.
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10. Be capable of driving a microammeter or milliammeter to

indicate the radiation level within the required limits at a re-

mote location. A parallel output capable of driving an analog-

to-digital converter should also be provided for cases of automatic

operation.

Tabulations of available instruments appear in several publi-

cations, notably that by Edgerton, Germeshausen. and Grier, Inc.

which appears in "Nuclear Fallout Prediction and Monitoring Systems.

Quarterly Progress Report No. 2, by K. Humphreys, J. Handloser,

and T. Dahlstrom.I
1.1 Sensor for Shelter-Based System

(1)The CD V-711BX is recommended for use without change for

the Shelter-Based System. Because it was designed tc have the

"sensing element exposed 4nd the reading element protected, the

present system use conforms very well to its planned application.

Its cost, in production, is estimated at $200 for the purpose of
developing system costs.

S1.2 Sensor for Automatic System

The CD V-711BX, modified, is recommended for use with the
automatic system. The extent of this modification may not be

great but is necessary to allow it to be connected to an analog-
to-digital converter for automatic operation.

The use of certain types of analog-to-digital converters

require that the output of the sensing element be amplified. If

a shaft position encoder (shaft digitizer) is used, a 1000 gain
linear amplifier is necessary. If a solid state analog-to-digital

[ converter is used, an amplifier will not be required. Present

[ 3-3
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costs of-solid state converters, however, preclude their use.

Therefore the .hiift digitizer A/D cornv,rter is recommended, and an

amplifier is r-quirr.d. Such converters are commercially available

and are manufactured Iy Norden-Ketay. Kearfott, Bendix Corporation,

and others. T'ie olptits of the instrument should match the input

characteristicn of th- AMOS a1: described in paragraph 3.2.1 of

this section.

Estimated cost. of flio !;en~sor and aF .ociated equipment is:

Sensor $209.00

Ampi i fiet 45.00

A to D Converter 150.00
$395.00

2.0 SENSOR TO RELAY POINT COMMUNICATION

2.1 Shelter-Based System

In this system a person In a shelter will read the instrument

and verbally transmit the reading to the Relay Point. Therefore,

a shelter transceiver (voice radio) or a telephone will be used

for this transmission.

Cost estimates do not include cost of this comnunications

element, as it is anticip.ited that voice communication will be

provided in group shelters .for other purposes in the event that

a substantial shelter program is undertalcen. Attention has been

given to shelter communication in other re:search sponsored by the
(2)-

Office of Civil Defense.( 2 }
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2.2 Automatic System

The senuor to relay links investigated for the automatic

system consist of both land line and radio facilities. In consider-

ing land line conmunications the use of existing facilities as

well as the laying of new lines fron nensor to relay were evalu-

atod. In most cases the costs of such land line links proved to

be too high. As a result, the communications link selected for

the Automatic System consists of a radio transmitter-receiver(3)

which accepts and transmits sensor data at intervals controlled by

the interrogation of a receiving unit at the relay point. It is

recognized, however, that for short distances, or where lines already

exist, land lines would be used for this transmission. The in-

terrogation sequences the transmitter at the sensor ON, and OFF

again at the erd of 30 seconds of transmission. The proposed

I equipment was selected as a result of evaluating equipment in

existence or known to be in development. The selected equipment

had cost and performance advantages over the others.

* 2.2.1 Sensor Transmitter-Receiver.--At each sensor a transmitter-

receiver is required. The receiver is necessary in order to

respond to commands from the relay point to turn the transmitter

ON and OFF.Ii
2.2.1.1 Sensor Receiver.--rhis receiver is a low power drain

S"bat-wing" microminiature unit. The unit turns itself ON an4 OFF

at a megacycle rate. When'it detects the presence of a signal while

it is momentarily ON, electronic circuits lock the receiver ON

until the message is completely received. The loss of a signal

I then returns it to its normal "bat-wing" operation.

IT
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(4)2.2.1.2 Sensor Tran;,mitt,(r .- The transmitter is a small trans-

istori:oed unit powered by self-contained rechargeable batteries.

The operating p|aramo.ters are:

- operating frequency 2 to 8# inc crystal controlled

- modulation narrow band fm

- coding modified frequency shift

- range 30 to 50 miles under all
weather and terrain conditions

- stability one in 105

- duty cycle intermittent

- power output 10 watts cw power across a 50
ohm resistive load

- power battery self-contained, re-

chargeable in a 14 hour period

The transmitter is housed in a watertight carrying case. It

is l,:<9'•y8½ inches in size, and weighs less than 30 pounds.

The antenna is a 30 foot slant wire L wave at 8 mc, and requires

no structures.

Costs of the transmitter and receiver which would be located

aL each sensing point are estimated as:

Transmitter $450.00

Receiver 150.00

$600.00

3.0 RELAY POINT EOUIPMENT

The functions of the Relay Point are to reduce the total

length of communicdtion channels, and to provide the proper inter-

face between a group rf sensors and the communications network.

3-6
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These functions include: data collection, output message formating,

generation of fixed data, and control of data entry into the com-
munications network (on co.-and from the network).

Two types of relays have been selected, one for the Shelter-

Based System and the other for the Automatic System.

3.1 Shelter-Based System

3.1.1 Relay Equipment.-An individual in the shelter at the Relay

Pointt will receivu radiation intensity readings from six sensor

locatione (see paragraph 2.1 above) and record them (together with

the intensity at his own location) by setting manual switches --

a set of three switches (3 digits) for each sensor.

fie will record these intensities in the following manner:

M-i:te': Reading (R/hr.) Switch Setting

S. 5 000
--=.5 and a998.5 Nearest integer

S=998.5 or off scale 999

These readings are transmitted to a weather observation

"station, and are entered into the FAA Service A network. (A

weather observation station includes the necessary equipment to

collect and format the data for entry into the FAA Service A

[ network .)

The equipment at the Relay Point shelter consists of a set

of switches, a commutator, control logic, and line matching devices. 4

Figure 111-1 is a block diagram of this equipment, and of the

equipment described in paragraph 3.1.2 below..

* See paragraph 4.0 for description of the FAA Service A network.
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Sensor
Shelter

I [Telephone
or

Shelter FAA Service A Network
Transceiver

Relay Point
Shelter

Relay 14Regional National] ! equip- Land o Weather
ET ment, Line ro Bureau CD CD

S W. U. 0 Observatio ee
r- Type 115 ': Station

04

U* 
I I I

t communi-
CD cations- aigh Speed

Center CDL Communications

Figure III-1. Shelter-Based System, Block Diagram

Radiation data received from sensors are stored on the set
of switches. The commutator provides a path for the transfer of

the contents of the switches to control logic where the data are

placed in proper form for transmittal.

A typical region will contain about 2500 sensor and about

360 Relay Points. Use of telephone or other verbal means for

communication with this number of Relay Points would require too
much time on the part of personnel at Regional Headquarters. "'

When the relay equipment receives a "transmit signal" from
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the Weather Observation Station the data stored in the diqi-

switches* are transmitted (by means of the Western Union Model 115

Transmitter) over low speed, 60 word-per-minute lines to the

Weather Observation Station where the data are perforated on paper

tape.

The estimated cost of this equipment ist

21 Digiswitches at $15 each $315.00

commutator 125.00

control logic and line matching 450.00
equipment

power supply 30.00

Total $920.00

Installation costs 60.00

3.1.2 Relay to Weather Observation Station Communications.-In the

Shelter-Based System each Weather Observation Station will monitor

a given number of relay points. For purposes of radiation monitor-

ing, a Western Union Teletype Model 115 system will link each of

these weather observation stations and the relay points reporting

to it. The teletype system will be activated manually at given

I intervals of time anJ on an hourly basis by personnel manning the

weather station. A "transmit pulse" will be sent from the tele-

I type receiver at the observation station to each of the relays in

a predetermined sequence. When the complete data has been received.

from the relay point just polled, another "transmit pulse" will be

sent to the next relay point. This operation will be repeated

until all relay points have been polled. If data are not trans-

mitted by a polled relay point, the system would hold the line

*Digiswitch is a trade name of switches manufactured by the Digi-I tran Company, 855 a. Arroyo Parkway, Pasadena, California
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and wait a predetermined amount of time, then release the line

and switch to the next relay point in the sequence.

Cost.-The lease of each Western Union Type 115 Receiver is

$150 per mo. The cost of the leased lines is given in paragraph

6.1.4.

3.2 Automatic System

3.2.1 Automatic Meteorological Observing System (figure 111-2).-

The Relay Pints of the Automatic System are units of the Automatic

Meteorological Observing Srstem (AMOS). These units were

selected for this application because they meet the requirements

developed in this study. AMOS is in production, and the Weather

Bureau plans call for its extensive deployment in the weather network.

Automatic
Sensor-TransmittersF 1adio or Land Line

SLFAA Service A Network

• -- "- • - Weather

~~$ Bureau,. ,_,

.AMSRegional National
V Unit CD Center CD Center

CCD
comCunicationsi

Hig Speed
State CD'

F-I

Figure 111-2. Automatic System. Block Diagram
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AMOS is an automatic data monitoring. processing, and trans-

mission system developed by the Weather Bureau for either attended

or unattended operation. It is integrated into the FAA Service A

Snetwork for weather data gathering purposes.

Eleven stations are presently in operation, others are in

test, and it is planned that 600 to 1000 will be deployed across

I the nation in the next few years. Present plans call for the AMOS

to be distributed in a hexagonal arrangement with 50 to 75 mile

I spacing.

1 This equipment can mortitor.up to 100 separate instruments.

Input, output, and processing are completely asynchronous. Presently

J 14 of 100 channels are used. AMOS can be connected to a 100

word-per-minute or 1000 word-per-minute teleprinter circuit for

I transmission by wire or by radio.

SPresently monitored are instruments which gather data on

visibility, cloud height, temperature, dew point, wind direction,

1 wind speed, pressure, and prezipication, Data ac :t" .-red on a

10 minute cycle for purposes of air traffic control. When operat-

I ing as part of the Service A Network, uither the last gathered date

are transmitted, or a speciai monitoring is performed depending

on how recently the last data were gathered.

1 The present weather instruments may be as far as 4 miles from

the AMOS and are connected. to it by means of wire and cable. The[
instruments are independently powered. Each instrument is indi-

vidually addressed and its data are accepted in analog form, con-

verted, and placed in a predetermined storage location (drums

provide the storage media). A computer then extracts this data,
processes it. and stores it again in another predetermined drum
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location. The computer arranges the data in the proper format.

Once the data is in "output storage", it can be transmitted asyn-

chronously and independently of the computer.

By means of a teletypewriter located at the Control Console

* of the AMOS, information can be added to that collected by AMOS.

Such data can Le placed, automatically, at any location in the

message.

If data from a sensor is missing AMOS leaves that slot in

the message blank.

IIOS has the following imput characteristics"

sampling rate - up to 35 samples per

second per channel

input signal amplitudes - 0 to -12 volts

input form - Parallel up to 12 bits
or serial by bit

input control - on demand by AMOS or
asynchronous input

nhe AMOS has a 10 wire decimal to binary coded decimal con-

verter to handle data from existing instruments.

An AMOS unit requires about 1 kw of power. It does not have

a self-contained standby power supply. However, in all attended

installations standby power is provided. In the automatic system

the radiation sensors would feed data directly into AMOS (via the

radio links described in section 111.2.2). The radiation data i

would be accepted by AMOS in a predetermined sequence and integrated

into the weather data. The complete message is then formatted and fl
stored before transmission.
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The production cost of an AMOS unit is expected to be approx-

imately $34,000 (AMOS IV). Unless an AMOS unit were used ex-

clusively for radiological monitoring, the cost to the Department

of Defense should be considerably less. For this study the cost

is computed on the basis of the number of input lines or channels

to be used. One channel would be needed for the radiation data.

Since AMOS has a capacity of 100 channels, the cost of one channel

1 .would be:

34,000 $340.00 per AMOS unit.
100

It is anticipated that the final cost of AMOS service to the

Department of Defense would be based on negotiations.

3.2.2 Relay Point Receiver and Transmitter.-At each relay point

(AMOS location) a receiver, a transmitter, and a timer will be

required. The function of the transmitter is to activate the

sensors for transmission in a predetermined sequence. The function

of the receiver is to accept the data transmitted by the sensors

and forward them to the AMOS for storage purposes. The timer is

necessary in order to synchronize sensor transmission with the

communications network.

3.2.2.1 Receiver.-The Relay Point receiver is also a transistorized

unit powered by self-contained rechargeable batteries. It is of

single conversion superheterodyne design.

The operating parameters are:

- sensitivity 160 dbw from 50 ohm source

- frequency range 2 to 8 # mc crystal controlled

- stability I part in 10

- spurious response 60 db below that of desired
response
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The receiver is 14x9xtB inches in size.

The detachable antenna is approximately 10 feet long. The

actual alignment of each antenna provides a reflected skywave

beamed at its receiver. This focused beam results in very low

signal levels at points other than the focus. The low signal

level eliminates interference from distant sensors utilizing the

same frequency.

Cost of the receiver at the relay point is estimated at $700.00.

3.2.2.2 The Transmitter.--rhe transmitter characteristics are the

same as those described earlier in section 111.2.2.1.2. Allocation

of frequencies is discussed in section IV.4.2.

The cost of this transmitter is estimated at $450.00.

4.0 COMMUNICATIONS

In selecting the communications network best suited to meet

the requirements of the radiation monitoring system, a number of

existing networks were examined. These networks were: common

carrier networks, military networks, and government owned non-

military networks. Among those examined for their suitability

were the Western Union system, the Defense Communications Agency

Data Communications system, the DCA Switched Communications

Automatic Network* (SCAN),'the General Services Administration

Network, the Federal Aviation Agency fletworks A,B. & C. and the

National Warning System Network.

*The NACOM I Network has been incorporated into SCAN and, there-
fore, it was not examined independently.
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Existing networks were examined for possible applicability

rather than pursuing the design of a special netwcrk for radiation

monitoring because of the prohibitive cost. To indicate a magni-

tude of this cost, the required network would be of the same order

as the FAA Service A Communications system which is presently

1 leased by the Weather Bureau for about $500,000 to $600,000 a

year at rF.LPAK rates. These costs become specially significant

I when it is realized that during peacetime utilization of the net-

work for radiation monitoring would be low.

To guide the belection of the proper network certain criteria

were developed:

a. The geographic distribution of the selected network should

be adequate to meet the nationwide sensor distribution.

b. The network should be capable~of carrying the additional

post-attack traffic load due to monitoring.

c. The required circuits within the network should be

available to carry the radiation data when required.

d. Costs of the network should be minimal. These costs

I include initial costs and operating costs.

e. The selected network should interface readily with other

" parts of the monitoring system.

f. The operational discipline of the selected network, e.g.,

I message formats, should be applicable with little or no modifi-

cation, to the monitoring system.

g. The network should be able to survive because it is

hardened and/or can provide alternate routing.

On the basis of these criteria, the Western Union Network

was rejected because it did not meet criteria d. and f. The

DCA Data Communications and SCAN were rejected because they did

not meet criteria a., b., and c. The General Services Adminis-

tration Network was rejected because it did not meet criteria
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a., c., e., and f.

The National Warning System was rejected because it did not

meet criteria a., e., and f. The FAA Services B and C were re-

jected because they did not meet criteria a., b., and c.

All the networks investigated meet criteria g. to some

degree. Certain nctworks. e.g., SCAN, are superior in alternate

routing capability, other networks, e.g., GSA network, have

hardened switching centers.

The Service A Network possesses some alternate routing capa-

bility. The distruction of the five switching centers will not

totally incapacitate the network because the thirty Send/Receive

Centers can perform some switching functions. On the other hand

the Service A Network may not represent as important a military

target as some of the others.

The FAA Service A Network was selected because it appeared

to best meet the selection criteria. In addition, development of

AMOS by the Weather Bureau for incorporation into the Service A

Network makes the choice of this network appropriate.

In addition to meeting the selection criteria, the FAA

Service A Network had a practical advantage, because it serves
4

as the basic weather distribution network in the United States.

In the post-attack period, one of the most important uses for

weather data will be to predict fallout for civilian defense.

Fallout predictions cannot be made without weather information.

FAA Service A is a nationwide teletype network utilizing
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100 ward-per-minute circuits, except for transcontinental 1000

word-per-minute express circuits 41.ilch link the Interchange Centers.

The network consists of 15 area circuits and 14 supplemental cir-

cuits. It is a broadcast type of service with 400 receive/trans-

mit terminals and 2400 receive-only terminals. There are presently

600 weather observation points in the system. Fig. 111-3 is a

map of the system.*

OPERATING
HIGH SPEED CIRCUIT INTERCHANGE CENTERS (!4

.. DENsc ER ASHINGTOIG1

SEND-RECEIVEATNA
CENTERS (APPROX. *

33)FO

Low-Speed Ircults:
- Solid Lines lnd~calo Notes This Is a schornatle1 Area Ci rcuits (1 5) drawing an~d Is

Br Uoken Lines Indicate only meant to eopres..l
La 'll oenay irut(1 Ina general wo, the

Sources Automatic Data Interchange System
Federal Aviation Agency

I. ATS Manual. 1961

Figure 111-3. Service A System Map

*For a more d7t4:-iled system map see "Service A Weather Schedules",
Federal Aviation Agency, ATS Manual.
For a map showing locations of weather observation stations in the
U. S. see Weather Bureau Map 1806 "Meteorological Services in the

I ~ .S~c.3-17



4.2 Interchange Centers(8)

The Service A Network is served by 5 Interchange Centers.

One of these, the Kansas City Interchange, serves as Net Contiol

Station. The other interchange centers are at Cleveland, Ohiol

Atlanta, Georgia; Fort Worth, Texas; and San Francisco, California.

The Fort Worth Interchange is the alternate Net Control Station.

Each interchange controls three area and three supplementary

circuits (except that the Kansas City Interchange controls two

supplementary circuits).

In addition to the five interchange centers there will be

thirty Send/Receive Centers located in major cities. In the event

of malfunctioning of the interchange center, certain Send/Receive

Centers can accept the responsibility of controlling circuits to
which they are connected. Send/Receive and Interchange Centers

are interconnected by high speed party line circuits.

Each Interchange Center and Send/Receive Center is capable

of identifying up to 1100 message-identifying and line-control

sequences.

Alternate routing, within limits, is possible. Service A

is not a hardened network.

4.3 Message Formats

The message format proposed for the radiation system would

follow the pattern presently used by Network A. The sensor data

would be appended to the end of the weather message, with a

"*header character" preceding the sensor data. Radiation data

would follow in groups of three characters for each sensor (to
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permit readings from 000-999). The header character serves the

I purpose of identifying to the processing system the nature of

the radiation portion of the message.I
The radiation data would be monitored in a predetermined

sequonce, and the AMOS unit woild format the radiation data to

he transmitted in the same sequence as collected.I
4.4 System OperationsI
4.4.1 Present Weather Observation System.-At each observation

I station where weather data are collected a tape is perforated

and placed in a tran-mitter distributor. Automatic Progi-i L.nits

at each Interchange Center initiate the operations by polling

each of the c.,llecttng stations associated with each area circuit

in a predetermined sequence.

Within a four minute interval all the weather data are col-

lected from the area circuits and stored, after each message is

L:efixed to determine destinations, at the interchange centers

waiting for dissem'nation. Upon completion of the data collection

the Net Control Station (Kansas City) polls each of the fifteen

area circuits sequentially, and information stored at the Inter-

change Center serving the area circuit polled is transmitted

over the high spee~d circuits to the destinations identified by

the maessage prefix.

I
Priorities exist with respect to the collection of observa-

tions on the Area circuits and on the delivery of the collected

information from the high speed circuits back to the Area and

i supplemental circuits.

1 3-19
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'fhe network carries both the scheduled hourly sequence col-

lections and the unscheduled sequence collections.

4.4.2 Radiation Monitoring System.-The System Operations will

remain the same. The radiation daLa will be collcctcd at the

same time as the weather data, either by means of an AMOS or

through the observation stations.

The data in its entirety will be transmitted over the Service

A high speed links t3 Clevelaiid and Atlanta and from there by

means of two additional hig4i speed (1000 words per minute) lines

to the National Center. It is estimated that it will take a few

seconds for the computer at the National Resources Evaluation

Center to process this data.

These two high speed lines which will connect the Cleveland

and Atlanta Interchanges with the National Center shown in figure

111-3 (hieavy dotted lines) are additional lines which would have

to be procured.

The collection of radiation data will introduce additional

time delays into the weather system operations. The extent of

this delay is dependent upon the number of sensors reporting to

a given interchange. This is discussed further in Appendiy 9.

It is further proposed that all the Regional Headquarters

become drops on the Service A Area circuits which serve the Region

so that regional radiation data may be made available there.

4.5 Cost Estimates

The estimated rental costs of the additional high speed lines
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from the Atlanta and Cleveland Interchanges to the National Cen-

I ter are:

$36,000/year.a
The estimated rental costs of making the eight Regional

j IHeadquarters drops on the low speed area circuits serving their

respective regions are:

I $24,000/year.

STotal, $60,000/year.

I 5.0 DATA PROCnSSING

5.1 National Level

At the National Resource Evaluation Center a variety of

mathematical models are available to estimate effects of an attack

Son resources. (9 Included are models which predict fallout, and

estimate the effects of fallout on personnel, livestock, and other
r(10) (11) Computations are made on a large data baseSresources.(0 n

existing at NREC (12 using weather and nuclear burst information

1 obtained at the time of the attack. Monitored radiation intensi-

ties are not presently used in making these computer calculations.

The introduction of monitored data into the fallout calcula-

tions would require that the fallout model be reformulated and re-

programmed. Improved fallout predictions may be expected to re-

1 sult from such revisions. The program should be written to per-
mit any radiation intensity data available at a given time to be

I used, even if that is not all the data which might be received.

Computations would therefore not be delayed if complete data were

not available.
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Monitored intensities would be received at hourly intervals.

These monitored intensities, weather information, and nuclear

burst information, would be used in making the fallout predictions

from which resource evaluation calcuilations are made.

Procedures would call for readings of sensors to take place

at prescribed times. One possibility is that all sensors be read

on the hour. These readings would be received in one group at

National Headquarters and would be related to the reading time

by the computer there.

An initerrogation technique should be provided at National

Headquarters to permit the best system estimate of the intensity

at any specified point in the nation to be obtained.

It is desirable, too, that the National Center be prepared

with computer programs for the processing described below for

Regional Level, in order that it may serve as backup in the event

that one or more Regional Headquarters are destroyed.

Although some of the details are classified, the nature of

existing and planned computing equipment at NREC is such that

no new problems of computer capability would arise from these

recommendations.

5.2 Regional Level

At each of the eight regional headquarters, data from ap-

proximately 2500 sensors would be received once per hour. Rela-

tion of these readings to the time they were made would be done

at the Regional Headquarters.
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The data processing to be performed at regional level consists

"of taking this input and producing outputs suitable for planners

and decision makers.

Suggested outputs are as followsi

5.2.1 Intensity Versus Location.-A method of describing intensi-

ties at various locations is needed at regional headquarters. A

* concept of zone boundaries is introduced as a generalization of

the concept of iso-intensity contours. This is done because the

"iso-intensity" contours used in practice commonly differ substan,-

tially from theoretical iso-intensity contours.

All parts of an area (see figure 111-4) are classified by
Szones Zi, i=0, 1.2, .... n, where the zone Z i is defined to con-

tain points p at which tie radiation intensity at time t, I Z

.. (p,t) is. with probability ri, in the range

Ii Ii __.I Z (p. t)l!!-:I i÷ for 1 1, 2, .. ,n-I

and

l (p~t)l
I Z0 (P. t):!---In
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Figure 111-4 Zone Boundaries

The intcnsity levels Ii which define the zones are arbitrary

tut could be related to criteria for the degrees of hazard that

are pertinent to the required decisions.

In the case where 7I I for i = 0, 1, ... , n, the zone

boundaries become iso-intensity contours.

The accuracy of the information can be specified in principle

in terms of the distribution of the error X where

(p t (p ,t) -TI L (p~t)Ii+ if pt) -(1

= IZ (p,t) - Ii if I z (p~t) 1 i ,•'

= 0 otherwise

The probability density of X, f(X), in discontinuous at X - 0,

as illustrated in Figure III-5, where

f(O) IT?

and
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*1
I nlim /f Wx) dx + Ii/m f (x) dx 1 -a -•of 0+ fao÷

IifF

Figure 11-5 Probability Density of Errors

I

Zone boundaries of this type should be derived at each1 regional headquarters for that region.

In addition to information about present intensities, predictions

"of future intensities should be made. Suggested prediction timeb

Tj are eight hours in the future and twenty-four hours in the future.

These predictions would be based on data from the monitoring

f system, weather information, and nuclear detonation information

available at regional level. Development of a computer program

J to perform such prediction is a desirable objective of further

research, as is discussed in section VI.4.[
5.2.2 Population Versus Intensity,- This would consist of a

j frequency distribution, plotted as a !.'.jtogram, showing the

estimated percent of the population receiving various intensities.

I It would be generated by the computer, based on monitored intensiti..

and previously stored population and shelter information. A( format for this histogram is shown in Figure 111-6. Separate
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estimates should be available for the region as a whole and for

each state in the region, both for the present time and for 24

hours in the future.

20 Date

Time
Percent of 15 State
Population

Predicted for (time)

10

0

0 50 100 150 200 1000
R/hr.

Figure 111-6. Population versus Intensity (Hypothetical Data)

5.2.3 Population Dosage.-This would consist of a histogram

showing the estimated percent of the population having received

various doses. A sample format is shown in figure 111-7. Here,

too, separate estimates should be available for the whole region.

and for each state in the region. Dose to the present time,

estimated dose to 24 hours in the future, and estimated dose to

infinity are desirable.
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20 Date

rim .:

Percenit of 15

FPopulation 
State

Pt edicted for1 10 (time)

1 5

0 50 100 150200 1000

I Dose. R

i Figi!c I11-7. P'opulation Dosage (llypothetical Data)

I
5.2.4 Interrogation.-An interrogation technique should be avail-

I able which permits the best system estimate of the intensity at

any point in the region to be obtained.

5.2.5 Computing Equipment.-Processing of data to derive these

outputs would require use of a digital computer at each regional

headquarters. Exact characteristics of this computer depend

| partly upon the complexity of the fallout prediction program

recommended for further research. Hlowever, a technical judgment

can be made as to the parameters of the computing equipment re-
l quired.

The computer should be of the medium size scientific type.

The following characteristics are recommerJeds
Add Times 40 microseconds or less.

Cycle Times 20 microsecond@ or less.
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Memory: 16,000 words or more.

Word Size: 20 bits or more.

Tape Units: 2 or more.

Paper Tape Reader: 500 characters per second or more.

Printer Speed: 600 lines per minute or more.

Floating Point Arithmetic

Examples of computers meeting or exceeding these specifications

are the RCA 4102, GE 225, and IBM 7040. These computer systems

have typical monthly rentals in the $7,000 to $14,000 range and

purchase prices in the $350,000 to $700,000 range. For cost

estimating purposes, a computer complex with a purchase price

of $600,000 will be assumed in each regional headquarters.

5.3 State Level

It is recommended that the radiological monitoring system

not be dependent on computers at state level. It is hardly

possible that all states could be convinced of the desirability

of acquiring the same model computer, and implementing it in a

uniform manner.

5.4 County Level

There is variation from state to state in the structure of

the civil defense organization. At levels between state and

local, however, computing equipment is not recommended. In order

to make good use of a computer, rapid data gathering means would
4

have to be provided. The combination of computer and monitoring

system costs for county level is prohibitive. A monitoring system

aimed at national and regional needs will result in too few data

points per county to permit meaningful processing.
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5.5 local Level

Two situations ,:.:i :-t at. Iivta ,.v,, with respect to data

processing.

I Most local c*,.nte, wikt i,)O h.•v , '.',t.iut r, and will monitor

and process manuali . ',iete locjl - !t•-rs mniy wznt to arrange to

receivc measuremflntF" Jr ,:,i, :;! . ot , )f thv national and regional

monitoring system, but th- ..-. itions .ill be toc sparsely dis-

tributed to meet local (1.lta L,..d, locdl decisicns in these

centers will be based on mn.i|il monitoring, hand-drawn iso-intensity

I contours, and hand calculations and predictions.

I A second situation is that of a large city with a high pop-

ulation density. Such a city can afford to make precise plans

for monitoring and processing radiation data, since it has a

relatively small area to monitor and a large number of persons who

would benefit from high quality processing of data by a computer.

The computer would be used for calculation of zone boundaries and

frequency distributions for different sections of the city, to-

gether with other non-radiological Civil Defense uses.

I 5.6 Local Averaging

Below regional level all the data obtained through the radia-

tion monitoring system (from the 20,000 sensors) are passed upward

as they are sensed without reduction or processing. This does not

include data which has been collected by other means, such an

mobile monitoring, aerial surveillance, etc. High speed computers
at the National and Regional Centers can process this data in J
several seconds.

mI 
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It is not desirable to average local readings before for-

warding because averaging is an information-losing process and

any loss should be compensated by an increase in number of sen-

sors (to meet a given accuracy). For example, a computer may

be asked to give the best estimate available of the intensity at

a specific point P (see figure 111-8). If no local averaging has

been performed, this estimate may be derived from the four (or

even more) closest sensors. (In this example a square grid is

assumed.) If local averaging of each four sensors had occurred

the estimate would have to be based on the averages indicated.

Nevertheless, with no local averaging, the local averages may be

computed rapidly if these averages themselves are wanted at

national or regional level.

If provision of extra sensors and local communications were

cheap and higher level communication capacities were overtaxed, such

local averaging would be desirable. However, this is not the case

in the recommended systems.

8 S S S

A A

S S S S

P

S S S 8

A A

8S S S

S: Sensor

A: Average

P: Point of Interest

Figure Il-8. Local Averaging
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6.0 DISMLAY

Pr-ssible uses; of displays include information presentations

%ftr hrn dc-cision making, for select'ng data to be processed,

ftr qrap!hically correlating information, and for showing the

:;t atus of tbp sy'-tAom or its components. At various levels,

r.'dioloqical information will be displayed for one or several of

61hose reasons. Displays may also be useful for many reasons other

than tho-:c relating directly to radiological information. These

includo weather presentation-;, damage areas, fire areas, resource

points, and re:scte team locations. At the highest level, complex

display systems will be shared by many kinds of information. The

kind of display possible at any level will in part depend upon

the cpiipment available to drive it.

.a. At national level, monitored information will be processed

to produce the various outputs required by policy makers. Processed
7- inormation would be stored and displayed to the decision-making

group as they call for it. Adequate equipment is now in existence.

L

b. At reqional level, manual plotting is possible, but not

desirable. Because of the number of data points which would

occur in a region, it would be difficult to keep up with the

plotting load. With a computer at regional headquarters, an on-

line (directly connected) display device would be best. Therefore,

in order to avoid expensive, specially developed display equipment,

an X-Y plotter with line-drawing capability is recommended. This

device would be used for displaying the information described in

Section 111.5.2 Inexpensive reproduction and projection equipment

should be available to make these plots available to numbers of

persons.

3i
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Sizes of plotters vary, with plotting boards up to

S'xl' and 5'x12' available. Minimum size recommended for the

present application is 4' by 4'.

Prices vary over a wide range. A nominal $40,000 is used to

estimate the cost of the proposed.systems.

c. At state and county levels, manual plotting is adequate.

Iso-intensity contours will be drawn by connecting plotted p,,jtca.

Overlays may be used to correlate graphically other kinds of data

such as blast points, population concentration and the like.

id. For local levels, hand plotted boards or maps suffice.

Even in the case of large cities, hand.plotting is feasible.

e. For shelter levels, a simple board is adequate to keep

track of local conditions.
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SECTION IV

SYSTEM CONSIDERATIONS

S1.0 APPLIC.TION

I Elements (equipment items) -'hich make up the system should

be evaluated as sozpn as possible after system concepts have been

Sdetermined because element characteristics will affect the de-

tailed design of systems which use them as building blocks. In

addition, the limitations of elements will affect the generalV considerations which apply to all systems.

Before systems can be described in terms of operational
doctrine and personnel requirements and costs, some general limi-

tations which apply to all systems must be considered in some de-F I tail. These limitations are in terms ot density of sensors re-

quired and in terms of inaccuracy of dose rate knowledge resulting
from the presence of small scale effects.

The approach to these problems stems from the questions to

be answered in both cases and from the availability of basic data.

In regard to sensor density-the question may be phrased: With-a

given grid size, what is the accuracy of information obtained?

Two questions had to be answered concerning small scale effecti

The first was whether small scale effects were so overriding that

they masked the larger effects; the second concerned possible ways
in which the effects of individual bias of location upon the sensor

could be countered. The first question was answered negatively

and the second was attacked by constructing an idealized model in

which individual influences were considered. From the model, a
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series of statements was generated to define the selection of

locations and a technique was developed for weighting out factors

by which possible locations deviated from the ideal.

2.0 SPACING

A critical parameter for any fixed station radiological monitor-

ing system is the distance between sensors. Attempts to determine

this parameter intuitively have led to widely varying suggestions.

Therefore, it was considered necessary to quantify the factors

which influence the accuracy versus spacing relationship and to

determine the combined effect of these factors by means of com-

puter simulation.

The objective of the simulation was to determine the relation

between sensor spacing and the accuracy of estimates of radiation

intensities based on sensor measurement.

To do this two radiation patterns were selected. Pattern I

was based on 49 bursts of 5 megatons each in central California

in winter. Pattern II was based on a 5 megaton burst over New

York City. For the selected two patterns, the radiation intensities

were recorded at points spaced at intervals of one (1) mile and

one and one half (1½) miles respectively for Patt'ýrns I and II.

A large number of points were then selected to represent

points of interest to decision makers. The radiation intensities

at these randomly selected points were derived from these recorded

intensities. Then the intensities were estimated at these points

by using one of two methods. In one, data from the nearest sensor

were used, if the sensor was operative, or measurements from four

(4) surrounding sensors were averaged and used, if it was inoperative.
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In the other, the measurements from the four (4) surrounding

sensors were averaged. IHowever, each sensor measurement wa%

weighted by a factor inversely proportional to its distance from

the point of measurement

In addition, in cnmpirtinq the estirmated intensities, sensor

spacings (of 5,10.20, and 50 miles), simulated instrument errors,

simulated instrument damage, and small scale effects (section 3.0)

were introduced selectively and in combinations. Thus, for every

randomly selected point, the simulated intensity, and the simulated

sensor reading were derived. Following this, the relative error
k for each ot these selected points was determined.

The results of this simulation, therefore, appear as a set of

curves which give frequency distributions of relative errors under

different conditions of sensor spacing, pattern of nuclear burst

with or without small scale effects, and mode of estimating in-

tensity.

The RCA 301 computing system was used for this simulation.

2.1 Description of Simulation

At each point (J,K) of a set of points randomly selected

from an area covered by a fallout pattern, an estimate of the

radiation intensity (dose rate) is made. based on measurements

[
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from a network of sensors. A square grid is used because it

substantially reduces the programming required, The estimate

W(J,K) is compared with the actual intensity W(J,K} and the

relative error

E(J,K) = W(J,K) - W(J.K)W(J,K)

computed. The error is designated "Type 1" if the actual in-

tensity. W(J,K), is within the range which the system can measure

and transmit. This range is assumed to extend from 0.5 R to

999 R. The lower limit is the smallest intensity that will be

distinguished from zero; the largest is determined by the

range of the measuring instrument and the system for transmission

of the data. The error is designated "Type 2" if W(J,K) is less

than the lower limit and "Type 3" if W(J,K) is equal to or

greater than the upper limit.

Data are also obtained which indicate with what accuracy

it can be estimated that the dose rate is within a specified

range. Zones of radiation intensities are definedy for example.

Zone 1 may correspond to those points at which the intensity is

less than 1 R. Zone 2 between I R and 10 R. etc.
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The point (J,K) is estimated to be in the ith zone which

has zone boundaries, BiL1 and Bi if

A [
_ Bi

and the error is defined to be

X(JK) B- - W(J,K) if W(J,K)> Bi

I B - W(JK) if W(J,K)< _

" 0 otherwise

For both E(J,K) and X(J,k) a negative value indicates an

Si error of underestimation of the intensity.

The simulation provides for two alternative methods of makingI Athe estimate W(J,K). The Mod I version obtains the estimate

by using the measurement at the nearest sensor, if it is operative.

Sensors become inoperative either due to a malfunction, whose

I probability of occurrence is specified as an input parameter.

or due to blast damage. The points at which a sensor would be

I destroyed by blast are specified. If the nearest sensor is

inoperative, the. measurements of the four surrounding sensors

(or less if one or more is inoperativv) are averaged. If all

four of the surrounding sensors are inoperative it is assumed

I that this is probably a region of heavy blast damage and the
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estimate is set equal to the upper limit of radiation ixntensity

that the system can measure.

The Mod II version of the simulation obtains the estimate
1d(J,K) by averaginri the measurement at the four (or less if one

or more is inoperative) sensors suirrounding the point (J,K). Each

measurement is weighted by a factor that is inversely proportional

to the distance from the point (J,K) to the sensor. Again if all

four sensors are inoperative, the estimate is set equal Lo the

upper limit.

A fallout pattern is specified by means of a matrix which

gives the radiation dose rate at a set of discrete points in a

two-dimensional array. The size of the area represented by the

matrix is arbitrary. A network of sensors arranged in a square

grid is defined by specifying 'he spacing between sensors, D, and

the position of the fallout pattern relative to the sensor network.

This position is randomly selected by sampling from a uniform

distribution with range (0,D) to obtain the abscissa and ordinate

of the "radiation data axes" with respect to the "sensor axes"

and sampling from a uniform distribution with range (0, 7/2)

for the angle between the axes of abscissas of the two sets of axes.

At the beginning of a simulation run the computer is inetructed

to use a specified number of different orientations of the fallout
A

pattern with respect to the sensor network an4 to compute W,W,E,

and X at a specified number of points for each orientation. In

most of the results reported here for a given set of problem

parameters either 20 or 40 orientations were used with five points

per orientation, for a total of either 100 or 200 points. For

each set of parameters, the same sequences of pseudo-random numbers*

were used in an effort to have "chance" affect the system in
approximately the same way for each set of problem parameters.
*The pseudo-random numbers were generated by the algorithm

X - kX (mod p) with k - 51 3 and p -2 35 _ 31.(l)
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2.2 Simulation Parameters

The object of the simiulation is to obtain insight into the

effect of certain inputs to the simulation on the distribution

of errors E(J,K) and X(J,K). The following parameters were

varied:

a. The fallout pattern, reflecting different assumptions

as to the number of bursts, time after burst, and

"small scale effects".

b. The sensor spacing.

c. The method of using the sensor measurcmcnts to obtain

estimates of intensity at points other thah, sensor points.

d. The probability of malfunction of a sensor and/or its

associated relay link.

e. The distribution of sensor measurement error.

f. The zone boundaries.

Two fallout patterns were used and the simulation was

conducted with each of them alternatively modified or unmodified

by small scale effects. The first pattern, designated Pattern 1,

represents dose rates 1 hour after 49 bursts of 5 megatons each

in Central California in a winter season(2 ). Isodose-rate contours

from this pattern are shown in figure IV-l. The data used in the

simulation represent dose rates at one mile intervals over a 100

mile square. The range of intensities is 0.0 to 9400.00 R/hr.

before introduction of small scale effects.

The second pattern, designated Pattern 2, represents dose

rates 24 hours after a 5 megaton burst over New York City(3).

This pattern, for which isodose-rate contours are shown in figure

IV-2. was specified by e•se rates at one and a half mile intervals

over a rectangle of 240 by 90 miles. The range of intensities

4-7



100 30

miles

"1* 200

50
0

0 100
49 bursts of 5 negatons each miles
Central California. Winter season
Time H + 1 hour
Intensities in R/hr.
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is 0.0 to 95.0 R/hr. before introduction of small scale effects.

When the patterns are unmodified by small scale effects,

they are designated by IN and 2N, respectively. Two new pattorns

were obtained, designated iS and 2S, respectively, by sampling

from the distribution of small scale effects shown on figure IV-17

to obtain a value of (1 +4aW/W) by which the dose rate at each

point of the pattern was multiplied.

Sensor spacings of 5, 10, 20, and 50 miles were used.

A
Two metmiods of obtaini~ng the estimate W(J,K) were used.

They are the Mod I and M•od II methods described above.

Two values of te probability of malfunction at the sensor

location were used: 0.1 and 0.01.

The distribution of sensor measurement errors is assumed to

be normal, with a mean of zero. Standard deviations of zero

(i.e. no measurement error), .075 and .15 were used. For example,

with a standard deviation of .075 the measured intensity at a

point is within - 7.5% of the actual intensity at the point 68%

of the time; within - 15%, 95% of the time; and within - 22.5%,

99.7% of the time. With a standard deviation of 0.15 each of

the above ranges is multiplied by two.

Two sets of zone boundaries were used. For some simulation

runs, the boundaries were 2,4,8,16,20,40,80,100,400, and 500 R/hr.

These were selected from among the intensity reporting points

during fallout build-up suggested in table XXVII of RADIOLOGICAL

MONITORING: CONCEPTS AND SYSTEMS. SRI Project No. IMU-4021,
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Stanford Research Institute. The selection was made because the

1 computer program will accept at most ten boundaries, and because
it was assumed that the system can report only intensities less

'Ithan 1000 R/hr. The use of these zones was coupled with a sensor
spacing of 50 miles, which is discussed in that sarime report.

For other sensor spacings the zone boundaries were 1, 10,

100, and 998.5 (the largest intensity which can be distinguished

by the proposed system). Thus with these boundaries, an estimate

is made of the relative frequency with which the intensity can be

estimated within an order of magnitude.I
2.3 OutputI

Output from a typical simulation run is illustrated in figure

I IV-3 which is a reproduction of the output from the printer

ass6ciated with the RCA 301 computer, for which the simulation

i was programmed.

The first four lines of the print-out indicate the values

of the parameters. For example, these results were obtained with

a spacing of 50 miles, pattern 1N, estimation method Mod I, a

probability of malfunction of 0.1, and standard deviation of the

I distribution of measurement errors of 0.075. Also indicated is

the first number in each of the sequences of pseudo-random numbers

I used to determine (1) the points at which estimates are made,

(2) the relative orientation of the fallout pattern with respect

I to the sensor network, (3) the measurement error, and (4) whethec

or not a sensor malfunctions.I
Following the information concerning the inputs to the

I simulation, each line of the print-out gives the results of
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computatiowi. concerning one point randomly selected from the

area covered by the fallout pattern. The first point, as indicated

by the first two columns, has coordinates (76,88) with repect to

the "radiation data axes". The next two columns indicate that

the nearest sensor has :oordinattes (83,68), also with respect to

the "radiation data axes". With respect to the "sensor axes",

where the coordinates are in units of the sensor spacing D, this

sensor has the coordinates (2,2), as indicated in the column headed

"Sensor ID". T'his coluirn also indicates when a sensor is destroyed

by blast by inserting the letter B in the Sensor ID. The letter M

is inserted when a sensor malfunctions. When the measurement

(obtaincd by applying the sample value of the measurement error* to

the actual intensity obtained from the fallout pattern) is either

above or below the limiiits of the system, the letter U or L,
respectively, is inserted and the appropriate limit is reported as

I the measured intensity.

The next column gives the sensor measurement which is used as
the estimate W(J,K). A floating pcint notation is used. For the

first point, for example, the measurement is 651R/hr.The next column

gives the actual intensity at the point (76,88): 600R/hr.The nextf column gives the error E(J,K), which for the point (76,88) is .085.

rhe error is designated "Type 1" because the actual intensity is

I within the range of the system. The last column indicates that the

point is estimated to li> in zone 11, which corresponds to intensities

I greater thas 50OR/hr.eince the actual intensity is in this range, the
L

error X(J,K) indicated in the next to the last column, is zero.

j*The normal deviates were obtiined by the following procedure: (4)

1/2co lX"" 2 In Xl) cos 21 X

Y2 2 In X -- sin.2 r X2

where X and X are independently and uniformly distributed on the
interval (01)2 and Y1 and Y2 are independently and normally
distr"'.uted with mean zero and unit variance.
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An impression of the nature of the random variation of the

orientation of fallout pattern to sensor network can be gained

from figure IV - 4. A 100 x 100 grid square is shown which

reprt'sents the ar-i covered by the fallout pattern. Marked on

the grid square are thsi positicns of the sensors used to obtain

the measurements for the first 15 points of the output in figure

IV-3. The three different orientations are easily discerned.

The output illtstrated in figure IV - 3 was stored on magnetic

tape. Following a run with a given set of input parameters, the

information on the tape was processed to form frequency distributions

of F-(J,K) for each type of error and of X(JIK) for each zone.

The result of this computation is illustrated in figure IV - 5.

The first four lines of the print-out identify the tape on

which the data were stored and the input parameters of the

.imulation run from which they were obtaineA. Next are listed

frequency distributions of E(J,K) for each type of error. Actual

frequencies,relative frequencies and cumulative relative frequencies

are given. Similar distributions are given of X(J,K) for each

zone. The boundaries of the class intervals used in these

computations are listed with each distribution.

2.4 Results

Figure IV - 6 shows the frequency distribution of the Type 1 7 .

error E(JK) obtained with a sensor spacing of 20 miles, pattern

1 without small scale effects, and the Mod I method of.obtainingA
"0(J,K). The probability of malfunction was 0.1 and the standard

deviation of the distribution of measur.eaent errors was .075.
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Ir

I The rangJe of E(JK) as defined in 2.1 above is - 1 to

It is convenient in presenting these results to use

A

Max (W, W)

I which has the r;inje - I to 1. 'Tlie histogran at the top of figure

IV -6 shows the relative frequencies for twenty intervals of

I EJ(J,K) equally syinced c,",:r the range. These results were obtained

from a sample of 20() points, of which 142 had !values of W(J,K)

within the raigc -)f the !system, i.e. type 1 errors. In the middle

of figure 13 is shown the cuiulative distribution of E(J,K).

j Note that slightly more than half (.52) of the values are negative

and that 95% are less than 9.0. The form of the cumulative1 distribution shown at the bottom of figure 13 makes it convenient

to see what the relative frequency is of errors within a given

range or.either side of zero. For example, negative errors between

-50% and zero occurred with a relative frequency of 34% and

j positive errors between zero and 100/ occurred with a relative

frequency of 30%.!
Figure IV -7 shows the distribution of X(J,K) for the same

I set of parameters. There werc only two instances of points

assigned to Zone 1, corresponding to W(J,K)< 1 R/hr. in one

I of the cases the assignment was correct -- i.e., the error X(J,K)

was zero (indicated on the scale as being between -10-10 and

10-10). In the other case there was an underestimation of the

intensity with the difference between the actual intensity and

[ R/hr. being between -10-I0 (actually zero) and -1. There

were 37 instances of assignments to Zone 3, where CJ,K) is

1 between 10 and 100 R. Of these 65% of the assignments were

correct. However, in 5Sy of the cases the intensity was

I
1 .4-19
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underestintated with the deviation being 1000 R or more.

v Summarizing the results for all zones, 68(/. of the assignments

were correct. In 21% of the cases there was an underestimation

and in 11% an overestimation.

The results of varying sensor spacing are summarized in

figure IV -8. In the upper lefthand corner is shown the

cumulative distributions of E'(J,K) Type 1 for spacings of 5, 10,

20, and 50 miles, using pattern IN and method Mod I. Similar

distributions are shown at the upper righthand corner for spacings

of 20 and 50 milos and pattern 2N. Summaries of the distributions

of X(J,K) for the same input parameters are shown at the bottom

of figure 15. It should be noted that the zone boundaries for

D=50 were different from th.,se ror the other spacings.

These result3 are further summarized in figure IV -9 for

pattern IN. A curve of the relative frequency of X(J,K) - 0

j versus sensor spacing is drawn through the data points in table IV-1.

Table IV- 1

D F(X - 0) n

s .86 100

10 .84 100

20 .68 200

20 .68 100

I" 50 .44 200

50 .40 100

F' 4-21
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Curves are also shown (figure IV - 10) relating sensor

spacing to the relative frecuencies of E' between -0.5 and 0.5
A

(corresponding to W/W between 1/2 and 2) and E' between -0.2

and 0.2 (co' responding to O/W between 4/5 and 5/4). The data

points are listed in table IV - 2.

Table IV-2. Confidence Factor versus Detector Spacing

D F ½- 2) A

5 .91 .65 75

10 .85 .51 75

20 .64 .27 142

.64 .27 74

50 .48 .17 133

.45 .16 69

Further discussion of the effect of sensor spacing is
deferred to Section IV.6 when cost is also taken into account.

In order to assess with what degree of confidence statements
about the relative frequency of certain outcomes of the simulation
can be translated into statements about the probability of
similar outcomes in the corresponding system in the real world.
there are two factors to be taken into account. The first is the

extent to which the finite sample of simulation calculations---e.g.
computations of X(JK) for 100 or 200 randomly selected points--
is representative of the population of all such simulation outcopos.

The second is the extent to which the simulation is an adequate

4-24
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representation of the real world system.

An estimate of the effect of sample size can be made

from the results shown in table IV-l and in figure

IV - 11 which cnrmpare relative frequencies obtained from samples

of 100 and 200 points respectively. From table IV - I note

that with a sample of 100 points, the relative frequency of

correct zone assignment, i.e. X = 0, for a spacing of 20 miles,

is 0.68. For a sample of 200 points, the same relative frequency

was obtained. For a spacing of 50 miles, the corresponding

figures are 0.40 and 0.44. From figure IV - 11, we note that

the relative Erequencie.s of E'I(J.K) Type I generally deviated'

by less than 5% as the sample size was approximately doubled,

all other conditions remaining fixed. The curves at the upper

righthand corner of figure IV - 11 show a greater deviation

when results using a single orientation of the fallout pattern

relative to the sensor network are compared with those where

40 different orientations were used. For all of the other

results reported here the sampling scheme described earlier

was used, i.e. for each 100 points, 20 different orientations

were used representing random selection under the assumption.

that all possible orientations are equally likely. The same

set of orientations was used and i:r general the same set of

points * for each set of parameters.

Lacking a real world system with which to experiment,

there are no exact answers to the second question. It must

*The correspondencl of points is not exact since, for example,
when the estimate W(J,K) was made from the measured intensity
at the nearest sensor, the selected point is discarded if the
nearest sensor is at a position not within the area covered by
the fallout pattern data. For two different sensor spacings
the sets of acceptable points are not necessarily identical.
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ti

ultimately be left to the judgment of the user to assess the

validity of the simulation as a model of the real world. This

judgment can be aided, however, by an investigation of the

sensitivity of the results to changes in the inputs to the

simulation.

The most critical of these inputs is the nature of the

fallout pattern. A comparison of the distributions of E'(J,K)

Type 1, for patterns I and 2 is given in figure IV - 12. Errors

appear to he systematically more likely to be small for pattern

2 than for-pattern I except in the case of a 50 mile sensor

zpacing. In this case pattern 2 gives better results for negative

errors (i.e. errors of underestimation of the intensity) but

pattern 1 has the advantage, by approximately the same magnitude,

with respect to positive errors (errors of overestimation).

However, since errors of underestimation would almost certainly

have more serious consequences than errors of overestimation it

is probably fair to generalize all the cases pictured as favoring

pattern 2. This is hardly surprising in view of the much smaller

range of intensities and the greater regularity of this pattern.

The influence of pattern regularity on this comparison is further

borne out by noting that the advantage of pattern 2 is decreased

when small scale effects are superimposed and the Mod IX method

of estimation is used.

Further evidence of the effect of the small scale perturbations

is shown in figure IV - 13. Here it is noted that with pattern I

the introduction of small scale effects modified the error

distribution very slightly. There is an apparent small decrease

in the probability of small errors, however the difference is

generally within the range of the sampling error revealed in

figure IV - 11. The same effect is noted with pattern 2 when fl
4-28
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I

the esL in;i'l is obtained from the nearest sensor. However, when

the a.,oraging prccedre of Mod It i- u.eed, tile introduction of

nmall Scale effect= ,pat; to nritc-rially decreas•e th: probability

!c i'.Il I ,i rrs, iin p.irti-ula;r crrors of und,- reft:0iinat ion of thie

i 11to I i.-;ity.

Tihc Cf e[ c t of t Ir Lti maLi on p-rocedu re J s :howlI i n figure

IIV - 14.. ItL mi-ht!I I,( oM::pu cta that th use (.-of the averaging

procedure of Mod IT ":',uld improve tile estimate over that obtained

fLrom t:i, single ire.isur,"i'Ot of thc nearest sensor (in all cases

that this iscn:4-r yi etat i-7,.) . However, fjqurnr IV - 14 shows

I that tLis is not .ilw.-ys Lth, c.S.e. In Lhe c._c of Z. 20 :,ilc

spacing and pattern I there is no clear-cut advantage, though

1 the u•:: of P,,d TI d m.s niAe largo negat- ve ,crrgrs less likely

than large positive ones, while with Mod I they are about equally

Ii likely.

Mod II does prove advantageous in two of the cases investigated:

with a 20 mile spacing and pattern 2 with no small scale effects,

and with a 5 mile spacing pattern 1, and no small scale effects.

Thus for a 20 mile spacing the averaging procedure appears not

to be ddvantageous if the irregularities of pattern 1 or of

r pattern 2 with small scale effects can be considered representative.

I. The averaging procedure does become aclvant-ageous, however, as the

spacing is decreased from 20 to 5 miles. Further runs would

have to be made to determine for what spacing the advantage first

appears.

There is a third curve shown for the case of D - 20 and

pattern IS. As originally programmeid the estimate fnr Mod 1I

was made with less than 4 svnsor mna.auremonts if one oFmore of

the sensors surcounding a point was located t.itside the area

4-31
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covered by the fallout pattern. To determine whether this biased

Sthe results a run was made which deleted from the sample all

points for which les, than 4 surro,,i;ing sensors were covered

j by the pattern. No •tin ificant differfnce in the rq;i-olta is

observed.I
It should be notvd that though not included here, it would

i b4 possible to extend t:his procedure to investigate the effect of

boundaries on infor;:;tLinon accuracy in order to assess, for example,

the value of making data from -cznsors in one region available

to a neighboring region.

The effect of assumptions concerning the distribution of

I sensor measurement errors is illu.,trated in figure IV - 15. Ir

all cases the mean of the distribution is zero. The standard

j deviation varies from zero (i.e. no mpsurement error) to 0.15.

The effect on the relative frequency of small errors appears slight.I
The effect of variation of the probability of malfunction is

I shown in figure IV - 16. If the probability of malfunction is

reduced from 0.1 to 0.01 there appears to be a slight decrease in

I Lite errors of underestimation but no change in the errors of

overestimation. These results were obtained with pattern iN and

I the Mod I estimation procedure. While no runs were made to

investigate the effect of malfunctien probability with the Mod I1

procedure or with po'ttern 2, intuition suggests that the effect

would be greatest for the more irregular pattern and when the

procedure calls for using the nearest sensor, if operative.
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33.0 SMALL SCALE EFFECTS

Small scale effects are the influences e'e.-ted upon the

Sr radiation intensity by local phenomena. The tendency of these
small scale effects is to modify intensities so that they are not

I accurately reprer;ented by a single sensor reading in a given area.

Because of this possibility, small scale effects had to be studied

I in some detail to deteLmine how they would affect a radiological

monitoring system.

The character of small scale effects, their influence, and
I methods of reducing their contribution were analyzed to deteLmine-

S~(a) whether small scale effects would be so disruptive as

to render ineffective a system of fixed sensors.

(b) whether the contribution of small scale effects to

T' reported data could be reduced by acceptable techniques.

[ 3.1 Influence of Small Scale Effects

SSmall scale influences due to terrain, vegatation, buildings

and local weather cause variations in the gamma radiation field

L intensity. These variations are termed small scale effects.

In the absence of small scale effects, the idealized

radiation field intensity measured at a monitor point depends

[ only upon the weapon characteristics overall meteorological

conditions, soil composition height of burst and location of I
ground zero. The actual measured radiation field intensity

is thought of as a result of small scale effects operating on

F [this idealized field.
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Small scale effects influence the gamma radiation field in

two ways:

(a) They generally absorb gamma photons, thus lnwering the

field strength.

(b) They modify the radioactive fallout distribution which

in turn modifies the gamma radiation field strength.

Variations in intensity due to small scale effects are partly

predictable and partly random in amount. Predictable small scale

effects are due to fixed small scale sources such as buildings.

terrain and vegetation. Random small scale effects are due primarily

to the interaction of local weather with structures and topography.

In order to determine whether small scale effects can be

expected to cause the radiation monitoring system to be ineffective,

the nature of specific small scale effects must be evaluated.

Structures, in general, will cause the redistribution of

fallout, and absorb photons.

Buildings and other structures are composed of vertIcal and

non-vertical surfaces. The non-vertical surfaces of essentially

all structures may be considered as traps for fallout.

The general effect of buildings and structures is to decrease

intensity.

Terrain, in general, reduces the field, as a result of both

terrain geometry and surface roughness. Even though there is more I
surface available due to topographic features to receive fallout.
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the fallout deposited per unit of Lerrain surface is decreased.
Since the total amount of fallout reirains constant, and the folds

in the terrain effectively increase the shielding, the field

strength is generally reduced.

There are some locations -,:hcre the terrain may amplify the

"field strenqgh. For instance, a measurement might be made at

the bottom of a large slope of :mooth rock. The fallout deposited

"on the rock surface will slip to the bottom of the slope, thus

increasing the intensity measured there.

I
Standing surface water gcnerally actn -z an abzcorber of

gamma radiation. The effectiveness of the absorber depends on

both the depth of th- water and the percentage of incident fall-

out that sinks into the water. Fallout is generally composed of

insoluble oxides. Thus the mechanical behavior of fallout in

water is essentially the same as that of silt. Consequently fall-

out will not remain on the top of flowing water.(5)

[ Wind erosion of fallout on soil does not occur with any

significance after the first day of deposition in dry climates.

I. The erosion of fallout on surfaces with rms (root-mean-square)

roughness of greater than 0.25 inches is not significant. Fall-

out deposited on paved surfaces will be eroded until it reaches

gutters, curbs, storm drains, etc.(6) (7)
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Light rain tends to decontaminate vertical surfaces and

create additional gamma absorber (as standing watpr).

Heavy rain will tend to cause general decontamination.

Decontamination effectiveness will be greatest in urban areas

(where general surface roughness is low and drainage systems

provide for continuous removal of effluent) and least in rural

areas on flat terrain.

An accumulation of solid precipitation may be treated as an.

increase in rms surface roughness, yielding a lesser field

strength.

Figure IV-17 quantitatively summarizes one aspect of small

scale effects. It shows the degree to which field strength may

be disrupted by small scale effects for monitor points located

in suburban residential areas. The ratio of perturbed to un-

perturbed field strength is shown against the relative frequency

with which each ratio would be expected to occur. A very peaked

distribution (i.e. having a small variance) would be optimal.

The histogram is constructed from an analysis of the data

presented in Radiological Recovery of Land Target Components,

Owen, W. L. and Sartor, J. D., NRDL, 1962. The multiple peaks

in the plot are believed to have resulted from combining data

from several different types of monitor points into one histogram

(sensor between two buildings, buildings on one side only. etc.).

It is expected that individual histograms for each type of moni-

tor point would show less variance than ind'.cated in this figure.
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To determine to what extent small scale effects with this

distribution would degrade accuracy of a monitoring system, this

histoyram was used in the simulation reported in Section IV.2.

the same calculation was made with and without small scale effects.

Results indicated that accuracy would remain within acceptable

limits.

3.2 Siting of Sensors

Sensors will report readings which are representative of large

scale effects to the extent that they are not perturbed by small

scale effects. Care given to siting of individual sensors will

therefore improve the accuracy of the system by improving the

quality of the basic input. Readings can be improved by selecting

optimal sites, adjusting sensors to reflect local conditions, or

adjusting readings to reflect local conditions.

Perturbations of the intensity field are due to redistribution

of fallout and the absorption of gamma photons. The redistribution

occurs over approximately the area of the small scale source

involved. The desirable detector site is a flat circular area

covered with grass with the detector installed 3 feet above the

center.

If the area is large enough, small scale effects would be

limited to surface roughness, and even the effect of this roughness

may be estimated. Influence of the radius of the area on accuracy

is explored in Appendix C. A radius of 600 ft. is desirable.

Ideal detection sites will be difficult to find in cities, ,

because of land use. Where ideal sites cannot be found, influence

of small scale sources on sensor readings may be reduced by

increasing the sensor height.
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Detector llieiht.Feet
3 30

Example T: Radius of Perturbed Fallout Area 18 feet

(a) Fallout Doubled in Perturbed Area 1.32 1.05

(b) Fallout Eliminated in Perturbed Area .68 .95

Example II: Radius of Perturbed Fallout Area 69 feet

(a) Fallout Doubled in Perturbed Area 1.56 1.30

(b) Fallout Eliminated in Perturbed Area .44 .70

Figure IV-18. Effects of Perturbations and Sensor Height

"Figure IV-18 shows the estimated effect of specific perturbations

in fallout dcpouition on the intensities at 3 feet and at 30 feet.

For each height, a homogeneous fallout distribution which produced

an intensity of 1 unit was first assumed. Then the intensi.ties

resulting from doubling, and from eliminating, fallout in first

L an 18 ft. and second a 69 ft. circle, were computed. Computations

were based on the anilysis in Appendix C. Observe that

each specified perturbation produces a smaller change (from unity)

in the 30 foot intensities than in the 3 foot intensities.

.ccordingly, when ideal sites are not available, the following

placement measures are recommendedt

(a) Place the detector at a height of 30 feet (as on a

telephone pole).

J (b) Place the detector so that the small scale source; are

disposed as symmetrically (with respect to azimuth)

as possible.

(c) Estimate the probable factor which small scale sources

L within several hundred feet will introduce by means of

a computer calculation, as described in Section VI-3.
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(d) Compensate detector output for the effect of 30' versus
3' height. The factor to be applied to the 30' readings

is estimated to be 1.7. Compensate also for the factor
derived in step c.

Compensating factors preferably would be introduced at the
sensor location if local use will be made of the readings.
Alternatively the factors may be applied in the computer calculations
at the Regional and National Centers.
3.3 Special Detector Design for Further Investigation

A further suggestion for control of small scale influences
on sensor readings was made late in the study. Though it is
considered promising, and is documented below, it was not developed

to the point where it can be recommended.

The idealized gamma radiation field at any monitor point is
a homogeneous distribution of gamma photon flux which has no
noticeable horizontal directional features. The actual gamma
radiation field generally has directional features due to small
scale effects. All gamma radiation fields have two components

of photon flux:

(a) direct flux - composed of photons which have not been
influenced by the environment since their liberation from the
fallout particles, hence they have travelled in straight lines.

(b) scattered flux - composed of photons which have
experienced a change in direction of propogation through reaction

with the environment.

Comparing idealized field flux with the actual flux shows
that in generalsI

(a) Small scale effects reduce the total gamma radiation

field flux,
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(b) Small scale effects reduce the uirec- flux more than

the scattered flux.

(c) The scattered flux of The actual gamma radiation field

I is less directional than the direct flux. This suggests that the

influence of small sc.ale effects on a detector can be decreased

by eliminating the direct fliix fr.,, the sensitive element by

selective shielding at t-, cOotrctnr. 'Mis shielding might consist

-if approximately a hemisphore (as modified by the local horizon)

of lead underneath the detector. compcn'-:ation must be made for

the substanti~l rediction in t.otal flux. A thin polished cone

(with negligible -,liieldi ii.j vcli') would be tied above the detector

to Ln--.vent contamination. Fur'her studcy of this idea is recommonded.

3.4 DeterminationsI
Small scale sources modify the gamma radiation field intensity

in two ways: (1) IThey absorb gammav radiation (2) They alter the

fallout distribution. Usually this results in a reduction in field

I intensity. At any givcn monitor point the small scale effects are not

completely predictable. The unpredictable effects are not so

I disruptive as to make a fixed monitoring system ineffective.

Small scale effects can be reduced at monitoring points by

selective placement, elevation, and compensation of detectors.

44
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4.0 SELECTED SYSTEMS AND OPEPATIONAL DOCTRINE

The two most promising system concepts were given detailed

consideration. These are the Shelter-Based Systemi and the

Automatic System. Their eleme'nts were discussed in Section 1I1.

Because the higher echelon functioning of the two systems is

similar, they could be combined into a hybrid system.

4.1 The 6helter-Based System

This system relies on human operators for data mcnitoring

and data entry into the system. The system is geared for hourly

collection of data. A human operator at the shelter monitors

the instrument reading which he then transmits by shelter transceiver

or telephone to the Relay Point where another person enters it

into switches on the Relay Panel. Readings from other points and

from the Relay Point itself are entered also (a total of 7 three

digit readings). An entry of 000 means the sensor reading is less

than 1/2 R/hr. An entry of 001 means the reading Is between 1/2 and

1 1/2 R/hr. and so on. An entry of 998 means that 998 is the nearest

integer to the reading, and an entry of 999 means that the reading

was greater than 998 1/2 R/hr. (and possibly off-scale).

Relay Point shelters report in turn to designated weather

observation stations. On the average 5 relay shelters will

report to an observation station by means of low speed teletype

links. At the weather observation station paper tapes containing

the radiological data will be perforated in a predetermined

sequence. The radiological data collection and transmission

to the Weather observation stations will proceed independently

of the Weather data collection. It is necessary, however, to have

the radiological data at the Weather station on time for

4i



TABLE IV-3. SUM.ARY OF COLMUNICATIONS DELAYS

n x T T T T

1 0.53 8.85 1.33 1 0.85

10 4.1 68.6 10.3 8 6.6

20 8.1 135.0 20.3 16 13

100 40 666.0 100.2 76 64

n - number of sensors-reporting to a relay point. -

x - time to collect data at ap interchange center in minutes.

T - time to transmit all radio'ogical data to the National

Center over one single 100 word-per-minute circuit, in minutes.

71- time to transmit all radiological data to the National

Center over one high speed, 1000 word-per-minute circuitin minutes.

T time to transmit radiological data to the National Center

over two high speed circuits, in minutes.

T - time to transmit all radiological data to the National

Center over three high speed circuits, in minutes.

At Regional Headquarters the data would be entered into a

computer, and the processing described in Section X1I.5, performed.

Zone boundaries and histograms would be plotted by means of a

plotter capable of drawing lines as well as plotting points.

Projection and reproduction equipment would be used to make the

Information available to the persons there. The National Center

also would receive the data for processing and display.

Emphasis in the processing and use of data is at the Regional

Headquarters level. Reasons for recommending this level aret

1. The problem is simplified by dividing it into eight parts.
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I More attention may be received by each area.

1 2. Only part of the nation is dependent on the survival of

Seach Regional Headquarters.

1 3. Communication of instru(;ticons from National to Regional

Headqta.trrs is reduced. (In many cases intructions

I from National w;ul.d be routed by way of Regional Headquarters.)

The National Center ;-Aight serve as back-up to a Regional

Headquarters which is nc-t in opceratio,, of course, ever, though

Ithat Region might not r--ccivp tlh;e fuli attention it would receive

from its own Headquarters if that were operating.I
At the regional level, the scope of activity, planning.and

I decision-making is determined and defined by the responsibilitieL

assigned to the region. At the National level, however, this

scope covers the entire resources and popularion of

the United States. At the National level the required interface

j is made with other military and civilian command and control

systems to insure an overall integrated deployment of military

and non-military resources for the zuccessful conducc of operations.

I It is not desxrable, on the other hand, to place the main

burden of this system dt State level. Uniformity of implementation

I and operation is likely to be achieved only if Federal control is

substantially maintained.

Cone) tinions, instructions, and recomner:aations would be

j transmitted from Regional Headquarters to tower headquarters by

!means of message and verbal communications used for normal Civil

SI Defense work.
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4.2 The Automatic System

The characteristics of this system are its high degree of

automation and ability to operate unattended and continuously

under various con-diti...ns. The system is designed for hourly

collection of radiation data on a national scale, integration

of radiation and weattie" daita, and automatic transmission of

the composite data to specified destinations. Tlhe system is

flexible enough to permit wide variations in input sources and

destinations. In addition, the system permits data exchange

on a national scale.

Automatic sensor-transmitting units are used in this system.

Each unit will consist of a radiation sensor, a radio receiver,

a transmitter, an analog to digital converter, and a power source.

The transmitter will be turned on by a command from the relay

point. The details of this unit are discussed in the section

on Element Considerations.

The communications link from the sensor to the relay point

is by means of radio (or in some cases, land line). The relay

point would be the location of the AMOS unit. The sensors are

activated selectively and in a predetermined sequence by com-

mands generated at the location of the AMOS unit. This is

achieved by means of a timer synchronized with the communications

system at the AMOS. This keeps power consumption at a minimum

and the life of the power source at the sensor is therefore

lengthened.
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In the radio communication reporting system it becomes

necessary to sequence the transmission of data from each sensor.

The sequcence must be such that interference at the receiving

station is eliminated. The large number of seniors in the high

density areas of the system make it necessary to tuse an inter-

roqation requence which activates the sensors an,] then iritiates
i

the transmission at a time when the reading has become stabilized.I
There are many variables affecting the assignment of specific

I radio frequencies for the proposed GCD seasor reporting system.

The full effect of the vaLiables can only be determined by local

j measurements during '.he implementation of the system. flowever,

the following discussion of assignments will show that the total

j frequency spectrum necessary to operate the system will be relatively

small. The proposed system operates by the reflection of the

transmitted energy from the D layer of the ionosphere, and the

slant wire antennas will be angled relative to the vertical so that

I the mean energy path reflected from the D layer will be focused

at the receiver of each unit. The mean path will be determined

I for twenty four hour a day, 365 day a year operation. The actual

value of the height of the D layer varies from day to night and

If also as a function of the time of year. It is also noted that

interferences with other units may result from energy reflections

I frem the E and F1 and F2 layers of the ionosphere. The proposed

system, operating at approximately 2 megacycles, provides the

I shortest distances for the various reflected paths. As the

frequency of transmission increases, the altitude of the corres-

ponding reflective layer of the ionosphere also increases. There-

fore, the choice of 2 megacycles limits the effective distance

1 for possible interference. Use of the typical altitudes of the

various layers: D, 70 km or 44 miles; E. 100 km or 62 milesy
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Flo 200 km or 124 miles; and F 300 km or 186 miles shows that

the probable area of interference from any specific transmitter is

in the order of 5 times the distance from the transmitter to the

focus point receiver. This calculation includes the second or

third bounce for the reflection from the D layer and also the first

bounce from the E and F layers. The calculations assume a smooth

earth and uniform magnetic field. As a result of these approxi-

mations, a specific position in the operational system may deviate

from these figures.

In the case of a distance interference factor of 5 times the

focus distance the number of possible interfering si~cvals Is

shown in figure IV-19. In this figure it is assumed that relay

stations are spaced about fifty miles apart and that sensors are

epaced twenty miles apart. In the figure there are nineteen relay

stations receiving data from six remote sensors each, or a total

of one hundred fourteen transmitting sensors within the distance

of possible interference. We do not eliminate any sensor as a

function of the directionality of the transmitting antenna. This

Figure iV-19. Transmission Interference Diagram[
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factor has been reserved as an additional safety factor, assuring

that the transmitters do not interfere with each other.

In assigning Fliecific frequiiencies for the transmitters it

will be assumed that each sensor in a single cell r-equires an

I individual frequiency and that freqvencies can be duplicated be-

tween cells both within and without the interference circle

I through time phasing. In the proposed radio link, transmission

rates as low as 4 bits/second for each transmitter are permissible.

i This figure is bat-ed on a data requirement of three decimal digits

from each sensor and a two minute maximum time permissible for each

I relay station to collect its inaxinmu.n number of remote outputs

(when the sensors are spaced at six miles). The system can,however,

I operate at a much higher data rate, e.g. using 50 millisecond

pulses. The use of a fifty millisecond tone pulse to indicate zero

or one provides integration times sufficiently long for the re-

ceiver band pass requirements to be less than 100 cycles. A

I skirt of 200 cycles on either side of the 100 cycle band pass

would permit assignment of frequencies spaced at ½- kc intervals

with'a safety margin. The ability to provide crystal controlled

frequencies in the order of 1 part in 107 is a current state of

the art technique, and h kc crystal separation is possible. For

purposes of conservative estimation, we will assume that frequencies

I are assigned in 1 kc intervals. For the specific area chosen in the

example, the entire area of possible interference contains 114

sensors and an assignment of an individual frequency for each

sensor would require 114 kc of bandwidth, or that portion of the

spectrum from 2,000 kc to 2,114 kc.

Even though a relatively small portion of the frequency spectrum

-I would be required for a typical interference area, two additional

techniques are available which will further reduce the amount of
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frequency spectrum necessary to provide interference-free trans-

mission from all of the remote sensors. The first technique is

to time share and stagger the specific frequencies assigned. In

the case of the example in figure IV-19 let a specific relay station

be called Cell 1, and any two others be assigned numbers 2 and 3.

Then, in each cell number the remote sensors 1 through 6 and

identify a specific censor by its cell and sensor number e.g.

1-2, 2-3 etc. In this examolp int all sensors numbered I have
their receivers crystal controlled at 2001 kc. The relay stations

are turned on sequentially by the APULS contra:., and therefore at
any specific time only one relay station transceiver is operative.

The relay interrogates sensor 1 by transmitting a command on 2001 kc.
This signal, in this example, is received at all 19 number I sen-

sor positions, and all 19 sensors start to operate. In assigning

frequencies for the sensor transmission, let sensor 1-1 use 2002,

sensor 2-1, 2102, sensor 3-1 2008, etc. The receiver at each relay

station is crystal controlled to match only its own set of sensors.

Therefore, even though all 19 sensor number 1 positions are trans-

mitting, only the correct sensor number 1 information passes the

crystal at the relay receiver and the proper message is received.

Using this method of frequency assignment, it is possible to assign

the same frequency to many sensors and the number of channels

necessary reduces from 114 to about 24. in this technique, staggering

of the receiver crystals will not reduce the number of sensors which
are turned on. In the case being discussed it is assumed that all

sensors within the interference area receive th. signal so that a

sensor in each cell would be responding to the interrogation signal.

A second technique available to reduce the number of channels

necessary, and also the number of sensors responding to each in-

terrogation, is that of interrogation coding. In this technique

each sensor is assigned a specific bit coO-. such as 10001 or 10101.
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This code must be in the interrogation signal to cause a sensor

to respond to the interrogation. In this technique, all censors

numbered I could be assigned the frequency 2001 kc with each of

the nineteen cells having a unique code. The ise of a five bit

code provides 32 individual codes and the information data

rate is so low that the additional five hits 0o not impose any

burden on the equipment. In this case all 19 s-nsors receive

the transmission, but only the one whose bit cods! is matched

actually responds to the interrogaition and transmits a reply.

I

1 The use of the first technique will significantly reduce

the number ec independent channels necessary, and the second will

I reduce the number of sensors which transmit in response to an

interrogation. It is apparent that a frequency slectrum of 50

kc in the area of 2 to 3 mc would be more than adequate for

the implementation of the radio link for the automatic remote

sensor network.

Data received at the AMOS unit from the set of sensors

[ reporting to it are entered into the AMOS unit for temporary

storage. It appears that one entry channel would suffice to

handle the radiological data. The radiation and weather data

are formated, tixed data is appended, and the formated message

is placed in the appropriate output channel. On a command

I4
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issued by the Interch-age Center to which the AMOS reports the

message is tcansmitted over lotw speed lines to the Interchange.

From here, as in the Shelter-Eased System, transmission would be

mace to Cleveland or Atlanta and then to the National Center.

Transmissions to Regional Headquarters wo-lld occur on the low

speed area circuit on which the A1OS unit is located.

Thouqh the use of an AMOS unit at the relay point is in the

spirit and philosophy of the Automatic System, the system is not

technically dependent on AMOS and the automatic sensing unit could

be used with the relay technique described for the Shelter-Base&

System. Thus a hybrid system is feasible, in which automatic

sensors arp used in areas of low population density where shelter

distribution suitable for t'ho Sheltei-Based System may not

exist.

With the automatic sensor-transmitter described for the

Automatic System it Is feasible to develop an airborne unit which

would interrogate the sensors as it flies over them. It might be

desirable to have a limited number of such airborne units avaijablo

for use in case of failure of the recommended communications paths.

No added complexity in the ground unit is needed in order to

permit this possibility. Airborne interrogations could occur

over one area while the system is operating in another area. In

fact both could be occuring over the same area with only a chance

of the airborne interrogations interfering with the system

interrogations.

45Ii !i
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5.0 THE HUMAN rACTOR IN RNDIOLOGICAL SYSTEM FUNCTIONING

Whether a semi-automatic or an automatic monitoring system

is adopted a sub:tariLtial effei.L concerning its personnel sub-

system will be required. Among the areas of interest are those

tasks concerned with installation, calibration, and maintenance

of sensorz; installation, checkout, operation, maintenance and

repair of communfic3tjions qear; op'-ration and maintenance of

C*omputing equipment: and decision making and rosponse implemen-

tation tasks.

It. ran 1 exp,eted that a number of malfunctions will occur

and these will force the decision-makers to operate with partial

Sknowledge. When additional gaps in information flow occur because

of bomb damage, the decislon making function will be further

i complicated. Therefore, one of the seriously needed efforts,

before-the-event, is a specification of the types of remedial

I actions w]ich should be undertaken in the event of certain

contingencies (the gjeneral nature of which can be foiecast).I
In addition to these research studies, consideration must

be given to the design and introduction of a comprehensive trai.ning

program, to develop skills and to sustain them over an extended

1 period of preparedness. Central in the conduct of such a pro-

gram is the problem of motivation, a problem which has critical

I elements simply because of the nature of the tasks for which

personnel are to be trained.1A
One of these elements involves training for a contingency

which may never arise. It is relatively easy to arouse a high

level of motivation for training when the training period is

1 short and the application is definite (as, for instance, the
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sharp increase in military enlistments when a nation is threatened),

It is more difficult to sustain a hiqh percentage of attendance

during an extended training program when the threat is not

imminent (e.g., regularly scheduled military reserve training

programs). And it is substantially more difficult still to conduct

a successful program in the absence of such incentives as r .ints

for retirement or monetarv rewards.

The second critical element involves another aspect of

motivation,that of accepting one's responsibilities in the event

of an attack. In a sense, the civil defense training program may

be regarded as a sort of "fire drill', i.e., a series of exercises

conducted over time to train people in physical acts which may,

in the event of actual emergency, save their lives. But, as

with a fire drill, there is no assurance that this training will

be completely recalled during periods of emotional stress. This

may be particularly true if one's famnily is exposed to hazard.

Despite the scope and intensity of the training effort, it is

entirely possible that persons trained for critical assignments

may simply fail to report to assigned duty stations during an

emergency. This is a likely contingency which can be met in

either of two ways. Either the system is designed to be operated

substantially without human assistance, or the families of at

least the indispensible personnel are physically located at or

near the duty station during an attack. A system can be designed

to operate automatically on all levels save the top, decision-

making levels. Unless the decision makers are at their stations, A
there is really no justification in having a monitoring system.

A comprehensive training progr. should incorporate a carefully

phased group training cycle. Init. r, for example, training

pight concentrate upon system readiness personnel, i.e., persons

4-56
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responsible for installation, checkout, periodic maintenance

and calibration of sensors, communications gear, data processing

equipments, and displays. Training exercises mi.ght be structure4

by the national civil defense organization for administration by

the regional training st ffs.

Concurrently, training may begin for operating personnel and

for persons with leadership responsibilities in the event of

attack. Such training, again, would be structured by the national

aivil defense headquarters. In this case, however, a portion of

the program would be administered regionally and a portion would

I he under national headquarters cognizance.

It is important that each person understand and be able to

perform his role in the event of attack. The training program

must be structured to afford practice in system operation and

should then progress to increasingly "difficult" exercises in

L which failures are introduced in the simulated system operation.

Because of the variety of emergency conditions which might be

T anticipated, this sort of training would best be accomplished on-

a small-group basis, simulating inputs from other portions of the

L system. This permits efficient use of available training time."

S._ Finally, periodic full-system exercises (i.e., civilian

"war games" or "maneuvers") might be conducted both to test full

system readiness and to afford the individual teams the opportunity

for coordination training.

These issues may be beyond the scope of the present research

project, but they are issues which were encountered by mewbers of

, the project staff during data collection efforts. For this reasbn,
L they are included here.
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For the present study, emphasis centered upon the training

issue directly concerned with the proposed monitoring system

involving a manned relay point. In the design of the relay point

input panel, two essential requirements were considered. The

panel must permit insertion of radiological data with a minimum

of human error and, in the event that the shelter leader be absent

or incapacitated, the panel should be capable of operation even

by an untrained person. Steps taken to develop and test the panel

design within these constraints are discussed below.

In order to reduce communications requirement and costs, a

number of stations in the Shelter-Based system would report to

one Relay Point, which would forward the data to Regional

Headquarters. The number was set at seven stations, one of which

would be the relay point.

A number of techniques were possible at this stage, and

their relative effectiveness may be assessed in terms of time

required for their accomplishment. For example, since Regional

Headquarters will be receiving inputs hourly from hundreds of

relay shelters, it is apparent that any single relay shelter input

must be made in a matter of seconds. This would appear to rule

out the use of verbal inputs to the Regional level.

The method selected involves an interrogation signal initiated

at the FAA Service A Weather Observation stations. Each of these

stations will be connected by land lines to a number of relay

shelters, and a stepper will control the order in which each 4
shelter is interrogated. In the recommended system, the interroqation

signal will initiate sensing of positions of a series of rotary

selector switches which have been manually positioned (see figure

IV-20).
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Any information system which is to be ted by men must follow

certain principles for efficiency of input. First, data should

be converted to machine language as soon as posEible to minimize

error and confusion. Secondly, input should be paced by the

machine rather than by the man so that a maximum amount of

information can be entered in a qiven amount of time. This means

that the man should complete his task before the system begins

its task.

SA device to accomplish this could consist only of the

recording elements which the operator manipulates. Looked at

from the point of view of the system, such a device is complete

and adequate if it can also signal that the operator has completed

his task. Because the device is the interface between man and

machine, it must also be looked at from the point of view of the

man. The device should motivate the man to enter information

which is as correct as possible and as current as possible.

Especially to be avoided is the feeling that the operator is

"shouting into the void". With no direct telephonic communication

with the collecting part of the system, the operator must be

signalled that he has been heard.

This signal must be provided to accomplish a maximum result

at a minimum expenditure in initial cost and in power. A single

light is provided to be activated by a single relay. The relay,

set by hand, remains closed only during the period that the

information has been completely entered and is waiting to be

read out.

The sequence of actions on the entry panel is as follows,

1. Operator receives readings from satellite shelters, and-

sets switches.
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2. Operator reads own meter and sets switcher.s
3. Operator pushas button to set relay. Light comes on%

4. Circuit polling pulse reads switches. Light is

extinguished at end of read-out.

5. Operator sets switches to "off" position. This procedure is
intended to i..rmit detection (during processing) of cases
of failure to chanqe settings for a new reading.

The system as thuE conceived appears to involve four potential

sources of human error: (1) The local shelter leader may read his

meter incorrectly, (2) either he or the relay shelter leader

mmay transpose digits in passing the data (3) the relay shelter

leader may rahe an error in setting the switches, or (4) he may

fail to set the switches. During the course of the study.

consideration was given to each of these potential sources of

error. Each of these is discussed below.

J 5.1 Meter Readings

1. The radiological meter recommended for use in the network,

Model CD. V-711BX xmay provide erroneous readings in two ways as

a result of human error (excluding the obvious physical damage

that may result from careless handling). Calibration errors may

I. •occur either initially or during periodic maintenance, and reading
errors may occur as a consequence of the scale graduations and

requirements for multiplying.

"I. Tha test of the extent and nature of meter reading

errors was begun by drafting an exact copy of the meter scale

from engineering drawings (see figure IV-21). Twenty duplicate

copies were then prepared. On each copy a pointer was drawn so

that twenty different scale settings were represented. The

drawings were then sorted into four groups of five drawings each

[. Fo provide for selector switch settings of Xl. XlO, XAO0 and XlOO1 .

Ii 4-61
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A. Present Scale

L*

B. Modified Scale Recommended for this System

FiSure IV-21. Illustration of Present and Recommended kale@
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I
The test was administered to teni subjects, with intructions

I to reand the scales as accuratcJy as possible and to multiply each

re-idin,' by the value designated hesid,- each scale.I
Four of the Len subjects made at least one error in moving

I the dccimal point. Thirty-four such errors were made (nf 2,^0

readings taken). The mean error which would have been introduced

I had such readings been made in earnest was approximately 500 R/hr.

Disregarding the decimal errors, it was apparent from the

results that three figures cannot be read reliably from the scale.

I When a third figure was cited by the subjects, it invariably was

either 0 or 5, and in only 56 percent of the readings was the

I third figure recorded. Thirty-five percert vf the readings were

to two significant figures and the remainder were but to one

I figure despite the instructions to read the scale as accurately

as possible.I
The median deviation from each setting (disregarding decimal

SI placement) indicated an average two percent reading error. Thus,

the probable error for a reading in the 500-1,000 R/hr. range is

t- 15 R/hr., a 250 R/hr. reading would have a probable error of

-+ 5 r/hr., etc.

I The use of scales which have cardinal values in tenths of

roentgens per hour seems to provide an error likely situation. The

I increased opportunity for error is inherent in the requirement to move

decimals and a simpler radiometer scale seems to be advisable.

A suggested modification is to remove the decimals so that

the scale is numbered consecutively from 1 to 10 R/hr. Between these

I nuabered values, the scale should be graduated in tenths, with
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the fifth calibration slightly larger. This modified scale was

tested for improvements in reading accuracy using the same research

design and essentially the same subjects as were previously used.*

Precisely the same testing procedure was employed, in that

twenty duplicate copies of the new scale were bound in booklet

form. Trhis time, since the cardinal scale values were in whole

numbers, the inultipliers were 0.1, 1, 10, and 100.

Tle test indicated that the recommended scale provided

substantially cqueater reading accuracy. Ini this administration,

one of the ten subjects committed the decimal point type error,

making two such mistakes in his twenty readings. This may be

complared with the 34 decimal errors made on the first test.

Disregarding the decimal errors, the median deviation from

each setting indicated an average reading error less than two-

tenths of one per cent. Thus, the probable error for a reading+
in the 500-1000 R range would be - 1.5 R.

The substantially increased reading accuracy which the

modified scale permits may be attributed to two features: the

finer scale graduations and the elimination of the decimal values

on the scale itself.

5.2 Transposition Errors

These errors may occur during the telephone transmission of

local shelter readings to the relay station, or during the setting

of rotary switch positions. Thus, 2-5-8 may be entered as 2-8-5.

One method to reduce this type of error is to repeat back and,

since an hour is available to record six shelter readings, the
*Personnel changes which occurred between the two test periods
precluded using precisely the same subjects.
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extra time required for this does not appear to present a problem.

5.3 Switch-Positioning Errors

During conduct of the study, the susceptibility to error of

the recuirmended panel design was subjected to test. A mockup of

* the panel was prepared (see figure IV-20) and the rotary selector

switches were wired so that complete accuracy in setting specific

intensities would complete a simple circuit. The subject, in this

instance, would be "rewarded" with a light indicating correctness

.)f response.

I A voltmeter was mounted at the top of the panel. Its scale

was replaced by a replica of the scale the radiometer, Model

CDV 711 BX, and a 4-position selector switch was wired to the

voltmeter through four different resistors to provide different

readings for the m'ltipliers Xl, Xl0, Xl00 and X1000. Thus, two

1 experiments could be conducted concurrently: a cross-check on the

accuracy of the previous study of radiometer reading errors, and

a check on the accuracy of positioning the selector switches.

I Only seven subjects were used but the results are, we believe,
indicative of the accuracies that might be expected were the panel

to be introduced into operational use.

Since each of the seven subjects was exposed to four trials,

there were 28 meter readings made, and 196 switch settings. Of

the 28 meter readings, 15 were in error (mean - 24 R/hrl median - S R/hrý1I
w1ich generally corroborated the previous findings reported above.

j That is, three of the 28 meter readings involved misplaced decimalp.
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There were no errors made in the 196 station settings

involving positioning of the rotary switches in response to

"read in" values.

It would appear that the panel design provides for reliable

inputs to be made to the system if modifications of the meter

face are undertaken.

5.4 Omission Errors

Finally, erroneous readings may be introduced into the system

in the event that the relay station operator fails to enter a

reading obtained from a local shelter.

In this instance there is no opportunity for an internal

check and an erroneous previous setting would be forwarded with

the remaining settings.

One way in which the occurrence of this typt of error might

be reduced is to include in the "panel operating instructions*

a provision for returning all switches to a reserved llth position

after the panel is interrogated by the system. The interrogation

signal turns off a light to remind the operator to turn his switches

to this position. Then, if he failed to enter a shelter's reading,

or if a shelter failed to report, a special signal would be

received from the panel during interrogation.
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6.0 SYSTEM COST ESTIMATESi
6.1 Shelter-Ra.sed System ,'o.4t uI
6.1.1 St.nsa-r Lecation.

3ensor 200

I Instalilatior. 40

TC tal 240

6.1.2 Relay PointI
Switch Panel 92C

j Snstallation 60

Total 980

6.;.. Rogional Headquarters

Computer 600,000

Plotter 40,000

installation 30.000

Total 670,000

1 6.1.4 Recurring Cost

SIA. Service A Network (share)** 60,000/yr
B. Additional circuits

For regional & national centers 60,000/yr

Cost Relay to Service A links, per relay point 700/yr

*Cost of telephone or shelter transceiver is not included(see
Section 111.2.1)

**Suggested amount to be contributed for standby and exercising

I rights. Actual amount to be negotiated.

Enamor_--
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C. Regional headquarters personnel

(1 region overhead included)

3 computer operators 50,000

5 computer programmers 125.000

Total per region 175,000/yr

D. Additional equipment (Western Union

Model 115 Teleprinter System)

per weather observation station 1,800/yr

E. Maintenance

Sensor location 25/yr

Relay point 100/yr

6.1.5 Summary of Initial Costs

Quantity Item Cost

20,000 Sensor location @240 4,800,000

3,000 Relay points @980 2,940,000

8 Regional headquarters @670,000 5.360.000.

Total 13,100.000

6.1.6 Summary of Recurring Costs

Quantity Item Cost

1 Service A Network 60,000

I Additional circuits,

regional & national centers 60,000

3,000 Additional circuits

relay to Service A network 2,100,000
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600 Additional equipment

weather observation station 1.OrO*000

2),OjO Maintenance, sensor location @25 500,000

i,O00 Maintenance, relay point @100 300,000

9 Regional personnel groups @175,000 1,400,000

Total 5,500,000

I 6.2 A,,tL-zrratic System Costs

I 6.2.1 Sensor location

$200

IA ilif t.er 45

!',/D Converter 150

ST•:;afsnsit ter 450

Receiver 150

I Installation 65

Total 1060I
6.2.2 Relay Point

I AMOS (share) * 340

Receiver 700

I Transmitter 450

Timer 90

I installation

Total 
1730

• Suggested amount based on the use of one input channel. Actua
amount would have to be negotiated.
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6.2.3 Regional Headquarters

Computer $600,000

Plotter 40,000

Installation 30.000

Total 670,000

6.2.4 Recurring Costs

A. Service A Network (share). 60,000/yr

B. Additional circuits to Regional

and National Centers 60,000/yr

C. Regional headquarters personnel

(1 region, overhead included)

3 computer operators 50,000

5 computer programmers 125,000

Total per region 175,000/yr

D. Maintenance

Sensor location $50/yr

Relay point 60/yr

6.2.5 Summary of Initial Costs

Ouantit Item Q21

'0,000 Sensor locations @1060 $21,200,000

1,000 Relay points @1730 1,730,000

a Regional Headquarters 0670,000 5,360.000

Total 28,290,000

* Suggested amount to be contributed for standby and exercising

rights. Actual amount to be negotiated.
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6.2.6 Summary of Recurring CostsI
2uanti tv Item Cost

I 1 Service A Network $ 60,000

1 Additionial circuits to Regional
I and National Centers 60,000

20,000 Sensor locition maintenance @$50 1,000,000

1,000 Relay point maintenance @$60 60,000

8 Region personnel groups @$175,000 1,400,000

Total $2,580,000

II
I
I
I

[
[
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7.0 COST VERSUS EFFECTIVMS

In order to judge the value of the proposed radiological

monitoring syVem it is desirable to compare its effectiveness

with that of alternative mthods of obtaining estimates of

radiation intensities, e.g., from fallout models using burst

and weather data but no monitored intensities. INo direct

comparison is possible at this time since no data are available

that were obtained with identical input conditions. However,

a University of California repcrt(8) piovides a 'oasis for making

at least a preliminary estimate of the gain in accuracy that is

possible with the use 6f monitored intensities.

The California study, using a stochastic wind model and data

on winter winds over Oakland, California, obtained the minimum

variance linear (MVL) estimate'of the deposition coordinates of

particles of various sizes. These results were combined with a

cloud model to estimate the radiological intensities from a burst

of 2.5 megatons. On the basis of the probability distributions

derived from the wind smodel it was estimated that with 90 percent

probability the ratio of the'estimated intensity obtained from,

the regression procedure, 0 (conforming with the notation used

in previous sections), to actual intensity, W, is within the

following ranges, depending on distance from the burst point:

Location • Probabilit Statement

near 1200 r/hr P(.5306 -O/W 1.87)-.90

intermAdiate 600 r/hr P(.172 A 014, 5.81)-.9o

distant 150 r/hr P(.056! O/W 4-17.8l)-.90
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Figure Iv-22 compares these ranges with some obtained from

the simulation for sensor spacings of 5, 10, 20 and 50 miles and

with pattern IN. The ranges were obtained from simulation data

on Type 1 errors only.

Note that the range with 50 mile spacing is approximately

equal to the MVL estimate for "distant" points while that for 20

mile spacing is slightly less than the MVL estimate for "intermediate"

points. The range for 5 mile spacing is an interval with about

15 percent the length of that for the MVL estimate for intermediatL

points and about 5 percent of the length of that for distant points

(on a linear scale). No comparison is made with "near" points

where the intensity shown in the above table is outside the range

of the monitoring system.

Several caveats are in order in connection with this comparison.

First the sampling error for estimates of the 90th percentile of

the distributions from the simulation is not known and may be

fairly large. This is a difficulty that could be resolved if time

were available to make the necessary computations.

The second difficulty is the difference in input assumptions.

The simulation runs were obtained from a pattern reptesenting

multiple bursts. Presumably the regression procedure is not currently

developed to the point where multiple bursts can be taken into

account s.3 that in this sense the comparison is biased in favor

of the MVL estimateu. Pattern 2 used in the simulation, which

represents a single burst, was aut uaed for this comparison since

the range of intensities was considerably less than that for the

MVL estimate. To estimate an upper bound for this bias it may be

noted that with pattern 2 and a 20 mile spacing W/W was between

4-74
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1/3 and 3 for 90 percent of the points. This interval has about

I 1hEf t.h- 1.:n.th c.f that for the intermediate MVL estimate and

1l•i.,IL 15 percent of the length of that fut the distan:t 4MVL estimate.!
!Lintimtes ol.tain'rd from a fallout model without monitored

g intcnsiti-9s cvan bte e:xectcd to decrease in accuracy with increaring

distance from the b-irst point as the range for the MVL estimates

i indicatcs. On the otheŽr hand the accuracy of estimates from a

sensor vtwork would not be expected to exhibit this property.

In fact, it is the nearby points at which the monitoring system
,:o.,d h.,v. its greatest difficulty since the probability of sensor

survival would be least and intensity gradients would in general

be greitest near the burst point. Thus the two procedures for

obtaining estimates are complementary.

An unanswered question is what could be gained by combining

the two procedures, i.e. by using monitored intensities to improve

the estimaLion of parameters of a fallout model over that currently

possible with only burst and weather data. Such a model whieh could

1 be used for interpolation with respect to distance(i.e. for

estimation of intensities at points other than sensor points)

I and extrapolation with respect to time (i.e. for prediction) was

the goal of the University of California study referred to abovel

however not all of the mathematical difficulties have been resolved.

I Finally, it should be noted t hat the University of California

r report indicates that the MVL estimate represents a significant

L gain in precision over estimates obtained from fallout models using

L persistent winds taken from measurements at a single point in
time or from climatological mean winds. Thus the range shown in

figure IV-22 for the MVL estimate can be assumed to be significantly

1. 4-7S
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less than that- which would result from estimates- obtained from

some fallout models in current use.

In order to compare cost and effectiveness for sensor

networks of varying sensor spacings, figures IV-72 to IV-27 were

plotted.

Two measurements of effectiveness are shown. In figure IV-23

the ranges of figure IV-22 have been replotted against the ratio

of initial cost for a given spacing to that for a 20 mile spacing

in an automatic system. Table IV-4 gives the actual costs using

the data of section IV.6.2.5.

Table IV-4. Initial Cost, Automatic System

Sensor Spacing, D Cost, C Cost Ratio

(miles) (millions of dollars)

5 160 9.6

10 45.3 2.7

20 16.6 1.0

50 8.61 .52

C , (7.09 + 3820/D2 ) (10 6

Thus by increasing the cost over that for a 20 mile spacing

by a factor of 1.7 the length of the 90 percent confidence interval

for */W is cut in half (on a linear scale). With cost increased

by a factor of 9.6 the length of the interval is about 20 percent

of that for a 20 mile spacing.

q Ii
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Figure IV-24 plots the estimated probability that O/W is

within a given range against initial cost of an automatic system.

Again cost is given as the ratio with respect to that for a 20

mile spacing. For the simulation of a 20 mile spaning and pattern

IN. 64 percent of the type i errors wore such that W/W was between

.5 and 2. The relative frequency increased to 85 percent for a

10 mile spacing, which increased tie cost 270%A. For a 5 mile
A

spacing and the Mod II method of estimation, W/W was between

.5 and 2 for all points. This estimated 100 percent confidence

is bought with a. 960% increase in cost. A curve is also shownA
relating cost to the relative frequency of W/W between 4/5 and

5/4.

Figure IV-25 relates the same eff6ctiveness measure to the

annual recurring cost of an automatic system. The costs are

given in table IV-5 and are based on the data in section IV.6.2.6.

Table IV-5. Annual Cost, Automatic System

Sensor Spacing, D Cost, C Cost Ratio

(miles) (millions of dollars)

5 8.78 4.3

10 3.38 1.7 i!

20 2.63 1.0

so 1.65 .81

2 6C - (1.58 + 180/D ) (10)

Figures IV-26 and IV-2? show the same relationships for

costs of a shelter-based system. assuming that a uniform spaciii

4-80

L7~j~ Z.. - .- - - .- -



I of sheltcrs is possible within the area covered by the fallout

I pattern. The costs are given in tables IV-6 and IV-7, and are

based on the data in section IV.6.1.5.

Table IV-6. Initial Cost, Shelter-Based System

Sensor Spacing, O Cost, C Cost Ratio

(miles) (millions of dollars)

j 5 60.2 6.9

10 19.1 2.2

S20 8.79 1.0

50 5.91 .67

C = (5.36 + 1370/D 1 (10 6

Table IV-7. Recurring Cost, Shelter-Based System

Sensor Spacing, D Cost, C Cost Ratio

1 (miles) (millions of dollars)

15 22.7 5.9

10 7.61 2.0

120 3.85 1.0

so 2.80 .73

I
C in(2.60 + 501/b 2 1 6

Examination of figures IV-24 to IV-27 shows that relatively

I large increases in accuracy result from relatively small increashs

in system cost until sensor spacings of about 20 miles are reached,

I for either the Shelter-Based or Automatic System. Expenditures for I

1 ~4-81 4



a 20 mile spacing would appear to be justified for nearly all

areas of the nation.

Subrstantial acC<uracy bencfits result from further decrease

in spacing lown to 10 miles, and these costs would appear to be

justified for donsely p.opulated areas. Further benefits result

from evcn furthier decreaseu in ;pi.iciny, and F-pacings down to 6

miles minht be justiti•ei in vely densely populated metropolitan

areas, even thougjh costs are increaced substantially. Below 6

miles, large increases in system cost bring only small increases

in accuracy, a-ni these :mcings are not recommended.

Reconm.endod spacings,tluen, range from 6 miles in the most

densely populated cities, to 20 milcs in areas with low population

density.

The placement pa'.tprn would be Zpp;7oximately hexagonal, with

distortions as the spacing changes, and distortions due to shelter

locations. A hexagonal arrangement would be recommended for the

Automatic System, also, if that system were to be adopted.

In some mountain states, particularly, there will be areas

where no shelters lie within a few miles of the desired point.

In this case the •ansors should be placed where shelters do exist,

with an approximate density similar to that which would result

from 20 mile spacing, even though the pattern becomes irregular.

If shelter densities do not permit the recoimm-nded sensor density,

sensors should be omitted, and the degraded accuracy which will

result should be accepted. (The benefits of sensors in areas of

low population density derive mostly from data use for (I) prediction

for other areas and (2) finding safe areas; and degraded accuracy
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Ii for these purposes is considered acceptable when the cost of

[- overcoming it would be high.)

I

I
1

I.
I "

Ii
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SECTION v

SYSTEM EVAWUATrotI

1.0 EFFECTIVENESS

F~ffectiveness was defined earlier as the probability of know-

*ing to a specified accuracy the radiation intensity at any point

and time.

The results of the sim'ulation, reported in section IV.2 relate

1 information accuracy to sensor spacing for specified assumptions

as to the distribution of measurement errors and malfunction pro-

j babilitr, and with points specified at which sensors would be as-

sumed to be destroyed by blast. The values of these parameters

I. were chosen to test assumptions concerning the hardware elements

of the system. In order-to assess their applicability to the

I Shelter-Based System an estimate must be inade of the ef fect of the

human element on these parameter values. The effect of the human

I element on reliability and invulnerability, which in turn has an

impact on effectiveness, is discussed below. with appropriate

Ti training, motivation, and discipline, it may be possible for the

over-all effectiveness of the Shelter-Based System to be limited

I by the characteristics of the hardware elements of the system.

i2.0

I. The advantage lips with the shelter-Based System with respect

to initial cost and with the Automatic System with respect to re-

curring cost. When the two costs are combined, the total outlay

for the Shelter-Based System is less for the first five, year.

while beyond that time the total cost is less for theAutoamatic

System.

I~ on
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concerning the Shelter-Based System, .if.some portion of the

cost for communications between shelter and Relay Point is charged

to the radiological monitoring system, the crossover point is re-

duced below five years. On the other hand, interest computed

on the total outlay tends to increase the crosso-fer point.

3.0 SPEED OF RESPONSE

In both systems collection and transmission of data to

national and regional headquarters can be completed within an

hour. However, the Automatic System has an advantage with respect

to the length of the interval during which sensor data are being

collected at the Relay Points and put on the communications line.

Not only can the length of the interval be expected to be shorter

for the Automatic System, but the delay for a given sensor would

also be more uniform, thus providing greater accuracy and unifor-

mity to time coordinates associated with radiological data. How-

ever, response time of both systems is good, and this advantage

is not critical.

4.0 RELIABILITY ,

It is not clear where the advantage lies with respect to re-

liability since human performance during a disaster cannot be pre-

dicted with confidence.

In the Automatic System estimates of reliability are made II

under the assumption that the system must perform without main-

tenance during tThe critical period following an attack. In the II
Shelter-Based System it may be possible to perform first echelon

maintenance to those elements that are attended. ii
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There is ureater redundancy in the Shelter-Based System.

For example, if a relay shelter does not recei'e data from one of

the shelters by the normal proceditre, it may be possible to Im-

provise means for otaining the data, thotuyh time imposes a limit

on the extent to which such procedurps could be followed. Like-

wisc, if a satellitv shelter is destroyed, another might be sub-

stituted.

:- 5.0 INVULNERABILITY

The simulation included the effect of blast damage at the

sensor locations but did not consider the effect of damage to com-

munications. For the land line communications used in both the

T Automatic and Shelter-Based Systems, redundancy and avoidance of

probable target areas increase chances of the systems' surviving.

T
A critical link in the Shelter-Based System is the operator

"in the weather observation station. Unless fallout protection is

provided, or unless he is replaced by automatic equipment, radia-

tion may prevent the operator at a weather observation station

"from discharging his functions, thus preventing certain data from

j reaching national and regional headquarters.

6.0 IMPLEMENTATION FEASIBILITY

II Neither the Automatic nor the Shelter-Based System depends

on the development of any essentially new hardware. Both systems

[ depend on the feasibility of using the FAA Service A communica-

tions network (or of building a substitute at a very substanti-

[• ally increased cost to the system).

-[ i.I[,.



The Automatic System as described depends on the availability

of AMOS. However, in case the AMOS program is not implemented by

the weather service or its use is denied to the Department of

Defcn.c the system objectives could still be met by substitution

of equipment to perform the AMOS function. The system cost would

be comparable to that based on using AMOS.

The Shelter-Based System depends on the implementation of a

nationwide shelter program with inter-shelter communications. How-

ever, if community shelLers with appropriate communications were,

for example, provided only in metropolitan areas a hybrid automatic-

Shelter-Based System could be used.

7.0 FLEXIBILITY

Both systems have considerable flexibility. For example,

either system could be implemented in phases. Both systems could

accept substitutions of new types of elements without major syatem

redesign (for example, substitution of other types of relay equip-

ment for AMOS or the combination of unattended sensors in some

parts of the country with Shelter-Based sensors in other parts).

Between the Automatic and the Shelter-Based Systems, the

latter has an advantage with respect to accepting additional

functions. ror example, the switches at the relay shelters could

be set to provide other types of data such as numbers of people

in shelters, accumulated radiological doses, number of man-days

of food, etc.

SI1:
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1 8.0 LIMITATIONS OF SYSTEMS

I. A basic limitation of both the Shelter-Based System and the I'
Automatic System is that the local operational needs for radiological

I. data will not be met by these systems. Plans and efforts towards

meeting local needs by means of manual monitoring should not be

-* diminished even if one of these systems is implemented.

A second limitation of both systems is that the communica-

tions network (FAA Service A) does not exist for transmission of

radiological data only. Clearly a corru, ici tions network designed

to meet radiological nceds could be built, but at a substantial

increase ir the initial cost of the monitoring system.

1 Both systems produce information at Regional Headquarters

j which is intended to result in plans, decisions, and recommenda-
tions which will affect State, County, aiid Local headquarters.

1 Normal Civil Defense channels are relied upon for communications

of these items. Inadequacy of those channels may be a limitations

I however, this is not considered a limitation of the radiological

monitoring system itself.

A limitation of the Shelter-Based System may be that the

Iishelter transceiver or telephone facilities needed for trans-

mission of data from sensor points to Relay Points do not exist

[in some shelters.at present. Other Civil Defense research is

underway relating to shelter communication(1)and it is assumed here

f that these facilities will be provided independently of a radio-

logical monitoring system. If not, they would have to be provided

for the specific shelters used in the system.

!. IS-s
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The Shelter-Based System is dependent on persons to take in-

tensity readings. However. this is not considered a limitation

since these persons would be located in shelters. These persons

will not be completely occupied with other tasks and will have

ample time to take readings; In fact, they will want to know the

outside intensity themselves.

REFERENCE

(1) Fallout Shelter Communications Study, Gautney and Jones.
Dec. 1962, Contract OCD-OS-62-123.
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I SECTION VI

I CONCLUSIONS AND RECOMMENDATIONS

It is concluded from the study that: monitored radiological

data is required in the post attack period; a ground-based system

appears to be superior to an airborne system: small scale effects

could be partly compensated for: and a shelter-Based System is

j preferred to the Automatic System.

j It is recommended that: a pilot system be constructed to

show the design structure and determine the costs more preciselyr

research on small scale effects be carried to the point of develop-
ment of a computer program; and a computer program be developed

to perform fallout prediction based partly on monitored intensities.

1.0 CONCLUSIONS

1 1.1 It is concluded that monitored radiological data is required

in the period immediately following an attack to improve decision

I making at regional and national levels. During this critical

period, these higher headquarters may well prevent dissolution of

l the power of federal government to the extent to which they can

supply lower echelons with resources and information. An adequate

l radiological reporting system will help to fulfill both needs.

1.2 Operation of a ground-based system is less sensitive to varia-

tions in attack strategy than one which is airborne. It can go

I into operation from stand-by status at any indicated time. A

system of fixed sensors, moreover, ensures that reporting places
are exactly known.

I
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1.3 Although fixed sensors "see" only the area immediately sur-

rounding them, it is concluded from specific studies that small

scale effects could be partly compensated for and, if care is

exercised in sensor placement, reports will not be unduly biased.

A system could be installed to give acceptable accuracies within

a feasible cost. If existing communication networks having the

proper structures could be used, costs could be further held down.

1.4 The Shelter-Based System is preferred becaupe it 1. a natural

outgrowth of the shelter program, and because it requires a lower

initial investment. Further, it may be implemented independently

of the Automatic Meteorological Observing System (AMOS). If the

Automatic System were implemented before the AMOS is fully Sm-

plemented, the costs of the Automatic Radiological Monitoring System

would be higher than those shown. If early implementation of a

radiological monitoring system is required, the Shelter-Based

System offers advantages..

A hybrid sysLem of manual and automatic devices is also

feasible.

2.0 RECOMMENDATIONS

2.1 Implementation of a Shelter-Based System

The Shbcter-Based System is recommended becauce comparative

evaluation against the fully Automatic System showed sufficient

advantage to warrant choosing it. The choice is not so clear,

however, that judgment could not bq reopened on the basis of ex-

perience in the pilot study recommended below.

6-2
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Two courses of action are recommended for consideration. The

first consists o0 simultaneous implementation across the whole

country. A second course consists of implementation region by

region. If the latter course is chosen, Region 2 is considered

suitable for first implementation. The second course dvoid: the

risks implicit in a "turn key" operation; it is evolutionary and

requires more time for full implementation. Proper planning

j allows the system to operat6 if an emerqency should arise before

it is fully implemented.

I
If the Automatic System is implemented it depends in part upon

I implementation of the AMOS by the Weather Bureau. Although current

plans seem firm, the fact that schedules and locations are outside

the control of the Office of Civil Defense would introduce compli-

cations not present with the Shelter-Based System. On the other

I hand,uniform implementation of the Shelter-Based System depends

on a successful national shelter program.I
2.2 Pilot SystemI

A pilot system should be built to consist of:

{a. one group of sensors placed in shelters which are approxi-

mately hexagonally placed, and which are equipped with telephones.

SCDV 711BX meters should be supplied with improved scales.

b. Relay point equipment installed in the shelter designated

to serve as relay to higher headquarters. Because this equipment

does not now exist, pre-production models should be built from

available components (see appendix A) and installed for testing.

I c. A physical connection to the closest observation station

of the FAA Service A Network. This would permit transmission to

I the appropriate Regional and to the National fleadquarters.
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A sheltered location in the Washington area is suggested for

location of the Relay Point equipment. It would be available for

test during simulated alerts and for dceonstration at any time.

The point of tie-in to the ,-athcr network would have to be approved

by the Weather Dureau; the W';ashington National Airport is a pos-

sibility. Region 2 ileadqu,-t~rs at Olney would receive any test

data appended to norn.l -Ž,ter traffic, --s would other locations

normally receiving weather "-;ta.

2.3 Small Scale Effects

Hig'1hly di-•irabl iS COT-i3pttr program which would accept a

n'vw,.erical description of terrain, buildings, and vegetation within

the range of the sensor ard would computc the effect of the im-

mediate en-i:ronment on sensor readings. Only relatively fixed

parts of the environment could be expected to result in predictable

variations. The program right be written either with assuription

of a uniform distribution of fallout particles or with a deposition

which included probable ground movement. This program would be

intended for use at the time of sensor placement.

Hand calculations of effects of environment have been made in
(1,2)1some cases, particular y for planning decontamination. The

availability of a pLogram would not only speed these calculations

but would permit outside surveys to be made which in their way would

be analogous to surveys for shelters inside buildings.

2.4 Fallout Prediction Imptoved by Monitoring

Valuable models are nod in use which predict fallout from
attack, basing computation upon information about burst and

weather. The most -'ophisticated of these modils are embodied in

6-4
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computer programs because of the size of the compuitation load.

Thus far no use has been mide of monitored intensities in programs

intended for operational use.

Although one prediction model has been formulated which will
S~(3,4)

accept monitored intensities, there does not appear to be a

computer programn available which will make radiztion intensity

predictions based on monitored intensities as well as on burst

and weatbo'r information. It is desirable thatL rescaich lea,'.

to such a program be conducted. Since the Ftional Resources

EvalUation Center has expressed interest in sich a model, a

I. cooperative effort might be considered.

One interesting method for testing such a program would be

as follows. From the same set of assumed buIsts and the same

weather information, make radiation intensity predictions (simulatedi

actual intensities) by means of two different existing computer

programs. The results of these predictions may be expected to differ.

Then m-,ake two -- cci..... ":ith the new prediction program, in one
r
L case using selected predicted intensities (simulated monitored

intensities) from one of the original predictions, and in the

* other case using selected intensities from the other oriqinal

prediction. If the new predictions resemble the corresponding

[ original predictions more closely than the two original predictions

resemblp each other, it might be expected that the new preliction

program would yield results which are closer to the true situation

in the event of an actual attack.

The importance of this model does not depend upon the kind of

monitoring system installed. Whether radiation is monitored by a

manual or an automatic, by a fixed or mobile system or indeed by

any specialized system which can be identified, provision should

j 6-5



be made for the monitored data to be added to burst and weather

data in arriving at dan improved result. The addition of this

r1rro-t data nood not impede dissemination of information and it

will improve accuracy. The present computation at National Level

utili:zes a computer program but it should be revised to accept

monitored data as well.

This last recommendation conforms well with the basic ob-

jective n- the study to improve our civil defense posture by im-

proving the collection and processing of radiological data. To

this end, the aduantages of no specific system were allowed to

dominate the thinking Ohere it was possible to use common elements.

Complete systems have been advanced in order to test concepts and

to force firm recom.mendations.
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I APPEmD]X AI|
SPECIFICATIONS FOR REIAY POIN[' PAME-.

1 1.0 SCOPE

I This specification is tor a data entry pireL to be used in

selected fallout shelters to vriter z oatnrna i'a- iatin dose-rate data

from s4.ven points (of which one is the lo,,- :,A of the shelter)

into a coruitiuiications network.

2.0 rERFORMKANCE PEIQUIREMENTS
I

2.1 E~ach of the seven dose-rate readinris will consist of a 3

1rdecimal digit quantity (000 to 999). These quantities are to be

manually set on 7 sets of 3 (for a total of 21) ten-position

switches. These switches should be Digiswitches or equivalent,

so Utat their output may he in a selected binary code. A stepping

switch is to be provided so that upon receipt of an interrogat-

ing signal over the c-rimmunications network, coded versiens of the

21 digits are entered, in sequence, into the communica'-ions net-

work. Signals and codes used are to be compatible with those of

the FAA Service A weather communications network.

I 2.2 ProvJsion shall he made for mounting the monitoring instru-

ment of a CD V-711BX Radiological Stirvey Meter.

2.3 A switch and a light shall be provided, s,,ch that when the

switch is depressed, the light is turned ON and remains ON until

receipt of the interrogating signal, at which time the light in

turned OFF automatically.

I
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3.0 TIPERAUIRE REQUIREMENT

The equipment: shill function over the temperature range of

minus 20 F to plus 125 F. It shall withstand damage during ex-

posure to minus 50°F for 24 hours and exposure to plus 160aF for

72 hours.

4.0 COMPONENTS

4.1 Choice.-Ncw components shall be used, and only those compon-

cnts commercially available from at least two domestic manufac-

turers and meeting stncndard commercial and military tolerances

shall be used.

4.2 Design Target.-Equipment should remain usable for ten years,

even though not used, assuming annual maintenance and testing.

4.3 Marking.-Values of resistors and other standard components

shall be marked by means of color-code or other standard commer-

cial practice.

5.0 POWER SUPPLY

5.1 Type.-The power supply shall consist of 12 volt automobile

batteries.

5.2 Performance.-The battery shall be selected from the Pederal

Qualified Products list.

5.3 Operational Life.-The battery shall operate the instrument In-

termittently for at least 600 hours without charging.

5.4 A battery charger shall be provided.--The input shall be

110 vac, the output shall be 12 volts nominal. Trickle or full

charge shall be possible, with a tapering rate circuit.
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i 6.0 INTER14AL CONSTRUCTION

I 6.1 Access.-All components shall be accessible and replaceable

without special tools.

6.2 Circuit Diagrzm.-A wiring diagram shall be affixed to the in-

side of the case in a position readily visible when the panel is

opened for maintenance. Component values, reference symbols, wire

colors, polarities, and nominal opcrating voltage; shall be in-

I dicated.

6.3 Corrosion Resistance.-All metallic iron parts shall be treated

to resist oxidation.

7.0 PHYSICAL CHARACTERISTICS

I 7.1 Size.-The front uf the panel shall be approximately one foot

i wide (-2 inches) and two feet high (+6 inches). Depth Mtall be

two to six inches.

7.2 Closure.-It shall be convenient to open and close the case

I for servicing, and the equipment shall be operable with the case opel"

7.3 Corners.-Corners of the case shall be rounded to a radius of

not less than 1/8 inch. Exposed edges shall be smooth and slight-

Sly rounded.

1 7.4 Provision shall be made for mountirl the monitoring instru-

ment (see 2.2) in the top portion of the panel, with the instrument

operable and the heter readable.

a|
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7.5 Provision shall be made for insertion or attachment of a

label (abemt I" high and 1½" wide) adjacent to each set of 3

switches. Thitoe dozen blank labels shall be provided with each

panel. Provision for storage of extra labels shall exist inside

the panel.

7.6 Color.-The case of the instrument shall be bright yellow

(similar to Munsell No. 5Y8/12). All paint must be free of sags,

runs, blisters, and other imperfections.

7.7 Markings.-All switch positions shall be legibly marked in

black with the digits 0 through 9 and OFF. Character height shall

be not less than 1/8". The groupings of three switches shall be

readily apparent.

8.0 IDENTIFICATION

Q.1 Each instrument shall bear the red, white, and blue CD

imblem of size approved by the Contracting Officer. Each in-

strument shall contain the identifications "OCD Item No,

(to be furnished), a serial number, and the contractor's name,

city and stabe. Consecutive serial numbers beginning wiýh (1)

shall be use4. All identification shall be approved in 4dvance

by the Contracting Officer.
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APPENDIX B

ANALYSIS OF COMMUNICGTIONS DELAYS

Let x. equal the time to collect data at the interchange

center from all relay points on the ith circuit. From each

sensor 3 characters are transmitted to the relay point. If one

additional character, for space mark, is added at the relay point

the total number o" characters to be collected on the circuit is

(3n.+I) characters
= JI

th
where ri is the number of relays on the i zircuit and n•th

is the number of sensors transmitting to the j relay.

Data transmission on the low speed lines which serves each

circuit is at the rate of 500 characters per minute. Thus
r i

xj =T. (3n +1) min utes

500

If it is assumed that each circuit has the same number of

relay points, r , and each relay the same number of sensors n

this simplifies to

= r(3n+l)x= 500

This assumption is not entirely valid since it is proposed to vary

the density of sensors with population density and the 15 Service

A network circuits do not serve equal areas. However, the total

inu-.bcr of sensors per circuit would probably be fairly uniform

since the area served by a circuit appears to decrease with in-

creasing population density. Thus the error in assuming r and

n to be constant is probably not great. As a te3t case an bs-

timate of xi was made for the two area circuits of the Weather

I-1
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network which appeared likely to be limiting. The first was the

circuit which includes the New York City-New Jersey-Philadelphia

metropolitan area, Syracuse, Buffalo, Vittt
4

ULIJ1, 4,d Clevelanid.

A six-mile sensor spacing was assumed for these metropolitan area$s

a 20 mile spacing for the remaining area served by this circuit.

It was estimated that 4 minutes would he ztqulLed Lo collect sensor

data on this circuit. A similar computation was made for the

circuit serving California. The estimated time %as less than 4

minutes.

Sin~ce data colleCtion is performed simultaneously on all 15

circuits, the total time for collection on a national scale is x

in the case of uniform distribution of relays per circuit and

sensors per relay.

Let y be the time to transmit the data from one interchange

center (I.P., data from three circuits) on the high speed line.

Thus under the uniformity assumption

Y = 3(3n+l)r minutes
5000

since the high speed line transmits data at the rate of 5000 charac-

ters per minute.

Let T be the time required to transmit all radiological

data to national headquarters. If the only available communica-

tion is the low speed line for the Atlanta interchange center, the

value of T is given by

T 15x

This is derived under the assumption that the natis:.nal center gets

all data from the circuit on which it is located during the collec-

tion pe,riod. Further it is assumed that the Atlanta interchange

center has sufficient buffer capacity so that data received via
a
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the high speed line from the other interchange centers is stored

and avail:-ble fcr continuous transmission via the low speed line

to the national center.

If one high !;pte,_d line is installed between the Atlanta Inter-

"change ani the national center, the time is

1 14

If a second high speed line from the Cleveland Interchange to the

Sslioalai cenrcer is added, the time is

11
T x + 3y

1 If a third high speed line from Kansas City to the national center

is added
] Till

T =x+2y

These data are summarized in table IV-3.

[
I

I
[1
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APPE.ND1X C

SMALL SCALE EFFECTS

j 1.0 PURPOSE

j Terrain effp,'ts, influence of local weather, and shielding by

structures or vegetation are identified as small scale effects.

IThey were studied in irdor to dtermine how they influence the de-

sign of a radiological rportin4 system. The study was to deter-

j mine the manner in which s:,alll scale effects influence the gamma

radiation field, and whether the influence of small scale effects

could he compensated or controlled.

J 1.1I Basic Structure of the Gamma Radiation Field

The qamma radiation field is genryAted by the distribution of

radioactive fallout. In the absence of small scale effect, the

I distribution is determined by weapon characteristics and detona-

tion location. (The terrain is then considered to be a plane

surface.) The resultant fallout then tends to have constant

density over an area defined by a few gamma mean free paths, A

The gamma radiation field strength at any point can be described

by

R = 2'"SZ5s1 C(Yoh) + ae- oh7 (I.1

where K is the spvcif.c intensity, S is the fallout density,

Po is the total attenuation cross-section, h is the detector

height above the terrain, El1 9oh) is the exponential irntegral,

and a is a coefficient of the build-up factor polynomial.

A good representation of the gamma radiation field is ob-

tained by using the value a - 1.45 for the photon energy range of

10.5 to 0.7 Nev. For the same energy range K can be taken as

C-1 !.



0.39 roentgen/hir. at one meter per curie. The geometry of the

problenm is given in3 Figure C-i.

Field Point

d

Source Point

r XA
r

• x

Figure C-i. Gamma Radiation Field Geometry

I
The contribution of a particular portion of the fallout dis-

tribution in this idealized case can be determined. This can be

described as a set of curves indicating the contribution to the

gam.a radiation field strength, & R0 , of the fallout at a dis-

tance greater than a selected distance, d . Table C-i provides
0

&A R vs d data for fifteen situations. Four curves, figures

C-2 through C-5 have been prepared from these data. The table ex-

presses a modified version of equation (1.1)t

"A R- Z 1(,Udo) + a exp(-pod,.17Z E(,gh) + a exp(-/,oh7-1 (l.l.A)
This equation w~a programmpd and solved on an RCA 301 computer.

A modification of Newton's Approximation was devised to solve the

equation as a root locus problem. Although it was expected that

C-2 !i.



n th CUr;-. .• it .1A I _ i n l.,, i _ r •A to i7 form, --csitive control

c L L.1. pi 01. 1 *'rt waý a L~ii ncd by Lrtcat incj it- as a ro~ot locus problem.
Equat ion ( .I ) a-z then ý.olvv'd for t hv fotlowin(J ranric of variable

and I r..n.et-.rs"

Ph1t ,it .'arrqv (61 Met'.

T'otal 1ttufh~t~f . 0010'lfl( *(030V40 vxp(-4¶V.YxAlt . ).002657. ft. -

crfO-4 f;ert ion

Rhe cf c-rcn* pi, . at i, t ttle n.iYl ) n . 0, ft.

I P~at .~ 1et'ctor e iqht 3.0, 30.0, ft.

Prrcon t contr i ut:i on .11-1135(x:.741) .0031 88

E eixia t i on (I . Ia) wa, s t-i .vidced into two l•rts:

I ~~Y E1 (,d) ll

:adAl[ie t aeo~- jd(llc

Phot,-,,10 1n'g .€.,6 am .

Trhe Lfrane nnibur of iteration.s require. for solution (i.e., slow

iconverv;encv) was due Lo the behavior of the first derivatives of

the rciqnt mcnters of eqiations . (. 41.) and (1.l.c) with respect to

distance.

l-ate program waq organized sitch that in any one run any finite

Trhelwer of desired roots can be computed. The coot is computed to

an accuracy defined by two constraints:

A d =.00067d
0 o

The field strength (in rocntiJens per hotir) due to fallout at

a distance greater than d Is obtained 1,' substLtuLing d for

h in equation (1.1).

I C-3
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TABLE C-I

Percent contribution to the CFS, _ Ro, due to radioactive
fall-out as a function of distance greater than a specified

____-.distance, d.

%OTES: j(1) Hao'ogencous fall-out distrihution on an infinite smooth
plane, photon energy .661 Mev. (1_)___o_"_

SYMBOLS: Alt.- Altitude of fallout plane "o - Total attenuation cross sect
above sea level, ft.

'Alt 0.0 500.0 1000.0 1000.0 1500.0 2000.0, 2500.0 3000.0 3500.0 400(

h 3.0 3.0 3.0 6.0 3.0 30 3.0 3.0 3.0• 3.

A R do d d d0  o dd d R d
10 1 0 3.o 0 . 0 0 0 0

.3.0 3.0 3 .0 3.0 1.0 3.j

.9485 4.0303 4.0351 4.C40 7.788 4.045 -4.050 4.055 4.060 4.C64 .9485 4.06-

.7028 i5.575 15. 25.493 ¶15.S07 16.019 16.131 16.245 16.360 .7028 .6.41

.5208 41.631 42.109 42.590 43.078 43.363 44.071 44.574 .085 .5208 5.6

29859 p4.896 186.137 7.396 88.674 '89.970 91.285 92.618 3.7 3859 95.31
.2860 143.36 145.37 ý48 21 !50.70 151.2155.79 158.41 161.07 .2860 163.7

II

ni.2 19 211.77 21.0 21*01 223.40 i229.15 233.33 .234.02 41.92 .2119 246.3I. , L° ' Io . I , o ! • 4• , o
1.1570 206.76 :296.35 r02.24  305.26 '313.97 !314.67 326.17 *332A 45 1570

1163 7!. 36 381.78 389.40 397.16 .405.07 413.13 421.361465 .13

.08620 461.83 47126 80.89 p90.73 1497.42 .500.47 521.41 152.2 .08620

.038 52.58 56.0 5r75.75 583.23 599.99 612.41 625.17 638.15 .06388

.074 34 627.49 1636.88 673.56 '682.75 17012.18 717.09 732.09 740.98 .04734I 1 . 1 "

.01926 00.o0 963.13 26.14 1000.9 1017.9 1035.7 1053.2 1038.5 .01926

.01427 77.82 1018.1 1047.5 1051.8 1065.2 1167.7 1175.0 .01427

.01058 064.8 1135.6 182.0 11146.8 1148.0 !1257.3 1242.11'1282.9 .01058

.007836 179.5 1208.7 182.0 .1275.7 '1241.7 1349.4 1297.9 '1346.6 .00783d

1.080 5.419.7 29. A6. 13.2344148,11496,0 
.08

1.004803 148.: 146. 366.9 1455.0 1437.7 1484.1 '1488.9 '1496.0 .00430

1559. 42145. S7657.111611650.5 .00316



-i

C-1

, Ro due to radioactive
"greater than a specified

.661 4;v. on a.inf e(2) aR0 in fractional parts, 2 , in feet.
- - -- - --Klane y/o - Tr-_!- a~ten'at cross SeCtion. h - Relative detector altitude

, above fallout, ft.

.0 1500.0 2000.0 2500.0 •3C:.0 3500.0 4000.0 0.0 500.0 1000.0 1500.0 2000.0 2500.0 3000.0'• • i .:.-- "'57.002597 1.002539 0 34':'"•

312.002846.002782 .002719 2 -300 .002979 .002912,.002S46,C02782 .002719.00Z657

3.0 3.0 3.0 3.0 3.0 3.0 30.0 30.0 30.0 30 0 30.0 30.0 30.0

S0d do do Ro do do C do - do do ddd

3.0 3.0 3.0 3.0 , .0 1.0 3.0 30.0 30.0 30.0 30.0 30.0 30.0 '10.0I•I * t "
4.045 4.050 4.055 4.CEO 4.064 .9485 4.069 35.336 :35.381 35.426 35.471 35.516 35.561 35.606

933 15.907 16.019 16.131 :E.245 16.360 .7028 116.475 75.236 75.779 76.325 76.876 77.431 77.990 78.554

43.363.5208 4.600 0.29 132.3 133.81 135.32 136.S6 138.41 139.98

88.674 '89.970 91.28S 92.618 93.972 .3859 !95.345 18.37 201.17 .204.00 206.98 209.80 212.76 214.60

150.70 151.21 !155.79 -53.41 161.07 .80163.78 274.28 ;278.65 283.10 287.62 292.22 296.90 301.E6•
223.40 229.115 33.33 234.02 241.92 .2119 246.34 355.95 362.09 368.34 374.48 381-20 387.80 394.53

305.26 313.97 :314.67 326.17 r3.5.1570 438.37 449.70 457.89 '466.24 '474.75 483.42 492.27

397.16 405.07 413.13 421.36 426.59 .1163 530.34 540.36 550.57 561.00 569.40 ý582.48 593.54

490.73 497.42 500.47 521.41 523.22 .08620 621.28 628.32 645.64 1658 *21 '671.07 1684. 14 67.S

583.23 .599.99 612.41 625.17 638.15 , .06388 714.02 728.70 737.68 75.3772.*50 '767.93 803.58

82.75 '702.18 '717.09 !732.09 ý740.98 .04734 • 805.38 816.80 841.34 858.40 875.72 893.48 911.63

1790.50 807.11 24.51 ,842.08 .37.65 .03508 904.31 922.7. 941.66 960.97 980.69 '1000.8 1021.3

896.21 1915.4S '935. 1C 1~55.C9 963.63 .02599 r4 1001.7 1022.6 1043.6 1064.1 1081.6.1099.8 1118.11

1000.9 1017.9 035.7 !053.2 1038.5 .019-16 • 1101.0 1124.0 1147.4 1171.5 1195.9 1220.9 1237.0

"1051.8 11065.2 !1167.7 V175.0 1164.5 .0'.427 1177.7 1200.1 1222.8 1246.3 127C.1 1294.4 1362.5

146. 48.0 1257.3 1247.1 1282.9 .01058 1258.7 1278.3 1362.8 1391.0 1421.1 1450.8 1469.9

1275.7 1241.7 1349.4 1,9.9 1346.15 .007893 1351.6 1364.0 1473.9 1506. 3 11539.0 1571.7 1604.4

360.2 1363.2 1349.4 1418.2 1496.0 .00580J 1.73.0 1467.1 1574.6 16C9 .6 1646.0 '162.6 171q.2t i I
1455.0 ,1437.7 51484" 488.9 1496.0 .004303 .1604.5 612.2 1676.2 1713.0 1646.0 1682.6 1719.2

!145S.0 15:7.6 i572.4 I - .6 s .003184 11700.9 738.2 816.7 1904.9 1841.7 1877.6

I,,C-$

606 "



--. "-.r~ ~ vera....i ji~L

0 It
Ij t. it ei, I' A

ILI

-4 4

7- .i

_aitn 1oti tiosLMs ne. . .

d f . C-71



1 cri aI 1.1irl.loaIn e Ld~n., L

-- - -.- -- --

7 - 7 - - --

. . .i .i1. .
0.i 1t 0

t~. -- ------

Ftt

1.4t÷ I- I I

*ii* ~{.]. T,

0.0n0 ... ..

Figuijc. C.- 1 Rcir~aticon Coti~ribiutini vert],us 1)ipt.ncc .-

0 ZOO. .100 600 00 1000 1200

c-8 d ft.



I r

-:I i .1i

uz4 1. 'ti it 0. ,_ .'-;t

F"

4 t t,0 1 ) 1 oIinC 9



i-r f r d-) t1
A4t l ILL.t enee .- 1 ioll r s lo -'ctfe T)

't I T ý L1 1 1 i i

Fjg1.10~* I

$. -1

*~ ~~ - ---- .- - -- - --

0. 00 . ~ ~ .

i iI .__ .. ::

"91 C52l~ail omri i In D1. tai i .1 A

0 *-1 ..00 .0 d ftI. 600~ .0-10 - ]o



I

1.2 Th... Influence. -f Small Scale Effcct on the 3asic Gamma 'adia-
" t iiuia Ficld.

i
Thr. inclu-'Ion of !-mall .scale effects in thO idealized case

_',,, equation (1.1) to be in--alid. Merl-y thc incluzion of

Smrf;ice roughn.ons requires that the gamina radi;ition field strength

g be de:cribed by

i :2 ("+K 5FEr h +6 + (au b hexp (-' h -iA))/

(0 h + 6 )Ae (1.2)

where 6 i,; the root. mean sqe~re (rms) thickness of the roughness

and n0 is t-he al:urLt•4 on cro!;s section of the roughness.

IThe 9mumna radiation field itrenygth contribution due to an
•th

i. perturbation is described by

0'- ci./h.) a. -2
R K Z S.ij (l+koA0 i )e +e di i ij d ij. A. (1.3)IRI Oj i I

where S.. is the perturbed fallout distribution over the area

A.. (see figures C-6 and C-7). The total field strength actually
measured is then described by evaluating equation (1.3) for all

the p.rturbations present within a prescribed distance, d, of

the monitoring point:

(+a d .)e-(o - eidij/hi)dij d.i-2Aij (1.4)
cii i j .

The specific intensity, K, is independent of both large and

small scale perturbations, depcnding only on weapon characteris-

tics and detonation altitude. hi is the normal distance of the

detector from the reference plane (with rcspect to the ith per'-

I turbation). Figures C-2 through C-5 are used to determine d0 .

(The curve to be used for any particular case is determined by

the location of the monitoring point.)

I C-.1



The cir:es of AR vs d ( art a '-onservative estimate of0 0

the (distance from a hnte-ctor a ,i,.'-n fractional contribution may

be g.'neratrd, and therefoCre m-y 1r, used as a guide in de'termining

how far away a perirbl ation :ourvr must be in order that the de-

tected pertt~rhition he less than a rn'.ven limit. A more accurate

vailue of d -. in N. obtained f 'iirnq a modified form of equa-

tion (1.2):

E(podo 4f(1 ;d0/h) f 1 40 h4JA P4) e(,o+ 4feAh )do
A R = ) * I.%*

e + , + )j4e a loh (94oh I - e- 'r o" "l'e'

The AR curves can be used for guidance to solve equatfon (1.2ar

directly instead of using root locus. Pe would be a parameter of

the solution proc-.ss with an approximate range extending from 0.5

by multiples of 1.35 up to approximately 50.0 ft.,' and /
would also be a parameter with a range extending from 0.0001 by

multiples of 1.45 up to approximately 0.1 ft.

The unperturbed gamma radiation field strength at any monitor

point as described by equation (1.1) can also be represented in a

form R . which provides for the selection of different fallout

distributions. Si . and different relative detector heights, hi I

R o 2'rK Sigl 1 Olohi) + a exp(-joh1017 (1.5)

The percent change in field strength due to any single small

scale effect. A Rsi , is then readily obtained by combining equa-

tions (1.3) and (1.5)t

A Rsi ARi -ARoi

ARoi = KS.L (X(+aodijo.)e-*Fdijo d.-2A Looi (1.6)

where

d.. 4% 2h2LJo 1) 0

C-12



A (see Fig. C-7)

h.

h CP scale cource

Figure C-6. Typ~ical1 Small scale Source Geometry

I2
12 I iL1"

12I

figure C-7. Details of Source Geometry
I ~C-13.j



h is the nominal relative detector height, LA is the area
a th t ijo

of the i perturbation projected on the relerence plane (see

fig. C-7), and

AR - R i/Ri

The pr .-,nt change in the field strength due to a selected combina-

t-'..n of small scale effects, A Rs I is then obtained by svmmingS

equation (1.6) over all the indepcndent perturbations:

AR -= AR . = (AR - ) (1.8)

The distinction between individual small scale effects and indepen-

dent perturbations is that an independent perturbation is composed

of all the small scale effects generated at a specific location.

The effects are cxpressed in terms of the change in the gamma

radiation field strength due to emall scalp sources. Explicitly,

(a) the change in the field strength due to a single small scale

source, A R , is described by equation (1.6).

The measured value is then given by

R Rsi A R OAR i Ro(AR1 -AR o)

for one source, and by
R RAR - Ro• R

3 0 8 0~si
for a selected combination of sources.

The need to correct a measurement of the field strength at

one height. hk , to the measurement at a pre-determined height.

hi , yields the relation

R (h1 ) - A RhR(hk)

where 4R . s the height correction coefficient having the

general form

C-14



Rh = ro ()I)/R (hk)

where R is given in oquation 1.1.0

If h is three feet rind ?k i:: thirty feet the correction

factor is 1.7.

The variation of snmall -c.!-re effccts also depends on detec-

tor height. Eqiation (1.3) is usod in inteqral form to express

the chadije in V;ittLition of .1 ,a le effects as a function of

difference in detector he;,.jiht. (S;hielding eftfcts have beenI zkeyecLcd .)

A Ri fh k) Ri (hk )R (h ) (1.12)

R ( R i 0 0 1
ARi(h ) R.(hl)Ro(hk)

SR.t (h k) = A /A(r) (1-faplod) s-(Po°1&111ik dd -2 dA

r=ri~ )AdJdj-2bo

fS(r)(lta)Ld)e(J'oi~ 10ik ddA

+I + j1KS [0d1 (podo4,Idok A •k (1.12.a)

Ri~hfaJs 1l (÷/ok e- (Po+fue/h)d ok AI W~~~(oh o '

I 00e hj J
R (i (h1 S(='ao)cdd

+2'qrKS 0 (?odolfycfd01 /ho01  (1.12.b)

I a a h

Ii

|I ,

Il l . . . . . " . .. i m.. . . . . . ... . . .



A R(6 h) is the change i;' small scale effect variation. ','.e

perturbation of fallouit is restrictcd to an atea of radius to below

the detector, and h if as!<urnvcd larjer than h d and d
F %l1 ok ot

are defined by the Fythajor.'an Theorem:

d ok= ro2+_h k.

1227d = r +h

0 1
LIence d is 1.;re thain d R 0(1k) and R oh ) are liven

by eqUation (1.1) (subhsti'tutincg hk and h1 for 1, I. The ratio

R o(h )/R o(hk) s the correction for the c-hange in total measured

intensity due to a chan)ge in detector height, and has no erffet on

the change in scale -:[1ucLs variation. The ratio Ri(h ky/

Ri011) expreorses the change in small scale effects variation as

fa unc-ftwon of detector height. Examination of equations (l.12.a)

and (1.12.b) yields the conclusion that as detcctor height increases

the influence of srall scale sources on the measured field strength

decreases.

However, the detector measures only ionization due to gamma

radiation and the reasured value does not provide any information

about the actual fallout distribution. The ionization at the

detector is the result of the idealized fallout distribu-

tion (fallout deposited as a result of attack pattern, soil com-

position at ground zero, meteorological conditions, burst heights,

and weapons characteristics) perturbed by small scale sources.

Consequently, there exists some optimal height for detector place-

ment that minimizes small scdle effects variation yet does not

cause the detector to sense ionization from an unduly large area

of idealized fallout distribution. This height probably exceeds

30 ft.; however, it is not feasible to install large numbers of

sensors at greater heights.

C-16
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The cati ot fi.:rc IV-I9 ca.) be used to gain so:me quantita-

tive infor',ýit:Dn about tte c),in rj1 in small s-a -e effects varia-

t ion :ue to a h,,nge in. Octecthor hciqiht. rnCe %,ertiirLation shape

• ..'jiI Ve ud - .variation in fallout in a ciru,,lar are, directly

Llo,. 4-hc ,.Ietector. Since the fallout corý-r il>ition to the mea-

j;u r!d L 'I LrQ(Ž-ljth is pr irn'IV hy the inverje -qaare

law a pecrto r~ation dIirec:1y under the detector is the worst case.

All the fallout will I :.-- cd to lie in a .i•rn;ie plane. Two

ipc.rt urb:,ti ~c~r' in the dil t'.rIicd faillout l rta ,.n o.,t.Abli.•:hed by

f first toub-I incj ',he "a Llout in a circle, and L , : ;-.,'inat:ng it.

Also, the perturb,-tiUn i3 applind to tw.;o di ferent sizes of area.

I The intensity ratios resulting from these var-ations are given in

figuire IV-lS. relative to an unperturbed i.tei sity of unity. The

given ratios are the Lounds for any perturba -* on within the speci-

fied limits of faliout perturbation amount aW area.I
Based on the study of available small s,:ale effects data, it

I is considerod reasonable to assume that 90% of the fallout perturba-

tions are not greater than a doubling or elimination of fallout

I in a specified area.

I Analyses of this type can be extended lo a larger area or a

larger number of perturbations. Only a finite amount of fallott

I is deposited, hence the increase in fallout in a specified area

must be accompanied by a dec'eas.Ž elsewhere, and vice versa.

1.3 Predictable and Random Small Scale Ef~ects.

Two categories of small ocale influences and effects may be

I considered:

a. Predictable small scale effects are those due to fixed

small scale influences, such as terraiis. buildings, etc. The gamma

[ C-17



radiation tield strencith perturbation due to fixed small scale influ-

ences can be u-redicted for ary specific monitor point to some

degree of urcuracy.

b. Pa-en sill scale -ffects cannot be predicted in advance.

Th. y a-e due to :s-:ill cale influences thnt are not fixed v itlo respect

to a :n•ecific - gaiter '- ;nt. P n-rdeo, srall rcRc e effects are caused

by •nlfJ,,I-nceC vcch as wind aod other :eafhr variations. Conceptu•! y,

varius hy;pothe:tical situations can he devised to simulate random

small .cale effects, and then experirents and/or computations can

be pýsrformed which would lead to appropriate probability distributions.

Some monitoring peints will have small scale effects proba-

bility distrib,,tions that have regligible variance. Thesc distribu-

t-ions are known as "delta functions* (fig. C-8). They arise from

the fact that nearly all small scale effects at suich monitoring

points are predictable. An example of such a monitoring point

is the center of - flat, circular, 100 acre lawn.

A "typical" small scale effects

-~ ~ ~1.0 probability distribution

a Approximate

0 lA

F)igure C-8. Probability Di stributions

c-18
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1.4 The Direct and Scattered Gamma Flux Components of the Basic

Gamma Radiation Field.

Gam•ra flux is c.FO~cdf] of two components; the direct flux,

F , and the scattered Flux, F . Mithematically
S

R.) =F -9Fd (l.9)
d d s

where the subs)criptrd -;rert enin indicate that this expression

is true f%-r all fallokt distril-lition. The two components of the

runrcrtu>:l-A gamma radiatiLn ficld are readily determined from equa-

tion (1.1):

Fd = 2'fK S E1 (poh) (l.9.a)
F = 21fK S a exp-(1*h) (1.9.b)

S

Shielding could be used underneath the detector to eliminate de-

tector response to direct raciiation flux. This shieldirg woulld

also screen out a considerab'.e portion of the scattercd flux.

Gamma scattering diagrams (2) for proton energies characteristic of

the gamma radiation ficld permit the scattered flux to be divided

into two parts (to a first crder approximation), each part des-

cribed by

F sd 0.4 Fsu
4

- IrK S a exp(- 1toh) (1.10)7 
t

where Fsd is the flux scattered downward to the detector, and

I s is the part scattered upnward into the detector. Hence, the

use of 21r .tcrradions of &iielding underneath the detector

would produce a flux of -)Aoh

R= 0 ?KS[TE 1(Ph) + ST) 0 )

where T is the transmission of the shield.I
When the gamma raoiation field is modified by small scale

effects the gamma flux cannot be described by equations (l.9.a).
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(l.9.b), (1.10), and (1.111. The mathematical description of the

direct and scattt red components of R must be obtained froms

equation (1.4).

It is believed that in£luence of rmall scale effects on measure-

ments can be at least partially controlled through the use of

scattered radiation. Assume that the gamma radiation field strength

at some arbitrAry field point, P , is measiired with a highly0

directional deýtector on a plane with a non-homogeneous fallout

distribution (r-idiating only gar-as) along an arbitrary aximuth.

It would yield a plot of the energy detected, R (&), such as thatV

given in figure C-9A, if atmospheric scattering were not present.

Wheni the detector is not pointed at the plane, R is zero.
V

If the atmosphere had increasingly large scattering cross

sections, I , a5 and <_, a negligible absorption cross section,

and constant density, measuring the field strength at P would0

result in curves such as those of figures C-9B, C-9C, and C-9D.

Comparison of figures C-gA through C-9D indicates that if only

the scattered component of a gar-ma radiation field is measured the

directional influence of a small scale source on that radiation

field is smaller than the directional influence on the total

gamma flux.

The moderating effect of scatter suggests that detector*

should be shielded from all practical fallout deposition surfaces

to reduce the sensitivity of the measured gamma radiation field

strength to small scale effects.
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Gamma Radiation Field Strength, R v versus Collimated

Detector Elevation Angle, 0. at Constant Azimuth
Non-Homogenieous Fallout Distribution

SNotesFigure C-9. Directional Detector Output1* ~C-2 1



1.5 Statistical Analysis of Small Scale Effects.

The statistical analysis of small scale effects relates to the

extraction of distribution info:mation from experimental data.

Data of the type found in Reference (4) ave suitable for the statis-

tical evaluation of small scale effects.

Table C-2 and the histogram or figure IV-17 represent the -

results of applying statistical analysis to the aviilable experi-

mental data (the nine unsheltered detectors of Owen and Sartor).

Data for this type of analysis must include n~ot only the

measured values of either the intens't- or the perturbed fallout

distribution, but must include also information about the unper-

turbed distribution.

C-.2
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