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ABSTRACT

This research addresses social and economic costs and benefits
associated with possible emergency communications system innovations
in the Charlottesville/Albemarie area.

The central goal of the research is to provide officials of
Charlottesville and Albemarle County with a decision and policy
analysis structure for planning by means of which decisions can be
reached concerning feasibility of implementation of a "911 emergency
telephone number system. Results of the research are presented
in such a fashion as %o ailow decision masking officials in
Charlottesville and Albemarle County to relate quantitative and
qualitative factors concerning the 911 system in order to determine
decisions and likely consequences of these decisions.

It is anticipated that the major value of the work lies in the
provision of a consistent and generalized method for studying and
evaluating urban probléms. Although applied specifically to a

system, it is readily adaptable to
the investigation and evaluation of a wide variety of urban service

delivery systems.




FOREWORD

This report presents the results of a 7-month study conducted by the
School of Engineering and Applied Science of the University of Virginia
to provide officials of Charlottesville, the University and Albemarle
County with a decision and policy analysis structure for planning, by
means of which decisions concerning the feasibility and desirability of
implementing an emergency communication system can be made.
This study was performed under the direction of Professor A. P.
Sage, Quarles Professor and Associate Dean, with Professor 0. A. Gianniny,Jr.
as a senior faculty investigator and Mr. G. G. Yorke and Mr. T.D. Ricks
serving as research assistants.
The authors wish to acknowledge the cooperation and assistance pro-
vided by members of the Project Review Committee - Mr. John Dek. Bowen,
Chief of Police; Mr., Julian H. Taliaferro, Jr., Fire Chief; Mr. George W.
Bailey, Albemarle County Sheriff; Mr. W. Wade Bromwell, Director, Uni-
versity Police Department; Dr. George Mbére, Director, Department of
Health; Mr. Fred L. Huckstep, Jefferson Country Firemen's Association;
Mr. Josh Pritchett, Captain, Charlottesville/Albemarle Rescue Squad;
Ms. Linda Nesbit, Coordinator, Emergency Services aﬁd Mr. R, Southall, CENTEL,
Telephone System Communications Consultant. Without the strong dedi-
cation, effort and participation of these people in the various phases of
our study, it would have doubtlessly been less realistic in its appli-
cation to the Charlottesville/Albemarie area than it is at present. We
very much appreciate the dedicated assistance of our Project Review Committee.
We would also like to'express our special appreciation Ms. Marcia Marshaw,
former Director of the Central Piedmont Urban Observatory and Ms. Linda Peacock,
present Director for their invaluable contributions to this research

effort.




Despite the generous assistance of so many, there are doubtlessly
flaws in this effort and for these the authors assume full responsibility.
This research activity, has to a large extent, been a learning process

for all but especially for members of the research team.
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SYSTEMS ENGINEERING STUDY OF EMERGENCY COMMUNICATIONS
SYSTEMS FOR THE CITY OF CHARLOTTESVILLE AND ALBEMARLE COUNTY

EXECUTIVE SUMMARY

Statement of the Problem

Many of our cities and urban areas are plagued with inadequacies in
the accessibility, avallability and quality of urban services. These
inadequacies did not develop overnight. Rather, they were the result of
a multiplicity of factors - population increases, industrial expansion,
natural growth, ete., coupled with a lack of planning foresight and
constant neglect. Further there are always reservations expressed by
many concerning changes in the status quo.

Delivery of emergency services in the Charlottesville/Albemarle area
is one element identified in preliminary University studies as needing
comprehensive planning. Basic needs for emergency service delivery
can be stated as follows: '"The citizens of Charlottesville and Albe-
marle County should be able to summon help rapidly in emergency situations
with 2 minimum of confusion." The studies suggest that geogra%fic,
demographic and socioceconomic characteristics have changed mofe rapidly
than the service capabilities, so planning for efficient allocation and
use of resources is needed now to aveid crisis situations in the
future. On the other hand, many officials believe that the present
emergency service system is adequate and meets the needs of the community.

This particular research has investigated alternative approaches

available in the area for emergency service delivery, one of which is the
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"g1in communication system. An attempt has been made to expose all
aspects of implementing some sort of emergency communication system,

including important value-laden guestions.

Purpose of the Project '

The purpose of this project was to develop a comprehensive plan for
evaluating, designing and implementing an emergency response communication
system. Specifically, our upper level objectives were:

1. To inventory the response times, costs, and other factors of
existing emergency services delivery systems in the City,
University, and County.

2. To determine whether there are problems with the existing
system and, if so, what are their magnitudes.

3 To analyze thoroughly, the social,}economic and other costs
and benefits associated with all pertinent factors involved in
various implementation configurations associated with the "911"
emergency telephone system.

L. To provide responsible officials in Charlottesville and Albemarle
County with data regarding the need for a 911 system and an
action plan which will analyze and outline all phases of
implementation.

5. To thoroughly involve, or allow for involvement, responsible
officials in Charlottesville and Albemarle County in development

of the plan.




6. To present the research results in such a fashion as fo allow
responsible officials in Charlottesville and Albemarle County
to relate quantitative and qualitative factors concerning the
"911" system to their own value systems in ofder to consider

alternative decisions and likely consequences of these decisions.

Scope of Work

From its inception, this project has involved close association and
interaction between the researchers and officials in Charlottesville and
Albemarle County, especially in the areas of fire protection, health care
delivéry, police services, and rescue operations. Questions relating to
access points,special equipment dedicated to "9ll" service, answering
stations, responding agencies, jurisdictional considerations, and insti-
tutional and financial arrangements have been addressed with assistance
from the Central Telephone Company of Virginia. This study has also
utilized the experiences of other communities which have implemented such
systems in the past. The study hes considered, tc the extent possible,
criteria established by Federal and State agencies in order that funds
from these agencies may be secured for implementation.

To this end a project review committee was requested and appointed
in accordance with policies of the Central Piedmont Urban Observatory to
interact with the research team throughout the study. This project
‘review committee consisted of:

John Dek. Bowen, Chief of Police, City of Charlottesville

Julian H. Taliaferro, Jr., Fire Chief, City of Charlotiesville
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George W. Bailey, Sheriff, County of Albemarle

W. Wade Bromwell, Director, Uhiversity of Virginia Police
Department

Dr. George Moore, Director, Charlottesville/Albemarle Department
of Health

Fred L. Huckstep, Jefferson Country Firemen's Association

Josh Pritchett, Captain, Charlottesville/Albemarle Rescue Squad

Linda Nesbit, Coordinator, Emergency Services, City of Charlottesville
Rodney Southall, Communications Consultant, Central Telephone Company

of Virginia

The Major Work Elements Undertaken by the Project Team were

1. To develop a narrative and graphic description of the
Charlottesville/Albemarle area.
2. To investigate "911l" systems in other communities.

3. To describe existing emergency communications in Charlottes-

ville, the University, and Albemarle County.

N To inventory potential agencies receiving emergency calls in

Charlottesville, the University, and Albemarle County with
respect to call volume and time distribution of emergency
telephone calls.

5. To ascertain information requirements - volume - time distri-~
bution in Charlottesville, the University, and Albemarle
County.

6. To determine latent and potential demand for emergency communi-
cation services in Charlottesville, the University, and Albe-

marle County.

S




10.

11.

12.

13.

14.

To coordinate these findings with responsible officials in
Charlottesville, the University, and Albemarle County and to
obtain a full cross-section of views regarding possible "911"
implementation scenarios.

To develop a comprehensive description of the organizational
structure which will manage emergency communications resources
and capability for the area.

To explore communication center location considerations.

To plan for integrating and coordinating the services of the
responding agencies with an eye on equity, efficiency and cost.
To develop system plans, schedules, estimated expenditures,
Justifications and, to the extent possible, sources of funds
and financial arrangements for various implementation scenarios.
To describe methods to be used in evaluating, monitoring and
updating the system. To determine the cost effectiveness for
various implementation scenarios.

To assist agencies in Charlottesville, University, and Albe-
marle County in use of systems methodology in order to determine
worth scores, scoring functions, decisions, and policy with
respect to varions implementation strategies associated with
the "91ll" system.

To present the final results of the effort in such a fashion as
to establish appreciation and credibility for the results
obtained by responsible officials so the methodology can be
used to reach further decisions concerning implementation

of the system.
5=5
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It appears that successful application of technology to societal
problem areas such as a '"911 system" to summon emergency help must be
based on studies of problems and possible ameliorations at three levels:
technological systems, societal institutions and values. Anything
less risks the chance of our having either "technological solutions
looking for problems," or a mere treatment of symptoms. Thus, we used
systems engineering methodology to.examine the 911 system and its
alternatives, including the present éystem, ﬁ;th respect to impacts
on institutions and values. We strongly believed that determination
of true cost~benefit ratios for systems of the 911 type would go far
beyond an examination of a technological fix and the resulting hard-

ware for system implementation. Such an approach merely directed at

symptoms might well result in an expensive but ineffective remedy.

By attacking the "911" system problem at the level of institutions,
we attempted to determine the impact upon institutions of the existing
system and of likely alternatives. This effort could assist in a con-
figuration determination such that agencies delivering emergency service
could make maximum use of technology inherent in the "911" system.

By also approaching this problem at the level of values, we were
able to identify basic issues associated with the system in terms of con-
flicting wvalues. To utilize these value elements in determining likely
results from implementing varicus alternative "9l1" systems is a highly

desirable gosl and one to which our efforts were directed.




Qur project utilized a variety of technigues from systems engineering
for problem analysis and resolution of technology and public policy
issues while maintaining a level of analytical sophistication which is
readily comprehensible.

We subdivided the emergency communication systems study into seven
steps:

1. Problem definition (deterﬁinatiom of needs, constraints,

alterables and societal sectors).

2. Value system design (determination of objectives and objectives
measures).
3. Systems synthesis (structuring of candidate systems, deter-

mination of possible policies, controls. and measures of
control and effectiveness).
by Systems analysis and modeling (analysis of the system deter-
mined by elements of the problem definition, value system
design, and systems synthesis steps in order to estimate
changes in cost-benefit as a function of various alternative
policy implementations and changes in control variables).
5. Optimization (ranking of alternatives in accordance with
various effectiveness measures).
6. Decision making and worth assessment.
7. Planmning for action
Iteration of this methodology has led to the recommendations con-
tained herein. The major output from this methodology is a set of pro-
cedures that community officials can use in order to rapidly evaluate the

effects and values of proposed policies and decisioms.
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The best efforts of the project team were directed to these ends.
Our study, which is summarized here, does not represent a detailed engi-
neering design resulting from a technological fix, but rather, represents
an attempt to provide local emergency service delivery agencies and de-
cision makers with the results of a substantive planning effort which - %
will hopefully enable formulation of emergency communication plans and
programs for community betterment. Six alternative system configurations
have been formulated, analyzed, contrasted and compared. For each of
these six altermatives, persomnel requirements, telephone equipment and
major capital cost elements have been determined. For the recommended
alternative, our perceptions of efficacious methods of management,
financing, and implementation are described.

Economic and social cost and benefits have been estimated as accu-

rately as possible. In any large system such as this it is never possible

to estimate with precision all costs and benefits\ Nevertheless, we con-
jecture that our conclusions and recommendations are insensitive to the
particular cost and benefit figures assumed for parametric variations in
the range of 30 to 60 percent. Our specific conclusions, findings, and
recommendations are as follows-

1. Desirability of Enhanced Emergency Communications -

Analysis of communications systems for emergency service delivery in
the Charlottesville/Albemarle area, and agency and user character-
igstics relative to the use of these systems, indicates the need for

an improved emergency communication system. Each of fourteen agencies
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providing emergency service has its own telephone number, increasing
difficulty of access for children, elderly, transient or other
callers operating under stress of an emergency. (Details substan-
tiating this recommendation may be found in Chapter II of the final

report ).

2. Feasibility of a "9l1l" Emergency Communication System

The sincere and cooperative attitude expressed by emergency service
delivery agency officials towards consolidation of emergency communi-
cations and facilities, especially those dealing with public safety,
indicates that a version of the "911" emergency communication system
is feasible for the Charlottesville/Albemarle area from an insti-
titutional as well as a value viewpoint. Problems of telephone
boundary mismateh, due to different area codes and different telephone
companies in the area, can be ameliorated by methods which we outline
in Chapter III, which recommends partial resolution to the boundary
mismateh problem requiring intergovernmental cooperation. Further
resolution would require expensive modifications to telephone ex-
changes, extending far beyond CENTEL's present plans for modernization.

3. The Recommended System

We have conducted a needs assessment as well as a value assessment
associated with the impact of emergency communication systems'upon
relevant agencies in the Charlottesville/Albemarle area. On the
basis of the problem definition and value system elements determined
from this interaction, which are described in detail in Chapter III,
we have postulated 6 candidate systems which potentially satisfy
needs and achieve community cbjectives relative to emergency communi-
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cation services. We have considered various measures of effective-
ness in response to needs satisfaction. These include capital
investment and operating expenses, security and privacy considerations,
autonomy of agencies, accessibility, system dependability, vulner-
ability to harassment, and overall service delivery mission effective-
ness. Paramount among these needs consideraticns are savings in

time, added convenience, and savings in cost. Included among the
alternatives considered is the presently existing emergency communi-
cation system.

The emergency service delivery agencies of Charlottesville/
Albemarle County, represented on our project review board, have been
most helpful in reviewing and iterating the needs, constraints,alterables
and objectives as each of these program planning elements relates to
the‘ specific alternatives considered. From this set of potentially
acceptable alternatives, one must be chosen as the candidate
system which best satisfies the needs perceived in the
problem definition step and is most consistent
with the value structure of agencies responsible for emergency
service delivery. 'Working with the project review team, we have
structured the attributes of the candidate systems considered such
that the multiple attributes of the 'various candidate emergency
communication systems have becgme evident to all as well as amenahle
to treatment utilizing the method of worth assessment used to select
the recommended system configuration. This methodology has allowed
agencies to express group preferences among alternatives described

by success attributes of emergency communication delivery.  Each
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agency official has expressed a scoring function of the attributes
for each candidate system configured. The scoring function has
been determined by each agency representative based upon economic
and societal cost and benefit data provided as well as individual
perceptions of total responsiveness of the candidate systems. The
project team has analyzed responses from the individual agency
representatives as well as a single preference structure for the
entire project review team based upon simple averaging.
Alternative 5 described in Chapter IV, appears to be that which
bffers the greatest overall benefit-to-cost effectiveness of the
various concepts considered. This particular configuration con-

sists of a consolidated dispatch center for emergency communications

which directly dispatches personnel for all police agencies and
transfers calls to individual dispatch centers for all fire agencies
and the rescue squad. Any person dialing 911 will thus be connected
to a partially independent and autonomous emergency service agency
which is capable of directly dispatching the majority of emergency
calls received and which can transfer, after a brief interrogation.
period, an incoming call to those agencies which feel the strong
need for maintaining close control in monitoring of the very specialized
and capable dispatchers. All services currently delivered by fire
and rescue, which includes some social service delivery calls, will
thus be transferred in this fashion. Close interagency cooperation
with the 911 communication center will be required for efficacious

]

call handling procedures and policies.
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It is our view, based upon interpretation of responses from emer-
any
gency service delivery representatives, that /emergency communication
system which does not include some form of direct dispatch from the
communication center will not succeed in coordinating resources, im-
proving delivery of emergency services, or reducing telecommunications
costs to the community as well as a system which contains this direct

dispateh feature.

L, Performance Requirements and Cost of Implementing Recommended
Alternatives

In determining operating personnel requirements and telephone capacity
requirements for each alternative, we have assumed that no more than
10% of all busy-hour calls received will be serviced with delays greater
than 10 seconds. Call transfers must also be handled quickly or almost
as fast as dialing a T-digit number directly. A queueing analysis
presented in Chapter V, has been used to show that this response time
is such as to yield extremely low system losses. Personnel require-
ments to allow this service are less than four dispatch operators during
the peak call period and less than two for off peak hours. We have also
used a telephone capacity criterion to ensure that no more than
one call in a hundred will receive & busy signal during the peak calling
hour. Six incoming telephone lines are required to satisfy this
eriterion.

Qur analysis leads to the conclusion that twelve full-time 911 dispatch
operators will be required to meet performance requirements. Chapter VI
presents detailed cost/benefit comparisons for system Alternative 5 as

well as for other alternatives. These very preliminary cost figures
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have been presented primarily to serve as an approximate bench

mark concerning relative magnitudes of financial commitments.

The monthly cost associated with personnel and telephone equipment
in any new centralized emergency communication system should be
borne in an equitable way by the three jurisdictions - City, County,
and University - involved in usage of the system. There exists the

possibility that some or all costs associated with new dispatch

eguipment might be obtained by external fundiﬁg, perhaps by the Law
Enforcement Assistance Administéation. Location costs are somewhat
difficult to estimate and Chapter VI addresses major lccation
renovation considerations.

5. Suggested Management Strategy

Emergency service delivery agency representatives, through the Worﬁh
assessment methodology exercise of Chapter VII, have expressed their
acceptance and preference for alternative configurations system
No.5. However, all representafives have indicated, by their response
to the worth assessment procedure, serious concerns relative to
organization and manageﬁent of any emergency‘communication system
alternative to the present system. A variety of organizational and
management structures have been presented and discussed with these
representatives on our project review team. The recommended manage-
ment and organizational structure is presented in Chapter VIII of
this report. It was recommended that the 911 emergency communi-
cation center‘be organized as an autonomous agency, independent of

police, fire and rescue and that it be governed by a board of directors

5-13




representing the various agencies associated with emergency service
delivery in the Charlottesville/Albemarle area. It is felt that
this management plan, considerably detailed in Chapter VIII, would
allow continuation of the very beneficial efforts made by City,
County and University towards joint ventures for an enhanced quality
of life for residents of the area and visitors to the area.

6. Implementation Plan

The implementation plan suggested in our study suggests that
System Alternative 5 could bé implemented approximately two years
after a decision is made to implement it and the CENTEL Company is
requested to initiate changes. It should be noted that establish-

.ment of an emergency communication center, as envisioned with System
Alternative 5, would serve as a center for coordinating resources
and planning in the event of some local or national disaster in
addition to serving the required function of meeting the considerable
needs for emergency communications in this area. By virtue of the
cen%ralized location of the system configuration proposed, space and
communication availability and equipment, planning for the new
system should also encompasc planning for its use in the event of
those local or national disasters and catastrophies whose effects
might be ameliorated by the proposed 911 emergency communication
systeﬁ configuration, possibly aggregated with other 911 emergency
communication systemé throughout the region and the nation.

Implementation plans should also include a public information

campaign. especially to identify the unique characteristics of this
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system - public access to the center and agency responses. Under-~
standing and confidence will be needed to retain community acceptance
of the system.

7. Overall Recommendation

It is the recommendation of the project team that decision-
making officials in Charlottesville, the University, and Albemarle
County go on record as favoriﬁg implementation of a 911 emergency
communication system. We recommend that proper technical guidance
from telephone officials and.telecommunications consultants be
obtained to develop plans for project and operational details and
that this effort be coordinated with existing emergency service
delivery agencies who have strongly evidenced great community
loyalty and support throughout this study. We recommend that System
Alternative No. 5 (Direct Dispatch for all police emergency services
and call transfer for all fire and rescue squad operations) be
subjected to detailed technical scrutiny to determine more precise
development and operational costs such that implementation can
proceed at an early date. Our best efforts indicate that this
system cannot help but be a big imﬁrovement over the present un-
coordinated,fragmented and unsystematic emergency service system.

We strongly believe that the dedicated emergency service delivery
agencies of Charlottesville/Albemarle will continue to provide
coopefative selfless community-minded support for progressive parti-
cipative development and enhancement of the ability to deliver
emergency services in this area. Thus, we urge prompt action to
continue the planning efforts documented here into program develop-

ment and an operating 911 system.
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I. INTRODUCTION

In this chapter, we present a brief discussion of telecommunication
innovations and their relationship to the delivery of urban services while
emphasizing the social implications of these innovations. This discussion
tends to amplify the need for a comprehensive methodology or framework
for addressing urban problems. IA methodology is presented which has
applicability to many of the large-scale problems extant. A brief dis-
cription of the background of this study together with its objectives and
the organization of this report is presented.

A. Telecommunication Innovations

Over the last decade or twp, innovations in telecommunications
have seen startling. Traditionally, telecommunications has been concerned
mainly with only one of the human senses - that of hearing [1]. Advances
in technoloéy, however, have made possible a wide variety of visual com-
munication services. Foreﬁost among these advances are large information
handling capacity transmission media of very large bandwith such as
waveguides and optical fibers exploiting pulse-cocde modulation (PCM)
digital teckniques, computer controlled switching systems utilizing
digital time-division switches, large-scale integrated (LSI) circuits,
high capacity and fast access memory devices and new types of solid-state

visual display and image sensing devices [1].

B. Innovations Related to Urban Services

In June 1871, the Committee on Telecommunications of the National
Academy of Engineering produced a report, '"Communication and Technology for
Urban Improvement'" containing some twenty ideas on the use of telecommuni-

cations information technologies to improve living conditions in U. S.




cities [2]. These ideas related the role of telecommunications in citizen-
government interaction, education, health, pollution, transportation,
crime prevention, and emergency services.

C. Social Implications of Telecommunications

The application of these new telecommunication technologies to
the urban environment is fraught with social, economic and political consid-
erations. Until recently, very little attention has been paid to the social
implications of implementing new‘telecommunication technologies [3]. In
part, this has been the result of the engineer's concern with hardware
and the decision-maker's emphasis on cost-effectiveness. For example, two-
way instructional television has been advocated to improve the quality and
distribution of educational services. In order to fully assess the utility
of this new technology, the following social questions should be addressed:

a. What will be the impact on existing forms of education
and training ?

b. How will the existing school system be organized to
facilitate instructional television?

c. How does the method of presentation affect a student's
ability to comprehend?

d. How much instruction should a student be exposed to
before saturation occurs?

e. How does this method of instruction provide motivation?

This list is not exhaustive but it does present the flavor of
social inquiry. Such inquiry is absolutely necessary if urban systems are
to be functional and effective. Indeed, it is the absence of such inquiry
that leads to bottlenecks in the planning of emergency and other urban
services. To the best of our knowledge, in almost all communities where

jurisdictional boundary problems exist, the planning and/or implementation




of a 911 communications system was carried out solely on a directive from
the State legislature (e.g., California, Massachusetts, Florida). Here,
in the State of Virginia, no such mandate exists. Implementation of
technological fixes under mandate has often produced technological
solutions looking for problems. It would appear that the successful
application of technology, such as an emergency communication system to
societal problem areas, must consider three levels of problem-existence and
amelioration: systems, institutions, and values. We therefore propose
to examine, using systems engineering methodology, emergency communication
system alternatives with respect to the impact on institutions and values.
We strongly believe that determination of true cost/benefit ratios from
implementation of a system such as this will consist of much more than
an examination of a technological fix and the resulting hardware for
system implementation.

D. The Systems Engineering Concept

Systems engineering may be thought of as a process which
facilitates decision-making by providing a rational method for reflecting
the needs and values of a society, organizing information relative to the
impacts of all reascnable courses of action and implementing and monitoring
a given alternative solution to measure its performance, chart its impact
and possibly modify system implementation to ameliorate negative effects
[4]. As such, this process must contain, at minimum, the following ingre-
dients [18]:

1. A way to deal successfully with problems involving many
considerations and interrelations.

2. A way to deal successfully with areas in which there are
far-reaching and controversial value judgements.




3. A way to deal successfully with problems, the solutions
to which require knowledge from several disciplines.

4. A way to deal successfully with problems in which
future events are difficult to predict;

5. A way to deal successfully with problems in which
structural and institutional elements are given full
consideration.

The systems engineering methodology presented here has been developed

to possess these minimum ingredients.

E. Systems Engineering Methodology

There is no unique systems engineering methodology. Problems in
large-scale systems, particularly in the societal sector, dealing with
economic, resource, technological, and behaviordl factors are very complex
and difficult to quantify. Thus, it is doubtless unrealistic to expect
development of a unique standard methodology. Nevertheless, the method-
ology presented here does appear to meet the conceptual requirements
of a comprehensive, systemic and rigorous approach to the solution of
large-scale problems.

Systems engineering has three major dimensions: 'a time dimension
which includes the gross sequences or phases that are characteristic of
systems work and extends from the initial conception of an idea through
system retirement or phaseout, a logic dimension which deals with the
steps that are carried out at each of the systems engineering phases and
a knowledge dimension which refers to specialized knowledge from various
professions and disciplines. These are the dimensions of the Hall [5]
morphological box of systems engineering.

The thrust of our work will be specifically concerned with the

activity plane of systems engineering consisting of the time and logic




dimensions or the phases and steps of systems engineering. The activity
matrix for systems engineering is illustrated in Figure 1 and our

exposition of systems engineering methodology will evolve by further

development of the many important ideas represented by this activity matrix.

By methodology we mean an open set of procedures which provides the
means for solving problems. The "tools" of systems engineering are the
elements of a methodology necessary for accomplishing the steps and phases
of the Hall activity matrix. We select as the tools of systems engineer-
ing-words, mathematics, and graphics. When we combine a set of tools,

a set of proposed activities, and a set of relations among the tools and

the activities, we have a methodology.

The objective of program planning is to ascertain the desirability

of allocating resources to specific projects aimed at solution of a given

problem. Project planning is characterized by a series of activities
directed at a specific project or projects identified in the preceding
phase and has as its major objective, the selection of alternative systems
for development in the next phase. System development is concerned with
detailed plans and designs for the selected altermatives. The productidn
phase refers to the actual implementation or construction of the alterna-
tive systems developed in the preceding phase. The distribution phase
refers to the existence of the systems to perform prescribed functions
while the operations phase refers to the actual utilization of the systems,
Finally the retirement phase refers to that period when the systems
must be phased out due to obsolence.

Reference to Figure 1 suggests that each of the systems engineering
phases is defined, to a greater or lesser degree, by the seven problem

solving steps. These steps are:
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Problem Definition:

Value System Design:

Systems Synthesis:

Systems Analysis:

System Optimization:

Decision-Making:

Problem definition is essentially a

study of needs, constraints and alterables
and collection and analysis of data

in an effort to fully describe and
formulate the problem.

Value system design is the establishment
of objectives aimed at ameliorating or
addressing the problem identified in
Step 1 and the establishment of perfor-
mance measures to evaluate these objec-
tives. Objectives are established with
an eye on needs identified, constraints
reorganized (uncontrollable elements),
impacts on various sectors involved and
alterables (controlable elements).

Thus far we have described the systems
engineer's approach to discovering 'what'
is the problem and 'what' should be done
about that problem. We now devote our
attention to 'how' this problem can be
resolved. System synthesis is an activity
which involves describing as completely as
possible the various ways, systems, pol-
icies, etc. that can be implemented in
order to achieve the stated objectives

and thus satisfy the original needs.
Consequently, we design hypothetical
alternative solution systems.

Systems analysis follows logically from
systems synthesis and involves an evalua-
tion of each hypothetical solution in terms
of cost, required inputs, expected outputs,
etc. Here typical systems engineering
tools and techniques, such as queueing
theory, demand analyses, statistics, etc.
are employed.

System optimization is carried out as an
integral part of the iteration between
systems synthesis and systems analysis.
Here we attempt to rank each hypothetical
system in the light of efficiency and
effectiveness.

Decision-making is a rather complex task.
However, a variety of decision-making aids,
value and worth assessment and cost-benefit
analysis, together with results of systems
analysis and value system design, serve to
guide the decision-making process.
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7. Planning for Action: Having decided on a particular course of
action, a set of guidelines consistent
with needs and objectives are detailed
for implementation and operation.

The highly structured, logical nature of this methodology together
with its claim to generality of application, in our opinion, can reduce
client acceptance problems which must be addressed very diligently from
the start. For example, the emphasis on separating needs from constraints
and the insistence on postponing formal consideration of alternative
solutions until the problem has been adequately defined ensures that all
practical aspects of the problem can be accounted for, thereby avoiding
most typical pitfalls resulting from more directly intuitive Pproblem-

solving approaches.

F. Background of the Study

In 1973, the Division of Biomedical Engineering, University of

Virginia, began a major effort to improve the quality of medical care

‘delivery in Planning District Ten which includes Charlottesville and

Albemarle County. Major funding for this effort was provided by the
Robert Wood Johnson Foundation, an independent philanthrophy interested
in improving health care in the United States. The establishment of a
universal emergency number in order to improve general accessibility was
discussed with both city and county officials who expressed a desire for
pertinent information with regard to its desirability. The University
of Virginia School of Engineering and Applied Science was selected,

under direction of the Central Piedmont Urban Observatory,to conduct a
study of emergency communication system planning for the Charlottesville/
Albemarle County area with the Robert Wood Johnson Foundation providing

the necessary funding. This is the final report of this study.




G.

Objectives of Study

The purpose of this project is to develop a comprehensive plan

for evaluating, designing and implementing an emergency response

communications system. Specifically, the upper level objectives are:

1.

o

To inventory the response times, costs and other factors
related to existing emergency service delivery systems in
the City, University and County.

To determine whether there are problems with the existing
system and, if so, what are their magnitudes.

To analyze thoroughly, the social, economic and other costs
and benefits associated with all pertinent factors involved
in the 911 emergency telephone system.

To provide responsible officials in Charlottesville, the
University, and Albemarle County with data regarding the
need for a 911 system, if such a need exists, and an
action plan which will analyze and outline all phases of
implementation.

To involve thoroughly, or allow for involvement of responsible
officials in Charlottesville, the University, and Albemarle
County in the development of the plans.

To present the research results in such a fashion as to allow
responsible officials in Charlottesville, the University,

and Albemarle County to relate quantitative and qualitative
factors concerning the 911 system to their own value system
in order to determine decisions and likely consequences of
their decisions.

Organization of Report

This report is organized to facilitate easy comprehension by

public officials. The organization of chapters reflects the steps

outlined in the systems engineering approach to problem solving.

Chapter II addresses program planning and describes the existing

communication facilities in the Charlottesville/Albemarle area, the

present citizen access system and agency response to emergency requests.

Chapter ITI concerns various scenarios needed for problem definition and




value system design and emphasizes planning linkages necessary for a 911

communications system. Chapter IV is aimed at system synthesis and presents

six conceptual alternative systems. Chapter V addresses system development
and presents a technical analysis of hardware and personnel requirements.
Chapter VI attempts to summarize cost and benefits associated with the
alternatives presented, sources oflfunding and location considerations.
Chapter VIT addresses the camplex task of decision making while Chapter
VIII outlines specific action plans related to implementation. Finally,

an Appendix is presented to familiarize decision-makers with the detailed
operations of centralized communications systems existing in neighboring

communities.
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IT. PROGRAM PLANNING

Program planning involves a conscious effort to project ideas of what

ought to be into a framework amenable to tests of reality [18]. The problem is

emergency communications in Charlottesville/Albemarle County, Virginia.
The City of Charlottesville and Albemarle County encompasses a land area
of some 750 square miles with an excess of 80,000 residents and represents
a unique opportunity for the co-ordination and delivery of public services
by virtue of the fact that the city is located in the heart of the County
and is independent of the County. While Albemarle County has a rural
agricultural character, the City of Charlottesville is rapidly approaching
total urbanization. These divergent land use patterns tend to amplify the
need for co-ordinative and supportive public services since many of the
urban amenities required by County residents are to be found only in the
City.

One important dimension of co-ordination for City and County concerns
the degree and ease of accessibility of emergency services. We first
describe the communication facilities of all responding agencies in the
Charlottesville/Albemarle area. We then describe the existing citizen
emergency access system. From these two descriptions, we are then able to
describe more explicitly, agency response to emergency requests. These
descriptions coupled with relevant analysis lead directly into an identi-
fication of needs.

A. Agency Description and Existing Communications

Visits to the various public service agencies indicate that the
existing radio communications appear to be quite adequate (Table I) to

satisfy many needs. In cases where further radio capability is required,
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Table I
Service Agencies Characteristics
Agency Type Location Area of Bmergency Total No. of Answex:-ing Radios Dispatching Methods for
Coverage Telephone ‘Pelephone Locations and Personnel Alerting
Humbers Lines at Frequencies Personnel -
Dispatcher
Volunteer Fire 295-1125 i i
. mobiles Charlottesville .
e  of Aemcte | 18 quugesine | IR | B | reomoney
4 - . partment. dispatchers
'\’lrl‘-;s‘cl Raar;na County - rotary nine answers all calls 46.46 perznn 1e:he
rth Garden on Ridge Streel i i
‘ volunteer . same as (s . + dispatching for
Stoney Foint mutual aid Charlottesville One PAgErS | these volunteers.
agreements Fire Dept.
tn%xbeifgger's Firemen are dis- Ch'ville Fir'c? radio
Crozet Fire Crozet area 4 - homes walkies patched either by dispatch by tone
Department volunteer Main Street and west 823-4000 ™o 3 - businesses direct calls or pagers. Each phone
Albemarle 1 - fire house ug.u6 through Charlottes~ | has switeh to turn on
County Charlottesville 39,50 ville Fire, siren at the fire
CB house,
. mobiles
s Scottsville area .
Scottsville . 1 - adjacent 39.50 io di
Fire Dept. volunteer Main Street xgEhF.i.‘ljeemr‘le 286-3611 ‘two service station NS.'UE no radio dispatch
north Buckingham 4 - homes CB telephone calling tree;
siren
Scottsville area :[om?grivlalsconsolq no radio dispatch
. Scottsville south Albemarle 286-7111 o 1 - squad walkics 39.5 \:mtil new system telephone;
Rescue Squad volunteer Main Street west Fluvanna - 3 - homes tone pagers 'Y }installed; volun- new tone pagers
north Buckingham & teers dispatch,
control console| . . : . §
295-4151, robiles Frequencies Dispatching Personnel
. . -4152 lice station - |,
Charlottesville s 606 East City of b ' . g + portables 39,44, 39.50,
Police Dept. paid Market Street | Charlottesville -4153 ten 606 East walkie~ 46,46, 5 fullvime
—44154 Market Street talki 55.715/155 :
ies 155.715/155.110 1 special
Yotary 155.835/155,935 pe
295-1125 . . 5 1 i
N N £ at - control console 46,46 4 fulltime -

. . ) Crarlottesville -1126 . ire station wobiles 39.50 $6 hours/weck
CI.\aplotthVJ.lle Pdid arxl . 223 R1d~ge and X ~1127 nine 203 Ridge Street |portables tone pagers performed by firemen
Fire Dept. volunteer treet surrounding rotary salkie~talkies who rotate.

county street call boxes tone pagers
295~2112 :ggﬂ‘;: console 39.50 4 fulltine
County Court County of -2113 Sheriff's Office - |n y 39.86 ;
Albema . o g e - |ZB base 1
sher.ifgle' paid | House Albemarle -2114 three County Court P parttime
rotary House
street call boxes ~ontrol console
3 3 924-7166 . " - 460.025/465.025
University of | pajg | A12 Brandon I yniyerity of 7167 six police station - portables 39.50 5 fulltime
e Virginia ~7168 412 Brandon Avenue 46.46 (monitor
-7169 rotary 155.835 only)
s s - - ntrol console 155.835,155.955 1 daytime dispatcher
Charlottesville/ : City of weekdays Bam-5pin Sontrot
828 MeIntire R 295-1191 Little High Street; [mwbiles 1463.025/468.025 on weekdays;
volunteer F 1 et; a
glqbuz:éﬂple Rescue untee Road grr:grégﬁi}s,vgle -1182 three weekdays Spm-8am £ portz_ibles . 19.50 at other times,
Albemarle rotary weekends - squad ~alkie-talkies various squad
house tone pageps personnel.




this capability has already been recognized, and enhanced capacity plans
made. We examine existing communications from a capability standpoint
rather than a characterization of actual pieces of equipment which are
documented elsewhere (Emergency Services Communications Plan [6]1). The
estimation and acquisition of communication equipment is a continuing
function of the EHmergency Medical Sysfem (EMS) group which is funded by the
Robert Wood Johnson Foundation and administered by the University of
Virginia,Biomedical Engineering Depaftment. Although this group is directly
concerned with Emergency Medical communications, its evaluations and
recommendations span the entire realm of emergency services [6]. Usually
two different modes of communications between public agencies are required
to provide backup,reliability and security. The other mode generally
employed is the telephone. There are many opportunities for combined use
of radio and telephone in emergency service delivery.

1. The Charlottesville Police Department

The Charlottesville Police Department located at the corner of
6th and Market Streets has the most sophisticated communications center in
the City or County. A wide range of frequencies allowing two-way communi-
cations with virtually every public service agency in the City and County
is presently being utilized. Thus, radio communications between the
Charlottesville Police and the County Sheriffs in Albemarle, Greene,
Fluvanna, Louisa, Orange, Buckingham and Nelson together with the University
Police, the City Fire Department, the County Volunteer Fire Departments,
the Charlottesville/Albemarle Rescue Squad and the Scottsville Rescue

Squad exist. Radio capability also exists for communications between the
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Charlottesville Police and the University of Virginia Hospital's Emergency

Room, the Airport Control Tower, the City Public Works and Traffic

Engineering Departments.

(a) Frequencies

The frequencies utilized by the Charlottesville Police Department

are 39.5 MHz - commen to all law enforcement agencies; 39.44 MHz - unique

to Charlottesville Police; 46.46 MHz - Fire and Airport Control Tower;

155.830/155.955 MHz - Rescue Squads and Hospital; and 155.715/155.110 MHz -

Public Works and Traffic Engineering.

(b) Communication Aids

(1)

(i)

(iii)

(iv)

(v)

The Charlottesville Police Department operates a
teletype computer terminal which provides a link
to both National Criminal Information Center (NCIC)
and Virginia Criminal Information Network (VCIN).
This enables rapid communication of pertinent
information to officers in the field.

The Charlottesville Police Department has direct
telephone capability with the National Weather
Service for obtaining information related to
storms, hurricanes, etc.

A dual set of magnetic tape recorders are used to
assist dispatch personnel in administering the deli-
very of police services.

Emergency back-up power is provided by means of a
generator.

The status of personnel in the field is monitored and
updated manually by use of a map indicator.

2. The Albemarle County Sheriff's Department

Albemarle County Sheriff's Department, located at the County

Courthouse on Court Square in the City of Charlottesville, has considerably

less radio and telephone capability as compared to the Charlottesville

Police Department.

However, the existing level of co-ordination between
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law enforcement jurisdictions in the City and County is such that the
Sheriff's Department can and does continually utilize the Charlottesville
Police Department's emergency communication resources. ”
(a) Frequencies
The frequencies utilized by the County Sheriff's Department are
39.5 MHz - common to all law enforcement agencies, and 39.86 MHz - unique
to the Sheriff's Department for inter-agency communications.
(b) Communication Aids
(1) The County Sherrif does not have direct access to
VCIN or NCIC and must request such information through
the Charlottesville Police Department, the University
Police Department or the State Police.

(ii) There are no magnetic tape recorders to assist
dispatched personnel in administering the delivery
of police services.

(iii) The Sheriff's Department continuously monitors a
Citizen's Band radio (Chamnel 9) for highway
emergencies.

(iv) Emergency power.for radio remote control does not
exist. However, emergency power exists for dispatch
operations.

(v) There is no sophiscated method for monitoring and
updating the status of deputies in the field.
Presently, this is accomplished by means of written
logs.

3. The University Police Department

The University Police Department, located on Brandon Aveﬁue,
maintains radio cqmmunications with most City and County public agencies
through use of the common frequency 39.5 MHz. A new UHF system is employed
to meet the special needs of the University Police in patroling the interior
of buildings where low.frequencies do not transmit and receive as well.

The existence of several emergency call boxes on the University grounds
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near dormitories, parking lots and distant roads serve to facilitate easy
access to the University Police.

(a) Frequencies

The frequencies utilized by the University Police are 39.5 MHz -
common to all law enforcement agencies; 460.020/465.025 MHz - unique to
the University Police for inter-agency communications; 46.46 MHz - monitor-
ing City and County fire communications, and 155.830/155.995 MHz - monitor-
ing local rescue squad's communications.

- (b) Communication Aids

(1) The University Police have direct access to VICN and
NCIC.

(ii) Emergency power is provided by means of a generator.

(iii) Dual magnetic tape recorders are employed to assist
in the administering of police services.

(iv) Monitoring and updating the status of officers in
the field is accomplished by written logs.

4. The Charlottesville Fire Department and Volunteer Fire
Companies

The Charlottesville Fire Department, located on Ridge Street

with another station located on the 250 By-Pass, approximately 2 miles away,
handles its own dispatching as well as that of several county volunteer
fire companies including East Rivanna, Stony Point, Earlysville and North
Garden. Separate volunteer fire companies at Scottsville and Crozet have
their own telephone answering system and are usually not dispatched through
the Charlottesville Fire Department. However, Crozet can be dispatched

by the Charlottesville Fire Department by means of tone pagers, Scotts-
ville will have this capability in the near future. During an incident,

the Crozet and Scottsville Fire fighting personnel are usually in direct

radio contact with the Charlottesville Fire dispatchers.
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Fire service for far western Albemarle County, which is in the C & P
telephone district, is a long distance call from areas such as Greenwood
to Crozet which is four to five miles away. Scottsville maintains a
fire department which serves the southern part of Albemarle County as far
north as Keene and as far west as Esmont. In addition, the Scottsville
Fire Company serves areas of Buckingham and Fluvanna Counties, which are
adjacent to the town.

(a) Frequencies

The frequencies utilized by the Charlottesville Fire Department
are 46.46 MHz - camoen fire frequency (this frequency is also used for
commmnication to the Airport Control Tower) and 39.5 MHz - ccmmon to all
law enforcement agencies. The Charlottesville Fire Department will be
adding a second fire frequency so that fire units on the scene of a fire
can be switched to an operating frequency leaving the primary frequency
for general use within six months.

(b) Commumnication Aids

(i) FEmergency power is provided to the Charlottesville
Fire Department by means of a generator.

(ii) Through co-ordination with the Charlottesville
Police Department, the Charlottesville Fire
Department has message recording capability.

(iii) The Volunteer Fire Companies communication aids are
considerably less sophisticated than those associ-
ated with police services.

5. The Charlottesville/Albemarle Rescue Squad and Scottsville
Rescue Squad

The Charlottesville/Albemarle Rescue Squad housed on McIntire

Road at the 250 By-Pass serves all of the County with the exception of the
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Scottsville area. There are no outlying stations directly affiliated with
the Charlottesville/Albemarle Rescue Squad though consideration has been
given to an East Rivanna satellite station. The Charlottesville/Albemarle
Rescue Squad has a wide range of radio communication in order to

perform tﬁeir unique functions. Through the common low-band frequency -
39.5 MHz - they are able to communicate with all local law enforcement
agencies and the Fire Department. Special frequencies enable them to
communicate with the University of Virginia's Hospital and the Scottsville
Rescue Squad. The sophistication of their equipment allows them to transmit
EKG's and the like from their mobile units. Tone-coded systems are utilized
to alert personnel and radio communications capability with Martha Jefferson
Hospital is presently being acquired.

The Scottsville Rescue Squad which serves the immediate Scottsville area
and surrounding areas of south Albemarle, west Fluvanna and north Buckingham
presently lacks the necessary‘radio camunications capability of the
Charlottesville/Albemarle Rescue Squad. However, acquisition of a new
radio system, together with tone pagers and patching capability to permit
two-way communications between the Scottsville Rescue Squad and the County
Sheriff's Office and the University of Virginia Hospital's Emergency Room
is presently underway.

(a) Frequencies

The frequencies utilized by the Charlottesville/Albemarle Rescue
Squad are 39.5 MHz - common to all law enforcement agencies; 155.835/155.855
MHz - inter-agency and squad-to-hospital communications; and 463.025/468.025
MHz - telemetry. The Scottsville Rescue Squad presently utilizes the 39.5

MHz frequency.
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(b) Communication Aids »

(1) The Charlottesville/Albemarle Rescue Squad has
emergency back-up power.

(i1) The Charlottesville/Albemarle Rescue Squad has -
message-recording capability.

(iii) Both rescue squads continuously monitor a citizen's
: band radio for emergency requests.

B. Existing Citizen Access Systems - Description

Citizen access system refers to the facilities available to the
citizen fop requesting and reporting emergency situations. The Charlottes-
ville/Albemarle area is characterized by three political jurisdictions -
City, County and University. It is not unusual for a resident to be
conducting business or using facilities in the City, County or University
on a regular basis. Consequently, each resident of the entire area must N
become familia? with-a variety of emergency services and numbers in the
City, County and University.

There are at least 14 basic emergency telephone numbers which residents
may need to use. These separate and distinct numbers are for the
Charlottesville Police, the Charlottesville Fire Department, the Charlottes-
ville/Albemarle Rescue Squad, the County Sheriff, the gas company, the
power company, other volunteer fire and rescue squads, drug and child abuse
centers, social services, hospital emergency rooms and the like.

In addition to this need to ascertain the correct political jurisdiction -
and telephone numbers, a caller may sometimes have tc use a toll phone
necessitating the further need for appropriate coins. Further, residents
in the Greenwood part of the County must initiate a long distance call to

request emergency services. Moreover, in some instances, residents are
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required to dial separate and distinct numbers for the same emergency service
before and after 5 p.m. (e.g. Welfare and medical emergencies).

This state of affairs would naturally imply some confusion in obtaining
emergency assistance, especially to the elderly, handicapped, children and
visitors. In the City of Charlottesville, some 24 percent of the population
are between 10-14 years of age with some 10 percent over 65 years [7]. It
is reasonable to suspect that a similar age distribution exists in the
County. In an emergency situation, the degree of confusion, anxiety and
frustration places severe stress on such persons not only in obtaining
the appropriate numbers but more importantly in dialing them.

The University of Virginia, with a transient student population of
approximately 15,000, also attracts a great number of conventions and
conferences. These transients and visitors together with those drawn by
university events, local, historic and scenic attractions must surely have
difficulty in accessing emergency services. The magnitude of this delay is
discussed in Chapter III.

C. Agency Response to Emergency Requests - Description

From an examination of communication facilities in terms of
citizen access and agency operations, the following general statements
relating to agency response can be made:

(a) There is a high level of informal mutual aid and co-ordina-
tion between dispatch agencies in the City and County.

(b) There is no explicit cross-training between personnel in
different agencies to enable maximum effective service when
a resident dials the wrong number.

(c¢) There exists a wide variation in the level of training and

diversity of functions performed by dispatch personnel in
the various agencies.
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(@) Many agengigs are currently unable to man their communica-
tions positions regularly with existing designated dispatch
personnel.

(e) The existing hardware utilized by many agencies does not
possess such basic features as the ability to hold a line open
and the ability to disconnect a caller to free incoming lines.

D. Analysis

Having described agency fesponse to emergency service requests,

a very important question arises - what is the impact of the existing
response system on the accessibility and delivery of emergency services?
This question has many dimensions relating to ease and efficiency. However,
for the present, we address the dimension of time.

Table 2 indicates that a substantial percentage of crimes requiring
on-scene-assistance are reported by someone other than the victim. The
elapsed time or time between detection and notification is indeed substantial.
When an emergency has occurred, then the total time between detection and
notification by someone who is not directly involved in the emergency
would appear to reflect the ease with which such notification can be made.

In a needs survey conducted by the Stanford Research Institute for Santa
Clara County, Califormia, it was concluded that between 25 and 40 percent
of emergency calls had to be transferred to at least two agencies;
considerably less than half the citizens had recorded their emergency
nunbers for convenient use and also considerably less than half the
citizens knew their emergency 7-digit numbers [8]. (We examined the
utility of conducting a similar type of survey for the Charlottesville/
Albemarle area. However, the requirements in terms of time, costs and
anticipated response does not appear to justify the effort.)

Tables 3A and 3B indicate that the greatest percentage of fires are

reported by means of a telephone. Consequently, making the telephone more
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Reported by

Elapsed Time
Between Detection

Type of Crime Period Incidents Vietim Other and Notification
Felonious Assault with Knife 1975 . 34 59% 41% 57 minutes
Felonious Assault with other 1976 January - 9 78% 22% Ly "

dangerous weapon June
Disorderly Conduct 1975 72 26% 4% 23 "
Disorderly Conduct 1876 January - 24 21% 79% 28 "
June
Felonious Assault with Gun 1975 35 40% 60% 58 "
Felonious Assault with Gun 1976 January - 12 75% 25% 18 "
' June
Attempted Rape 1975 4 100% 0% 22.5 "

Source: Charlottesville Police Department ~ Individual Records (1975-1976)

Table 2

Selected Police Statistics - Charlottesville (1975-1976)




Table 3A

Selected Fire Statistics - Charlottesville, 1975

Source of Report Total Incidents Percentage
Telephone 966 84
Street Box 75 7
Automatic Alarm 25 2
Other (Radio, Walk-ins, etc) 78 7

Table 3B

Selected Fire Statistics - Charlottesville, 1975

Type of Fire Percentage
Building 40
Vehicle 22
Other 38

Source: Charlottesville Fire Department, 1875
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accessible increases the likelihood of a prompt notification. 22 percent
of all fires reported in 1975 were vehicle fires necessitating to a large
extent the use of public pay phones and the associated coin requirement.
Data were not available on elapsed time.

E. Identification of Needs

The information presented thus far provides the basis for an
evaluation of needs. We attempted to solicit the participation of respond-
ing agency officials in a determination of what could or should be done with
the existing communication system. From a series of meetings and discussions,
the following needs were expressed:

(a) A reduction of confusion in notifying appropriate agencies

in an emergency situation (whom to call? what number? what
jurisdiction?)

(b) A procedure for co-ordinating existing resources to minimize

duplication of equipment and enable greater utilization of

existing manpower.

(c) The provision of improved communications system features to
enable greater efficiency in providing community services.

(d) The provision of means whereby citizens can summeon emergency
assistance by public telephone without coins.
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III. PROBLEM LEFINITION AND VALUE SYSTEM DESIGN ELEMENTS

Program planning is directed at a series of activities aimed at
addressing the needs identified in Chapter IT. We first attempt to
Identify problem definition elements: needs, constraints, alterables and
societal sectors. Using unified program planning techniques developed by
Hill and Warfield [9], we then seek to identify the relationships among
these elements. Identification of these relationships enables us to
postulate objectives which are defined in the framework of the problem
definition variables such as to satisfy needs, and to define related ob-
jectives measures. Having developed objectives, we then proceed to examine
emergency‘communications system concepts with respect to proposing alter-
native policies to better achieve objectives by satisfying societal needs.

A. Problem Definition Elements

Needs have been identified in Chapter I. We now direct our
attention to constraints, alterables and societal sectors as defined in
the methodology section. These problem elements were identified through
discussion and review with the Project Review Committee and their inter-
actions were estimated by the analysis team.

1. Cénstraints
(a) Telephone equipment-hardware
(b) Funding
(c) Public officials' acceptance
(d) General public acceptance

2. Alterables
(a) Implementation time
(b) System costs
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(c) Operating procedures
(d) Cost distribution and recovery
(e) Types of emergency service provided

3 Societal Sectors

(a) General public
(b) Agency directors (City, County, University)
(e) Legislators (City, County, University)
(d) Telephone Company Officials
To illustrate the interactions or relationships between the various
problem elements, interaction matrices are used - Figure 2. The self-
interaction matrix describes the magnitude of interaction between elements
comprising a set as opposed to the cross interaction matrix which describes
the magnitude of interaction between elements comprising different sets.
For example, the self-interaction matrix for constraints indicates that
funding interacts strongly with the public and public officials' accep-
tance . Similarly, the cross interaction matrix between alterables and
constraints indicates that operating procedures interact strongly with
public officials' acceptance.
Careful evaluation of these interactions with the Project Review
Committee led to the establishment of the following objectives which are
structural and presented in Chapter VII with appropriate evaluation indices.

B. nggctives

1. To meet the national goal of a singie emergency number
2. To facilitate easy citizen access

3. To coordinate existing resources

4. To provide service in a cost effective manner
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5. To improve the existing level of service

6. To improve emergency communication and administration
of services

7. To enable coin-free dialing
8. Maintain the authority of responding agencies
9. To minimize dispuption of existing services
10. To reduce confusion in notifyingappropriate agencies

11.  To provide for growth in emergency communications
requirements

We now seek to identify some alternative policies which might
enable the achievement or attainment of our stated objectives. We
address specifically the concept of alternative 911 systems as they felate
to emergency communications and associated emergency service delivery.

C.  Emergency Communications System Concept

Some concepts of emergency communications are illustrated in
Figure 3 where an emergency begins with the occurrence of an event requiring
on-scene~assistance. The total response time here is estimated to be
ty; + tp + t3. Thus, any reduction in time between occurrence and detection,
or detection and notification, or notifigation and dispatch effectively
reduces that response time. . -

911 has been suggested as a national emergency number to be used
throughout the United States. Presently, 712 communities with a total
population of about 50 miilion either have the 911 number or are installing
it [10]. Studies conducted by the Stanford Research Institute for
Orange and Santa Clara Counties California, have suggested that response

times could be reduced by 1.5 to 4 minutes with the -introduction of 911 [11].
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Such studies are usually very difficult to perform, largely due to
the inadequacy of data. Indeed, the relevant data for such analysis in
the Charlottesville/Albemarle area are non-existent. However, all
available inferential information suggests that response time is often
greater than need be. Reduétion in total response time results invariably
in a savings in life and property, and every effort should be made to
accomplish this.

To illustrate this point, consider the following heuristic scenario
of the random time variation between detection and notification. Given
the existing system of citizen access, we can safely postulate that some
people will access emergency services quickly and efficiently (they know
the proper telephone number) and others will not (dialed the wrong number,
dialed the wrong agency, no phone book, no coins, etc.). If one were to
plot the frequency or probability of getting information to an agency, the
resulting distributions would most likely approximate those presented in
Figures 4(a) and 4(b). Figure 4(a) indicates that with the existing
system of citizen accesé depending on the variety of numbers, emergency
services, education, etc., some people will consume a substantial amount
of time in accessing emergency assistance. There is great variability in
the time required to notify an agency. Figure 4(b) on the other hand,’
indicates that by introducing a 911~ citizen access system, the access
time for those persons previously subjected fo substantial delays is
considerably reduced even though the average response time is little changed.

The needs of these persons are critical in the delivery of emergency
services: for example, a study of heart attacks in Santa Clara County,
California (1969) indicated that of 54 non-hospital deaths in men under

60 years, 46 percent were found dead and an additional 22 percent

30




P(t)

P(

ability Density

Prob.

Density

Probability

X X T

time to notiiy agency, two hypothetical cases
(a)

e b4 ' t
time to notifv agency, two hypothetical cases
o =1 b] =

Figure 4 Hypothetical Probability Distributions

(a) Exdsting Citizen Access System
(b) 911 Citizen Access System

31




died in less than 15 minutes of the onset of acute heart attack [12].
Also, a study of British heart attacks (1968) indicated that 34 percent
died in 15 minutes and 54 percent in one hour after incidence of the
heart attack [12].

The Stanford Research Institute has estimated that in Florida, a 30~
second reduction in fire fighting response time would result in $1.7
million savings, thereby reducing residential fire losses by 7 percent.
This does not include any savings from other types of fires [8].

Figure 5 further illustrates the true response time associated with
the four basic methods of accessing emergency services [19]1. The 911
communications system concept has three major advantages:

(1) It reduces confusion in notifying appropriate agencies,

thareby reducing total time from detection to receipt
of emergency services. This could conceivably result

in crimes and emergency situations being more promptly
reported and consequently increase the level of security
experienced and/or perceived by residents.

(2) With the introduction of 911, basic communications

system features such as called party hold, forced
disconnect, etc. can be provided thereby improving the
efficiency of emergency communications;

(3) A 911 communications system requires personnel with

specialized training and the establishment of oDera‘l:J_ncr
procedures which could enable comprehensive and

efficient service to residerits.

D. Provision Mechanisms for A 911 Communications System

In order to provide 911 communications in the Charlottesville/
Albemarle area, we present a descriptive scenario for implementing such a
system. This scenario specifically addresses the technical problem
associated with 911. Questions concerning social and institutional

problems. will be addressed in subsequent chapters.
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1. Service Agencies

Figure 6 shows the location of various emergency services
accessible to residents in the Charlottesville/Albemarle area. Tradition-
ally, mutual aid agreements and cooperation between jurisdictions have
enabled residents located on the fringes of the county to summon help
from rescue and fire services of nearby counties. Greene, Fluvanna and
Nelson Counties have implemented 911 service. However, residents of
Albemarle County cannot obtain fire and rescue services of these counties by .
dialing 911. Rather, they are required to dial the respective seven
or eight-digit number for appropriate services. With the introduction of
911 into the Charlottesville/Albemarle area the method of accessing emergency
services throughout this entire area will become uniform.

2. Boundary Problems

The Charlottesville/Albemarle area ig served by two telephone
companies. The Central Telephone Company of Virginia serves approximately
92 percent of the area'while the Chesapeake and Potomac Telephone Company
of Virginia serves the remaining 8 percent. Invariably, when more than
one telephone company serves a community, boundary problems present
themselves. A boundary problem exists when telephone service areas and
county boundary limits are not coincident. Figure 7 shows the areas
where a potential boundary problem exists. For example, the telephone
exchange 456 serves residents of both Albemarle and Nelson Counties. If
911 was implemented in the Charlottesville/Albemarle area, then that
entire region (Nelson and Greenwood) would access a 911 center in
Charlottesville. This type of problem is not unusual and indeed exists

in many of the communities which have implemented 911.
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E. Solution Options to Boundary Problems

A variety of potantial solutions can be conceived to seliminats
boundary problems. These solutions span the realm of simplicity - neglect

of these areas in planning 911 service-to complexity-structurzl modifica-

f
2
O
3
Q

f telephone squipment. We will not address the simplistic option
of neglact. Rather, we assune that 911 service should be designed Zor
the entire county.

1. Modification of Telsphcone Equipment

Present communications capability would suggest that the
telephone company is able to split an exchange enabling residents in say,

Creenwood (Exchange 438) to dial 911 znd access a centsr in Charlottasville,
while at the same Time meking it impossible for residents in Nelson County
(with the same exchange, 456) to accsess vhat center in Charlottasville
should they dizl 511. The ease with which this can be asccomplished de-
pends on the existing switching squicment used by the talephone company.
Presently, CENTZL is utilizing the old sté@nswitching aquipment which i
aextremely costly to medify. However, within another 10 years or there
abouﬁs? they may be converting to ESS (Electronic Switching bysLams)

will :)erm1 easy conversion. Splitting an exchange to enable tslephone

exchanges and political boundary lines to be coincident is basicalily a

-talephone systam redesign. The cost of splitting an exchange under the

present telephone company policy must be borme by the jurisdiction involved.

 For the Greenwcod sxchangs, the cost estimatad by the telephone company

was somewhere in the viecinity of $20,000. This option is not recommended.

2. Operational Methods

This option considers what might be termed a non-structural
solution where the operations , policies and rules are examined to
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ascertain whether or not the problem can be addressed without the need
for building or installing equipment.

Given that 911 service is not advertised in areas outside Albemarile
County and the telephone company provideé the type of directions similar
to those being provided in their forthcoming telephone directory
(special instructions for subscribers in areas where boundary problems
exist) the volume of calls originating from these areas should be minimal.
However, in the event that residents of another county (e.g. Nelson,
Buckingham, etc.) dial 911, calls which should naturally terminate at
the Charlottesville center can be handled as follows:

Scottsville Exchange - 286 - This exchange includes a small portion

of Fluvanna and Buckingham Counties. Calls originating from these counties
can be re-routed from the Charlottesville center to the appropriate
dispatch agency in the respective counties. This applies primarily to
police services since Scottsville provides fire and rescue services for
this area.

SchuylertExchange - 831 - This exchange includes a small portion

of Nelson County. Calls originating from Schuyler will terminate at the
Charlottesville center and re-route for fire and rescue services to
Nelson County's 911 center which generally provides this type of service
for Schuyler residents.

Greenwood Exchange - 456 - This exchange includes a small portion of

Nelson County. Calls originating in Greenwood and terminating in
Charlottesville are generally long distance. We recommend two (2) direct

911 1ine§ from the Greenwood exchange which would enable residents to
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obtain smergency services in Charlottesville at no cost. The methed of
accessing approvriats services for residents of Nelson County remains

the same.

Orange Exchange - 832 - This sxchangs includes a substantial portion

of Louisa County and indications are that relatively faw Albemaris
residents ere locatad in this area. Ideally, this area could be handlad
in a manner identiczl to the Greenwocd exchange. We have been unable *
‘ identiiy any requests for service in Charlotresville from this area.

Consequently, we have not recommended any direct lines. TFor the sake of

[ completeness, two direct 911 lines couid te provided at a monthly cost
|
of approximately $50-70 per line. This cost does not entzr into our future

analysis. This option would appear to be quite feasible and, we therefore
recommended that this service option be considered.

F. Method of Re-routing Emergency Calls

-

Presently, radio capability exists for rsporting and requesting
services in other communitiss and dispatch centars through the use of the

common frequency 39.5 mHz. Such capability would naturally sxist at the

The center will be able to access other dispatch agenciss in surrounding

. jurisdictions by:

(a) Dialing the appropriate 7-digit number and relaying
. information, and

(b) Dialing the aDDrODrl ta 7-dici‘ number and patching
the ca1le the approoriats agsney.

This telephone capability is included in the basic 311 systam.

Altermatively, we could seek to improve telephone capability by the use of
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"ot lines' to swrrounding jurisdictions at a2 substantial additional cost
able 4). The use of hot lines for this purpose would perhaps
enable a small time savings in dialing dispatch agencies. However, this
Time savings would be no greater than that which sxists with radio
communications. In view of the anticipatsd volume of calls requiring
re-routing, it is our opinion that hot lines are unwarranted and thereicre
are not recommenced.

A full description of the costs and requirements For implementing
the 911 system in the Charlottasville/Albemarls arsa is oresentad in

Chapters IV and VI,

G. Cepital Costs of Implamenting a 311 Systam

1:13-)]

2 capital cost of implementing 2 211 systam in the
Charlottesvilie/Albemarle area as sstimatad by CENIEL ranges tCetween
$230,000 to $250,000. This cost, however, will be borne by the tzlsphone
company and not by the jurisdictions. The actual initial and cperating

costs for which jurisdictions are responsible is estimated in Chapters IV

~

Present tolicies relating to rats structure andvr covery oI telephoné
company's cost are such that with the implementation of 911 in
Charlottasville/Albemarle, the actual increase in each subscriber's

elephone bill would probably range between one and one-and-z-half cents
per month. This is due to the fact that CENTEL's capital recovery costs
are usually spread over its sntire ser;ice area in the 3tates of Virginia.
Consaquently, whether or not 911 is implemented in the Charlottesville/
Albemarle area, should another community in the stats implement a 911

system, the residents of Charlottesville/Albemarle will be subsidizing

CENTEL's capital costs for implementing 911 in that area.
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Table 4

Cost of Hot Lines for Accessing Dispatch

Agencies in Surrounding Jurisdictions

Cost
Monthly Initial

Jurisdiction Number S $
Lovingston - 911 Canter 1 151.30 S4.15
Palmyra - 911 Cantar 1 90.90 54.15
Scottsville Fire and

Rescue 1 80.30 Sk.15
Buckingham - Shepriff's

Office 1 126.75 54,15
Stanardsvills - 911 Cantar 1 95.85 S4.15

TCTAL 545.90 270.75




IV. SYSTEM SYNTHESIS
In this chapter, we present six altermatives for analysis and evalua-
tion. The first three alternatives specifically address the question of
accessibility and range from maintsnance of the existing system to an
emergency communication system involving call transfer and refarral. The
second three altermatives assume & 911 systam and provide a varisty of
overational modes to satisfy various needs. %

An emergency communication system must be viewed not only in terms of

. 1Ts accessibility but also in terms of its affactiveness. A 911 emergency

mmber systam addressas accassibility while the specific method of opera-
tion of the 911 systam can be chosen for relative arffactiveness. Alterna-
tives were chosen to address the more important and less obvious questicns
relating to socizl and institutional desirability. In designing these
alternatives, we attemptad to incorvorzte the specizl operating require-
ments and needs of each responding agency.

The method of operation presentad for the Charlottesvillas/Albemarle
Rescue Squad in all six altermatives is that of call transfar and not direct
dispatch from the commmications center. This option was sxercised in view
oft:

(a) The volunteer nature of the organization;

(b) The soohistication and specialized nature of their squipment;

(c¢) The high level of training required for rescue squad dispatch
personnel, and

(d) The apparent efficiency of
present time.

their dispatching facilities at the

However, the proposed altermatives are flexible enough so that rescue
squad dispatching could be incorporatad into them should a need and desire

develop.




Alternative #1 - Existing System

Alternative #1 (Figure 3) suggests that the existing systam be

maintained or that nothing further be done. It is presented to facilitate

an easy reference point in comparing and svaluating the snsuing alternatives. .

The characteristics of this altarnative are:

in that

Inadequaciss in accessibility for many people nesding smergancy
service delivery.

No co-ordination in dispatch sffort.

No standardized disvatch procedures.

No changes in administrative respvonsibility and accountability.
Duplication of squicment and persomnel on & continuing basis.
Differing levels of service among agencies.

The aveﬂace monthly co st for this systam is sstimated at approxi-
mately 311,200 (see Table 5), a low value &t oresent.

,._.

In the next four years, it is anticipatad that this cost will
double, due mainly to the need for increased personnel o
operats the present systam.

Altermative #2 - A Seven-Digit Number and Alternative #3 -
811 Transtfer and Refarral

Alternatives #2 and #3 (Figures 9 and 10) are sssentially the same

they oropose a centrdl number for accsssing all emergency services.

Alternative #2 suggests a 7-digit number while Altarmative #3 suggests a 911

nunber

The significant differences in these iwo altermatives lis in: -

1. The time to implement (approximataly three months for
lternative #2, and two vears for Alternative #3). -

2. Cost of conversion (this cost in either case is borme by
the telephone company).

3. The simplicity of the number in terms of education and use.

The charactaristics of these two alternatives are:

- No dispatch from cente
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Table 5

Altarnative #1

Systam Costs

Averzage
Ttem Agency Number Monthly Cost
(approx. )
Disvatch Personnel Crarlottesville 5 full time $3,102
Police 1 cart time
" " University 5 full time 2,340
Police
" " Sherift L full time 2,520
1 part time
" " Fipe® 4 full time -—
Supervisors Charlottasville 1 2yl time 1,000
Police
" University 1 full time 1,000
‘Police '
Telephone Charges Charlottesville - 74
Police
" " University - 214
Police
" " Sheriff - 127
114 1 :J.—y\e , ——— 8“’
" " Rescue - 126
TOTAL $11,187%%
*Tiremen function as dispatchers. ’

Vo als
W

Excludes firemen's salaries, miscellaneous costs associated with
utilities, stationary, building, etc., since the actual proportion of
these costs as they relats to emergency communicztions are marginal
within the fotal context of each agency function.
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Figure 9 Alternmative #2 - 7-Digit Number
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- No change in existing dispatch procedures.

- No relocation of personnel and equipment.

- No changes in administrative responsibility and eccountability.
- No need for personnel training.

- Duplication of equipment.

- Zxdisting differing lavels of service maintained.

[0)]

- Increased cost - aporoximataly $4,000 per month (see Tabls 8).
- CGreater accessibility.

- No effactive co-ordination.

- Marginal space requirements.

C. Alternative #4 - 911 - Specific Dispatch

Altarnative #4 (Figure 11) provoses a 911 communications centsr
with police and Tfire dispatchers working together in the same center but
cerforming different functions. This altsrmative attempts to approximats
a consolidated dispatch and while it holds significant advantages for

police agencies, it offers no advantage to the fire agencies. The

charactaristics of this alternative are:

Dispatches directly from S811 Centsr.

- Requires explicit description of dispatch procedures.

~ Enables co-ordination of dispvatch activities for police agencies.

- Need to re-locate personnel and equipment.

- Enables persomnel sevings among colice agencies.
~ Reduces duplication of equipment.

- Offers improved grade of service.

- Expands need for personnel training.

- Complicates administrative responsibility and accountability.

48
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Teble 6 v

Alternatives #2 and #3 - Systam Costs

/ M +=h T T o ey ey
Teem Number Ave:age Monthly Initial Costs
N Costs (aprrox.) (approx. )
Incoming lines 10 $ 508 3 230
Outgoing lines 13 100 250
Acdministrative 2 91 40
Telephone toards 2 130 306 :
’ Personnel S 3,000 -
Tape recorder® 1 - -—
TOTAL - $3,825%% 3 826

Y

%*These costs are in addition to the cost of the existing systam.

49
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- Requires at least 5 additional fire dispatchers
- Increases cost significantly over Alternative #1 (see Table 7).

D. Altermative #5 - 911 ~ Police Disvatch

Alternative #5 (Figure 12) provoses a colice dispatch with calls

for fire being transfered to the firs deparmment and is essentially a vari-

]

ation of Altermative #4. By eliminating fire

rom the disvatch function

-

the

ls.

t the 911 Centar, sxisting fire persomnel are more fully utilized
oresant capacity. This altarmative was proposed to address the perceived
oroblam envisioned by the Fire Chisf in allowing personnel other than

firemen to dispatch fire amergencies. The charactaristics of this

altarmative are the same as those associatad with Alternative #4., However,

it further reduces:

1. The complexity in administrative resvonsibility and accountability,
and

2. Significantly reduces operating cost as comparsed with Altermative
i1 (ses Table 8).

E. Alternative #86 - 911 - Multipurtose Dispatch

Alternative #6 (Figure 13) proposes a complets, consolidated
dispatch effort betwesn police and fire agencies. The characteristics of
this alternative are the same as those associatad with Altarnative #5.

However, fire acen01°s would be able to enjoy further advant’ages through

t 13

-

reduction in dispatch personnel. Given the volume of fire calls,
enticipated that with a consolidated police dispatch, the persomnel recom-
mended for Altermative #5 will be adequate to handle these calls, thereby
eliminating the need for additional fire dispatch perscrnel. The costs
associatad with this alternative are basically the same as Altsrnative #5
with the addition of a status board. Figure 13 illustrates the routine
funictions of dispatch as it is envisioned with Alternatives #4, 5, and 8.
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Table 7

tarnative #4 - System Costs

Ttem \umber Ave;age Monthily Initial Costs
Costs (approx.) (approx. )
Incoming lines 12 § 505 § 230
Outgoing lines 10 85 190
Administrative lines 3 136.50 80
Telephone boards L 260 812
Radio conséles + 4 —— 68,800
Status map ++ 4 -- 11,400
Terminal equipment® 1 —-— -
Tape recorder® 1 — -
Log recorders u -— —
Dispatch personnel®® 17 —_—
Secretary 1 17,u186 —_—
Administrator 1 -_—
Building### - - -
TOTAL -— $18,402.50 $81,292
*Existing equipment could be utilized.
**Personnel salaries were averaged at $11,000 per year to allow for

-~

differences in cala_ies and benefits, and assume 5 paid firemen/dispatchers.

ta o

"R Seo C"'IE.D'E"“ VL.

+Includes 7 different base stations -~ trensmitters and recelvers, 3 monitor-
ing channels, head sets, log recorders, furniture.

Includes spot light kits, card -- Panel to activate lights.
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Figure 12 Altermative $#5 - 911 - Direct Police Dispatch
and call transfer for other agencies.
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Table 8

Alternative #5 - System Costs

e e | GO | PRI
Incoming lines 10 $ §05 S 230
- Outzoing lines 10 . 60 190
Administrative 3 136 80
Telephone boards b 260 812
Radio consolas + 4 — 58,300
Status maps++ 1 - 11,400
Tape recorders® 1 - -
Terminal equipment® 1 - -
Log recorders L - —
X .
Dispatch personnel®**” 12 —
Administrator 1 $12,833 _—
Secretary 1 -
Buiiding‘*’" —_— — -
TOTAL - $13,794 $81,292
N

Existing equipment could be utilized.

**Parsonnel salaries were averaged at $11,000 per year to allow for
differences in salaries and benefits, and it was assumed there would
. . be 5 paid firemen/dispatchers.

#*%%Sea Chapter VI.

+,++See Table 7.
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Figure 13(a) Alternative #6 - 911 - Multipurtose Dispatch
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Figure 13(b) Direct Dispatch for Alternative #6 - 911 - Multipurpose
Dispatch




V. SYSTEM DEVELOPMENT
In this chaptsr, we attempt to estimate call volumes, telephone lines
and personnel requirements consistent with certain design objectives. These
design objectives are:

(@) To ensure that no more than one call in every hundred receives
a2 busy signal during the busiest hour.

(b) To ensure that less than tan percent of all busy hour calls are
answered with delays greatsr than tan seconds.

The first objectlve ensures adequate systam capacity while the second
ensures adequate personnel to provide zn improved level of service.

A,  Traffic Analysis

The purvose of a traffic analysis opr call-volume study is to

ascertain the number of lines and persomnel required to provide a satis-
factory grade of servidée. The term 'grzde of service' is used to define a
orobability factor which expresses the likslihcod of a person's raco¢v1nc

a busy signal when a particular number is dialsd. Usually a P:01 grade

)

of service is deemed satisfactory. This can be interpreted to mean that
no more than one (1) call in avery hundred (100) is likely to rscsive &
busy signal during the busiest hour.
Call volume in a 911 centsr is a function of the population

which expresses the demand for emergency services. In addition, {
it is a function of the number and types of services offered. If 911 is
construed as an emergency number to be dialed only when on-scene assistance 5
is required, then the call volume at such a centar can be reasonably approx-
imated at one-third (1/3) to one quarter (1/4) of the sxisting call volume
to the police agencias which are likely to receive between 75 and 85 percent

of the total calls.
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1. Call Volume Estimzation

In an effort to astimats a realistic call volume for the

Crarlottesville/Albemarle area, the following factors were considerad:
(a) Populatiecn. .
(b) Proposed implsmentation datz.
(c) Growth in demand for services.
(d) MNuisance calls.
(e) Services included.
A traffic study conducted by CEINTEL (Central Telsphone Company of
Virginiz) for a three-day period (June 17, 18, and 21, 1375) on incoming
czlls to the emergency numbers listad for fire, Police and Rescﬁe during

-

“he hours from 8 a.m. to 5 p.m. indicatad that the busisst hour appears

to be between 9 and 10 a.m., with about 20% of the total volume (nine
nours) occwrring during that hour (see Figure 14). The total number of
calls during this hour was approximatsly 84. These calls include

requests for on-scene assistance, information, reports, multiple calls

on the same incident and calls for other agenciss. The call distribution

is nearly uniform at 64 czlls ner hour.
Y 2

The existing population in the Charlottesville/Albemarls area is
aporoximately 80,000. Assuming a call volume of 2.5 calls for 1,000

people with 25% occwrring during the busiest hour, we have a call volume

of about 50 calls per hour. By 1380, the sstimeted population will e .

approximately 86,000, therefore call volume will be approximstely 5S4 calls.

Assuming an additional 10% of the total calls during the busiest hour is
included to account for nuisance calls, we have a busy hour call volure cf

approximataly 59 calls. FPurther, assuming an additionsl 10% (e.g. snow
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storms, power failures, stc.) we have a call volume of 65 calls per hour.

This call volume appears to be reasonable from a demand-for-service
viewpoint, and will be used together with other important factors such -

1

as the flatmess of the call distribution (Figure 14) and the distribution

of calls after 5 p.m. for estimation of lines and versonnel.
2. Reguired Telephone Lines

There are basically two types of incoming communication lines
to 2 311 centar: direct lines and tandem lines. These lines are necessary
o facilitats public access and service delivery,

With direct lines, the 311 centar would have to lease 3 number of
lines between sach CO (Central 0ffice) and the 911 centsr. These lines
would be designed to accept only 911 czlls. In the Charlottasvills/
Albemarle arsz, there are 2laven (11) central offices. This would mean
that a minimm of 2 or 3 lines would hdve to be leased from sach central
office. Thus, some 33 linés would be required. It should be noted that

2
:

if three (3) lines are made available in one CO area, then a person re-

—

quiring service in that area has only three (3) lines available

for reporting the emergency and not thirty-three (33). The main advantage
of using direct lines lies in the ability of the 911 center operators to
ascertain the area from which the czll originatss.

With tandem lines, the 911 center would have to lease a number of -

lines between one CO and the 911 center. These lines would not be dedicatad,
rather, they would be carrying regular traffic. Thus, if there are fiftsen
(15) incoming lines to the 911 center, a person requiring servics anywhere
in the City/County will have fifteen (15) lines available for use in

reporting the emergency.




The cost of providing direct lines is substantially greater than
that associated with tandem lines by virtue of the fact that they are
more expensive, a greatsr mumber of lines is required, and the cost of
lines represent a monthly recurring ccst.

We, therefore, reccmmend the use of tandem lines. FHowever, the use
of direct lines is reccmmended for:areas where the telephone exchange
boundary dces not permit the use of tandem lines or where operationzl
efficiency is enchzanced by their use.

3. TIncoming Lines Estimation

Tn order to sstimate the number of incoming lines required for
the communications center, the following assumptions were made:

(a) Busy hour call volume is approximately 65 czalls, and

(b) Dispatch is made while calling party is on the line, so.
that total answering and dispatch time approximatss averags
holding time. BRased on observations and intsrviews,we
estimate this as S0 seconds.

Queuing medels are gsnerally employed to sstimate the number of lines re-

quired such that a particular grade of sexrvice can be maintained. To

estimate the number of lines required to provide a P.0l grade of service,

the requirement is converted into a detsrmined number of hundred call-

seconds (CCS). The formula for this computation is (14].

ccs = (No. of busy hour calls)(Average call length in seconds)
100 .

Having calculated the CCS, this value was then input to a standard
telephone trunk capacity table which lists the required number of line
for a particular grade of service and a given CCS. This table [20] indi-
cates that for a CCS between 46,1 and 64.4, six lines would be
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Table

Total Incoming Lines

Description Number of Lines Type of Lines
Based on call volume analysis for the
immediats Charlottesville/Albemarie
area Tancem
Greemwcod exchange Direct
Growth and faulty assumptions 2 Tandem

-t
O

:




Table 10

Total Outgoing Lines

Description O?ﬁf?izs Direct Tandem
Nelson County 911 center  ~ 1 Y/
Fluvanna County 911 center 1 v/
Green County 911 center > e 1 4
Scottsville Fire Department 1 v/
Buckingham Sheriff's Office 1 v
University of Virginia Hospital 2 Y
(emergency room, psychiatric ward)
Martha Jefferson Hospital 1 vy
(emergency room)
Charlottesville/Albemarle Rescue Squad 2 v
Charlottesville Fire Department 2 Y
Charlottesville Police 1 v
University Police 1 v/
County Sheriff 1 Y/
Administrative 3 v

¥ Ag indicated in Chapter II, these lines may be eliminated with little

performance lost as radio service will be available.

Considerable cost

savings will result and,as indicated in Chapter II this is recommended.
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required to provicde a P.01l grade of sexvice., The actual CCS computed from
our assumptions is 58.5. Thus, six lines are an approvriate number under
assumed conditions to insure that no more than one of a hundred inceming

calls receive a busy signal during the busiest hour.

4. Cutgoing Lines Estimation

Outgoing lines serve a variety of functions, depending primarily
on the cverating characterigtics and number of agencies associatsd with
the 911 center. Private or direct lines are needed to transfer callers
to the appropriate jurisdiction in the case of boundary mismatch problems.
These lines are also necessary to access the various dispatch services
(depending on overationzl metheds) and serve as a means of coordinating
the activities or various jurisdictions in the case of common amergencias.
In addition, a number of adminisitrative lines must te provided. A descrip-
tion of the tyre of outgoing lines reguired for Alternative #5 or 46 is of
particular intsrest here.

Direct lines connecting the 911 center and police agencies are recom-
mended to allow direct exchange of telephone requests for emergency dispatch.
Thus, an smergency call directed to a police agency cculd be switched to
the 911 center for other dispatch purposes. To provide this capability,
the telephone company would need to medify switching equipment in the police
agencies.

Additional switching capability should also be installed to permit
all emergency calls to be rerouted to the 911 center at night, on weekerds,
or at other times when police agencies have no available operators.

B. Personnel Reguirement Estimates

The number of operators required for the 911 systsm depends to

a large extent on the same variables used in the sstimation of incaming lines,




but more importantly on the functions and rgspoﬁéibilities of the 911
operators. In estimating personnel fééﬁirements, a queuing medel was
employed to determine the number of dispatchers nesded during the busiest
hour such that no more than 10 percent of the total calls originating in
the busiest hours would be delayed more than 10 seconds. The formula for

this camputation utilizes the following Poisson queuing theory equation[13].

c
A ] -(a - M Wt/E
. u . L a
P(>t) = \ -8
R u c
e (l Cl.l) n:c-l{z‘.) (&.
z 84 + U
=0 n! 11 - A
e c'(‘ cu)

1

where P(>t) = the probability of a 911 customer having to wait longer than

time, t, with all dispatchers busy
u = number of service campletions in busy hour
¢ = number of dispatchers

A = mumber of calls in the busy hour

i

t

, © average holding time

o

Estimation of this equation indicates that 4 disvatchers will be re-
quired during the busiest hour. This analysis indicatss that only 7.9
percent (approximately 4 calls) will be delayed greatar than 10 seconds

and the average delay time for all calls will be 3.9 seconds (approximataly
1 ring) during the busiest hour using 4 operator dispatchers.

The overating personnel required derends on call volume distribution
throughout the entire day. Traffic studies provided by CENTEL indicats the
Charlottesville Police Department received an average of 72 calls between
the hours of 5 p.m. and 8 a.m. on August 25 and 28. This is representative
of typical call volume and approximates five calls per hour. Assuming the
same call distribution for the other police and fire agencies, we have
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approximately 20 calls per hour necessitating no more than two persornnel.

Since Charlottesville Police call volume is by far greater than any other
emergency service agency, it is clear that two personnel on duty at any :

given time should be fully adequate for any but extreme disaster situations.

Therefore, with three (3) eight hour shifts, personnel requirements
may be camputed for 4 on duty persomnel from 8 a.m. to § p.m. Monday through
Friday end two personnel on‘duty at all other times. Smooth operation must
be maintained seven (7) days a week on a twenty;four (24) hour basis.

There are two dimensions to persomnel requirements:

(a) The number of perscnnel neceséitated by call volume, and

(b) Ths number of persomnel necessitated by efficient manage-
merit principles.

We assume a 4O0-hour work week. The total dispatch pecple hours

should be increased by 15% to 20% such that minimum dispatch force of 12

people is required. Thus, on any particular day, 8 dispatchers will be
required with 4 available for swing shifts, sick leave, vacation relief
and other contingencies.

In order to efficiently execute the functions of a 911 communications
system employing 12 dispatchers, a commnications administrator position
should be made available with a secretarial position. This brings the total
employment force to 14 personnel. This is actually somewhat high due to
the performance criteria which indicates that only Y4 calls during the
busiest hour will have a waiting time greater than four seconds. Also » .
we are using a rather large call volume that will probably not be tealized.
Thus 14 total personnel for a 911 center should be a very ample number
indeed. Particularly during initial start up of 911 service it would be
beneficial to err on the side of too many personnel rather than too few,
especially since start up difficulties and public acceptance requirements

are so interrelated.
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Vi. SYSTEM EVALUATION
In this chapter, we attampt to sumnarize the costs and benefits asso-
ciated with the altermatives presented. Source of funding together with

location considerations are discussed.

A, Cost Benerit Comparisons

1. Pesrsomnel

Personnel requirements indicatad in Table 11 show that labor is the
single most costly factor in the sstablishment of an smergency communications
centsr. Altsrnative #5 costs aporoximataly S12,833 per month as compared
o Altarmative #1, which costs aporoximatzaly $10,562 per month. However,
it should be notad that:

(a) Average salary assumed in Alternative #5 is $915/month as
oprosed to $621/month for Altsrnative #1. This higher salary
was based on a realistic number necessary to atiract and
maintain personnel of the calibre necsssary for smergency
communications dispatch functions.

(b) The total number of dispatch personnel employed in Altsrmative
#5 is 14 as opposed to 17 for Altermative #1.

(¢c) The design capacity of Alternative #5 (14 personnel) was
basaed on 1980 requirements (likely implementation time).
At such time, the total personnel force for Altarnative #1,
according to our estimatss, will be between 21 and 23 at
a minimum. '

2. Televhone Costs

In order to implement Altermative #5, an additional monthly
telephone cost of aporoximatsly $1,000 will be required (see Table 11J,
the total monthly cost being $1,585. This cost is relatively substaﬁtial
but necessary in view of the fact that the existing telephone communications
system cannot be discontinued immediataly. The various agencies will still
retain their respective members for administrative and tossible emergency
functions. However, as the system becomes operational and gains public
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Table 11

Summary of Estimated Costs for Alternatives

ALt . Personnel, Dispatch L Telephone Equipment Total
ernative per month Equipment Bu11d1ngh Initial | Monthly Initial | Annual
1 $10,562 _— —_— — $ 625 — $134, 24
2 13,562 - - $ 826 - 1,450 $ 826 181,344
3 13,526 : f—— - 826 1,450 826 181,344
L 17,416 80,200 - 1,092 1,611 81,292 229,524
5 12,833 80,200 — 1,092 1,586 81,292 173,228
6 12,833 80,200 — 1,092 1,586 81,292 173,228
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acceptance, this cost can be reduced by at least 20 percent. In assessing

the benefits associatad with incurring the additional cost, it should be

notad that:

) (a)

Alternative #5 presents a system with increased capacity.
Presently, the County Sheriff's talsphone facilities are
inadequate based on a traffic study conducted by Centzal

for the three day pericd, June 17, 18 and 21. This study
; indicates that 2 additional lines are required o provide
a P.01l grade of sexrvice which should be accepted as a minimum.

(b) Alternative #5 presents & systam with new and improved

features - call party hold, forced disconnect, conference
calls, stc.

3. Radio Egquinment Costs

L]

ield trips and consulitzations with radio communications experts

and consultants suggest that the sxdsting radio cammunication facilities at

the various polics

agencies cannot be esasily adaptad to centralized dis-
patching. This is cdue to the fact that:

(a) The existing equirment at police agencies are tco diversified
and different to consolidate and intsrface.
(b) Equipment providing greater capability, flexibility and
reliability can be acquired and would enhance Dresent operations.
Also, existing police agencias, with centralized or consolidatad
. dispatch, will need some ability, independent of the 911 systam, to

communicata with their respective field agents. By keeping the existing

radio equipment intact, this capability will be preserved.
We, therefore, recommend that a new radio communications system be
acquired for use in the consolidated or central disvatch center. The costs

estimatad for radio communication are based on General Electric Services

2500 Command Control Consoles. These consoles provide a variety of features

and options which are particularly appropriate for consolidated dispatch.




The actual cost of radio equipment is based on:
(1) The number of channels,
(ii) The number of operating positions,
(iii) The volume of calls, and
(iv) The variety of special options.
In our analysis of radio equipment costs, we include the cost of
all other equipment associated with dispatching functions since potential
funds are available for their acquisition.

4. Source of Funds for Dispatching Equipment

The Law Enforcement Assistance Administration fLEAA)'often
provides funding to communities establishing centralized or consolidated
dispatch functions. These funds, however, are generally limited to the
acquisition of radio and related dispatch equipment and do not provide
for any operating or maintenance cost. The base of funding is S0 percent
from LEAA, 5 percent from State and 5 percent from local.sources.

In order to obtain these funds, the following procedure shouid be
initiated:

(a) The consolidated dispatch center project must be identified

as a priority project in the Local Planning District
Commission Plans.

(b) This project must be incorporated into the State of Virginia's
Comprehensive Plans.

(c) A proposal must be submitted to LEAA requesting the required
funds.

If the City of Charlottesville, the University of Virginia, and
Albemarle County decide on a consolidated dispatch center (and fulfill
requirements of the crime control act of 1973 for funding) it is our recommenda-

tion that funding requests be made. Likelihood of funding may be enhanced by
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the fact that this community will be

to demonstrates consolidated dispatch

B. Lceation Considerations
The space requirements for
vary with the functions and purposes

the first in the State of Virginia

between city and county.

an smergency communications centsr

for which the center is inteanded.

For exampls, Altarnatives #2 and #3 require considerably less space than

Alternatives #4+ and #S.

Typical space requirements [1u]

+ 911 Operators
« Administrator's
« Rest and Locker Rocoms

+ Operations Store Reom

+ Equipment - tape recorder,
records, etc.

+ Telephone company equipment

+ Heating and air-conditioning rcom

+ Generator Rcom

+ Miscellaneous Spacse

Reom (office and conference)

for Altermatives #4 or #5 are:

Approx. Area (sq.

It.)

220
400
100
200

terminal,

100
1,400 sq. ft.

Our study has not included independent analysis of detailed space

needs, but we believe that the total area is adequate

the investigation.
commumication center, the following
particularly important:

+ The existence of adequate

In evaluating potential locations

for purposes of

IOr an emergency

consicderztions would appear to be

space for expansion.

+ The accessibility of the location.
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+ The attitudes of responding agencies to specific locations.

« The cost of constructing a new facility or renovating an existing
one.

+ Llong-range plans for future construction investments.

1. Alternative A - Constructing a New Facility

The cost of constructing a new facility typically ranges between
$36 and $40 per square foot®. This cost does not include utility and
telephone connections, equipment, furniture, land, etc. A new facility for
the purpose of emergency communications would be appealing:

(a) If the City of Charlottesville or Albemarle County has
immediate or intermediate plans for construction investments; and

(b} If the concept of an EOC (Emergency Operations Center)
is appealing.

An cmzrgency operations center ig basically a facility which provides
adequate space, equipment and special features to protect, mobilize and
co-ordinate resources in cases of national and local disasters. As such,
the center requires emergency power, emergency water supply, protection
against radiological fallout for at least 100 persons, heavy security,
living accommodations and other special features as described in Appendix
I. Fifty (50) percent of the cost for constructing an EOC is
generally borne by the Federal Government. These costs range from $50 to
$58 per square foot [15]. This could mean that the cost to the City, County
and University would range from $25 to $28 per square foot.

The University Police Department is presently in the process of

expanding their operations and have sizable commitments for new construction.

*This is scmewhat higher than existing prices in the Charlottesville area
for basic construction, but nonetheless, realistic for planning purposes,
These are our best estimates of likely minimum costs around 1980.
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However, to obtain matching federal funding for communications, the title

to the facility must be owned by the City or County. Altermatively,

federal funding could be provided in the event that the facility will be
used as a regional E. 0. C.

Should this altarmative be attractive, federal funds are availabls
for feasibility and cost studies.i Requests can be made through the Office
of the Hmergency Services Co-ordinator in the City. The space
requirements for such a centar are considerably greatsr than those provided
nere and a reasonabls approximation of the County and City's cost in such
a venture would probably be a figure in sxcess of $200,000 based on a
recort by Renny W. Dower, Civil Defense Co-ordinator [15].

2. Alternative B3 - Conversion of an Ixisting Building

The cost of renovating an existing facility to house emsrgency
communication overations ranges from about 20 to 90 percent of the cost
of constructing a new facility. The sxact percentage depends on the
existing facility in terms of structurs, lay-out, utilities available,
demolition requirements, stc.

In eéfimating the space requirements for emsrgency communications, we
have allowed some 400 square fzet for use in the svent of local or national
disastars. Depending on the alternative selected, however, spatial
requirements and cost of renovating may be negligible or considerable.

For example, System Alternative #2, described in Chaptar IV, requires
only about 100 square feet to accommodate operztors and equipment with
other support space being provided in the existing building. Alternative

#5, on the other hand, requires minimum specifications of 1,400 square
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(a) Option 1. Conversion of Charlottesville Police Department
Basement.

The conversion of a basement would involve a greater capital
outlay than, say, the conversion of a few offices. The basement of the
Charlottesville Police Department is large enough to house the emergency
communications operations and meet the special requirements of even an
EOC.

The cost of conversion, assuming 50% of the ccst of constructing
1,400 square feet,lies in the vicinity of $25,000 to $28,000. Use of this
location for emergency commumications would facilitate:

+ A gradual upgrading of communications facility to an ZOC
facility should this be desirable in the future.

+ A great degree of security.
« Fasy accessibility (City, County, University)

+ A "back-up" persomnel force in the case of disaster or unforeseen
overloads on the system.

+ Confidence and trust among agencies (officials) with respect to
location.

(b) Option 2. Conversion of any City or County Building.

The cost of converting an existing building to house emergency
communication operations would be relatively cheaper than conversion of
the police basement, and should be examined in the event that the City or
County is presently underutilizing any of its existing facility resources,
for example, the City Courthouse Building.

It is suggested that a construction firm be engaged to provide compa-
rative cost analyses for the conversion of three or four such facilities.
However, such comparative analyses should be judiciously weighed against
the special advantages related to accessibility, security, the EOC

concept, etc.
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VII. DECISION MAKDING

In this chapter we draw together the analyses and ideas that have
been presented thus far.
Decision-making in the public sector is a complex process for two

reasons: first, many public decisions involve capitzl investment, and

R R RN e T

second, the process has many participants whose suprort and whose

substantive contrlbutlons are needead.

1] ¥l
(=
Ué
®

shows a highly simplified sketch of policy and decision-

naking roles and of the itypes of "actors” who play them. A decision

orocess may acTtually be initiataed by any of the major actors (citizens,

administrators, or legislators) who Derceive needs in the socisty.

<

.

However, to describe the Drocess, we can assume that citizens have falt

needs which they express, openly, and usually to officials with whom they
nave direct contact. Here, we postulate that direct contact with

administrative agenciss provides a ready chamnel for expressing the felt

needs. The problam may be described in highly articulate ways or it may
be extremely vague.

The decision dorocess moves ahead as the agency sharpens issues from

citizen expressions and translates expressed needs into alternative

courses of action in accord with the expressed needs, variables over

which the society has some control, and the invariable constraints. :

Agency mandatss require practical oroposals which are in accord wi

social, politiczal, economic and physiczl environments. When several

agenciss are involved in a decision, their different percevtions of the

situation must be credited so the decision most nearly addresses the
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community needs. If, in addition, the decision requires increased
operating interactions among the agencies, a high level of cooperation
and mutual supﬁort must be achieved during the decision process.

In our postulated structure, the agency administrators play a
major role as they choose an appropriate course of action for recom-
mendation to the elected legislative bodies. We postulate that they
produce a viable recommendation that is suitably drawn for enactment by
the legislative bodies. In a small municipal setting, this postulation
is appropriate because legislators have no technical staff other than

their agency chiefs. We postulate that the agency chiefs, working to-

. gether, can address the technical and operational issues, and that they

can largely anticipate the political issues that must be addressed.

In this postulation, the legislators are responsible for responding
to the recommended courses of action. In thevsimplest case, this task
is one of "implementing" the recommendations by enacting legislation and
appropriating funds. In the actual case, this oversimplified view of
legislative roles is characterized by a process of review, modification
and adaptation that is as complex as is that of agency chiefs. Nevertheless,
their main role is one of review, perfection, and enactment, as contrasted
to the role of generating recommendations and programs. Ultimately, the
actions of legislators are subject to the scrutiny of citizens, both during
deliberations over legislation (i.e., public hearings) and in the general
tone of government (i.e., future elections). In this sense, the citizens

are ultimate decision-makers through their expressions of satisfaction

or dissatisfaction.
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As shown in Figure 15, the role of the analyst is to facilitata the
work of agency chiefs as they develop a proposal for the legislative
bodiss. The analyst assists by drawing from an array of tfools and
tachniques such as cost benefit analysis, decision enalysis
and the liks. The analysts' objective is to present z rational Sramework
in which sach participant can describe his or her values to other parti-
cipants in order to ascertain magnitude of disagreement on specific
items. Various tools and techniques can te used to svaluate both quanti-

tative and qualitative problam slsments to help facilitats the decision-

The analysts are not decision-makers. Their task is o reflsct

i

ck the views of many actors in a consensus-development sethiing.

In conducting this study, we have attamptad to use z methodology
designed to offsr a model for community decision making prccesses and even
though this study has itself involved only a limitsd number of actors
(analysts, agency officials, administrators), it represents & necessary
link in the total community decision-meking prccess as to whether an
amergency communications systam should be implamented, and if implementad,
what safeguards are nesded to assure the necessary support to achisve

stated objectives.

A, The Decision Problem

The logical starting point for any decision process is at the
objective star, Hopefully, decisions will snable the rezlization of

some specific objectives. However, invariably, objectives are in conflict

with each other. Some may be perceived as being more important than
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others. Indeed, some may well be unattzainable within the sxisting

olitical, social and sconomic environments. The decision problem may

o)

bDe statad as follows:
"Yow dces a group of legislators and decision-mekers choose
a common course of action within the existing social,
sconomic and colitical environments in order o best achieve
a set of stated objectives?"

3. Interoretive Sitructural Modeling and Worth Assessment

Interpretive structural modeling is a technique for developing
2 hisrarchy of slements Dy means of scme contaxtual relationship (16, 15l

It can te used Zor sxample to answer related questions among the Drobleam

definition,value systam design and system synthesis elaments in a problem.
Worth assessment, on the other hand, is a formal orocedure for detsrmin-
ing preferences among altsrmatives when these altarnatives must satisIy

=

variety of objectives. Worth scores are determined for attributes of

{2

an alternative or consequence. These are combined to produce an overall

worth score for sach altsrmative. Worth assessment was accomplished

v~

through the following specific activitiss:

(a) Zach agency official was requested to reviaw his or her
agency's operation to identify characteristics of that
operation which would be sensitive to changes in the
emergency communication system.

(b) These concerns were then shared with other agency officials
in oven meetings and with the study “sam in interviews.

(c¢) Each agency orfficial was then given the opportunity to
examine interactions of =ach agency with others in
order to establish a community perspective on adequacy
and needs of present operating systams, and
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(d) Each agency official was requested to review the probable en-
hancing and inhibiting impacts of-a centralized communica-
tions system on existing agency operations. This task in-
volved two stages:

(1) Review of alternative modes of operation, and

(ii) Review of initial plans developed by the study
team based on first-round responses.

Intrepretative structural modeling and worth assessment can be
divided into the following major activities for policy analysis purposes
and follows the general procedure outlined by Farris and Sage [17].

1. List the Overall Performance Objectives

Performance objectives must be established which are mutually
exclusive SO that no objective encompasses (definitionally) any other
objective. These objectives should also be worth independent so thet
the decision-maker is willing to trade partial satisfaction of one
objective for reduced satisfaction of another without regard for the
level attained by either. This task was accomplished through several
personal meetings, discussions and presentations with the Project
Review Committee.

List of Overall Performance Objectives

1. To meet national objective of a single emergency number.
2. To facilitate easy citizen access.

3. To co-ordinate existing resources.

4. To provide service at a reasonable cost.-

5. To improve the level of service.

6. To improve emergency communications and administration of

services. (Implies savings in life and property).
7. To enable coin-free dialing.

8. To maintain the authority of the responding agencies.
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9. To minimize disruption of existing services.

10. To reduce confusion in notifying aporopriats agenciss.
11. To orovide for growth in amergency communications requirements.
2. Construct a Hierarchy of Performance Criteria

Having developed a list'of pDerformance objectives and corre-
sponding attributss, it is necsssary to develep a tree-type hisrarchy
indicating the various levels of importance among objectives. This
miszrarchy is intended to provide decision-makers with a conscious,
well-defined and easily articulated form for evaluating the decision
problsm. Intsrpretative structural modeling utilizing the contaxtural
relation,

"the lower level objective is intanded by, included within the
meaning Of, or an integral part of the higher level objective
was the relation used by the research team 7o develop Figure 15.

3. Select Approvriate Physical Performance Measures

Having declared a hierarchy, it is necessary 1o astablish

-
s

some physical characteristics of performance. Figure 17 describes
these performance characteristics where CWE may be intaroretsd as a
direct worth estimats.

4, Define the Relationship Between low Level Criterion and Physical
Performance Messures

t is now necessary to specify worth relationshins for low
level criteria. This methed of assessing worth is termed &
scoring function. By utilizing the following simple rules, members of

the Project Review Committee were instructad to use their intuition,
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experience and judgement to assign scores to each criterion. These

rules are:

(a) A set is defined to be a collection of elements which
lead directly to a higher level element.

(b) The total score for each set is 1.

(¢) A number between 0 and 1 is assigned to each element
composing a set.

(d) This assignment is based on:

(i) Whether two or more objectives/criteria /measures
are assessed as providing the same or different
utility in addressing the problem, and

(ii) Whether two or more objectives/criterion/measures
are assessed as providing more or less utility in
addressing the problem.

This assignment of values was done-independently by each member of the
Project Review Committee in a two-stage process. In the first stage,
members prepared responses in a group-training session. In the second
stage, members completed their assignments during interviews with

members of the analysis team.

5. Establish Relative Importance Among the Performance
Characteristics or Measures

Each performance characteristic or measure must now be scored
on a comparative basis utilizing the procedure developed in step 4 above.
This was accomplished by the Committee. Figure 17 shows a typical result.

6. Adjustment and Effective Weights

Having completed the five steps listed, the appropriate weights
in the hierarchy are then multiplied together to represent an effective
weight for each lower level criterion. QOften these weights are then

adjusted to reflect the degree of confidence placed on the performance
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measures. This adjustment was not used hers. The results are indicatad
in Table 12.

7. Assign Direct Worth Scores for Aitsrnatives

Alternatives are now compared to ascertain their "worth' or
value in accomplishing the stated criterion measure by possassion of the
assessed attributas. Members of fhe Project Review Committee were
requested to use their individual svaluations together with the quentative
information provided in Table 13 to individually assign scores for =ach
altsrnative. The results of one assigmment are indicatsd in Table 14.

Typical guestions enabling such svaluations and comparisons were:

(2) To what extent will =sach altsrnative through a public
education program enable sasier citizen access.

(b) To what sxtent does sach altermative appear to be less
burdenscme in management and ODeraTions.

(c¢) To what extant does =ach altsrnative regquire extensive
and specialized training.

(d) To what extent does personnel increase or decrease

associatad with sach other value affect your choice.

(e) To what extent does fixed and operating costs Ior
each altermative affect your choice.

8. Assign Total Worth Scores .

Total scores were then assigned for each alternative by multi-
plying the individual adjustment weights by direct worth scores and
summing to obtain the worth of a given alternative. Table 15 indicatss
the final total worth scores obtained by one member of the Project

Review Committee.

85




Table 12

Effective Weights for One Individual

Effective
Attribute Weights
Education Program .12
Pay Phone Conversion .20
Single Number .08
Personnel Savings .18
Fixed Cost .024
Operating Cost .096
Organizational Structure .0612
Recruitment and Training .0594
Standard Operating Procedures .0594
Implementation of System as
Presented . 054
7-Digit phased to 911 .006
Design Capacity .048
Probable Max Sustained Overload .012
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Table 13

Worth Assessment Information

Attribute

Achievenent of Criteria

by Alternatives

Single Number
Types of Services Included

Participating Agencies

Personnel Savings

Fixed Cost
Operating Cost

% Calls Answered
in busiest hour

Coin for Dialing

Organizational Structure

Recruitment and Training

Standard Dialing Procedures

System as Presented
Phasing o 911
Design Capacity
Excuss Capacity

1 2 3 4 5 6
No Yes Yes Yes Yes Yes
1 At least 6 Same as 2 Same as 2 Same as 2 Same as 2
1 1 1 Pire and Same: as 4 3 Police
3 Police
None None - an None - an Significant None - an Significant
additional additional additional at least W additional dat least M
will be 5 5 5
required
Varies 100% 100% 90% w/n Satikz as U Same as Y4
10 sew.
No Yes Yes Yeu Yes Yes
Existing Simple Simple Complex less degree | lesser depred
of ol
complexity complexity
Existing Simple Simple Complex Liess degree | lesser depreg
of of
conplexity complexity
Dxisting Simple Simple Comp lex less degree | lesser degrec
ol of
complexity complexity
- 2 Years 3 Months 2 Years 2 Years 2 Years
- 3 Honths 3 Honths 3 Mouths 3 Months 3 Months
Tnadeynate | P01 Same as 2 Same as 2 Sane as 2 Seune as 2
None 300% 3004 uu% buy 254,




Table 14

One Individual's Assignment of Worth Scores

Alternatives
Criteria 1 2 3 4

Education Program U 8 1 1
Pay Phone Conversion 0 7 1 1
Single Number 0 7 1 1
Personnel Savings 0 0 0 2
Fixed Cost - L A 9
Operating Cost - 4 U 9
Organizational Structure - 3 .9 3
Recruitment and Training - 9 .9 2
Standard Operating Procedure - 9 .9 3
Implementation of System as

Presented - 1 1 1
7-Digit Phased to 911 - - - -
Design Capacity 0 1 1 9
Probable Max. Sustained

Capacity - .9 .9 8
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Table 15

Awl
i

inal Assigned Project Worth Scores for One Individual

Alternatives
Criteria 1 2 3 4 5 8

Education Program .048 | .096 |.120 |.120 |.120 [.120
Pay Phone Conversion 0 | .14 |.200 |.200 {.200 |.20
Single Number 0 | .56 |.080 |.080 (.080 |.060O

zasy Access . 048 L300 [ 400 1.400 1.406 |.400
Personnel Savings 0 0 0 |.035 |.1u4 [.130
Fixed Cost 0 | .00%61(.0096(.0215|.012 |.0188
Operating Cost 0 .03841.0384 {.086L {.048 .0768
Organizational Structure - | .0551{.0551{.0184 |.0245 |.0u28
Recruitment and Training - .0535(.0535(.0119.0238,.0356
Standard Operating Frocedure - | .0535{.0535|.0178}.0238 |{.0297
Implementation of Systam as
Presented - .05k |.054 |.054 [|.QS5u |.054
7-Digit Phased to 911 - - - - - -
Design Capacity - | .ou8 |.0u8 |.0432|.0u32|.0u32
Probable Max Sustained Capacity - | .0108[.0108{.0096 |.0096 |.0096

Tevel of Service ' = 1323 323 1233 |.383 [.ua8
TOTAL SCORE - | .B24 }.723 |.699 [.783 |.888
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C. Results of Worth Assessment Analysis

Each member of the Project Review Committee conducted a worth
assessment analysis. However, the total scores for each alternative were

not directly comparable since each participant was allowed to ignore any

criteria which appeared to be relatively unimportant to him or her in
the evaluation and decision process. We converted each assessment to
percentage points in order to facilitate comparison and evaluation.
This was accomplished by assigning 100 percent to the alternative which
received the highest score and representing the scores for the other
alternatives in the form of a percentage based on that score.

Table 16 shows the total worth scores for each altermative as
"assigned by agency officials and indicates that alternative 5, 911 with

coordinated police dispatch, is common to each group and ranks either first

or second.

D. Group Choice Related to Alternative 5 and next Ranked Alternative

(a) Police: Alternative 5 was preferred over alternative 6
by 5.5 points. However, in our opinion, alterna-
tive 6 does not compromise any police operational
advantages to be derived from Altermative 5.
Nonetheless, with alternative 6, a variety of
safeguards to assure full service to fire and
rescue will be needed. Altermative 5 can be
phased into altermative 6 without the necessity
for additional hardware and system features.

(b) Fire: Alternative 5 was preferred over alternative 3
by 8.9 points.

(c) Others: Alternative 3 was preferred by 11.2 points over
alternative 5. However, these participants
exclude fire and police agencies and with the
exception of rescue do not provide a direct
service response function. It would appear that
they are indifferent to the dispatch alternatives,
4, 5, and 6, placing maximum importance on
accessibility. It should be noted, however, that
alternative 5 provides the same level of accessi-
bility as that provided by alternative 3.
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Table 16

Total Worth Scores Assigned by Agency Officials
o g

Responding
Agencies Agencies
‘ Aggre- | Police, Fire

Alternatives Police five ~Cthers - zate Rascus
#1 - - - -— -
#2 30.0 35.8 58.8 31.8 91.2
$3 86.2 1.1 130.0 100.0 38 .1
Fu 1.1 34.3 38.7 93.1 92.4%
%5 gu.5 100.0 88.8 98.83 100.9
#6 160.0 85.7 81.3 31.5 97.8
Group Rankings 5, 5, 4 5, 3,2 {3, 5,4 |3,5,+ [5,3,5%
Difference Between
ist and 2nd Choices 5.3 8.2 11.2 1.1 1.9
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E. Major Factor in Ranking

This single most important factor in the evaluation of
alternatives from the viewpoint of worth assessment is PERCEIVED AUTHORITY
OF AGENCIES - organizational structure, standard operating procedures and
recruitment and training.

F. Recommendation

In the view of the researchers, Alternative 6 could offer the
greatest long-range potential benefits in terms of cost. It offers no
additional advantages in other factors related to level of service and
to accessibility over Alternative §. Its greatest disadvantage at the
present time lies in its perceived complexity of management with respect
to preserving authority of agencies.

We, therefore, recommend that Alternative 5 is the most beneficial
system at this time.

This alternative, however, should be viewed as a demonstration
system whicﬂ hopefully would clarify the perceived complexities of
management and,perhaps, facilitate acceptance and confidence over time
in a system as presented in Alternative 6. Should such a situation
arise, then a policy decision can be made to convert to Alternative 6

with a minimum of additional cost.
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VIII. PLANNING FOR ACTION

This chapter attempts to address scme planning for action q .cions
asscciated with the establishment of an emergency cammnications center.
These discussions are addressed in the context of altermative 5 - Police
dispatch which envisages a central 911 communications centsr accepting

.

emergency service requests for police (City, County and University), fire
and rescue; dispatching all police agencies and transferring all fire an

d
rescue request for service.

A, Management and Crgenization

Any systam, regardless of the technology utilized and resources al-
located, reguires prover management principles and precedures. Since this
system requires the suprort and co-operation of many agencies, it is clear
that each agency must have same input into its management. It is also clsar
that each agency camnot manage and control the system if it is to serve all
stakeholders.

System management is naturally influenced by the methed of operation.
Table 17 provides the recammended operational methed.

Figure 18 illustra?es the recamended management structure for the
proposed carmunications center and was developed fram consultations with
the various agencies actually involved in delivery of emergency services.

Tt is a system managed and operatad by a new department or entity comprising
representatives of the County, City and University. This has the decided advan-
tage of a joint venture. This management sitructure visuzlizes a joint City,
County and University venture operated and managed in a manner similar to other

joint venture existing in the Community (e.g. Joint Security Camplex, Airport,
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Table 17

Recamended Methed Of

Operation

TYPE OF OPERATION

AGENCIES INVOLVED

TYPE OF COMMUNICATION AND
EQUTPMENT

Direct Dispatch

Transfers

Referral

Police
University, Sheriff
City

Rescue Squad
Fire, Other Dispatch
Agencies

Non-Energency
Calls

~ Radio Communications
Between Dispatchers
and Mobile Units

- Communication Consoles

- Wall Map Display and
Vehicle Status System |

~ Tape Recording System

~ Computer Terminal

- Telephone Hot Lines

- List of Appropriate
Numbers for Referral
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CTIY CCOUNTY UNIVERSITY
COUNCIL B0ARD OF SUPERVISORS B80ARD OF VISITORS

BCARD OF DIRECICRS

CCMMUNICATICONS
ACMINISTRATOR

911 SUPERVISCR

911 OPERATORS

Figure 18 Reccommended Management Structure For Communications Center --
ternative #5
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Library, etc.) For such a venture to be successful in administering the
delivery of emergency services we recommend:

1. The communications center should be organized as a completely
distinct agency independent of Police, Fire, Rescue, etc., and

| 2. A Board of Directors should be established. Such a board should
include at a minimum:

Police Chief (Charlottesville)

Sheriff (Albemarle)

Police Chief (University)

Fire Chief (Charlottesville)

Representative (Jefferson Country Firemen's Association)
Representative (Rescue Squad)

#2 Representatives (Citizens Interest Groups)

|

B. Personnel Training and Recruiting

Consolidated dispatch requires personnel with a specific level of
training and ability. Such personnel are often classified as communica-
tions specialists. There are many important considerations in recruiting
and training personnel which must be addressed by agency officials involved
in a consolidated dispatch effort. Some of these considerations have emerged
during our study and are cited below:

Transition from existing system to recommended system.

- Use of existing personnel.

- Additional training requirements.

- Classification of personnel.

Functions of Communications Administrator.

Recruiting and training.

- Planning and monitoring .

Records and Budget.

Co~ordinating and maintaining operating procedures.

*(or 1 representative from Scottsville's Rescue Squad and 1 citizen)
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Career opportunities for advancement.

- Salaries.
- Relationship to other public service positions.
- Seniority and metheds of premotion.

Training.

~ Use of taped messages.

~ Classrcam instructions.

- Operations manual. :

- Rotating dispatch functions between agenciss orior to system imple-
mentation.

C. Standard Cperzting Precedurss

Standard operating preccedures should be designed jointly with all
agencies either directly or indirectly involved with dispatch:

olice (University, City, County)
Fire (City, County)

Rescue (City and County)
Emergency services

[}
Fy) "U

1
1 U

These prcocedures stbuld be of two types - GINERAL AND SPECITIC
General Procedures should Include:

- Answering phones
- Receiving police emergsncy calls
- Obtaining information
- Releasing and referring information
- Receiving and referring fire calls
- Receiving and referring rescue calis
- Radio dispatch precedures
‘ - Cther

Specific procedures should include:
~ Accident revorting and dispatching
- Specific cyrimes - bamb threats, buwglary in orogress, ste.

. - Qther

D. Status and Location Monitoring

In order to maintain and improve the existing level of service pro-

vided by responding agencies, procedures need to be developed for monitoring
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the status of all units dispafched from the center. One possible method is
suggested as an example of the type of plan needed:

o Officers in charge of location assigrments report these assigrments
to 911 cammunications center personnel at the commencement of daily
operations.

¢ Personnel in the field or responding units report their location directly
to the 911 communication center at the commencement of daily operations.
This would serve as a check to ensure, to the maximum extent possible,
that assigmments are not misunderstocod.

® In the event that dispatch is initiated directly by Police agencies
rather than by the center, the 911 center should be notified concerning
the number of units and their location in order that the status board
may be updated.

® Continuous dual recording Jf all radio and telephone connections
with instantaneous playback capability would enable an evaluation of’
the communications center's performance and the ability to double
check information.

E. Records Accessibility and Consolidation

With centralized police dispatch as envisioned by altermative #5, there
is a need to access criminal information. Generally, this type of informa-
tion is provided by the dispatcher through the use of computer aided faci-
lities. These capabilities are desirable and have been suggested for the
consolidated dispatch center.

The consolidation of all police records is a rather complex venture
and needs careful analysis. Normally, the center would maintain appropriate
records relative to its operation and have access to pertinent records need-
ed by responding field units. The extent to which this recording function

should be extended is questionable. The primary function of the communica-

98




tions center is to orovide quick response to smergencies. Should the func-
tion be expanded to include a recording function (routine police records
for the three jurisdictions), then the level of service anticipated would
be impaired and the general concept of amergency communications and con-

solidated dispatch undermined.

=

The consolidation of police records may facilitats significant advan-

tages in terms of opreduction and retrisval, However, an sxtensive analysis
is regquired to ascertain its desirability arnd utility. In any svent, records

consolidation should be viewed as a distinct and diffayent function frem that

envisioned for the consolidated dispatch centsr in this olanning effort.

-

F. Ccmputerizad Disvatch

Computerized dispatch has emergad in an =ffort to mechanizs dispatch
functions which could reduce total response time substantially under cer-—
tain conditions. It is particularly aprealing in communitiss where dis-
patch is initiated by a variety of independent agenciss across a huge
geographical area serving large populations.

With typical computerized dispatch, the dispatcher anters appropriate

information through a keybcard with respect to location and type of inci-

dent into a camputer. The computer then resoonds with a display of appro-

3

Driats agency/agencies, the status of units and the number of units re-
quired. Generally, a signal alerts the required agercy followed by a

video display and a digital record. This operation is basi0=1‘y a call

transfer one and has the system featurss associatad with altarmatives
3, 4, 5, 6 (patching, call part hold, etc). Altsrnatively, the information

provided could be used directly at the dispatch centar.

39




In terms of a centralized police dispatching center, computerized
dispatch has the obvious advantages of providing a variety of information, 4
reducing confusion and perhaps reducing total response time. However, the -
costs associated with implementing such a system would almost certainly
outweigh any potential benefits one might assume in the Charlottesville/
Albemarle area. The acquisition and establishment of a data file on a
continuing basis together with computer facilities and equipment would
certainly not be justified when dispatch is centralized, the community is
small and the array of services and functions are highly selective (Police,
Fire, Rescue) as in the Charlottesville/Albemarle area.

G. Monitoring.System Performance

Implementation of a system has often, in the past, been construed as

a solution. However, nothing always works perfectly. Consequently, sys-

tem design cannot be complete unless some provision is made for monitoring

and evaluating the performance of any implemented system over time so that

malfunctions can be identified and corrective procedures outlined to ensure g
smooth operations. The major system elements which need particular atten-
tion are:

*Network capacity

~ Number of incoming lines.
- Number of outgoing lines.

Operating efficiency

- Answering time.
Dispatch time.
Total response time.
Personnel.

Throughout our analysis, system design was based on an anticipated traffic

vclume likely to be realized in two (2) years. As this volume increases
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or decreases, a varisty of short-term adjustments will Ee necessary. In

order to anticipates these adjustments, the following functions are suggestad:

(2) Capacity Analysis--Inceming/Outgoing Lines

‘Estimation of the busiest hour.

‘Estimation of traffic volee in busiest hour.
() Perscnnel Anzlysis

‘Estimation of averages answer*ns time.
‘Zstimation of averags service time (dispatch/referral/iransfar),

(¢) Evaluation of Operating Procedures

‘Estimation of call volumes to the various receiving agenciss.
Percentage refarred, disvatched, itransfarved.

These analyses should be performed by the cammunications centsr at regular

intervals (for example, avery 4 months for the first
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avery 5 months thereafter). Such anzlyses cculd provide the basis for a

]

sport to pDarticirating agencies for avaluaticon and raviaw.

ot

Public Education Program

In the event that 911 should be implemented as a uniform number for
the City and County, it would be advisables to commence a public sducation
program at least two weeks trior to its implementation.

During 1975-78, the University of Virginia's Medical Emergency Service
(EMS) conducted an extensive public education program aimed at improving
emergency medical care, training and public access. Funding for this oro-
ject was provided through the Robert Wocd Johnson Foundation. Consulta-
tion with the IMS has revealed that funds for a public sducation program
in the svent that 911 should be adopted in the Charlottesville/Albemarle
arez have been budgeted and a major portion of this effort will be under-

taken by the EMS.




,

A public education program might include the following:

(a) Telephone Stickers
These may be for private phones and businesses. More importantly,
however, stickers should be provided at public phones with some
number or letter indicating the location of these phones. A list
of numbers in letters corresponding to locations can be kept in
the 8911 center to facilitate prompt response.

(b) Inside Front Covers of Telephone Book
The advertising here would indicate the agencies and services

which are accessible h

<
£
:
:
©
=

(e) Bumper Stickers

(d) Posters

(e) Newspaper Coverage
Special attention should be given to the objectives of 911 as
an emergency number and emphasis placed, on discouraging it mis-
use (e.g. crank calls, non-emergency situations, information,etc.)

(f) Public Service Announcement (Radio and T.V.)

I. Implementation Plan

The tentative implementation plan (Figure 19) suggested here will
need some refinement as the project is undertaken. However, it does in-

dicate the major activities and the approximate time associated with ac~

- complishing them. It is suggested that a user board be established in
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early 1977 to undertake the task of planning, co-ordinating, securing
funds and other related functions consiste;f with the development and
implementation of the co-ordinated dispatch center.

The necessity for an early consensus is readily apparent since CENTEL
estimates that telephone changes require approximately two years headway
and requests for funding must be incorporated into the next Local and State

Comprehensive Plans.
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IX. CONCLUSIONS

In this study, we have attampted, using a systems angineering
aporoach, to analyze the costs and benefits associated with various
amergency communications Systems for the Charlottesville/Albemarls area.
We have examined the concept of a .91l amergency communications systam,
avaluatad its desirability and feasibility, and have attampted a
preliminary systam design leading to a conceptual plan for implamentation.

This plan has identified specific actions needad to design and effact

—ya

amergency commnication improvements within the sxisting constraints

imposed by tachnological, financial, social and institutional considera-

zions.
" It is anticipated that the major value of this work liss in the
provision of a consistent and generalized method for studying and e

evaluating urban problams. Although we have applied it specifically to
an emergency communications systam, it is readily adaptabls to the
investigation and evaluation of a wide variety of urban service delivery
systems.

From the analysis and studies conducted together with owr perception

’

and awareness of the problem, the following conclusions are presented.

o There exists a need in the Charlottasville/Albemarle
area to improve the delivery of amergency services.
Such improvements must be viewed in t=rms of (a)
citizan access and (b) level of service. -

e The existing communications capability of some
responding agencies, sspecially the County
Sheriff's department, is inadequate, not only
when compared with that of neighboring communities,
but more importantly, from an efficient service
delivery standpoint.




The nature of emergency communications and service
delivery is such that continuing cost increases are
inevitable. Our analysis indicates that considerable
cost savings can only be accrued on a continuing basis
if planned cooperation becomes a reality.

Police agency officials - City, County and University -
have indicated to us a desire for consolidation and
explicit cooperation in the administering of dispatch
functions. Our analysis has indicated that this is
not only feasible, but particularly desirable.

Fire and rescue squad officials, on the other hand, have
expressed a desire to maintain their own dispatching
functions. Our analysis indicates that there are major

justifications at this time to sustain this separation
of dispatch functions for fire and rescue squad operations.

The establishment of a 911 communications system in the
Charlottesville/Albemarle area is technically, socially
and institutionally feasible.

Recommendation

We recommend that the 911 system Alternative 5 as presented in

this report be implemented. An early decision is necessary if such a

system is to become operational in the near future. Specific actions

needed to enable implementation are presented in Chapter VIII of this

report.
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APPINDIX A

CENTRALTZED COMMUNICATION

SYSTEMS IN NEIGHBORING CCMMUNIITES*

This appendix on centralized cammumnication systems is presented here

to facilitate a detailad description of operational medes in other
communities. Swupring this study it has became apparent that public offi-

cials directly involved in the delivery of emergency services as well as
the research team ¢ould benefit by a brief study of existing emergency
communication systamns.

We, therefore, conductad intervisws with various key officials in

several centrzlized carmunications centsrs. fisld tips to three neigh-

4

oring centers were mdertzken in order to appraise their operations and

;
:
:

insight into the operational problams, particularly those of
organization and management. The centers visited were: Fairfax, Virginia,
Rockville, Marvland and Washington, D. C, These centars demonstrats a
wide variety of operation and management patterns. In describing these
centers, we have attampted to address those specific concerns voiced to

I

us by public officials in the Charlottesville/Albemarle ares.

From our interviews and discussions, it would appear that the various
agencies involved in ccmmunications and dispatch were pleased with their
respective systems and that there were no major problems. in daily operation

and management.

*The Authors acknowledge the helpful assistance of Mr. Terry Ricks in
assembling information for and preparing a portion of this appendix.
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A, Tairfax, Va,

General Description

The Fairfax County Emergency Operations Center (EOC) is located in
the County Office Building basement. A single seven-digit telephone number
dialed from almost any location within Fairfax County boundaries connects
the emergency caller into a central dispatching rocom where any one of about
15 to 20 staff members can answer the call. The Fairfax County police
and the County fire and rescue departments dispatch their personnel from
this installation. The emergency medical ambulance service for Fairfax
County is a division of the fire department which serves both the city and
county of Fairfax.

In addition, the indépendent cities of Fairfax, Alexandria, Vienna,
Falls Church, Arlington, and Herndon have their own police departments
which have individual telephone numbers and dispatching headquarters.
However, there are dedicated hotlines between all these centers so that
misdirected calls can be forwarded to the correct agency.

History

It was explained that before construction six years ago of the Fairfax
EOC, there were three large dispatching centers: one for the fire depart-
ment, one for the county police, and one for the city police. After the
advantages of centralization were realized, the County fire and police
departments decided to merge dispatching operations, but the city police
chose to remain independent. This arrangement still exists today.

Telephones

The telephone system used by this EOC includes 23 incoming emergency

and business lines, 5 outgoing lines, and 26 emergency hotlines to the
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various prolice stations, hospitals, nearby jurisdictions and other emergency

[}
[

departments. In addition there are leased lines to sach of the 28 fire
aengine stations scattered around cities and county.

Personnel

The ECC has approximataly 100 employees of which 65 are civilians.
The various employee functions include call-taksrs, dispatchers, record

=,

clerks, colice supervisors, fire supervisors, and head cammunications

-

officers. All the call precessing staff rotats among the call-taker and

h
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ositions. They have been cross-trained and thus are able to
dispatch any agency needed. The call-takers and dispatchers consist of
civilians as well as volice and fire personnel. Standard colicy reguires
that experienced supervisors from both police and fire departments mustT

be present on =sach shift in order to handle the more complicatad situstions.

There are U shifts

g
3
¥

and 2 uniformed supervisors are assigned to

zach shift., There 8

5
d
Hv]

olice supervisors responsible to the Police
Captain, and six fire supervisors responsible to the Fire Chief, The Police
Captain is wltimatesly resptonsible for the operation of the ECC facility.

Salaries and Training

Training of these cammunication personnel is conducted while on the
job with the help of procedurss manuals and tape recordings to simulate
crisis situations that require rapid and logical decisions. Once employed,
an individual is on probation for a year or mere to assure quality dispatch-
ing. There are 25 civilian communications clerks who are all at the same
salary level--310,000 plus overtime. If benefits are included, the average
salary for these individuals is about $13,000, The police Captain reports
to the County Police Chief's Assistant while the Fire Captzin reports to the

Fire and Rescue Chief's Assistant. The Iire and Rescue Depart-
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ment employs over 700 individuals with a few volunteers as support person-
nel. The EOC and its staff are under the scrutiny of the Fairfax County
Public Safety Communications Division, a subdivision of a larger County-
wide communications department which manages the radios for schools,
buses, and public works as well as the County telephone accounts and
operations.

Console and Radio Equipment

Emergency calls terminate on the call-takers' switchboards and a
light goes on at the dispatchers' consoles. As the call-taker asks the
initial questions, the dispatchers listen in on the call and, if needed,
dispatch the necessary agency. The call-takers and dispatchers keep manual
records on computer cards. These records are compiled by ccmputer each
month, It is important to note that although each dispatcher has been
trained in the dispatching rules and procedures for each agency, there are
designated dispatching consoles for each agency. In other words, on every
shift there are communications clerks who are assigned to handle only the
dispatching for a certain agency but they may switch to another agency's
console or become a call-taker at any time. Therefore, a communication
clerk is responsible to any one agency or function during the shift but
this assignment changes on a regular rotating basis or when the staffing
situation requires flexibility.

Teatures

There are no automatic mumber identification devices, nor is there
computer-aided dispatching. The status board and map lights are operated

manually. Also, each dispatch is written on a card that is time-punched




as follows: call received time, dispatch time, arrival time, and cleared
time.

The fire and rescue consoles are squipped with microwave tone encoders
that can sound tones, ring sirens, open deors, and turn on lights at the 28
ire engine stations. These notification and alerting procedures permit the
dispatcher to initially ccmmand the necessary persomnel and vehicles until
a field officer assumes direction. Leased lines to all 28 stations are
used as back-ups to the microwave systams. 1he E0C monitors autcmati
bank alarms only. Other businesses and buildings with alarms instruct their

privats alarm monitoring agenciss to czll the IZCC when their alarms desig-

nate breaking and sntaring, fire, stc, All t2levhone and rzdio communi-

cations are continually recorded by a dual dictaphone tape recordsr with

5

instant playback made to allow reviaw of garbled, misunderstcod, or

}—l

egally relevant conversations.

Funding and the ECC

This Emergency Cverating Centar was funded six years ago by & ccmbina-
tion of grants frcm the Law Enforcement Assistance Administration, the
Virginia Office of Emergency Services (Civil Defense), as well as state
and loczl funds. The Civil Defense Department provided 50% federal match-
ing funds to construct the ECC. The general construction guidelines fol-
lowed involved two distinect groupings of space function-operations and
support. About 60% of the ECC space was alleocated to emergency cperation
functions such as a central operations roam, commmnications and message
centers, and executive office space. Approximately 40% of the ECOC space

has been designed to provide appropriate living and working conditions to




support operations of the emergency staff. These areas are designated for
eating, sleeping, mechanical equipment, health, and sanitary facilities.
The County of Fairfax provides all operational appropriations an-

nually including salary payroll. These funds are raised through personal

property and real estate taxes.

Future Plans

Future modifications and planning have been necessitated because the
communications room has became very congested and rioisy. The communica-
tions equipment and personnel will be divided and placed in three different
roams according to function: call-takers, police services and fire/rescue
services., Of course, these roams will still be able to coordinate their
emergency responses with the proposed conference lines between them. Other
separate rooms presently in the EOC are for computer records, training
police supervisors, and fire supervisors.

B. Rockville, Maryland

General Description

The 911 Central Dispatch Center for Montgomery County, Maryland is
" located in Rockville, about ten miles north of Washington, D. C. The
Center is located in the basement of the County Office Building. Prac-
tically all County emergency services are dispatched from this emergency

operating center (EOC). The 911 emergency telephone number began operation

for the 600,000 (approx.) residents of Montgamery County on October 31, 1974.

911 Call Processing

The Montgomery County EOC is the answering point for all 911 calls

in the County. These calls come from hames, businesses, and are toll-free




from public telephone bcoths. Eighteen different telephone exchanges are

in the County, and four lines from sach sxchanges's central office terminate
on the 911 switchboard, These seventy-two lines are grouped on the switch-
board and when a call is received, the call-taker can identify the ex-

change of orlgln This sw1tch£oard has six identical operator positicns.

\

Usually on_y one onerator is ne edea to answer the 911 czlls in the County.
.

\\
If he beccmes overlcaded w1tn\giii§, then other personnel are nezrdy o
the switchbeard. ”\\\\\

The 311 call-tzkers simply answer s;§§ng\”9ll centar-~do you nee
~.

17}
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colice, Tire or ambulance service?" Depending on the czllar's request or
situation, the call-taker immediataly transfars the 911 caller to the

aporopriate group of dispatchers or clerks, The 911 operators can transfapy

the caller to any of four (4) different areas: police dispatch, fire and
rescue dispatch, routine non-emergency service clerks, or the County
administrative switchboard. Crank or abusive callers are warned that they
are camitting & crime and are forcibly discomnectad, or are traced so

that the caller can be prosecuted. Any 911 czll other than an smergency call
is discéuraged aither by informing the caller that this is an smergsncy

s

call centar only and referring the caller to the phone bock or by verbally
informing the caller of the seven-digit number to be dialed.

The 911 call-vaker works with a headset, a set of cord plugs, and a
telephone dizling device. When a call is received by the switchboard, the
call-taker answers the cali and transfers the caller to the appropriats
emergency agency that is needed., Eighty percent of all 311 calls are for

police assistance, Multiple agencies can be linked to the emergency calle

by aporovriate circult connections. The time necessary for the operator o
Y 2PProt V2 L
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route the 911 call to the appropriate service agency is a matter of 2-4
seconds, hence one operator per shift can manage the needs of the entire
county.,

Routine Serwvice Clerks

Behind the switchboard in the same room there are several routine
service clerks who receive calls from the 911 operator. Such routine ser-
vice calls are not of an immediate emergency nature but still require
responses within several hours or days by one of the public safety agencies.
Examples of routine service calls include: police administration, fire
inspections, or requests for standby services at crowded events. These
individuals often must fill out forms that require more time than the
dispatchers can reserve between calls, thus allowing the dispatcher to
attend to higher priérities in his job.

Police Dispatchers

When the 911 call requires rapid police response, the call is trans-
ferred to the police dispatch and records area consisting of two separate
roams~-one for record check and ineident card prccessing and one for the
radio dispatchers themselves. The records roam fills out incident cards
with significant information given directly by the caller relevant to the
emergency; likewise, this information is cross-checked with local, state
and national law enforcement records by means of computer and file systems.
The incident card, when completed, travels to the dispatcher room by a
small conveyor belt, and the dispatcher takes appropriate actions and
sends officers and equipment to the scerne using two-way radio to commu-

nicate with the cars in the field and to maintain status reports. There




e four satallits police stations in the County communications, still the

Rockville EOC is the ccmmand center.

Fire and Rescue Dispatchers

The smergency medical sexrvices for the area are part of the fire de-
partment. Thus the ambulances are locatad with the fire engine campanies
distributed throughout the county The radio dispatchers for fire and rescus

sexrvices have their cwn separate rocm in the EOC and receive their 911 calls

Irom the call-takar's switchbcafd. Their relatively low volume of calis
permits the fire dispatchers themselves to ccrplste any necessary revort
cards and record checks while directing all fire and rescue operations by
radio until a senior officer arrives on the smergency scene.

These dispatchers have both radio and dadicated hot-line two-way
communications with thirty-one fire engine ccmpaniss, four hospitals, thres
public utilities, and two adjacent jurisdictions. The Z0C also can commui-
nicate with many public safsty agencies and jurisdictions in the large
metropolitan areas of northerm Virginia, Washington, D. C., and Maryland.

EOC

As mentioned before, all the atove activities take place in the Mont-
gomery County Emergency Operating Centsr (EQC). The large public safety
facility is underground and has been constructed according to standards
established by the Civil Defense Preparednsss Agency(CDPA) of the federsl
govermment. A brochure covering these standards for ECC is available
from the State Office of Emergency Services in Richmond, Virginia, Fund-
ing for this huge installation has ccme frem a variety of sources: Law

Enforcement Assistance Administration, Civil Defense Preparedness Agency,
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Brergency Medical Services (a division of Health, Education, and Welfare
Department) and scme state and local monies.

The ECC has standard radiological protection factors, emergency
power generators, food, sleeping rooms, kitchen, water supply, working
areas and total telephone and radio communications with all county services -
as well as state and federal radio systems. The completely isolated and
protected command center will provide the Montgecmery County government
officials an operating base with enough supplies for thirty days in case of
natural or man-made disaster.

Organization

The large, comprehensive Montgomery County EOC is the result of a
single govermment having an crganizational hierarchy with individuals who
know they must cooperate, commmicate, and search for solutions together in
order to provide a large array of public safety services to the residents
of Montgomery County.

Police dispatchers, record processors, and call-takers are under the
supervision of a police communications officer who reports to the chief.

The county fire and rescue service have a parallel organizational structure.
Each set of dispatchers is supervised by their respective agency communi-
cations officers. The police cammmnications officer and the fire and rescue .
communications officer work together toward the improvement of the overell
comunications system. They are members of a regional cammunications

committee consisting of public safety communications officers from MNorthern

Virginia, Maryland, and Washington, D. C. The fire and rescue services of
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the County have a policy making board consisting of the head of sach engine
company along with an electad representative fram sach campany.

Future Plans

The size of this County necessitatss continual change and additions
to the E0C. The rapid advances in communications technology have provided
nighly sophisticated squirment to assis *he communicztions officers in
devising new, more officient and complete systems. Future sxpansions in
the Z0C will be in two major areas: samergency medical services and com-

-y

arized dispatching.

'CJ

The new federal push for emergency medical services (EMS) has greatly

increased the tachniques, squipment, personnel, and overall megnitude of

the County's caramedic service. A concamitant increase in communications
capability is required, hence the single fire and rescue dispatch rcom
will be transformed into two separats rcoms: one for fire and one for
rescue. The sxpanded utilization of radio cemmunications by the paramedic
nas further camplicatsd the dispatcher's function. The dispatcher must now
have a basic medical knowladge of advanced first aid so as to assist the
paramedic in the field. More and more hospitals are acquiring radio ccm-
mmnications so that the doctor and paramedic can cammunicats. The heli-
coptér ambulance service provided by the Maryland State Police will scon
have communications with the EOC. This is the Maryland Air Med-Zvac
Felicopter System. Furthermore, the transmissicn of electrocardiograms
and telemetry is beccming rcutine and requires new radioc fregquencies and
equipment. With the monitoring capabilities for voice communicaticns and
telemetry, the dispatchers will be able to provide valuable consultation

to both paramedics and physicians in regards to efficient usage of squip-
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ment and frequencies as well as proper medical treatment protocols and

expeditious routing of emergency patients to the most accessible and best

equipped acute care hospital facilities.

C. Washington, D. C.

General Description

The 911 system of the District of Columbia offers another design for
public safety emergency telecommnications and radio networks. A1l 911.
emergency telephone calls are answered by the police department located in .

the D, C. Municipal Building. Jurisdictional problems because of nons

coincident telephone exchange and political boundaries do not exist since
D. C. has its own area code and distinct telephone circuitry. The 911
calls for police service are handled and dispatched by the command center;
however, if the emergency caller needs fire or rescue services, these 911
calls are transferred to the fire and rescue dispatching headquarters in
the northern section of Washington, D. C. The 911 caller then speaks
directly to the fire and rescue dispatcher. |

The communications division of the police department is divided into
three roams--an operator rcom, a 911 call-room, and a dispatcher room.
The 911 calls are auvtcmatically distributed first to available dispatchers.
There are seven dual consoles in a row manned by a maximm of 1U dispatchers
during peak traffic hours. Fach dual console corresponds to one éf the
seven police districts in D, C.

If all dispatchers are busy, the call distributor device chooses an
available call-taker in the adjacent rcom. There are 12 call-taker posi-
tions. The call—takefs have two alternative activities depending on the

nature of the 911 call. If the call is an emergency or requires a dis-

A-12




patcher's attention, a report card is filled out with pertinent informa-
tion {name, ohone mumber, location, incident), and placed on a conveyor
belt that transfers it to the dispatcher rcam. If a 911 c2ll is of a
non-emergency or business nature, the call-takars and dispatchers sither
refer the caller to a business number or to the operator roam adjacent
to the call-takers' rocm.

Each console is equipped with a computer terminal (CRT) that provides
access to the National Criminal Information Computsr (NCIC) which has data
regarding stolen cars, criminal records, and other relevant law enforce-
ment information. All t=lephone and radio communicaticns are taped.

There are 3 shifts of personnel. All call-takers and operators
are civilians. Disvatchers are either civilians or uniformed officers.

Supervisors are present during sach shift and are z11 uniformed officars

except for 1 experienced ceivilian. Training consists of 2 weeks of class-
roam work as well as probationary cn-the-job training.

.

Fire and Rescue Center

The D. C. Fire and Rescue Department receive their smergency calls
over 911 tzlephone lines, talegraph alarm street boxes, and telephone sitrest
boxes. All 911 calls for fire and rescue services are first answersd by
the D. C. Police Center who in turn forward the 911 calls to the fire and
rescue center over dedicated lines. The fire and rescue center has also
vetained its original seven-digit telephone number so that they can be
called directly.

Dispatchers are either civilian non-uniform employees or restrictad

duty fire or rescue officers., There are § individuals assigned to =zach of
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the 3 daily shifts. The entire D. C. fire department has 1500 fire-
fighters and 85 ambulance personnel.

Special hotlines connect the fire and rescue center to the various
fire engine and ambulance stations in the city. These hotlines, in con-
junction with radio communications, permit the center to dispatch any
station. This center has specially tariffed telephone lines that are
only switched on when all other incoming lines are jammed.

Future Plans

The current electramechanical alarm devices used by the fire and
rescue center are over thirty years old and replacement parts often made
of brass, must be handmade. New computerized alarm and dispatching equip-
ment totalling over two-million dollars is scheduled for installation in
late 1977. Also, the old telegraph street boxes will be replaced by

telephones.
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APPENDIX B

SENSITIVITY AND MARGINAL COST

BENEFIT ANALYSIS

In this appendix, we perform a sensitivity and marginal cost benefit

analysis with respect to the recammended number of lines and personnel.
In estimating these quantities the parametars used were busy hour call
volume and average holding time.  Cur sensitivity analysis examine the
effects on costs and benefits of likely variations in these parametsrs on
the reccamended quantities.

A. Personnel

In estimating the number of persormel required, we used the cri-
tarion - no more than 10 percent of the busy hour calls will be serviced
with delays greater than 10 seconds (approximately 2 rings). This implies
that 90 percent of these calls will be serviced in no greater than 2 rings.
We now examine the sensitivity of this critericn with respect to the number
of dispatchers and average holding time.

Average holding time was estimated at 90 seconds. Tﬂis means that a
‘telephone line and/or dispatcher will be tied up or lunavailable for an
average of 90 seconds for each call during the busy hour. Table 3-1 shows
that, with an average holding time of 90 seconds, utilizing 3 dispatchers
- result in 26 percent of the calls being delayed greatsr than 5 seconds,

24 percent greater than 10 seconds, 22 percent greater than 15 seconds and
20 percent greater than 20 seconds with an average delay time of 18.5
seconds (approximately 4 rings) per call. When on-scene-assistance is

required, an average delay of 4 rings per call with 20 percent having to
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Table B-1

Sensitivity of Personnel to Level of Service Criteria
and Average Holding Time

Personnel |Probability of a Call During|Average Delay for Average
in the Busiest Hour Being all Calls During Holding
Busiest Delayed Greater Than Busiest Hour Time
Hour n Seconds (secs) (secs)
n=5n=10mn=15n= 20
150 1.133 .118 .105 7.16 72
4 042 1.034 .028 .023 1.31 72 (-10%)
5 .009 |.007 .005 .00y .22 72
3 .205 |.187 .170 154 11.9 81
4 .060 |.051 |.0ub .037 2.2 81?} (=20%)
5 014 |.012 .00% .007 AL 8L
3 .26 |.242 . 224 .207 18.5 90
L .0%0 |.079 .089 061 3.9 90 } (Estimate)
5 .026 |.021 1.018 .015 .83 90
.330 |.311 |.292 .275 28.5 99
b 112 .010 .080 .080 5.6 99 j>(+10%)
5 .033 [.028 .023 .020 1.2 99
457 1.435 L1l .395 49.4 108
) 174 [.158 bk 131 10.1 108:>(+20%)
5 .055 |.0u47 .04l .036 2.23 108




walt longer than 4 rings would tend to indicate a low level of service.
By increasing the dispatch force to 4 persomnel, Table B-l indicates that
the average delay would be approximately 1 ring with only 8 percent of the
calls having to wait longer than 2 rings. To afford this improved level
of service requires an additional monthly cost of approximately $300. To
further improve this level of service by increasing the dispatch force
to S appears to be unwarranted since the average delay time would be con-
siderably less than 1 ring and dispatchers camnot routinely perform with
such efficiency.

Assuming a 10 or 20 percent reduction in averagzs holding time (Table
B-1l) indicates that 4 dispatchers are still required to ensure that no
Tore than 10 percent of the busy hour calls are delayed greatsr than 10
seconds with the average delays being within the vicinity of 1 ring.
Utilizing only 3 dispatchers with this reduction in average holdiﬁg Time
results in 13 and 18 percent of the czlls being delayed greatsr than 10
seconds, respectively. Cn the other hand, assuming a 10 percent increase
in average holding time, utilizing 4 dispatchers just satisfies the critsrion
with an average call being delayed a little more than 1 ring. Further,
assuming a 20 percent increase in average holding time indicates that 16
percent of the calls will be delayed greater than 2 rings with the average
call being delayed approximately 2‘rings. To improve this level of service
such that only 10 percent of the calls are delayed grester than 2 rings
requires an additional dispatcher. This will result in about $ percent of
the calls being delayed greater than 10 seconds and an average delay time

of 2.3 secornds.




An average holding time of 108 seconds (20% increase in ‘average
requirements) is felt to be quite large since fire and rescue calls will be
transferred. This would mean that the dispatcher's average holding time
would be in the range of 5 to 10 seconds for these calls. Thus, while
telephone lines will be tied up as calls are transferred to fire and res-
cue, the actual time for which dispatchers are tied up at the communications
center will be reduced.

B. Number of Lines

The number of lines were estimated such that no more than 1 call
in a hundred is likely to receive a busy signal during the busiest hour.
Assuming a 20 percent decrease in call volume, Table B-2 shows that 6 lines
are still required to provide a POl grade of service. On the other hand,
assuming a 20 to 30 percent increase in call volume requires an additional
line at a monthly cost of approximately $50 per month. Table B-2 shows
that by designing for an inferior grade of service such as 2, 3, or 4 calls
in 100 being likely to receive a busy signal results in a reduction of only
1 line,

A 911 communications center is intended to accept only calls for on
scene assistance, nonetheless, it would be unrealistic to expect that
inappropriate calls will not be received. However, if a large number of
inappropriate calls are received, the average holding time should still
not increase substantially since these calls will be redirected or dis-
connected. Assuming a 50 percent increase in call volume and the same
holding time of 90 seconds for all calls, 8 lines provide a POl grade of

service. Table B-2 shows that the number of lines required to provide a




Table B-2

Sensitivity of Telephone Lines to Busy Hour Call
Volume and Grade of Service

CCS Busy Hour |Lines Required for a Particular Grade of Service
Call Volure ™"5q1 [ po2 | P03 | pon | PoOL | POOS
4.8 | 52 (=20%) 5 5 5 5 7 5
58.5 | 35 (Estimate) 6 5 5 5 g 7
70.2 | 78 (+20%) 7 5 5 5 8 7
76.0 | 84.5 (+30%) 7 5 5 5 9 8
87.7 | 97.5 (+50%) 8 7 7 5 9 8




particular grade of service is relatively insensitive to call volume
especially when increases in call volume do not consume any significant

answering or dispatch time.




APPENDIX C

STMULATION OF RECOMMENDED 911 SYSTEM FOR
CHARLOTTESVILLE/ALBEMARLE AREA
A detailed explanation of the system will not be given since this is
available in the body of the final study report ""System Engineering Study of
Emergency Communications Systams for thé City of Charlottesville, University of
Virginia andbAlbemarla County" by G. G. Yorke, 0. A. Gianniny, Jr., and
A. P. Sage. The alternative chosean was alternative five which is shown in
Figure 12, page 53. Briefly, incoming calls ars answered by a police operator
who then transfers fire and rescue calls to the réspective dispatchers. Police
calls are dispatched by the operators. The police operator stays on the line
until the call gets the appropriate dispatcher or call for a police is dispatched.
Fire and rescue dispatchers stay on the line until their service is dispatched.

Some of the specifiic information is as follows:

Number Incoming Lines - 10
Number Operators - 4
Number Transfer Lines to Fire - 2
Number Transfer Lines to Rescue - 2

The report found that the number of calls during the busiest hour was about 65.
Calls were almost uniformly.distributed throughout the day. An arrival time
distribution which is uniform over the interwval 0-112 secs is used. This

gives an average of 65 calls/hour and also allows for two calls to arrive at che
same time. Average service time was found to be 90 sec. A uniform distribution
over the interval 67-113 sec was used for the service time for the dispatchers.
The time to ascertain the type of call and transfer was taken as 153 + 5 sec
uniformly distributed. It appears that a reasonable distribution of incoming

calls is as follows:
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Fire - 5%

Rescue - 5%
Wrong Number - 5%
Police - 80%

Wrong numbers take between 67-113 sec to complete.

Results of the simulation runs are given in figures C.l and C.2. Runs
for various inter-arrival rates were obtained for the proposed system under
the nominal opérating conditions mentioned in the body of the
report. Besides the 65 call/hr rate the following rates were tried to see

when congestion started to occur. Each simulation ran for 1000 calls.

Call/Hr. Distribution Range
65 0 - 112 sec
85 0 - 8 sec

100 0-72 sec

125 0 - 56 sec

150 0 - 48 sec

For 65 calls/hr disabling two lines had no effect. 98% of the incoming calls
were answered on the first ring. Calls that were not answered on the first
ring (2%) rang for an average of 23 seconds. WNo call received a busy signal.
However 27 of the fire calls had to wait an average of 9 sec for a fire
dispatcher transfer line to become available.

Analysis of the results for high average arrivals/hr show that the in-
coming lines can handle a call rate of 150 calls/hr with a small busy rate
(.3%). Even with two lines disabled, the busy rate increases to 1.1% which is
within design standards. However the number of calls that are not answered on
the first ring is significant. At 150 calls/hr 50% of the incoming calls

wait an average of 30 sec to get an answer. At 125 calls/hr (which has been
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observed at times) 5% of the calls wait approximately 22 sec for an answer.
The number of calls that must wait for transfer to another dispatcher is very
small 0-3% and not gffected as the arrival rate increases. This indicates
that the number of outgoing lines to these dispatchers is sufficient.

The results indicate that number of lines will handle rates up to 150
calls/hr tops but at rates over 100 cal;s/hr. more operators will be needed
to handle the increased volume. Such an'increase does not appear likely.
Illustrations of calls answered on the first ring and operator utilization
versus call rate are shown for different number of operators in Figures C.l and
C.2. All data were obtained using GPSS, a standard discrete event digital

simulation language.
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