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PREFACE

This report presents a description of an analysis of the deployment
of fire-fighting resources in Wilmington, Delaware, which was supported
by a contract between The New York City-Rand Institute and the Office of
Policy Development and Research of the United States Department of Housing
and Urban Development (HUD). The project, conducted jointly by The
New York City-Rand Institute and the City of Wilmington, had two primary
objectives: to transfer to the city a knowledge of the methodology
developed by the Institute for analyzing the deployment of fire-fighting
resources; and to use the methodology to develop a long-range plan for
improving the deployment of the fire-fighting resources of the Wilmington
Bureau of Fire.

This is one of a series of case studies documenting deployment analyses
of fire, police, and ambulance services in several American cities. Other
reports in the series, all of which are publications of The New York City-

Rand Institute and can be obtained from The Rand Corporation, are:

® R-1566/1-TRNTN, An Analysis of the Deployment of Fire-Fighting
Resources in Trenton, New Jersey, by J. Hausner and W. Walker.

o R-1566/2-HUD/CY, An Analysis of the Deployment of Fire-Fighting
Resources in Yonkers, New York, by J. Hausner, W. Walker, and
A. Swersey.

e R-1566/3-HUD, An Analysis of the Deployment of Fire-Fighting
Resources in Denver, Colorado, by T. Hendrick and D. Plane.

e R-1566/4-HUD, An Analysis of the Deployment of Fire-Fighting
Resources in Jersey City, New Jersey, by K. Rider and J. Hausner.

® R-1566/6-HUD, Implementing the Hypercube Queueing Model in the

. New Haven Department of Police Services: A Case Study in Technology
Transfer, by K. Chelst.

All of the studies were conducted to test the applicability, usefulness,
and transferability of computer-based mathematical models for deployment
analysis that were developed at The New York City-Rand Institute. At
least one model was field tested in each city. {(The Parametric
Allocation Model and Firehouse Site Evaluation Model were tested in
Wilmington.) Based on the results of these tests, the models were refined

and modified. They are being documented in a second series of reports.
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A third set of reports will present a general approach for performing
deployment analyses of emergency services. It is hoped that these reports,
together with the case studies and documentation of the models, will provide
local government officials with methods for systematically assessing alter-
native policies for providing emergency services, and will enable them to
conduct deployment analyses with little or no outside technical assistance.

The HUD contract with The New York City-Rand Institute is one of the
efforts supported under HUD's Community Development and Management Research
Program. The Program is designed to develop, field test, and provide to
state and local officials new approaches and methods for responsive com-
munity management. The methods are designed to help decisionmakers to iden-—
tify alternative policies and actions, and assess the feasibility, cost,
and consequences of these alternatives. The methods are tested in representa-
tive communities under actual operating conditions. The methods and test
results are made available to users in oﬁher communities.

Preparation of portions of the report by the City of Wilmington was
financed in part through a Comprehensive Planning Grant from the U.S.
Department of Housing and Urban Development, under the provisions of
Section 701 of the Housing Act of 1954, as amended.

This report shows how Wilmington's fire company deployment policies
were analyzed, what actions resulted, and what other cities can learn
from the Wilmington experience. It should be of particular interest to
municipal administrators and fire department personnel who might want to
analyze fire company deployment problems in their cities, and the systems

analysts who might help them do so.
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SUMMARY

Like many cities, Wilmington is faced with a stagnant or declining
tax base and an increasing demand for services. The mayor is committed
to providing the necessary city services in the most efficient manner.
One of the first problems faced by the new administration when it took
office in 1973 was what to do about implementing the recommendations of
an earlier study that would have required replacing all but one of the
existing firehouses. The cost of carrying out these recommendations had
climbed drastically since the time of the study. In order to obtain
technical assistance on this problem, the city contacted The New York
City-Rand Institute, which had a contract with the U.S. Department of
Housing and Urban Development to test its models in a number of cities.

Wilmington was subsequently chosen by the Institute and HUD as one
of the test cities, and a project team was formed consisting of Institute
staff, City administrative personnel, and Bureau of Fire personnel. Each
group brought a different perspective and set of objectives to the problem:
Rand was interested in demonstrating that the methodology developed and
applied in New York City could help local officials in other cities make
deployment decisions, and that the models could be easily used by local
government personnel; the City administration was interested in determining
whether a new deployment plan with fewer firehouses was feasible and how
such a plan could be implemented; and the Bureau of Fire was interested
in maintaining the existing high quality level of fire protection
provided in Wilmington and in finding the best locations for new fire-
houses.

The project was performed in four stages. The results of each of the

stages are presented in this report.

(1) Data were gathered and analyzed for use in the mathematical
models and in the evaluation of deployment alternatives.

(2) The current pattern of fire company travel times throughout
the city was determined.

(3) A gross determination was made of what regions in the city
should lose companies if companies were to be eliminated and
how the remaining companies should be allocated in regions of
the city using the Institute's Parametric Allocation Model.

(4) Specific locations for new firehousesvwere evaluated using

the Institute's Firehouse Site Evaluation Model.
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These efforts have led to several important results:

One of Wilmington's original nine engine companies was
eliminated, producing an estimated saving of $240,000 per
year with no loss of firemen's jobs and no perceptible

reduction in fire protection.

Plans were developed for the phased construction of six
new firehouses to replace six existing firehouses over a
four year period. This plan is reflected in the capital
program adopted by the City Council for the period begin-
ning July 1975.

Models and associated computer programs developed by The
New York City-Rand Institute for the analysis of fire
company deployment problems have been transferred to
analysts in the Wilmington city administration for their
use in reevaluating proposed firehouse site locations

as conditions change in the future.

In the process of performing the project a great deal was learned

that should be of use to other communities with similar problems. The

major lesson was that such a project requires the assistance of a large

number of people with different interests and talents. Based on our

experience we recommend that a project team be composed of one or more

of the following:

Representatives of the city's administration, to provide the
project with policy direction and to ensure that the alternatives

being proposed can be implemented.

Budget analysts, to provide the necessary fiscal information and
constraints. They generally have the most analytical background
of all municipal personnel, which permits them to understand and

learn the methodology.

High level personnel from the agency directly affected, to provide
the necessary data and insights into their specific operational
problems. 1In this project, the Bureau of Fire was represented by
the Commissioner of Public Safety, and by the Fire Chief and

members of his staff.



-vii-

e Union leaders, to provide employee inputs and viewpoints and to
provide a potential channel for obtaining cooperation and support

in the implementation process.

e Systems analysts possessing knowledge and understanding of technol-
ogies that can be applied to the problem. These people might be
found in city government, but more commonly would come from an
outside consulting firm or a local university. In this project The

New York City-Rand Institute provided the technical assistance.

One of the objectives of the project from the point of view of HUD
and The New York City-Rand Institute was to determine how useful and
applicable the Institute's deployment models, which had been developed
for use in New York City, would be in other cities. The Wilmington
project showed that the models were applicable to much smaller cities,
and could be used and understood by operating personnel in such cities.

But it is important to point out that the Wilmington project team
learned, as other Institute-directed teams have learned in other cities,
that the use of models in attacking urban problems cannot replace the
decision making process or the decisionmaker. The models provide the
decisionmaker with detailed information upon which he can base his
decisions. But this information is only one of several inputs into the
decision making process. The team also found that the information
developed during the course of such a project can play an important role
in providing a rationale and justification for the decisions that are
finally made. ‘

This report presents a complete description of the Wilmington project
as a systems analysis case study, from problem definition through data
gathering, analysis of alternative deployment policies, and final results.
It shows how the Institute's deployment methodology was applied in one
city, and should provide a guide to others desiring to perform a similar
study, although each city is unique and the methodology will have to be

modified to fit the particular case.






—ix—

ACKNOWLEDGMENTS

This study was performed by a joint team directed by the authors:
Warren E. Walker of The New York City-Rand Institute, who was the
Institute's member of the project team and was project director of the
HUD contract that sponsored the study; David W. Singleton, Director of
Program Analysis in Wilmington's Department of Planning and Development;
and Bruce Smith, a Fiscal Consultant in the Office of the Mayor of the
City of Wilmington. We are most appreciative for the support we received
throughout the study from the Mayor, Thomas C. Maloney, his administrative
assistant, John V. Flynn, Jr., and his public policy assistant, Gerald P.
Doherty IV.

The success of this study is due in large measure to the active co-
operation and participation of many individuals, both within the Wilmington
City Government and The New York City-Rand Institute. In Wilmington,
active participants in various stages of this study included: Public
Safety Commissioner, Norman E. Levine; Fire Chief, James P. Blackburn;
Captain Donald Donovan of the Bureau of Fire's Planning and Research Unit;
and Captain Joseph E. Green, former President of Local 1590,vInternational
Association of Fire-Fighters. Many fire-fighters participated actively
in the research, particularly in conducting the travel time experiment
and encoding the large amounts of data. Examination of the results
reveals that their work was first rate.

Several staff members in the Department of Planning and Development
were also directly involved in the study, both in the construction of the
grid map, and the encoding of large amounts of data. The Director of Plan-
ning, Patricia C. Schramm, provided leadership and supplied critical com—
ment at several stages in the process.

Several members of the staff of The New York City-Rand Institute
played important roles in the study. Kenneth Rider helped to develop
the coding form used in collecting data on fire incidents. He and Jack
Hausner assisted in the use and interpretation of some of the deployment
models. Mei Ling and Peter Dormont programmed some of the computer models
used in the analysis, and Gerard Blais and Anne Stevenson created the data
bases for the models.

The report was considerably improved by the. constructive comments made
on an earlier draft by Robert Gay.of The Rand Corporation, and Hartley

Fitts and Robert Baumgardner of the Office of Policy Development and



-

Research, U.S. Department of Housing and Urban Development. Of course,
the authors assume full responsibility for the analysis and conclusions

contained in the report.



-%i-

TABLE OF CONTENTS

g ceeesesans iii
SUMMARY ¢ v tevsetenceooeonnaosscssoneosassssasossnsssscnssssasonssesoonsasss v
ACKNOWLEDGMENTS .t vveesvnesens crecetescennn Cetseseessactessseesstcsessreanane ix
LIST OF FIGURES. . vveuneeossesosesssssesacnasossssssanasssacsnassss ceveeess xiii
LIST OF TABLES. .t viiirenroecessnosonccasanens cesecssecsseseecses et Xv

Section
1. INTRODUCTION. .vueeevessonneonnnns e esecessssesssenssesssssescansenoenn e
1.1. Origin of the Project.v.icevseseen T
1.2. Objectives Of the Project.ceeceeesceeesesssessossesssesesasannse
3. The Project TeaMa.eeuuseeueeenneeonaeesanaeansoasassesossassasns
.4. The City of Wilmington............ s et sssecacatensessrsaccnanasne
5 The Wilmington Bureau Of Fire....uv.eceeeeeneccesscassssasssannss
1.5.1. A Brief HiStOTY:iuuieeeervoossosnssssacsssenessconansonns
1.5.2. Organization....ceeeeeeeeeeeeososonnnnnes ceeseesssannses
1.5.3, Budgel.veiieeeoseeenveenosonsosssscasosonosssssassssasans
1.6, Outline Of the RePOTL.:ceeereeeenreereeeseesseosasosacsscasnonss

.

g

VUS> WN R

2. FRAMEWORK FOR THE ANALYSIS....veeutuaonccscnssannsans Cetetessieneaanan 9
2.1. Evaluation Criteria......ccvoeveees et eesanesasseseasessritessene 11
2.1.1. Travel Times to Individual LOCALIONS.+sesrecsscccsoscass 11

2.1.2. Average Travel TimeS.....ee... ceceessacsasasnans chreeaae 12

2.1.3. Company WorkloadsS...eeeeoeeossoesosssssessassannsssssass 13

2.2, Objectives in the Deployment of Fire Companies.......eevevencens 13
2.2.1. The Number of Fire CompanieS...ceeevevececeasernncasonns 13

2.2.2. The Location of Fire CompaniesS....esescessesescensacansns 15

3. SELECTING AND EVALUATING FIREHOUSE SITES:¢eteceosessceossssocnaconassoa 18
3.1. Collecting and Analyzing the Data@.....cecoeecencccns cecsesrenaae 18
3.1.1. Alarm Incidence...ueeeeeeeeeeecescasocrssossrsssasnosasnns 19

3.1.2. Demand Regions, Geographic Coordinates,
and Target HazardS....eeeeeeeosessasoccnassossacassansns 25
3.1.3. Travel Time Data@.ieeeeeeeecenns Secseetesesesnasssasnsens 30
3.2. The Deployment Models UsSed...eeesseseecossssosstnnsoncasossnasas 36
3.2.1. The Parametric Allocation Model..eeeveoeenesoseasasansns 38
3.2.2. The Firehouse Site Evaluation Model...ceoeeesenseessnons 38
3.3. The Selection and Evaluation MethodOlogy....eeoeessesoecnccnsnans 41

ECOMMENDATIONS: SITES AND A PHASED IMPLEMENTATION PLAN......... ceean 51
1. Engine 8 and Ladder 3.....eiveeeeseeoosoosssosecncnoenssnsnsooens 52
2. Engine 6 and Ladder 2.....ccveeeesseeseecnasscenasccnnssenannons 52
3. Engine 3......... ceceeesacseaanasasnatsescccssesstonesres o0 nss 55
4
5

R
4.
4,
4,
4.4. Other Fire-Fighting CompaniesS.....ceeececoeecececacacnancacnsnss 55
4.5, Recapitulation. e ieiniiieiineenenruneoeroraciosncoerocsnanannns 61
Appendix

A. NEGOTIATING DEPLOYMENT CHANGES ... eeeeeeesueoeencasosecncasosenneonnnns 67

B. GLOSSARY OF FIRE TERMS.....e.... Geceses et s essees st e es s e s nesanas e 71
C. ADDRESSES FOR FURTHER INFORMATION. ...evseoveoncacosncoonaonneans ceeens 73

REFERENCES......cvvvvnennne cesesecntaoane cesesacnenns ceserssessssesnn cesee 75






3-8.
4-1.

-xiii-

LIST OF FIGURES

Wilmington: Demand regions and fire company locations........ocecee..
Steps in a systems analysis StUdY.eseseeececsssossecsssccsaossssassanons
Conflicting'objectives in the placement of fire companies.......cvc...
City of Wilmington Fire Incident Report fOTIM....sveeeseesrscsoonocsnnn
Wilmington: Total number of fire alarms, 1965-1974....c0vivsececncnes

Wilmington: Total number of alarms by time of day, fiscal year 1974..
Wilmington: Total number of alarms by month, fiscal year 1974........
Wilmington: Total number of alarms by day of week, fiscal year 1974..
Wilmington: Geographic density of total alarms, fiscal year 1974.....

Wilmington: Geographic density of structural alarms, fiscal
D=5 N R P

Wilmington: Relationship between travel time and travel distance.....

Wilmington: Proposed redeployment of fire companies........cceeeeen..

10
16
20
22
24
26
27

29
34
53






4-1.

4-3.
4-4,
4-5,
4-6.
4-7.

-V -

LIST OF TABLES

Firehouse 10CationS..eeeteereesseassssesscossssssssosasncnsnssssnsns
Frequency of incident types, fiscal years 1973 and 1974.............
Summary of demand region tharacteristics.....eceeeeeuns cereessseeacses
Special target hazards........eeeeeevenn Ceeescensesasensassasaannann
Summary of travel characteristics of Wilmington fire companies......
Average travel velocities by time of day....eeeeeeeeeecenoesenoosons
Overlapping alarms—fiscal years 1973 and 1974..c0vviennnnnrncnanens
Allocation model results: LaddersS....eceeecesescscasossocsnsssososenns
Allocation model results: EnginesS...cceoceeseeeecnscrenccsscsossnsans
Alternative site matrix.............. Ceeesesetesarisanennn ceetescnes
Effect on first-due travel times of moving Engine 8 and Ladder 3....
Effect on first-due travel times of moving Engine 6 and Ladder 2....
Effect on first-due travel times of moving Engine 3...ccceeevcvenens
Effect on first-due travel times of moving Engine 10.........0000.n.
Effect on first-due travel times of moving Engine 9........cc00uuues
Effect on first-due travel times of moving Engine S5......c.0vvueennn

Effect on first- and second-due travel times of making
recommended MOVES . veuiueessoresronesnsscssanessnensosnans chresenenns

23
31
32
35
37
42
44
45
49
>4
56
57 .
59
60
62






1. INTRODUCTION

1.1. ORIGIN OF THE PROJECT

Of Wilmington's eight firehouseé,* only one was constructed after 1910.
This one, the Center City firehouse, was constructed based on recommenda-
tions in a 1967 study of the deployment* of Wilmington's fire companies,*
which was performed by the Department of Planning and Development [1].**
The report recommended the renovation of one firehouse and the construction
of seven new firehouses. Construction of the second new firehouse
was held up when the architect indicated that the house, as planned,
would cost over $700,000—far in excess of both the $304,000 projected in
the 1967 study and the $475,000 allocated in the 1972 and 1973 capital
budgets.

This large potential cost overrun, combined with a new mayor's desire
to thoroughly evaluate the city's level of fire protection and some
questions raised by a new fire chief about the firehouse locations
proposed in the 1967 study, led to a decision in August 1973 to place an
administrative '"hold" on any new firehouse construction until a thorough
analysis could be undertaken.

At this same time Wilmington learned that The New York‘City—Rand
Institute had a contract with the Office of Policy Development and Research
of the U.S. Department of Housing and Urban Development (HUD) to assist
a number of cities in using methods developed at the Imnstitute for
analyzing the deployment of emergency service vehicles. The HUD contract
had, among its objectives, a determination of the usefulness of the
methods and the ease with which understanding of and ability to use them
could be transferred to city personnel. Wilmington applied to the Institute
for assistance in determining where to locate the previously budgeted

replacement firehouses.

1.2. OBJECTIVES OF THE PROJECT

Wilmington had two objectives at the start of the project in February

1973: (1) to evaluate and revise the recommendations of the 1967 firehouse

*
This and other specialized terms are defined in the Glossary (Appendix B).

*
Numbers in square brackets identify references listed at the end
of this document.
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study [1], investigating whether fire protection could be improved with a
better arrangement of firehouses; and (2) to learn the deployment techniques
developed by The New York City-Rand Institute and to develop the in-house
capability to perform deployment analyses in the future without the Institute's
assistance.

As the project progressed the first objective became more focused—the
administration became interested in the possibility of phasing out one or
more engine companies. Preliminary analyses by the project team had in-
dicated that such a change in the number of engine companies could be ac-
complished with little effect on the level of fire protection in the city.
By late September 1973 the scope of the analysis was limited to answering
the following two questions: (a) How many engine companies should be de-
ployed in Wilmington? (b) Given a certain number of engine and ladder
companies, where should they be located?

Of course there are other ways in which Wilmington's fire service might
be improved or its cost lowered (e.g., improved fire prevention strategies,.
use of new fire-fighting and communications equipment, etc.), but because
of objective (2) above, this project concentrated on the analysis of changes

in the deployment of engine and ladder companies.

1.3. THE PROJECT TEAM

From the point of view of both HUD and Wilmington, one of the important
objectives of this project was the development of a local capacity to
undertake subsequent deployment studies without external aid. The approach
taken to meet this objective was to form a local project team, which
was responsible for doing much of the work and for drawing up the
recommendations. The Institute assigned a staff member as liaison to
provide technical assistance to the project team. The creation of
the project team not only provided an ongoing analytic capability
within the Wilmington government, but enabled the team members to
understand the methodology, kept the analysis directed towards implementable
policies, and provided a means by which various interests could be repre~
sented in the process of determining new deployment policies.

Included on the project team were representatives of the city's
administration, budget analysts, city planners, personnel from the Fire
Department, and a leader of the fire-fighters' union. In particular, Gerald
P. Doherty IV, the Mayor's Public Policy Assistant, and Bruce A. Smith, an
economist in the Mayor's Office, were involved froﬁ the beginning. The

Department of Planning and Development was represented by David W. Singleton,
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the Director of the Program Analysis Division, who has an extensive back-
ground in emergency service delivery systems.* The Commissioner of Public
Safety, Norman Levine, was another member of the project team, The Bureau
of Fire was represented by Chief James Blackburn, Deputy Chief for Admin-
istration Thomas Savage, and Captain Donald Donovan, The Bureau's head of
planning and research. The president of the fire-fighters' union, Captain
Joseph Green, was a member of the project team until the team became
involved in developing a negotiating strategy for reducing the number of
fire companies.

The various responsibilities of the Institute and project team were
clear. The Institute provided technical assistance, computer programs,
analytical methods, and training. The project team collected and coded
data, ran an experiment to gather travel time information, identified
potential firehouse locations, and developed alternative deployment

policies.

1.4, THE CITY OF WILMINGTON

Wilmington, the county seat of New Castle County, is the largest city
in Delaware. There are 15.77 square miles within its corporate limits, and
its population is 80,000, of which 44 percent is non-white.v Wilmington's
population decreased by over 15,000 persons between 1960 and 1970, while
the County's population increased by over 93,000. The city's economic base
has shifted almost completely from manufacturing to executive offices and
service industries. ;

In many respects, Wilmington reflects the problems of the nation's
urban centers in microcosm. It has large concentrations of low income, aged,
and minority persons, all with greater-than-average needs for city services,
and a stagnant or declining tax base. The result is an increasing demand
for city services coupled with a decreasing ability to pay for them.

Wilmington is an incorporated unit of general purpose local government
of the type generally characterized as "strong mayor-council." Its City
Council is composed of 8 district councilmen, 4 councilmen at large, and a
president elected at large.

The city's operating budget for fiscal year 1975 was $33,532,000, which,

as a result of stringent economy measures, is only a 4.6% increase over the

* 3 3 .

Mr. Doherty and Mr. Singleton became members of the City's negotlaflng
team, which sought to negotiate deployment changes with the firefighters
union.



fiscal year 1974 budget.

1.5. THE WILMINGTON BUREAU OF FIRE

*
1.5.1. A Brief History

In 1775 the efforts of a group of prominent Wilmington businessmen
led to the formation of Wilmington's first fire company, the Friendship
Volunteer Fire Company. Its equipment consisted of water buckets, swabs,
and two hand fire engines that the Borough of Wilmington had previously
removed from a French man-of-war.

As Wilmington grew from a borough to a city, other volunteer fire
companies were organized to protect the surrounding neighborhoods and
manufacturing centers. After 1840 the city council appropriated funds
for each company to defray a portion of their operating expenses. In
1868 the council created the Wilmington Fire Department, which resulted in
a loose merger of the volunteer companies under the supervision of the
Department's chief engineer.

In 1921, the Delaware State Legislature authorized Wilmington to
have a paid fire department to replace the volunteer companies. This paid
department took over the firehouses of the volunteer companies. Between
1921 and the construction of the Center City firehouse in 1971 the
department continued to operate out of these same volunteer company fire-
houses, except for three houses that were closed during this period and a
new house that was built (in 1938) to replace one that was in the path of a
construction project. So seven of the eight firehouses being used by the
Wilmington Bureau of Fire at the start of this study used to be volunteer

company firehouses and were, for the most part, depressingly antiquated.

1.5.2, Organization

Offically known as the Wilmington Bureau of Fire, the Wilmington Fire
Department is administered by a chief, currently James P. Blackburn, who
reports to the Commissioner of Public Safety. The chief is appointed by the
Mayor, who usually appoints a member of the Department on the basis of merit,
tenure, and experience. Wilmington has the only paid fire department in
Delaware. All of the communities surrounding the city are protected by

volunteer companies.

*The information in this section was adapted from "The Wilmington
Volunteer Fire Department, 1775-1921," A Master's Thesis by Chester P.
Lakaszewski, submitted to the University of Delaware, June 1965. It
appeared in slightly different form in [1].
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At the time this study was begun the total authorized strength of the
the Department was 245 uniformed men, although 15 of these positions were
actually vacant. A minimum of 56 officers and men were on fire-fighting
duty at all times. Most of the uniformed personnel were assigned to the
fire suppression and routine building inspection activities of fire
companies in the field. The remaining men were assigned to supportive
functions in the Fire Marshal's Office, the Personnel and Training Division,
and the Planning and Research Unit.

At the start of the study, the Department operated a total of 13
companies (9 engines, 3 trucks, and 1 rescue squad), deployed throughout
the city in eight firehouses. The locations of the engine and truck com—
panies are shown in Fig. 1-1. Table 1-1 contains a complete list of fire-
house locations, the companies deployed in each, and the year each house
was constructed. Table 1-1 shows that, as mentioned above, all firehouses
but one were constructed before 1910, and five were built before the turn
of the century. Although well built, the structures are showing signs of
age, and their living conditions leave much to be desired relative to cur-

rent firehouse standards.

1.5.3. Budget

The Wilmington Fire Department's direct operating budgét in
fiscal 1975 was $3.6 million, which represented about 11 percent of the
total city budget. This is an increase of $1.6 million, or 80 percent
over the Department's budget for fiscal 1969. The cost of manpower
is approximately 90 percent of the fire budget.

An analysis of the components of the budget reveals that the average
annual manpower cost of operating one fire company, manned by three fire-
fighters and one officer 24 hours a day, is approximately $210,000 per year.
An allocation of house costs (maintenance, equipment, and debt service) to
each company increases its cost to an average of about $240,000 per year.
This does not include the city's pension liability, which would dramatically

increase the total.

1.6. OUTLINE OF THE REPORT

The remainder of this report presents a description of how the project
was carried out, in roughly chronological order. It is organized to corre-
spond to the steps that are followed in most systems analysis studies.

The first step, the definition of the problem, was described in Section 1.1.
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Table 1-1

FIREHOUSE LOCATIONS

Construction

House Companies Location Date

Center City Engine 1 1200 King Street 1971
Engine 2
Truck 1
Rescue 1

3 Engine 3 1200 North Claymont Street 1906

5 Engine 5 1814 Gilpin Avenue 1893

6 Engine 6 224 North Union Street 1910
Truck 2

7 Engine 7 303 French Street 1873
Truck 3

8 Engine 8 123 North Jackson Street 1886

9 Engine 9 New Castle Avenue & A Street 1891

10 Engine 10 2501 Market Street 1901
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Section 2 lays out the general framework of a systems analysis study. It
then describes how steps 2 and 3 (the definition of criteria for evaluating
alternative deployment policies, and the identification of the objectives

of the analysis) were accomplished in Wilmington. Section 3 describes how
the next three steps in the analysis—-the selection, analysis, and
comparison of alternative deployment policies-—were carried out. It
includes a description of the data collection effort and brief introductions
to the two deployment models that were used in the project,

In Secfion 4 the complete set of recommendations that were developed
during the course of the project are presented and explained. The recommenda-
tions include a plan for the phased construction of six new firehouses to
replace six existing firehouses over a four-year period.

Appendix A provides insight into the problems associated with the final
step of a systems analysis study (and its ultimate purpose)—the imple-
mentation of a new policy. It is a brief description of the process by
which some of the initial results of the project led to an actual change
in the deployment of fire companies in Wilmington. Fairly early in the
project it became clear that a reduction in the number of engine companies
could be made that would have very little impact on the level of fire
protection in the city. Appendix A shows how a reduction of one engine
company was effected.

Appendix B is a Glossary containing definitions of some of the fire
service terms used throughout this report that might be unfamiliar to some
readers. Those readers who would like to obtain more information about
certain aspects of the project should refer to Appendix C, which contains

relevant addresses and phone numbers.
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2. FRAMEWORK FOR THE ANALYSIS

Fire department managers, confronted with new and greater demands for
fire service and fire protection, require new tools to help them make the
most effective use of their fire-fighting resources. Increasingly they
are turning to the techniques of systems analysis, already successfully
applied to resource allocation problems in industry and the military.

Systems analysis provides an organized step-by-step approach to study-
ing large systems, such as the system of municipal fire department operationms,
that contain many interacting elements and in which it is very difficult to
determine the consequences of a change in policy. It was developed in the
1950s and 1960s as a new approach for providing policy advice to the U.S.
Department of Defense.

E. S. Quade and W. J. Boucher define systems analysis as: "a systematic
approach to helping a decisionmaker choose a course of action by investi-
gating his full problem, searching out objectives and alternatives, and com-
paring them in the light of their consequences, using an appropriate
framework--insofar as possible analytic--to bring expert judgment and
intuition to bear on the problem." {[2]

The systems analysis approach, even though it can be ﬁsed to study a
wide range of problems in many different fields, almost always involves
performing the same set of logical steps. The steps, summarized in

Fig., 2-1, are:

(1) Identify the problem area; e.g., an old firehouse must be torn

down. Where should its fire companies be moved?

(2) Decide on criteria with which to evaluate alternative policies;

e.g., average travel time to fires, company workloads, etc.

(3) 1Identify the objective of the analysis; e.g., a more equitable

allocation of fire-fighting resources throughout the city.

(4) Select alternative policies to be tried (including the existing
policy, which might turn out to be best); e.g., specify several

possible arrangements of fire companies.

(5) Analyze each alternative (this usually involves using a 'model"
of the system) in terms of the consequences that are likely

to follow if the alternative is actually implemented.
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1. IDENTIFY PROBLEM

2. DECIDE ON CRITERIA |

3. IDENTIFY OBJECTIVE;’

e

L4. SELECT ALTERNATIVES

li ANALYZE ALTERNATIVE;}

6. COMPARE ALTERNATIVES

L?. IMPLEMENT CHOSEN ALTERNATIVE ]

Figure 2-1. Steps in a systems analysis study.



-11-

(6) Compare the consequences of each alternative, using the criteria
in step 4, and choose the one preferred (if none are desirable,

return to step 4).
(7) Implement the chosen alternative.

The project described in this report went through each of these steps.
The problem, as described in Section 1, was that most of Wilmington's fire-
houses were very old, and would have to be replaced or renovated soon. This
provided the city with an opportunity to undertake a comprehensive analysis
of their fife—fighting resource needs, and the placement of their fire
companies. The succeeding six steps in the analysis will be described in
the rest of this report. The remainder of this section is devoted to dis-
cussing steps 2 and 3, the choice of criteria and the determination of

objectives.

2.1. EVALUATION CRITERIA

The primary objectives of a fire department are to minimize fire
fatalities and losses of property due to fire. Therefore, the most impor-
tant measures of the effectiveness of a fire department are the number of
fire-related fatalities and the value of property lost as a result of fire.
However, at present not enough is known about the relationship between
these measures of fire severity and deployment alternatives to be of practical
use (see Section 2.2.1). For example, there is really no way to know how
many lives or how much property could be saved by each additional fire com-—
pany added to a city's fire-fighting force. Because we could not obtain
this information, our analysis of the deployment policies of the Wilmington
Bureau of Fire employed three alternative measures, the first two of which
are directly related to loss of life and property (although the actual
relationship is not known): (1) travel times to individual locations,

(2) average travel times in a region, and (3) company workloads. Changing
the allocation of fire companies will result in changes in these measures.
The deployment models used in this project calculated values for each of
the measures. Given the values of those measures the decisionmaker must
decide how to combine them with considerations of hazards, fire incidence,
costs, and political constraints in order to choose the best allocation

policy.

2.1.1. Travel Times to Individual Locations

Fire companies have two primary functions: (1) to extinguish actual
fires, and (2) to provide insurance against fire; that is, to be available

in case a fire occurs. (In Wilmington, fire companies are performing the
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latter function about 96 percent of the time and are actually engaged in
responding to and working at incidents about 4 percent of the time.) The in-
surance function is important since, if a fire occurs, fire companies should
be available close by so that they can get to the scene as fast as possible.
The degree of coverage afforded by the Wilmington Bureau of Fire to any
given location in the city can be measured in terms of the distance of

the location from the nearest firehouse, or alternatively, in terms of
expected travel time to that point. Locations close to a firehouse are
considered well covered; those far from a firehouse are considered less

well covered. A measure of the coverage provided in a region is the
expected maximum travel time (or distance) from the nearest firehouse to

any point in the region.

Actually there are several travel times that were considered in
performing the deployment analysis. First, because engines and trucks
perform different functions at a fire, it is important to separate the
travel times by type of equipment. In addition, since two units of the
same type working together may be able to take some action that neither
could perform alone, the travel time of each arriving piece of equipment is
important. Therefore, one way of evaluating alternative deployment policies
is to consider the list of travel times for engines and trucks assigned to
respond to each location. Most of the early analysis concentrated on the
travel times of the first-arriving units ("first-due'" travel times), but
second-due travel times were included in the final phases as a criterion

in the choice of specific locations for new firehouses.

2.1.2. Average Travel Times

It is rare that one deployment policy will result in travel times that
are superior to those occurring under another policy for each and every
location. Consequently, another way to compare policies is to consider
the travel times to groups of locations. The locations might be grouped
in several different ways: by region of the city; by company response

area; etc. The two measures that were used in the analysis are:

e The average travel time to all locations in the group (giving

equal weight to each location);

*
e The expected travel time to a structural fire (taking into
account the fact that some locations have more structural

fires than others). To obtain this estimate we weighted the

*
A structural fire is a fire within a building.
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travel time to each location by the number of structural fires
that occurred at that location between July 1, 1972 and June 30,
1974. This measure provides an estimate of the travel times that
the Department can expect to achieve to the fires that have the

greatest potential for life and property loss.

2.1.3. Company Workloads

Although there are no fire companies in Wilmington that can be
considered overworked, the Bureau would like to maintain a reasonably
balanced workload among all companies. We therefore include considerations
of workload in the analysis. The expected workload of a company is measured
in terms of the number of alarms that occurred in the area in which it
would have the responsibility of first response (i.e., its "first-due'" area)

between July 1, 1972 and June 30, 1974,

2.2. OBJECTIVES IN THE DEPLOYMENT OF FIRE COMPANIES

2.2.1. The Number of Fire Companies

In theory there is no difficulty in determining the number of fire
companies a community should have. A cost-benefit approach can be used.
A community should add fire companies so long as the improvement in fire
protection from adding one more company (the marginal benefit) is more
than the cost of adding the company (marginal cost).

The problem with this approach is that, although it is clear that the

expected number of deaths and expected property losses depend on the time
it takes fire companies to reach fires, researchers have been unable to

estimate the relationship accurately enough for it to be useful in determining
the number of fire companies a community should have (see the discussion
below). In addition, the relationship is probably a function of many dif-
ferent variables (e.g., types of housing, population at risk, etc.), so

that even if the relationship could be determined for one area of a com-
munity, it would be unlikely to apply to other areas of the same community,
much less to other communities. (In addition, in order to compare costs

to benefits, a monetary value must be placed on human life. Although
municipal decisionmakers do this implicitly when making budgetary decisions,
it would be difficult for them to do so explicitly.)

Researchers, such as Jane Hogg in England [3], are just beginning to
develop models for relating fire losses to travel time. This work is very
interesting, but still has to be considered speculative. For example,
although Hogg developed relationships for the United Kingdom as a whole,

there is some question whether her application of these aggregate data to
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individual communities is valid. Further, her analysis does not lend itself
to statistical verification, and other researchers in the United Kingdom who
have looked at similar data have not found a useful and meaningful relation-
ship between fire losses and travel time.

There are few other useful guides to help officials determine the
level of fire protection that should be provided in their cities. The
Grading Schedule published for national use by the Insurance Services
Office (ISO) suggests some maximum travel distances for engine companies and
ladder companies [4] . These guidelines are based on the estimated fire
flow (gallons of water per minute) required for different buildings, on
a knowledge of the number of gallons per minute each engine company can
deliver, and, implicitly, on judgments of the response times needed to
ensure timely delivery of the water required. For truck companies, the
guidelines are based solely on judgments of fire risks as determined by
ISO on a more or less ad hoc basis.

These standards were developed as a means of classifying municipali-
ties for determining fire insurance rates. Although some cities have used
them for determining the number of companies they need and their locatioms,
we have avoided their use in our analyses. The major problem with apply-
ing such standards is that, as mentioned above, the actual relationship
between travel distance (or travel time) and fire loss is unknown. There-
fore, these standards are based solely upon subjective judgment. It
is hard to justify the requirement, for example, that in order to obtain
6000 gallons per minute, the first engine should be located within one
mile (the distance specified by ISO), rather than, say, 1.2 miles or
.83 mile,

In this analysis then, we do not attempt to determine analytically the
correct number of fire companies for Wilmington. Instead, we consider
various numbers of companies (corresponding to various budget levels), and
find the best arrangement of companies for each budget level. We use
mathematical models to obtain the values of the evaluation criteria (see
Section 2.1) corresponding to the current arrangement of fire companies and
compare these to the values that could be obtained from alternative arrange-
ments. This procedure (described in Section 3) showed that a reduction of
one or two engine companies accompanied by an appropriate rearrangement of
the remaining companies would produce only very small changes in the values
of the evaluation criteria. As a result, the Mayor decided to enter into

labor negotiations with the fire-fighters' union, with the objective of
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eliminating one or possibly two engine companies (a description of the
political and bureaucratic process by which the elimination of one engine

company was effected is provided in Appendix A).

2.2.2, The Location of Fire Companies

Even assuming that the number of fire companies a community should
have has been determined, it is not clear how they should be distributed
throughout the community. 1In this case, the problems are caused by the
competing objectives of the fire department. Since a fire department's
resources are limited, it must strive to get the most out of those re-
sources that it has. And since it is supported by local taxes, it should
not serve one group of citizens significantly better or worse than others.
How may these objectives conflict? Consider the hypothetical city shown
in Figure 2-2, which has been partitioned into two regions of about equal
size, but with very different fire alarm experiences. One region has a
high incidence of fire alarms, the other very low. How should the city's

10 fire companies be allocated between the two regions?

One objective of the fire department might be to minimize the total
travel time to all fires that occur in the city. In this case the companies
should be placed close to where the fires are expected to occur. As a
result, eight companies would be allocated to the high-demand region and
only two to the other region. 1In this case, it may take a very long time
for fire companies in the low-demand region to arrive at a fire when one
does occur. The residents of the low-demand region probably would not stand
for such a poor level of service, even though travel times are minimized.

In addition, minimizing travel times to actual fires ignores the potentially
high fire hazards or special dangers that may be present in the low-demand
region (i.e., although the low-demand region has fewer fires, those that it
does have may be more severe).

An alternative objective is to locate the fire companies so that the
resulting average travel time to alarms is the same in each region. This
may result in a more equitable allocation of resources, but the workload for
the companies in the high-demand region could be heavy, the travel times to
actual alarms will be higher than the minimum (resulting in higher property
damage), and the companies in the low-demand region will be spending most of
their time in their firehouses. Equalizing travel times in all regioms of a
community fails to take into account differing levels of demand in different

regions, and results in the same travel time in central business areas and
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THIS SOLUTION MINIMIZES TOTAL TRAVEL
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WITH A HIGH ALARM DENSITY
® INDICATES A FIREHOUSE LOCATION

Figure 2-2. Conflicting objectives in the placement of fire companies.
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other high-hazard regions as in residential areas.

So, a fire department must face up to conflicting objectives in
placing fire companies. In practice, departments make allocations that are
compromises between the two extremes by placing more fire companies in
high-demand regions, but making sure that all regions receive an acceptable
level of coverage. This is the approach that was taken in Wilmington. For
example, all the alternative allocations specified the shortest travel
times for the central business district, since it has the greatest incidence
of alarms and represents the most serious hazards. In the predominantly
residential regions of the city, which have approximately the same levels
of fire hazards and fire alarms, companies should be spread out uniformly
since a uniform distribution of companies over homogeneous regions will
provide equal coverage while at the same time, minimizing average travel

time [5].
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3. SELECTING AND EVALUATING FIREHOUSE SITES

The next three steps in the systems analysis procedure are the
selection of alternative arrangements of fire companies and the analysis
and comparison of the alternatives. This process is the heart of the

study and, in fact, will be fully completed only when construction of all

the new.firehouses to be built as a result of this study has been completed
(or at least begun), since recommendeﬂ sites might be changed as changes
occur in the city. During this process, considerable reliance has been
placed on two models developed by The New York City-Rand Institute, as well
as on the expertise of Wilmington's fire and planning officials. Use of

the models required the collection and analysis of a considerable amount of
data. This section will describe the models, the data that were collected,
and the process of selection and evaluation of alternative firehouse config-
urations. The recommendations that resulted from this process are described
in Section 5. The general methodology for performing these steps in the

analysis is described in more detail in [6].

3.1. COLLECTING AND ANALYZING THE DATA

The methodology that was used to analyze the deployment of fire companies

in Wilmington employed two mathematical models, which will be discussed in
Section 3.2 below. Effective use of these models required the collection
and analysis of a considerable amount of data, some of which are not

routinely collected by a fire department. In particular, the analysis

required:

(1) The aggregation of fire alarms by type, time of day, day of week,
month, and location in order to determine whether the deploy-

ment of fire companies should be varied temporally and spatially;

(2) A division of Wilmington into "demand regions'" (having similar
alarm patterns and demographic characteristics) and a character-
ization of the hazards in each region, in order to be able to

evaluate alternative allocations region-by-region;

(3) Coordinates for every geographic location and firehouse in the
city on a rectangular grid to facilitate the calculation of
travel distances between firehouses and potential incident

locations;
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(4) An identification of special hazards to which it is important
to have especially good travel times. Special attention would
be paid to these hazards in evaluating travel times resulting

from the various alternatives;

(5) The determination of the relationship between response distance
and travel time, so that travel times between firehouses and

potential incident locations could be estimated.

The results of this data collection and analysis were used primarily
as input to the deployment models. However, a separate presentation of
the results should be useful in interpreting the results of the deploy-
ment analysis and can also be helpful in the Fire Bureau's planning
and fire prevention activities. In the following subsections we discuss

the manner in which the data were collected and present some highlights

of the data analysis.

3.1.1. Alarm Incidence

In order to make specific recommendations on the deployment of fire
companies in Wilmington, it is necessary to have a clear picture of the
demand for fire service in the city. The gross alarm totals specified in
a fire department's annual reports are not sufficient for this purpose.
Information on the distribution of incoming alarms by type (e.g., structural,
non-structural, false, etc.) by time-of-day, day-of-week, month, and loca-
tion provide additional guidance for determining alternative deployment
policies.

The form shown in Figure 3-1 was used to collect information on every
alarm that occurred in Wilmington in fiscal years 1973 and 1974 (July 1,
1972-June 30, 1974). In order to obtain the required information on an
incident, the person filling out the form had to collate the information
from fire reports filled out by the responding rescue, engine, and truck
companies. He had to supplement this information with information con-
tained in the fire marshal's log book. Because of the difficulty of this
procedure, only the first eight fields of the form were coded for fiscal
year 1974 incidents. These fields provided all the information that was
needed as input to the models,

The codes used in filling out this form were designed to be compatible
with those used in the Uniform Fire Incident Reporting System (UFIRS)
developed by the National Fire Protection Association (NFPA) [7] under a
contract from the U.S. Department of Housing and Urban Development. These

codes are described in NFPA Manual 901 [8], and it is a relatively simple
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procedure to place the resulting incidence records into a format acceptable
to UFIRS.

Figure 3-2 shows that the total number of alarms responded to by the
Wilmington Bureau of Fire increased at the relatively modest rate of 2.75
percent per year between fiscal years 1965 and 1973. Then, in fiscal year
1974, there was an increase of 17,6 percent. A comparison of the fiscal
year 1973 and 1974 alarms showed that most of the increase in alarms was
attributable to so-called 'voiceless alarms" (which increased from 78 in
fiscal year 1973 to 307 in fiscal year 1974). A 'voiceless alarm" is an
alarm turned in by someone using one of the city's street alarm boxes for
which there is no communication from the person activating the receiver
(all street alarm boxes are equipped for two-way communication). Prior
to April 1973, no fire-fighting equipment was sent to a 'voiceless

alarm," and it was not recorded as ‘an alarm. When the policy was changed

to sending one engine company to a 'voiceless alarm," in case it represented

an actual fire, "voiceless alarms" began to be counted in the Bureau's total

" the total alarm rate would have

of alarms. Ignoring 'voiceless alarms,
shown only an 8 percent increase between fiscal year 1973 and fiscal year
1974, Much of this increase is accounted for by a 47 percent increase in
transportation fires (fires involving some form of vehicle). Information

on the frequency of alarms by incident type for both fiscal year 1973 and
1974, is presented in Table 3~1, Note that the annual total of 2,578

alarms in fiscal year 1974 means that an average of seven alarms occur in
Wilmington per day (fewer than one every three hours).

The incidence of alarms is far from uniformly distributed throughout
the day, although the different types of alarms exhibit similar houfly
patterns. Figure 3-3 shows the time-of-day pattern for structural fires,
voiceless alarms, and total alarms based on fiscal year 1974 data. In each
case, afternoon and evening incidence is much higher than nighttime (after
midnight) incidence. Approximately 50 percent of all alarms are received
in the eight-hour period from 4 p.m. to midnight, while only about 15 per-
cent of all alarms are received between midnight and 8 a.m. Structural
alarms peak between 7 p.m. and 8 p.m. The number of structural fires during
this peak hour is more than six times the number during the period of lowest
incidence (4 a.m. to 5 a.m.). The peak period for voiceless alarms is

slightly later than for structural fires (10 p.m. to 11 p.m.). Overall,
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Table 3-1

FREQUENCY OF INCIDENT TYPES, FY 1973 and FY 1974

FY 1973 FY 1974
Incident Type Frequency Relative Frequency  Relative
of Alarms Frequency of Alarms Frequency
(Percent) (Percent)
Structural 846 38.8 1034 40.1
Transportation 284 13,0 418 16.2
Non-structural 416 19.1 502 19.2
Emergency 414 19.0 212 8.2
False Alarm (with
voice contact) 131 6.0 105 4.0
Voiceless Alarm 78 3.6 307 12.0
Mutual Aid 2 0.1 0.0
Unknown 0.4 0.0
Total 2179 100.0 2578 100.0
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the Bureau responded to almost eight times as many alarms during the peak
alarm period (8 p.m. to 9 p.m.) than during the lowest alarm period (4 a.m.
to 5 a.m.). But these large variations in alarm rates over the day do not
mean that the number of fire companies on duty should be varied accordingly.
Even during the busiest hour of the day (8 p.m. to 9 p.m.) the average
alarm rate is .55 alarms per hour. This results in an average engine
company being busy at an alarm during this hour 5 percent of the time, and
an average engine being busy 5.4 percent of the time. So most of the time
all of the city's fire companies will be available when an alarm is received.
Similarly, an examination of total alarm rates by month (Figure 3-4)
and by day of week (Figure 3-5) shows no variations significant enough to
require varying the number of fire companies on duty. However, an examina-
tion of alarm rates in this way does provide some useful tactical informa-
tion for fire prevention, education, and inspection purposes. For example,
we found that 12.2 percent of the structural alarms occurred in December
(vs. only 6.3 percent in August) and 12.1 percent of voiceless alarms
occurred in July (vs. 6.5 percent in January, February, and March). The
data by day of week shows that 17.6 percent of all voiceless alarms were
received on Thursdays and 17.6 percent on Sundays, while only 9.1 were

received on Fridays.

3.1.2. Demand Regions, Geographic Coordinates, and Target Hazards

In order to facilitate the analysis of the deployment of fire companies
in Wilmington, the city was partitioned into four demand regions. The bound-
aries of the regions were determined by Bureau of Fire personnel and coin-
cided with the boundaries of aggregations of engine company first-due areas. The
basis of the division was the perceived relative homogeneity of fire hazards
and potential fire-fighting problems within each region. Population density,
land use, housing stock, alarm rates, and natural barriers (e.g., rivers)
were all taken into consideration in determining the boundaries. Figure
1-1 (page 6) is a map of Wilmington, showing the boundaries of the four
demand regions and the locations of all engine and truck companies deployed
in the city at the start of the study. |

Insight into how the demand regions were determined can be obtained
from Figures 3-6 and 3-7 which show, respectively, the geographic patterns
of total alarm density (alarms per unit area) and structural fire density
(structural fires per unit area). These maps show that the geographic
pattern for structural fires is almost the same as the pattern for total

alarms and, comparing them to Figure 1-1, they show that the heaviest alarm
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density is southwest of the central business district.

The production of the maps in Figures 3-6 and 3-7 and the calculation
of distances between firehouses and alarm locations was faciliated by a
coordinate grid of Wilmington constructed by the project team. The
city was divided into squares by two sets of perpendicular lines. The lines
in each set were 900 feet apart. The area within each of the resulting
squares was then identified by a unique pair of (x,y) coordinates. These
coordinates were used to identify the locations of each firehouse (current
and proposed) and the locations of all incidents (the census tract-block
provided on the coding form was translated into the corresponding (x,y)
coordinates).

Table 3-2 summarizes some of the demographic and incidence character-
istics of the four demand regions. (Incidence data are shown for the period
4 p.m. to midnight, the busiest time of day). The data show that Demand
Region 1 is the most densely populated part of Wilmington. Since it encom-
passes the central business district, the daytime population is swelled
by shoppers and businessmen. It is primarily a commercial area, including
several large high-rise office structures, and has a high building density.
These factors result in a fire hazard in Region 1 that is greater than in
other regions, as well as a higher alarm density, particularly the density
of structural fires. Demand Regions 3 and 4 are somewhat similar to each
other in population density, alarm density, and land use. Both are pre-
dominantly residential, although the housing in Region 3 is deteriorating
and the region is undergoing some changes in its population characteristics,
while Region 4 is more stable. Demand Region 2 is a primarily industrial
region in the southeast section of the city. It can be reached by crossing
one of three drawbridges. Although it has both a low population density
and a low incidence of fire alarms, it is a region of high fire hazard due
to the concentration of lumber yards, bulk oil storage plants, and other
similar dangerous occupancies.

The Fire Bureau helped to identify a set of seventeen special target
hazards so that decisionmakers could pay special attention to these in
evaluating any redeployment of fire companies. They are listed in Table
3-3.

3.1.3. Travel Time Data

The mathematical models used to analyze fire company deployment
alternatives calculate various resulting travel times as measures of the

fire protection that a given configuration of companies will prowvide.
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Table 3-3

SPECIAL TARGET HAZARDS

Hospitals Nursing Homes School
Memorial Division Hospital Home for the Aged Elbert Elementary
Delaware Hospital Rest Haven Home Palmer Elementary
Wilmington General Hospital Ingleside Nursing Home

St. Francis Hospital Tilton Terrace

Riverside Hospital Home of the Merciful Rest

Daybreak Lodge
Chariot Nursing Home
Hillside House

Layton Home
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Although the analysis requires a good estimate of the time it would take a
fire company to travel a certain distance, little information was available
to indicate how quickly Wilmington's fire companies respond to fires and
how travel times vary with distance and time of day. Such information was
an important component of input required by the various deployment models
used in the analysis.

Therefore, an experiment was conducted to determine the relationship
between travel time and travel distance. The experiment was similar to
one conducted by the New York City Fire Department in 1971 and described
in [9]. Five fire companies (2 engines, 2 trucks, and the rescue squad),
representing a cross section of the topographic areas in Wilmington, were
equipped with stopwatches and coding forms and asked to record data on
every incident they responded to over the course of several months. For
each response, they recorded the location of the incident, the travel
distance (as recorded by the odometer), the travel time (measured with the
stopwatch), the time of day, and weather and traffic conditions. Data were
analyzed on a total of 243 respomnses. (Data on an additional 175 responses
were collected after much of the study was completed. These data were
consistent with the original data, and, if used, would not have changed the
results of the study.)

The data were keypunched and processed by computer. Several functions
for estimating the relationship between travel time and travel distance
were fitted to the data. (The program used to obtain these estimates, and
a discussion of the program's input and output and how to interpret the
results, is described in [10].) The best estimates of travel time were ob-

tained by using the function:
T=.69+ 1.69 x D ¢ ))

where T is the travel time in minutes and D is the travel distance in
miles.* The fit of this line to the data is shown in Figure 3-8. Table
3-4 presents a summary of all the data collected by the participating
companies. For each travel distance, the table gives the number of obser-
vations, the resulting travel time (in minutes), and the average velocity

(in miles per hour).

*The following information is supplied for those readers who are
interested in the technical aspects of the curve-fitting process. Fogr
curves were fit to the data: (3) T =a + bD; (b) T = c¢v/D; (c) T = oD}
and (d) a spline function that uses Curve b for distances D < d, and
Curve a for distances D > d. Curve a, with parameters a = .69, b = 1.69,
provided the best fit to the data, as measured by the sum of the squared
deviations between the data points and the fit curve. Its R? was .98.
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Table 3-4

SUMMARY OF TRAVEL CHARACTERISTICS
OF WILMINGTON ¥IRE COMPANIES

Average
Number of Travel Time Average Velocity
Distance Observations (Minutes) (Miles Per Hour)
0.1 0.82 13.6
0.2 5 1.06 17.0
0.3 13 1.36 15.9
0.4 20 1.23 21.1
0.5 18 1.38 22,8
0.6 19 1.58 24,5
0.7 21 2.02 21.9
0.8 29 2.06 24,7
0.9 17 2,16 26.1
1.0 23 2,40 . 25.9
1.1 10 2,85 24,8
1.2 7 2,67 ‘ 27.7
1.3 7 2.94 , 27.0
1.4 5 3.32 . 25,8
1.5 6 3.36 28.6
1.6 4 3.07 31.5
1.7 8 3.68 28.7
1.8 3 3.91 27.7
1.9 6 4,48 26.2
2.0 6 3.50 36.0
2,1 1 4,58 27.5
2,2 3 4,07 33.1
2.3 2 4.94 28,8
2.5 1 5,60 26.8
2.6 1 4. 50 34,7
3.0 1 5.(0 36.0
All *
Runs 0.93 243 2.26 , 24.4

ata
w

This distance is an average over all obtservations.
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The experimental data were also analyzed to determine the effect that
time of day had on response velocity and, hence, on the resulting travel

time. In particular, response velocities during rush hours were compared

to those during nonrush hours. We found that, although some time-of-day
effects can be discerned, they are quite small and can therefore be
ignored for many planning purposes. Table 3-5 displays the average travel
velocity for each two-hour period of the day. The average travel velocity
was 24.4 miles per hour, with no important differences in travel velocity
apparent between daylight and nighttime hours, or between rush hours

and nonrush hours.

3.2, THE DEPLOYMENT MODELS USED

The critical step in the systems analytic procedure (the ome that often
cannot be performed by municipalities without technical assistance) is the
evaluation of alternative policies in terms of the criteria defined for the
problem to determine which of the alternatives best meets the objectives.

One way to evaluate the alternatives would be to implement each one in
the real world for some period of time and observe what happens. Then,
after all have been tried, the one that worked best could be implemented
permanently.

But it is expensive and dangerous to experiment in this way with a
city's fire protection system. For example, it is clearly impractical to
compare alternative arrangements of firehouses by building a large number of
new houses and choosing to use only that subset that turns out to provide the
best fire protection. Similarly, a fire department would never consider
operating a.few weeks at a time with different numbers of companies on duty
to determine the appropriate number to deploy.

As a result, systems analysts perform most of their analyses using models
of the real world. A model is an imitation of reality that can be manipu-
lated and experimented with as if it were the real world, without the real
world costs or dangers. Some models are used to predict what would happen
in the real world if a certain policy were implemented (these are called
"descriptive" models); others are used to generate alternative policies to
evaluate ("prescriptive" models).

In the project described in this report extensive use was made of two
models developed at The New York City-Rand Institute: The Parametric Alloca-
tion Model, which can be used as either a prescriptive or descriptive model,

and The Firehouse Site Evaluation Model, which is a descriptive model.
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Table 3-5
AVERAGE TRAVEL VELOCITIES BY TIME OF DAY

Number of Average Velocity
Time of Day Observations (Miles Per Hour)
0000-0200 21 19.9
0201-0400 14 23,0
0401-0600 - 11 26.6
0601-0800 6 21,7
0801-1000 15 24.5
1001-1200 17 30.9
1201-1400 22 23.5
1401-1600 27 24,7
1601-1800 28 24,5
1801-2000 43 | 23.6
2001-2200 25 25.1
2201-2400 14 25.5
All Runs ‘ 243 2404
Nonrush Hours ' 218 24,5
0800-0900 9 23.7

1630-1730 16 23.7




-38-

3.2.1. The Parametric Allocation Model

The Parametric Allocation Model [5] (alsc :.simply called the allocation
model) was used to obtain a general picture of the number of companies that
should be located in each of Wilmington's four demand regions, given a
certain total number of companies to be deployed throughout the city. The
model also allowed for a specified trade-off between minimizing the city-
wide average travel time and equalizing travel times in each of the regioms.
The allocation model is simple and inexpensive to use and requires very
little data; but it cannot be used to evaluate specific locations for the
companies in any detail. Its primary purpose is for assistance in the

initial steps of a fire station location study.

The inpﬁt data for the model consist of information on each of the
demand regions, such as its area in square miles and average alarm rate
(see Table 3-2); the input data also contain city-wide information, such
as the relationship between travel distance and travel time, and the
number of fire companies to be allocated. Another input parameter is the
value of a trade-off parameter indicating whether stations are to be
located so as to minimize average travel time to fires, to equalize the
average travel time in each of the regions, or to produce some compromise

‘between these extremes (see Section 2.2.2).

One reason that homogeneous regions were defined (see Section 3.1.2)
was in order to be able to use the allocation model. One of the assumptions
of the model is that alarms are more or less uniformly distributed through-
out each region and that the fire companies placed in the region will be
more or less uniformly distributed. It is shown in [5] that if two non-
homogeneous regions were treated as one region in the allocation model, the
resulting allocation of companies to the region would be greater than if
each were treated separately. So, for purposes of the allocation model,
demand regions should be defined to be small enough to ensure that they
are homogeneous for aggregating fire data and making allocations. .

3.2.2. The Firehouse Site Evaluation Model

Once the number of fire companies to be assigned to each demand region
was determined (at least tentatively) it was not difficult to develop
several dlternative configurations of firehouses that might be acceptable to

the department and to the city. These were then evaluated in detail using

the Firehouse Site Evaluation Model [11, 12] (also called the siting model).
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The siting model requires far more data than the allocation model,
including the construction of a detailed grid of the city and a specifi-
cation of the grid coordinates, fire alarm history, and fire company
assignments for each grid square. The model uses the grid coordinates of
firehouses (actual or proposed) and potential fire alarm locations to
estimate the travel times that would result from a given arrangement of
fire companies. The model is descriptive, producing a large number of
measures that describe the fire protection that would result from a given
arrangement (see Section 2.1). Alternative arrangements of companies can
then be compared based on these measures, which include: the average and
maximum travel times city-wide, in each demand region, and in the response
area of each fire company; a frequency distribution of travel times to the
alarm locations in each region; the total number of alarms and structural
fires occurring in each company's response area; travel times to the
specified target hazards; a definition of the resulting service areas for
each fire company; and a comparison of each of these measures with those
resulting from the current arrangement of companies, showing explicitly
those regions affected by the change in configuration and how much of an
effect there is,

The siting model calculates travel times in the following way. If the
grid coordinates of a potential fire alarm location are (Xl,yl) and the
coordinates of the house of one of the companies responding to an alarm at
that location are (x2, y2), then the model estimates the travel distance, D,

by

D= 1;15/ (x2 - xl)z + (y2 - yl)2 . (2)
(This formula has been found to produce good estimates of travel distances
in several cities including New York City and Yonkers, New York; see [11].)
After calculating a travel distance, the model estimates the time it will
take a fire company to travel that distance by using formula (1) of Section
3.1.3 (i.e., T = 0.69 + 1.69D, where D is measured in miles and T in
minutes). For example, the model will estimate that it will take 2.38
minutes to respond to an alarm that is one mile away from its firehouse
(.69 + 1.69 x 1 = 2.38). By calculating the travel times for each unit to
arrive at alarm locations throughout the city, the various travel-time

measures described above can be obtained for first- and second-due
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companies city-wide, for each demand region, and for each company's response
areas. Demand regions play an important role in the siting model, although
not as important as in the allocation model. The use of demand regions
allows areas in the city having similar demand characteristics (e.g., Regions
3 and 4) to be compared in terms of the fire protection measures resulting
from various arrangements of fire companies. Also, by describing the charac-
teristics of each region, it is possible to identify areas which, by virtue
of their greater fire hazards, require higher levels of fire protection
(e.g., Region 1). The analyst will then use the siting model output to make
sure that such regions receive better travel times.

The siting model does not generate alternative firehouse configurations
(unlike the allocation model, which can be used to generate an allocation of
fire companies to demand regions that will meet a given objective). It only
predicts what would happen if a given configuration of fire companies
existed. Its use requires extensive user interaction. A typical appli-
cation of the model involves running the program several times, comparing
the resulting changes as sites are varied, and making step-by-step improve-
ments in the arrangement of the fire companies. In fact, more than 100
arrangements of fire companies were tested in the Wilmington study.

One of the assumptions made by the siting model caused some difficulty
in Wilmington. In calculating travel times the model assumes that all
companies will be available when an alarm is sounded. This assumption is a
serious limitation in an area of high alarm rates, such as the South Bronx
in New York City. In Wilmington, however, it is generally a correct assump-
tion (a fire company in Wilmington is available to respond to an alarm 96
percent of the time). However, if an alarm is already in progress when
another alarm is received, the model's predictions may be underestimates
of the actual travel times. This will be the case if two or more alarms
that would have required the services of some of the same fire-fighting
companies are in progress simultaneously in the same part of the city.

When this happens, fire companies from further away have to be sent to the
later alarms in place of units that are already busy.

The project team decided to investigate how often "overlapping' alarms
occurred in Wilmington over the two-year period for which data had been
collected (FY 1973 and 1974). '"Overlapping" alarms were defined as alarms
received while one or more companies are out of quarters responding to or
working at another alarm. Because they may occur in different parts of

the city, overlapping alarms do not necessarily lead to increased travel
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times. The period of overlap can range from minutes to hours. It was
determined that the maximum number of overlapping alarms during the two-
year period was six. An examination of fire records showed that the one
instance of six-alarm overlap lasted for only three minutes and only six
engine companies were involved, leaving the city with a reserve of three
engine companies even at that peak demand time. Complete data on over-
lapping alarms for the two-year period are presented in Table 3-6.

The table shows that, while two overlapping alarms (which Wilmington
is well equipped to handle) occur about five times a week on the average,
cases of more than two overlapping alarms occur very infrequently--about
twice a month on the average--and are of short duration. As a result of
this analysis it was determined that the siting model's results were
sufficiently accurate for deciding on the deployment of Wilmington's fire

companies,

3.3. THE SELECTION AND EVALUATION METHODOLOGY

The site selection process began with a review of the locations pro-
posed in the 1967 study. The total cost of constructing all of the pro-
posed houses, including land acquisition and design, was estimated at that
time to be $3,852,000. |

The recommendations of the 1967 study raised a number of serious prob-
lems. The most basic problem was that the recommendations envisioned the
addition of two ladder* companies and one engine company, whereas available
data combined with economic and political reality suggested that a reduction
in the number of companies might be required. Also, the recommendations
suggested locating two engine companies in the same house in two instances,
which would lead to travel times that were higher than if the companies were
spread out in separate houses. Finally, consideration of the recommended
sites produced questions about several of the locations. For example, the
placement of Ladder 3 south of the Christina River would make it unnecessarily
distant from the area where it was most often needed. Similarly, the recom-
mended site for Engine 10 would remove it from the area where it most often
responded.,

Methodologically, the 1967 study offered little rationale for its

recommendations and little indication that they reflected a thorough under-

*
The terms 'ladder'" and "truck' are used interchangeably. See the

Glossary.
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Table 3-6

OVERLAPPING ALARMS-~FISCAL YEARS 1973 AND 1974

Instances of Maximum Overlap Maximum No. of Engines

Alarms Overlap Duration (Min,) Working Simultaneously
2 533 * *
3 46 46 7
4 5 32 6
5 8 6
6 1 3 6

e
Data were not calculated due to the time-consuming nature of

these manual calculations and the minimal problems posed by 2 overlapping
alarms.
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standing of modern fire-fighting concepts and techniques. Therefore it was
decided to begin the selection process all over, using the analytical tools
described above.

The first step in the analysis was to use the allocation model to suggest
the number of companies to locate in each of the city's four demand regions,
given various total numbers of companies to be deployed throughout the city.
Allocations were generated for various numbers of companies that were
considered to be politically and economically feasible: seven, eight, or
nine engine companies, and three or four ladder companies (the city had
nine engine companies and three ladder companies at the start of the study).
Table 3-7 (ladders) and Table 3-8 (engines) show the number of companies
that the model recommended be assigned to each region using a compromise
allocation policy (a value for the trade-off parameter that has been found
to represent the implicit deployment policies of, among others, the New
York City and Jersey City Fire Departments)*. Table 3-8 also includes the
resulting average travel times for the various allocations of engines.

The results suggest the following:

For Ladder Companies

e The present allocation of the city's three ladder companies

is approximately correct.

e If a fourth ladder company were to be added, it should prob-

ably be placed in the region north of Brandywine Creek.

For Engine Companies

¢ The current allocation of engine companies to regions is
approximately correct (although travel times could be im-
proved somewhat if a new firehouse were built toc house one
of the engine companies presently housed in the Center City

firehouse).

*It should be noted that the model indicates optimal allocations in
fractional companies, whereas in reality each company must obviously be
placed wholly in one region or the other. However, the fractions indicate
how close to a region's border a company should be placed. For example,
the recommended allocation for eight engine companies indicates that one
of the three engine companies in Region 1 should be located close to the
border with Region 3 so that approximately one-fourth of its runs could
be made into Region 3.

**The allocation model was only moderately useful for the analysis of
ladder company deployment since there were so few companies to be allocated
and most regions had either one or no companies assigned to them. In such
cases the siting model can be used for the complete analysis, bypassing use
of the allocation model.
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e If one engine company were to be eliminated it should come from

the

Center City region. This cut could be made with no increase

in the average first-due engine travel time citywide if the

remaining fire companies were appropriately redeployed.

e If two engine companies were to be eliminated, both should

probably come from the Center City region. If an appropriate

redeployment of the seven remaining engine companies were made,

the

average first-due engine travel time citywide should

increase by only about 4.8 seconds (.08 minutes) compared to

the

existing allocation of nine engine companies.

These results were then used to develop the following general

*

principles about the locations of Wilmington's engine companies:

Engines 1 & 2: Located in the city's only new firehouse, they

Engine

Engine

Engine

Engine

* I3
Since

with engine

should probably remain in their present con-
solidated house, since they protect the high-value
downtown commercial district and are centrally
located to provide second- and third-due responses
to most areas of the city. However, because they
are both in the same house and first-due travel
times would be unaffected if one were cut, one of
these companies is a prime candidate for elimina-
tion.

3: Should be moved westward, and probably somewhat
north, since it is presently on the eastern fringe
of its primary response area, is surrounded by
narrow streets, and is located on land likely to
be condemned by the State Highway Department within
the next 5-10 years for a connector spur.

52 Not badly located, but would be more desirably
situated in a commercial area than in its present
residential block.

6: Should probably be moved somewhat to the east, since
it is presently located in an area of relatively low
fire incidence and makes many of its runs to the
more deteriorated area to the east.

7: Presently located only eight blocks from Engines
1 and 2, and thus a prime candidate for elimina-
tion.

it was assumed that all ladder companies would be co-located
companies, this step was skipped for the ladders.
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Engine 8: Should be moved somewhat eastward (particularly if
Engine 7 is eliminated) to maintain high-level fire
protection in the central business district and to
be located closer to the area of highest fire inci-
dence.

Engine 9: Should probably stay in the same general area as at
present, but consideration might be given to finding
a larger site, which would permit facilities for
training activities.

Engine 10: Might be moved somewhat to the south, which is an
: area of higher fire incidence, although this would
lengthen response times to the northern section of

its response area.

From these general principles a large number of specific alternative
fire company configurations were developed for analysis and comparison
using the siting model. Because of economic pressures and information
from the allocation and siting models showing that the consequences of
cutting one or two engine companies would be relatively minor, most of the
alternative arrangements considered involved seven or eight engine com-
panies and three ladder companies. (However, following the prescription
from the allocation model, a revised configuration for the city's nine
engine companies was found that resulted in an improvement in overall city-
wide travel times.)

Although it is relatively easy to use the siting model to obtain
descriptive information on a set of site alternatives, it requires a good
deal of judgment and consideration of trade-offs to evaluate the alterna-
tives. One arrangement will be better than another on some measures, and
not as good on others.

The following procedure was developed for examining alternatives and
developing a small list of the most desirable. First, the project team

developed a large number of alternative arrangements, giving only limited
attention to the actual availability of land at a particular site and to

factors not explicitly taken into account by the siting model, such as
terrain that is too hilly, existing land use (residential vs. commercial),
or unsuitable traffic patterns (e.g., one-way streets, etc.). The results
from these initial runs were scanned quickly, and many configurations were
identified as producing unacceptably poor travel times or an unacceptable
imbalance of workload among companies. Only about half were retained for

further analysis.

The more promising runs were subjected to a number of different forms
of analysis. To facilitate comparisons, a matrix was developed (on the basis

of demand regions) that compared some of the key outputs from the siting model.
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Table 3-9 presents a sample matrix that compares first-due engine data for
the existing nine-engine company configuration with a variety of eight-
company arrangements (labeled A through F). Note that the average travel
times are close to those obtained using the Parametric Allocation Model
(see Table 3-8), but they are not identical for three reasons: (1) the
allocation model assumed that companies are uniformly distributed in each
region, while the siting model uses actual company sites in calculating
travel distances; (2) the allocation model takes into account the fact
that some companies may be busy when an alarm is received, while the
siting model assumes that all companies will be in quarters; and (3) the
allocation model results for Region 3 assume that no responses will be
made into the Cherry Island Marsh area, while the siting model includes
responses into this area. (The average travel times to structural fires
in Region 3 is a better measure of the actual fire protection being pro-
vided to the inhabited area of Region 3.)

The large volume of data makes it difficult to identify any one
arrangement as clearly superior, but it does make it possible to eliminate
many possibilities as undesirable. One criterion used to evaluate alterna-
tives was that any change must result in no significant increase in first-
due travel times and no major increase in the imbalance of‘workloads among
companies. Application of this criterion led to the elimination of many
alternatives. When the number of alternatives had been reduced to a workable
number, considerations such as second-due travel times, availability of
land, land use, terrain, and traffic patterns came into more active con-
sideration and led to the elimination of several more possibilities.

Because it was somewhat difficult to conceptualize actual locations
and coverage areas from the computer's outputs and matrices, considerable
use was made of maps--one map for each alternative configuration. The
maps were then discussed by the project team members.

Early in this process of generating, analyzing, and comparing alter-
native fire company configurations it had become clear that reducing the
number of engine companies to eight or seven would have a very small
effect on the level of fire protection in the city. So, while the gener-
ation-analysis—-comparison process continued, the city began to negotiate

with the fire-fighters' union to include a reduction in the number of com-

panies as part of their new contract. The story of those negotiations,
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Table 3-9
ALTERNATIVE SITE MATRIX*

Region Existing A B C D E F

City-wide

Avg, Travel Time 1.98 2,00 2,07 1.99 2.01 2,00 1.96
Avg, Travel Time

Structurals 1.44 1.44 1.43 1.43 1.42 1.44 1.50
Max. Travel Time 3.86 3.86 4,75 3.86 3.86 3.86 4,03
Region 1

Avg. Travel Time 1.49 1.75 1.58 1.72 1.72 1.75 1.59
Avg. Travel Time 1.36 1.39 1.37 1.38 1.38 1.39 1.44
Structurals

Max. Travel Time 2.41 2.95 2.42 2.83 2.83 2.95 2,51
Region 2

Avg. Travel Time 2.08 2,03 2.08 2,04 2,04 2.03 2.06
Avg. Travel Time

Structurals 1.63 1.65 1.68 1.66 1.66 1.65 1.79
Max. Travel Time 3.70 3.68 3.68 3.68 3.68 . 3.68 3.39
Region 3

Avg. Travel Time 2,31 2,30 2,51 2.30 2.30 - 2,30 2,22
Avg. Travel Time

Structurals 1.57 1.55 1.56 1.55 1.55 1.55 1.59
Max. Travel Time 3.87 3.86 4,75 3.86 3.86 3.86 4,03
Region 4

Avg. Travel Time 1.72 1.63 1.63 1.63 1.67 1.63 1.71
Avg. Travel Time

Structurals 1.42 1.35 1.35 1.35 1.32 1.35 1.46
Max. Travel Time 2,51 2,52 2,52 2.52 2.75 2,52 2.71
Workloads

Busiest Engine

(First-due alarms, 397 587 364 545 459 587 468
FY 1973)

Least Busy Engine

(First-due alarms, 116 129 116 1

FY 1973) 04 104 104 116

All travel times are first-due engine travel times, in minutes.
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®
which ended in the city's unilateral decision to eliminate Engine 7, is
presented in Appendix A. The following section describes a set of recom~
mendations and a phased implementation plan, which constitute the results

of the process described in this section.

*No firemen were laid off. The actual number of firemen employed by
the Department was below that required to man all the companies. The man-
ning level was being maintained through the extensive use of overtime. So
eliminating one fire company merely reduced the amount of overtime being
worked. '
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4, RECOMMENDATIONS: SITES AND A PHASED IMPLEMENTATION PLAN

While the negotiation process described in Appendix A was underway
Wilmington's 1975 capital budget was being prepared, providing funds to pro-
ceed with the construction of two more stations (in addition to the one pre-
viously funded but never built). Based on siting model results, the project
team recommended that the funds be used to build stations for the following

three sets of companies:

Phase 1l:%* Engine 8 and Ladder 3: This was the station for which
funds had been made available in the 1973 capital budget.

With the elimination of Engine 7, Engine 8 would become
a key company, absorbing a considerable portion of

Engine 7's work. A location somewhat east of its present
location was recommended to maintain the high level of
fire protection in the central business district and to
be closer to the area of high fire incidence.

Phase 2: Engine 6 and Ladder 2: The project team recommended that

these companies be moved eastward to place them in a bet-
ter position te respond in the area of high incidence
that is also served by Engine 8.

Phase 3: Engine 3: Engine 3's badly deteriorated station is cur-
rently located on the eastern fringe of its response area.
The team found that it would be able to better serve
its first-due area if it were moved to the west.

These three stations were found to be most in need of relocation
and involve the most significant changes from their present locationms.

The remaining three stations, which are included in the city's capital
program for 1977 and 1978, are reasonably well placed and will be moved
only slightly in the recommended configuration.

In choosing specific locations for the new houses, the city administra-
tion indicated that, whenever possible, the selected sites should be land
that is either already owned by the city or at least tax-exempt. While this
constraint placed an additional burden on the selection process, sufficient

city-owned and tax-exempt land was found for most of the stations to produce

*

Each proposed new station was assigned a phase number corresponding
to the order in which the stations would be constructed. The whole phased
implementation plan with target completion dates is summarized in Section 4.5.
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good configurations of fire companies. The remainder of this section

describes the resulting recommendations in detail.

4.1. ENGINE 8 AND LADDER 3

Analysis of several alternatives for a West Center City Firehouse to

house Engine 8 and Ladder 3 resulted in a determination that the most
appropriate location would be a site approximately 0.4 mile east of its
current location, on land held by the city's Urban Renewal Program (indi-
cated by an A on the map in Figure 4-1). Although site acquisition costs
would be involved, the land was presently tax exempt, so no city revenue
would be lost. The siting model showed that placing Engine 8 and Ladder 3
at this location would result in little change from the original first-due
engine and ladder travel times.* The city-wide and Region 1 results are
shown in Table 4-1.

As expected, some lengthening of travel times occurred city-wide and
for Region 1 when Engine 7 was deleted. But the changes were judged to be
minimal and acceptable. Despite these changes, Region 1 will continue to
have the best travel times in the city. The ladder move produces a signifi-
cant improvement in travel times in Region 1 (although some travel times in
Region 2 are lengthened). |

At present, design work for the new West Center City station at Second
and West Streets is well under way, with construction expected to start in
the fall of 1975. The preliminary cost estimate i1s $433,000, excluding

design costs, land, and site work.

4.2. ENGINE 6 AND LADDER 2
The location of a firehouse for Engine 6 and Ladder 2, east of its

present location, posed more problems, due to the limited availability of
land in that highly developed area of the city. The location recommended
by the project team would move the station a third of a mile east and
approximately two blocks south of its current location (to a location indi-

cated by a B on the map in Figure 4-1). This move would produce only

*
Throughout the remainder of this report, the phrase "original travel
times" refers to travel times prior to the elimination of Engine 7.
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Table 4-1

*
EFFECT ON FIRST-DUE TRAVEL TIMES OF MOVING ENGINE 8 AND LADDER 3 (PHASE 1)

Engines Ladders
With With With
Engine 7 Engine 8 Ladder 3
Region Original Deleted Moved Original Moved
City-wide
Average Travel Time 1.98 2.00 2.00 2.75 2.77
Average Travel Time 1.44 1.50 1.50 1.86 1.84
to Structurals
Maximum Travel Time 3.87 3.87 3.87 5.17 5.63
Region 1 (Center City)
Average Travel Time 1.49 1.59 1.60 1.76 1.65
Average Travel Time 1.36 1.49 1.48 1.55 1.48
to Structurals
Maximum Travel Time 2.41 2.41 2.66 3.11 2.66

*
All travel times are in minutes
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negligible changes in travel times in that region (except that the first-
engine maximum travel time would increase by 18 seconds), and would improve
travel times in Region 1. Table 4-2 presents some of the resulting travel
times for this Phase 2 move. Construction of this station could be under-

way by October 1975, pending final engineering studies.

4.3. ENGINE 3

The relocation of Engine 3 also poses site problems, since little city-

owned or tax-exempt land is available in the area chosen by the project team,
The prime objective of this relocation is to move the station westward,
towards the center of its coverage area, and to locate it on a street better
suited to high-speed emergency operations. The obvious choice of streets is
a broad, two-way thoroughfare (Northeast Boulevard), which roughly trans-
verses the center of the coverage area. A possible station site has been
identified at point C in Figure 4-1.

Table 4-3 shows the estimated changes in travel times that would result
if this site were used for this Phase 3 move. It is apparent that no signif-
icant changes in travel times would occur, except that there would be an
8-second increase in the maximum travel time for Region 3. - The reason for
the increase in the maximum time is that Engine 3's response area includes
the remote area at the extreme eastern end of the city, where fires almost
never occur. If this area were not included, the maximum and average travel

times in the region would be much better.

4.4. OTHER FIRE-FIGHTING COMPANIES

Turning now to the new stations that will be financed by the 1977 and

1978 capital budgets, Engines 5 and 10 will present the most difficult
problems, since they are situated in highly-developed areas that are pri-
marily residential in character. Engine 9 presents less of a problem, since
its area contains significant amounts of vacant land.

Although Engine 10 serves a relatively large area, the bulk of its
first-due responses occur in the southern portion of its coverage area.
However, the needs of this area must be balanced against the needs of the
northern portion of the coverage area (which includes several schools,
apartment buildings, and a hospital), and also against the possibility that
the trend to increasing alarms in the southern portion will begin to reverse

itself. The site tentatively selected, identified by a D in Figure 4-1,
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Table 4-3

*
EFFECT ON FIRST-DUE TRAVEL TIMES OF MOVING ENGINE 3 (PHASE 3)

After After
Region -~ Original Phase 2 - Phase 3

City-wide '
Average Travel Time 1.98 2.00 2.00
Average Travel Time to Structurals 1.44 | 1.48 1.48
Maximum Travel Time 3.87 3.87 4,03
Region 3 (North of Brandywine Creek)
Average Travel Timé 2.31 2.31 2.30
Average Travel Time to Structurals 1.57 1.57 1.53
Maximum Travel Time 3.87 3.87 4,03

*
All travel times are in minutes.
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provides a relatively central location, which results in a slight improve-
ment in the average travel time for the region. Table 4-4 shows the esti-

mated effect of this move (Phase 4) on travel times in the city.
The proposed relocations of Engines 3 and 10 will also, as a fringe

benefit, provide for a much better balance of workload between the two
companies in Region 3. TFormerly, Engine 3's first-due area was second
lowest in number of alarms in the city, while Engine 10's was highest. With
the relocations, both will have almost the same number of first-due alarms,
which will be at about the city's average.

The location of Engine 9, in South Wilmington, must balance the needs
of the city's Marine Terminal in the southeastern corner of Region 2, the
needs of the region's only inhabited area in the northern section, and the
needs of the bulk oil storage facilities located along the Christina River.
Although this company has traditionally had the lowest workload in the city
in terms of alarms, the separation of this region from the rest of the city
by drawbridges has in the past required that a company be located there.
However, with the opening of Interstate 495, which includes a fixed span
bridge, it will be feasible in the forseeable future for Engine 3 to respond
to South Wilmington in the unlikely event that all three-drawbridges are
open when a response is required and Engine 9 is busy elsewhere. This
will permit the better utilization of Engine 9, both to assume possible
first-due responsibility in areas north of the Christina, as well as to
strengthen second- and third-due responses in Region 1.

Residents of South Wilmington have expressed particular interest in
retaining the fire station at or near its present fire site in the residen-
tial area. Unfortunately, engineering studies have shown that the renovation
of the existing station to provide the necessary facilities is not economi-
cally justifiable. In addition, the Bureau of Fire is anxious to incorporate
training facilities with a new station for Engine 9 (the city's finances
permitting), thus requiring a somewhat enlarged site.

The best potential site appears to be along Christina Avenue, to the
north and west of the residential area and adjacent to a number of bulk oil
storage facilities (identified by an E in Figure 4-1. While this area is
some distance from the marine terminal, Christina Avenue will provide quicker
access to the terminal than the present location. Table 4-5 shows the esti-

mated effect of this move (Phase 5) on travel times in the city.
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Table 4-4

*
EFFECT ON FIRST-DUE TRAVEL TIMES OF MOVING ENGINE 10 (PHASE 4)

After After

Region Original Phase 3 Phase 4
City~wide
Average Travel Time ’ 1.98 2.00 1.99
Average Travel Time to Structurals 1.44 1.48 1.50
Maximum Travel Time 3.87 4,03 4,03
Region 3 (North of Brandywine Creek)
Average Travel Time 2.31 2.30 2.22
Average Travel Time to Structurals 1.57 1.53 1.59
Maximum Travel Time 3.87 4.03 4,03

*
All travel times are in minutes.
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Table 4-5

*
EFFECT ON FIRST-DUE TRAVEL TIMES OF MOVING ENGINE 9 (PHASE 5)

After After

Region S "~ Original Phase 4 Phase 5
City-wide
Average Travel Time 1.98 1.99 1.98
Average Travel Time to Structurals 1.44 1.50 1.50
Maximum Travel Time 3.87 4.03 4,03
Region 2 (South Wilmington)
Average Travel Time 2.08 2.08 1.79
Average Travel Time to Structurals 1.63 1.63 1.79
Maximum Travel Time 3.70 3.70 3.39

*
All travel times are in minutes.
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Although there is a slight lengthening of the average travel time to
structurals, this is counterbalanced by a very significant improvement

in the maximum travel time. Before a final site can be selected for Engine
9, it will be necessary to explore further the costs and benefits associated
with outdoor training facilities to determine the necessary site size, land
availability, and financial feasibility.

Engine 5 serves an area of relatively low fire incidence but high
property values. It would be desirable to move it from its present location
(on a residential block) to place it in a better position to assume some of
the workload of Engines 1 and 6, both of which are considerably busier than
Engine 5. Such a move could become particularly important in the future if
it should prove necessary to phase out another engine company (most likely
Engine 2), which would lead to a considerable increase in Engine 1's workload.
An area meeting these criteria is in the vicinity of the location identified
by an F in Figure 4-1. The siting model was used to examine the effect
of locating Engine 5 in this vicinity. Table 4-6 shows the estimated ef-

fect of such a move (Phase 6) on travel times.

4.5. RECAPITULATION

In sum, the recommendations for relocating fire companies that resulted

from this project are:

Completion
Phase Move To Target
1 Engine 8 Second and West Streets 1976
Ladder 3
2 Engine 6 Lancaster and Clayton Streets 1976
Ladder 2
3 Engine 3 16th Street, off Northeast Blvd. 1976
*
4 Engine 10 Concord Avenue & Baynard Blvd. 1977
*
5 Engine 9 Christina Avenue 1977
*
6 Engine 5 Pennsylvania Avenue & Union St. 1978

Table 4-7 reviews the siting model's estimates of the travel times
that would result from this set of moves and from the elimination of

Engine 7. The important things to note from this table are:

Only a general vicinity is being recommended, not a specific site.
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Table 4-6

*
EFFECT ON FIRST-DUE TRAVEL TIMES OF MOVING ENGINE 5 (PHASE 6)

After After

Region Original Phase 5 Phase 6
City-wide
Average Travel Time 1.98 1.98 1.97
Average Travel Time to Structurals 1.44 1.50 1.48
Maximum Travel Time 3.87 4,03 4,03
Region 4 (West of Broom St.)
Average Travel Time 1.72 1.73 1.75
Average Travel Time to Structurals 1.42 1.44 1.42
Maximum Travel Time 2.51 2.74

2.82

%
All travel times are in minutes.
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Table 4-7

*
EFFECT ON FIRST- AND SECOND-DUE TRAVEL TIMES OF MAKING RECOMMENDED MOVES

Original Recommended
Maximum
Average Average Time Maximum Average = Average Time = Travel

Region Travel Time  to Structurals Travel Time Travel Time .to Structurals Time
First-Due Engines
City-wide 1.98 1.44 3.87 1.97 1.48 4.03
Region 1 1.49 1.36 2.41 1.57 1.44 2.51
Region 2 2,08 1.63 3.70 2.06 1.79 3.39
Region 3 2,31 1.57 3.87 2,22 1.59 4,03
Region 4 1.72 1.42 2,51 1.75 1.42 2.74
Second-Due Engines
City-wide 2,85 2,02 5.43 2.78 2,04 5.35
Region 1 1.91 1.70 3.32 1.85 1.70 2.86
Region 2 3.03 2,45 5.17 3.05 2.62 4,95
Region 3 3.27 2.34 5.43 3.12 2,39 5.35
Region 4 2,66 2.33 3.77 2,70 2.32 4,06
First-Due Ladders
City-wide 2.75 1.86 5.17 2,82, 1.85 5.63
Region 1 1.76 1.55 3.11 1.61 1.45 2,66
Region 2 3.01 2.45 5.17 3.31 2.70 5.63
Region 3 3.35 2.45 5.04 3.35 2.45 5.04
Region 4 2.23 1.72 3.73 2.44 1.85 4,14
Seconé-Due Ladders
City~-wide 3.56 2.67 5.79 3.70 2.70 6.27
Region 1 2.23 2.00 3.44 2.19 1.99 3.15
Region 2 3.70 3.22 5.69 3.72 3.23 5.69
Region 3 3.88 3.31 5.79 4.42 3.79 6.27
Region 4 3.87 3.35 5.22 3.51 2.92 5.22

*
All travel times are in minutes,
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® The balance between travel times in the various regions relative
to the demands and hazards in the regions is maintained. (The
average first-engine travel time in Region 1 is .4 minute faster
than the city-wide average, and .2 minute faster than in any other
region.)

® The second-due engine travel times are actually improved in
many cases.,

e Ladder travel times show some significant improvements,

especially in Region 1 (Center City).

Although the siting model results reflect few significant improvements
in travel times, it is anticipated that a number of such improvements will
actually take place. Because the model cannot take into account actual travel
routes, street directions, and the like, certain improvements that will
occur are not reflected in the output data. For example, both Engine 3
and Engine 5 are recommended for locations adjacent to two-way arterial
streets, which should have measurable beneficial effects on their travel
times.

Although a number of questions remain about the availability of land
at the suggested sites, it should be understood that these locations are
intended to serve more as general guides than specifically identified plots
of land.

Implicit in these recommendations is the possibility of phasing out an
additional engine company. The city's worsening fiscal situation, the
general trend towards a shorter workweek for fire-fighters, and other
factors will probably force another intensive discussion of the level of
fire protection that the city can and should maintain, probably in 1977.
Since locating two companies in the same station is almost the same as
having only one company.there from a first-due travel time point of view,
Engine 2 is a potential candidate for phase-out should another engine
company have to be cut. The continuing replacement of the city's fire
apparatus with more modern and efficient equipment should help to
minimize the effects of such an action. More importantly, several of
the station location recommendations in this analysis have been influenced
by the need to maintain a high level of fire protection in the Center
City region should Engine 2 have to be phased out. Engines 3, 5, 6, 9,

and 10 have all been recommended for locations on, or adjacent to, streets
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providing direct and rapid access to the Center City region. Engine 8,
located in the region, has been recommended for a location significantly
closer to the high-value commercial district than its present location.
Table 4-7 shows that the original travel times have generally been
maintained despite the phase-out of Engine 7. Due to its location in a
two-company station, the phase-out of Engine 2 would also have relatively
little effect on travel times in the city.

The efforts described in this report have led to several important

results:

e Engine 7 was eliminated, prodﬁcing an estimated saving of
$240,000 per year with no loss of firemen's jobs and no per-

ceptible reduction in fire protection.

e Plans were developed for the phased construction of six new
firehouses to replace six existing firehouses over a four
year period. This plan is reflected in the capital program
adopted by the City Council for the period beginning July
1975.

® Models and associated computer programs developed by The
New York City-Rand Institute for the analysis of fire
company department problems have been transferred to
analysts in the Wilmington city administration for their
use in reevaluating proposed firehouse site locations

as conditions change in the future.

In the process of performing the project a great deal was learned
that should be of use to other communities with similar problems. The
major lesson was that such a project requires the assistance of a large
number of people with different interests and talents. Based on our
experience we recommend that a project team be composed of one or more

of the following:

® Representatives of the city's administration, to provide the
project with policy direction and to ensure that the alternatives

being proposed can be implemented.

e Budget analysts, to provide the necessary fiscal information and
constraints. They generally have the most analytical background
of all municipal personnel, which permits them to understand and

learn the methodology.
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e High level personnel from the agency directly affected, to provide
the necessary data and insights into their specific operational
problems. In this project, the Bureau of Fire was represented by
the Commissioner of Public Safety, and by the Fire Chief and
members of his staff.

e Union leaders, to provide employee inputs and viewpoints and to
provide a potential channel for obtaining cooperation and support

in the implementation process.

e Systems analysts possessing knowledge and understanding of technol-
ogies that can be applied to the problem. These people might be
found in city government, but more commonly would come from an
outside consulting firm or a local university. In this project

The New York City-Rand Institute provided the technical assistance.

One of the objectives of the project from the point of view of HUD
and The New York City-Rand Institute was to determine how useful and
applicable the Institute's deployment models, which had been developed
for use in New York City, would be in other cities. The Wilmington
project showed that the models were applicable to much smaller cities,
and could be used and understood by operating personnel in such cities.

But it is important to point out that the Wilmington project team
learned, as other Institute-directed teams have learned in other cities,
that the use of models in attacking urban problems cannot replace the
decision making process or the decisionmaker. The models provide the
decisionmaker with detailed information upon which he can base his
decisions. Their usefulness is based on two simple observations: that
it is possible to compare deployment policies and say which is better if
enough performance information is provided; and that some values of the
performance measures can be identified as being "too high" or "too low."
But this information is only one of several inputsvinto the decision
making process.

More than one and oné-half years have passed since the city administra-
tion began to actively andlyze the fire station location problem and the
possibility of manning cuts. The major goals set by the administration
upon starting the process have been achieved. Continuing surveillance

will be needed to measure all of the results.
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Appendix A
NEGOTIATING DEPLOYMENT CHANGES

The process of negotiating deployment changes in Wilmington began
with a single objective, to reduce the cost of running the Fire Depart-
ment, and a number of constraints, some rigid, some flexible. The
primary constraints from the administration's point of view, were the

following:

® Any change made in the Fire Department must not significantly

reduce the level of fire protection in the city.

® Changes were to be made in such a way that there would be no
layoffs of fire-fighters and, because of the specialized
nature of their training and experience, no transfers of fire—

fighters to other city jobs.

e To the extent possible, a mutually satisfactory settlement should

be reached at the bargaining table, avoiding unilateral action.

® It would be difficult to implement any deployment changes
that were actively opposed by the public and a majority of
the City Council.

o The fire-fighters should probably be given some material recogni-
tion in return for the increased productivity that was being
demanded of them (recognizing that the fire-fighters would
be reluctant to break parity with the police, whose simultaneous

negotiations included no new productivity demands).

Results from the siting model and alarm data on overlapping alarms
from fire incidence records had indicated that reducing the number of
engine companies from nine to eight or seven and repositioning the re-
maining companies would have a very small effect on fire protection levels
in the city*. Further justification for reducing the city's complement
of fire-fighting resources was developed through a survey of fire depart-
ment costs in thirteen cities that were considered generally comparable
to Wilmington, which showed that Wilmington was spending more per capita

for fire protection than any of the others.

*

With a reduction to eight engine companies, the siting model showed that
the citywide average first-due engine travel time would be increased by 1.2
seconds (a one percent increase); the average first-due engine travel time to
structurals would be increased by 3.6 seconds (or 2.5 percent); and the maximum
first-due engine travel time would not be changed.
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Early in 1974 the project team made a presentation to Mayor
Thomas C. Maloney and other top city officials showing that cost savings
could be realized through a reduction of on-duty manning with a negligible
effect on the level of fire protection in the city. The team suggested
the elimination of one engine company as soon as possible* and the pos-
sibility that a second could be eliminated as soon as the effect of the
first cut could be assessed. The Mayor accepted this recommendation and
directed that the negotiations with the fire-fighters' union proceed with
the objective of eliminating at least one company.

An eight-member negotiating team was formed, headed by Perry F. Gold-
lust, assistant city solicitor, who was experienced in labor relatioms.
In preparation for negotiations, numerous meetings of the team and in-
terested city officials were convened to identify potential issues and
strategies and to gauge union reaction to the proposed cuts. (In addition
to the cuts, wages and a number of fairly routine issues were to be
negotiated). A determination was made to present the city's position in
detail at the first session, supported by various data and charts, along
with a proposal for a two-engine company cut. A previously developed
presentation on the city's severe financial problems was added to the
fire-fighting data in order to document the need for cost reductions.

The existence of 17 vacancies in the Bureau of Fire with a continuing
freeze on hiring, permitted the city to promise that there would be no
layoffs in connection with the cut.

Negotiations began early in April 1974 and continued until a set-
tlement was finally reached and approved by the union membership early
in October. The city's negotiating strategy was to offer its own pro-
posals rather than solely reacting to the union's proposals. These
proposals were to be treated as a package (a given salary increase, con-
tract language changes, manning cuts, etc.) to be accepted or rejected as
a unit. The city's proposals, including an immediate cut of two engine
companies, were presented in detail in the first session.. The union
responded a few weeks later with a detailed reply opposing any cuts. The
city attempted to stimulate movement by proposing a compromise of a one-
company cut immediately and one after a 15-month study to examine the

effects of cutting the first. This proposal was rejected by the union.

* . .

No firemen would have to be laid off. There were 17 vacant positions
in the Bureau of Fire (2 more than there were when the project began), and
minimum manning levels were being maintained by extensive use of overtime.

!
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On June 30, the existing contract expired. Although no specific
agreement was made, the city continued all of the provisions of the ex-
pired contract. However, with no contract, the city then had the right
to act unilaterally on matters formerly governed by the contract—including
the proposed manning cuts. |

Early in July, the city chose to adopt the position of a '"last, best,
and final" offer to both the police and fire-fighter unions. The pro-
posal to the fire-fighters included a one company cut. The union
negotiating committee agreed to put it to a membership vote, where it
was overwhelmingly defeated (as was the proposal to the police union).

About a month later, the police union reached a settlement with the
city, which, because of the close linkage of the police and fire contracts
through the parity issue, altered the fire-fighters' strategy. The fire-
fighters organized picketing and other forms of persuasion almost daily
until the contract was finally settled, although there was never any job
action or strike (which is illegal under Delaware law).

The fire-fighters' campaign climaxed with an endorsement of their
position by the president of the City Council, and a Council meeting at
which the fire-fighters pleaded their case and sought the Council's sup-
port in blocking any cuts. While the City Council sympathized to a degree
with the fire-fighters, eventually they determined that the Council should
not become involved in an ongoing labor dispute (they would ultimately
have to approve the settlement anyway), and no action was taken. The
following day, the local newspaper came out with an editorial endorsing
the proposed cut as an acceptable risk.

Soon after, a settlement with the union was reached that called for
continued pay parity with police, the elimination of one engine company,
and contract language changes. While base pay parity was preserved, the
fire-fighters accepted a $100 annual "uniform maintenance allowance"
increase (from $50 to $150) as a type of productivity increase.

The contract was submitted to a membership vote and was again re-
jected, by a fairly narrow vote. The issues causing the rejection appeared
to have been the explicit acceptance of the company cut in the contract and
a general feeling that the fire-fighters had been unduly pressured. The
city responded to the negative vote with a strongly-worded statement and
the unilateral elimination of one engine company (Engine 7, which the
team had chosen as the prime candidate for elimination) at 8:00 a.m. the

following morning, September 20, 1974. The unilateral action speeded the
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final settlement by largely removing the issue from the table; it was no
longer necessary for the fire-fighters to agree to it, since it was
already done.

Within two weeks the fire-fighters ratified a new contract, which
contained no significant differences from the contract previously rejected
by the membership besides the deletion of the specific language agreeing
to the one-company cut.

It is estimated that the reduction of one engine company saves the
city about $240,000, which does not include accrued pension liability.
In one way or another, it appears that all of the constraints identified
at the beginning of the process were satisfied.

A more detailed description of the negotiation process is available

on request. See Appendix C for the appropriate source.
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Appendix B

GLOSSARY OF FIRE TERMS

Company

Company Response Area

Demand Region

Deployment (of Fire Companies)

Engine Company

Used interchangeably with "fire company"
to specify any fire department vehicle

and its complement of firemen. See

also "Engine Company" and "Truck Company."
See "First-Due Response Area."

An area of a city that contains a homogeneity
of fire hazards to life and property,
potential fire-fighting problems, and alarm
incidence. Population density, land use,
housing stock, natural barriers, and alarm
incidence are all taken into consideration

in determining the boundaries of each

demand region.

The manner in which fire companies are
located and dispatched. Deployment issues
can be divided into two groups: strategic
and tactical. Tactical issues are con-
cerned with the dispatching of fire~fighting
units to alarms and the relocation of avail-
able units into empty firehouses to fill
temporary gaps that develop in coverage.
Strategic issues are concerned with the
number of companies to have on duty, how
they should be manned, and where they

should be located. The project described

in this report deals exclusively with the

analysis of strategic deployment policies.

A group of firemen who man a pumper and have
the responsibility of connecting a hose to
a fire hydrant and delivering water onto

a fire.



Fire Company

Firehouse

First-Due Company

First-Due Response Area

Ladder Company

Travel Time

Truck Company
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See "Company."

A building housing one or more fire com-
panies. Used interchangeably with fire

station.

The engine (ladder) company that, if avail-
able, is expected to arrive first at a
given location. The first-due company is
generally the nearest in distance or travel
time to the location. The second-due com-

pany is generally the second closest, etc.

The region in which a given company is first-
due. Similar definitions apply for a com-

pany's second-due response area, etc.

See "Truck Company."

The time interval between departure of a
fire company from its firehouse and its

arrival at the scene of an incident.

A group of firemen who man a truck equipped
with an aerial ladder. The truck also car-
ries a large assortment of emergency tools,
and the men are responsible for forcible
entry, rescue, ventilation, and salvage work.
A truck company is often referred to as a

ladder company.



-73-

Appendix C
ADDRESSES FOR FURTHER INFORMATION

1. For information about the models and methodology:

Jan Chaiken

The Rand Corporation

1700 Main Street

Santa Monica, California 90406
(213) 393-0411

2, For other information about the project:

David Singleton or Bruce Smith
Office of the Mayor

1000 King Street

Wilmington, Delaware 19801
(302) 571-4147

3. For information on the labor negotiations:

Perry F. Goldlust

Assistant City Solicitor and Chief Negotiator
Law Department

1000 King Street

Wilmington, Delaware 19801

(302) 571-4200

4, Research sponsor:

U.S. Department of Housing and Urban Development

Alan Siegel, Director
Hartley Campbell Fitts, Program Manager

Office of Policy Development and Research

Division of Community Development and Management
Research

Room 8166

451 Seventh Street, S.W.

Washington, D.C. 20410

(202) 755-5580
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11.

12.
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