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PREFACE 

This is the final report of the Study for Alameda County 911, 
a one-year examination of advanced 911 systems for possible 
implementation in Alameda County, California. The studY,was 
undertaken by the Alameda Regional Criminal Justice Planning 
Board in May of 1973 and a preliminary draft of this report 
was publis~ed in June 1974. Extracts and key findings have 
been presented at public safety symposiums in the interim. 
As of this writing, an application to LEAA for monies with 
which to implement an advanced 911 system on a trial basis is 
still pending. 

This study could not have been compl~ted without the able as­
sistance of Mr. Richard Olson, Mr. Van Bishop, Ms. Susan Craw­
ford, of the project staff and Dr. Louis Radner of the MITRE 
Corporation. The support and guidance of the 911 Steering 
Committee and particularly that of its officers, Mr. Loren 
Enoch, Mr. Thomas Schneider and Mr. James Turner were vital 
to the project and deeply appreciated. The cooperation und 
the extremely practical input from the many members of the 911 
Users Task Force were most helpful as was the technical as­
sistance provided by Mr. Louis Martinez and his colleagues at 
the Aerospace co~poration. 

Special thanks are due Mr. Art Graham and Mr. Jay Carwin of 
Pacific Telephone and Telegraph who ably represented and co­
ordinated the participation of that fine organization; Mr. 
Joseph Kowchanski and Mr. William McMahon, who provided crit­
ical support to a complex undertaking; and to Mr. John Lenser 
and his entire planning board staff for providing the excel­
lent environment the project enjoyed. 

OVerdue recognition is hereby extended to Mr. Jerry Strickling 
of Southwestern Bell, Mr. John Shepherd of Mountain States Bell, 
Dr. Kenneth MCKay of AT&T, and Dr. Peter Go1dmark of the Nation­
al Academy of Engineering for the important roles they played 
in advancing the concept of automated 911 in years long past. 

i 

Scott W. Hovey, Jr. 
October 1974 
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INTRODUCTION 

This report is organized in thirteen sections. An 
Executive Summary including the key project fihdings is 
followed by a short history of the study's origin and the 
reasons for conducting it. Section 3 examines the various 
privacy issues that were involved. It is an important 
section since concern for individual privacy influenced 
several key decisions. 

The succeeding four sections describe the advanced 
911 capabilities investigated and the study's findings con­
cerning their operational value. Certain technical limita­
tions to using the calling telephone number are examined 
in Section 8. 

The development of alternative service plans and the 
computation of their relative manning requirements are pre­
sented in Sections 9 and 10. Section 11 is an evaluation 
of alternative techn~~al approaches to providing location 
and supplementary information. The evaluation was conduc­
ted in the middle of the study and sE\rved to narrow the 
number of approaches to be costed and evaluated. The phone 
and data system costs for alternative systems are presented 
in Section 12. 

The last' section presents the final evaluation of six­
teen possible 911 systems and concludes with the study's 
recommendation -- that a phased implementation of an advan= 
ced selective routing system be undertaken for Alameda County. 

The figures and tables have been placed at the end of 
the report while the appendices have been collected in a 
separate Appendix volume. 

iv 
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1. EXECUTIVE SUMMARY 

Objectives and Methods 

The overall objectives of the project were: to assess the 
operational, economic and social feasibility of implementing an 
advanced 911 emergency telephone system in a complex metropoli­
tan area such as Alameda County; to compare the projected cost­
benefits of systems with selective routing, automatic number 
identification(ANI), and automatic location identification(ALI) 
with basic 911 system alternatives; and to do the preliminary 
planning for implementing such a system. 

The operational benefits were projected by studying: 1) the 
relevance of telephone adresses to the incidents being reported 
over existing police and fire emergency linesi 2) the potential 
impact of anonymous calls no longer being made; and 3) the po­
tential utility of supplementary dispatch support data(SDSD) be­
ing displayed at the answering public safety agency. 

Alternative technical approaches to providing automatic lo­
cation displays were formulated and evaluated with respect to 
display response time, reliability, privacy a.nd capacity to pro­
vide useful information. The public's reaction to the key priv­
acy aspect - government custody of telephone subscriber records 
- was sampled by a telephone survey of 300 listed and unlisted 
subscribers. 

After studying the extent of Alameda County's overlap prob­
lem (the non-alig':nment of telephone switching and jurisdictional 
boundaries) and projecting the 911 call traffic from existing 
emergency call patterns, several selective routing and basic call 
distribution service plans were configured. The 911 call answer­
ing personnel requirements were projected for a selective routing 
and.~the two most promising basic service plans with the use of a 
programmed multi-server queuing model. Those results, plus the 
computer system requirements, the 911 circuit costs as provided 
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by the telephone company, and the cost of an alternative dedicated 
911 switcher were then used to project the relative costs of six­
teen 911 systems of varying structure and informational capability. 
The utility, privacy, reliability and jurisdictional implications 
of each alternative were also considered by the local 911 Steering 
Committee in the final evaluation. 

Key Project Findings 

1. Selective routing appears to be the most feasible and cost­
effective method of providing 911 service in a complex metro­
politan area with extensive overlap problems. The system's 
recurring cost - approximately 36¢ per phone number per year 
- is less than two-thirds the personnel cost of a centralized 
answer-and-transfer facility. 

2. For reasons of individual privacy, the original plan to ac­
complish ALI by providing updated telephone directory files 
to a public safety computer system is much less acceptable to 
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the community than one wherein subscriber information 
would be kept on a telephone company computer and released 
only when and while a 911 call is made. 

3. A single modest minicomputer with large on-line storage 
could easily perform the ALI function for the 1,250,000 
population of Alameda County. Although a second, serially 
connected minicomputer operated by the County would be 
necessary to append any SDSD (non-telephone information 
such as police beat, fire box and cross streets), a com­
bined output could be displayed within 2 seconds of call 
answering. 

4. 85 to 90 per cent of 911 calls would display a location 
suitable for dispatching purposes but only a quarter of 
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the calls for fire and half the calls for police assistance 
originate at the exact address where the assistance is 
needed. Consequently, SDSD common to a small geographic 
area such as the side of a city block would have the great­
est cost-effectiveness. 

5. The display of a residential subscriber's name was found 
to have insufficient public safety value to offset the 
perceived threat to individual privacy, so long as the 
ALI has the installation location in detail, i.e. apartment 
number. Business and non-residential subscribers' names 
should be a part of ALI. 

6. The acceptance by the general public of a 911 system with 
ANI and ALI is extremely high with only 5% reac·ting unfav­
orably to the idea. It would be acceptable to those most 
sensitive to the privacy aspects as long as an alternative 
method of summoning assistance anonymously is still avail­
able. 

7. The value of 911 systems with automatic number identifica­
tion was judged much greater than those without it. The 
additional value of having ALI and SDSD must await d'eterm­
ination in an actual operational trial. 

Relation to Other Research in the Field 

Almost all prior 911 studies have been conducted only as 
a preliminary step toward implementing a basic 911 system in a 
particular locale. Considerations of selective routing or auto­
matic information display were limi.ted to observing the.ir tech­
nical feasibility and noting that a great deal of telephone 
company development work would be required before they would be 
available. There were three studies which did produce relevant 
results. 

(1) In early 1972, the GTE Services Corporation made a systems 
analysis of the "technical, economic and sociological consider-



ations associated with providing ALI in conjunction with ••• 
911 1f

• Aftf'~r an excellen'l: recap of 911 ts history and problems, 
the resul t.ing report explored two methods of providing AI,I 
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to a central dispatching facility for the st. Petersburg, Flor­
ida area: use of the calling number (ANI) to reference computer 
files, and the installation of a "PIC" (Programmable IntE!qrated 
Circuit) chip on every phone circuit which would transmit the 
location when electronically interrogated by the central answer­
ing facility. The report projected an annual ALI cost of $5.10 
with the PIC approach and $.90 per phone number with the ANI 
approach. The comparable estimate from this study would be only 
$.55 per year. The GTE report briefly noted and schemat:Lzed 0. 

combined selective routing and ALI system but offered no cost 
estimates. The report urged the installation of a pilot ALI svs­
tem in one of several large cities. 

As a result of its promising analysis, GTE sought an FCC 
opinion on the legality of a common carrier providing t;he necess­
ary computer support for ALI under a variety of arrangem.ents. 
(Section 64.702 presently restricts common carriers from furn­
ishing data processing services to others.) Rubsequent: to the 
GTE report, the FCC Common Carrier Chief responded that all of 
the arrangements would be permissible since the data process­
ing· function was for the purpose of "providing an esse;ntial 
informational service to 911 subscribers that is incidental to 
the carrier's b~sic telephone communications services. 1I 

(2) The National Academy of Engineeringts Crime Prevention Sub­
panel in cooperation with the Communications Division of the New 
York City Police Department conducted a 1970 study of the value 
of ALI. As documented in the GTE report, a survey of 602 police 
calls, including 282 requests for emergency service, showed that 
18% of the emergency calls would have benefited s.ignificantly 
from ALI and 66% of the reporting phone locations were identical 
to the subject incident. These results were corroborated by the 
Alameda s·tudy which produced 16% and 58% for the same measures. 

(3) The last study was the unreleased Bell Telephone Laboratory 
analysis made preliminarily to approaching Alameda County for a 
trial. This effort produced a conceptual design and some order­
of-magnitude costs. It also laid out AT&Tts fundamental position 
that the costs of advanced 911 would have to be paid for by gov­
ernment rather than incorporated into the base rate structure 
as is the case ~li th "basic ll 911. Since the study did not include 
the costs of a government computer and used extremely rough esti­
mates of the call volumes and public safety requirements, the 
telephone company declined to make the study available for the 
project's review. 

Unlike the previous efforts, this study involved extensive 
participation by all of the potentially affected public safety 
agencies, developed more reliable 911 call volumes and cost 
estimates, and thoroughly examined the increasingly important aspects 
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of privacy. As noted, Supplementary Dispatch Support Data was 
identified as something which would not be inherently available 
with an acceptable ALI system, but as something which could be 
safely and efficiently addeo. at little additional· cost. 
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Many police and fire departments are developing computer­
assisted-dispatching (CAD) systems. All of these presently de­
pend upon an operator manually keying in the location of the 
incident. These systems could be significantly enhanced with 
ALI. Automatic vehicle locator (AVL) systems are being installed 
on an experimental basis in several cities. By assembling CAD, 
AVL and ALI into a single system, the means would be available 
for automatically transmitting a tentative assignment address 
to the closest appropriate patrol vehicle when a 911 call is made, 
without any manual intervention. This possible elimination of 
call processing time from the total response cycle could produce 
dramatic r~sponse time improvements in urban areas with high pa­
trol density. 

Summary Recommendation 

As a result of the study, it was the unanimous recommenda­
tion of the-study participants that a selective routing 911 system 
be installed throughout Alameda County and the advanced informa­
tional features of ANI, ALI and SDSD be successively added and 
evaluated over a three-year period. This trial will permit a 
thorough evaluation of the different capabilities; the identifi­
cation and solution of unforeseen problems; and the assembling of 
sufficient telephone costing data for the setting of tariffs else­
where in the nation. It was further recommended that the National 
Institute of Law Enforcement and Criminal Justice conduct the 
evaluation in order to insure that the national needs for valid 
results are met. 
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2. BACKGROUND 

Shortly after AT &'1' announced l.n 1968 the availability of "911" 
as a universal emergency telephone number, several public safety 
organizations, the National Academy of Engineering, and the National 
Institute of Law Enforcement and Criminal Justice asked AT&T to inves­
tigate the feasibility of an advanced 911 system with three capabil­
ities that the "Basic 911" system did not have: selective routing, 
automatic number identification, and automatic location identification. 

Selective routing would permit 911 calls to be routed according 
to the emergency jurisdictional boundaries rather than the telephone 
switching center boundaries. The lack of correspondence between the 
two sets of boundaries presently requires the establishing of a single 
common answering point for 911 systems -- a requirement that has 
greatly impeded the implementation of 911 in large multijurisdictional 
metropolitan areas. 

Automatic Number Identification (ANI) would automatically display 
the telephone number of the party calling 911 and Automatic Location 
Identification (ALI) would display the telephone subscriber's address. 

AT&T investigated the feasibility of such a 911 system and pre­
sented their findings to the Law Enforcement Assistance Administra­
tion in 1971. TheY,reported that all three features were technically 
feasible and presented a conceptual design of a system to provide 
them. They noted that the necessary telephone switching equ.ipment 
was not universally available to support such a system. Even where 
it was, sizeable costs would be involved which the telephone company 
was nqt prepared to absorb as it had those of Basic 911. Because of 
the uncertainties regarding the costs, the potential benefits and the 
privacy issues involved, AT&T recommended to LEAA that a pilot auto­
mated system be jointly evaluated before any others were developed. 
LEAA agreed, noting the proven correlation between arrival time and 
likelihood of apprehending a criminal. LEAA had also been recel.Vl.ng 
many ~equests for computerized command and control systems with which 
such an automated 911 system would have a natural tie-in. 

LEAA and AT&T further agreed that an LEAA-funded trial should be 
conducted in a sizeable metropolitan area with the necessary advanced 
telephone plant, and the sort of problems an automated 911 system 
could help solve. 

In 1972, after a preliminary order of magnitude costing by AT&T, 
the northern half of Alameda County -- the Oakland metropolitan area -­
was chosen from a list of some twenty communities nominated by the 
telephone companies. It had the required telephone plant and facili­
ties, it was a diverse and complex combination of municipalities with 
mismatched telephone switching boundaries, and its progressive public 
safety organizations could be counted on to take full advantage of 
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the advanced features. It also had an existing basic 911 system 
al~eady operating in an island community -- the city of Alameda. 
Th~s area, the second nominated, was subsequently identified as 
the tiBetan test areao (The "Alpha" area was St. Louis, Missouri, 
which had urged the development of such a system and even been 
preliminarily costed. It was found unsuitable as a trial area 
due to its much greater size and relative lack of automated tele­
phone subscriber records.) 

Three alternative systems were hypothesized with varying 
amounts of ANI and ALI for the various Beta area cities. LEAA 
reviewed these alternatives and the system ooncept with a group of 
knowledgeable public safety communication officials in July, 1972. 
They unanimously urged a trial of some sort and identified one plan 
as providing a suitable test bed. 

LEAA, AT&T, and PT&T* representa.tives jointly approached the local 
government public safety officials with the idea of a trial project 
and got acceptance upon three conditions: 

1. That any implementation be undertaken only after a 
locally directed one year study to determine the 
economic, operational, and jurisdictional desira­
bility of a so~histicated system over a more con­
ventional variety of 911. 

2. That the project's scope be expanded to consider all 
of Alameda,County, even though the southern and 
eastern portions might not have the necessary tele­
pll0ne switching facilities for the advanced· variety. 

3. That the study produce a plan for implementing 911 
of some sort throughout the county in compliance with 
recently enacted state legislation. 

The insistence on a lengthy preliminary study was the result of 
many local uncertainties concerning the desirability of selective 
routing, the ongoing costs of the advanced features, and the opera­
tional impact on the public safety agencies. Alameda County and its 
citizens were already in the middle of a large "technologically 
feasible" system implementation -- BART -- which was proving signif­
icantly more costly and less effective than its billing. In view of 
that advanced rapid transit system's cost overruns and performance 
shortcomings, the county was understandably hesitant to undertake 
another pioneering project. 

It was felt that the study should be conducted locally with 
strong input from the organizations that would be affected by its 
outcome. A project dil:ector, hired expressly for that purpose, should 
be under the direction of a steering committee composed for the most 
part of local governmental and public safety representatives. 

*Pacific Telephone and Telegraph -- the Bell company serving 
all of Alameda County and most of California. 
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The geographic expansion of the project to include all of 
Alameda County was a political necessitYe The Beta area happened 
to include that portion of the county which was the principal bene­
ficiary of existing county programs and excluded the municipalities 
and unincorporated areas which were paying proportionately more for 
them. The Beta area project was identified as just one more program. 
The county government, which was a principal candidate for assuming 
any local costs, has a very strong policy of providing services only 
when they can be provided throughout the county. Consequently, even 
Beta area cities felt a county-wide project was prefereable. Lastly, 
the state requirement to provide a plan for implementing 911 by 1975 
applied to all of Alameda County. 

It was pointed out by LEAA and AT&T that the telephone switching 
equipment necessary for an advanced 911 might not be available in 
the southern and eastern portions of the county. This was acknow­
ledged by the local officials, but they insisted upon the project 
being expanded to include the county subject to ;those equipment 
limitations. This represented a 50 percent increase in the target 
population and doubled the number of central offices which had to 
be considered. 

These conditions were accepted by LEAA and a study grant in 
the amount of $150,000 was awarded by the National Institute of 
Law Enforcement and Criminal Justice. Additional technical assis­
tance was provided in the form of a technical man year from the 
Aerospace and MITRE corporations. These not-far-profit firms have 
on-going contracts with the Institute to perform requirement and 
evaluation studies 'of equipment systems. 
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3 PRIVACY 

In retrospect, the original AT&T proposal's roost surpr~s~ng 
aspect was its lack of concern for the privacy implications. Cer­
tainly, increased concern for individual privacy and the possible 
abuse of governmental and automated records was the most marked 
influence on the 911 study. Organizationally, it stimulated the 
appointment of three public members to the 911 Steering Committee 
and their inclusion in a special five person Privacy Subcommittee. 

This subcommittee involved itself with all of the various opera­
tional and technical alternatives that had a privacy consideration. 
With respect to the conduct of the study itself, privacy considera­
tions necessitated the hypothesizing and evalnation of several com­
plex information systems, and the conduct of several special studies. 

Unlisted Subscribers 

The ear.liest concern was over the release of information con­
cerning non·~published or unlisted subscribers, either'en masse or 
when they pl,'l.ced a telephone call. "Reverse directori'es"which list 
phone subscri~er information in number or address order have been 
used by police and fire departments for years in support of their 
investigative a~d pommunication operations~ Nevertheless, these 
directories cont~in only published number information and police 
needing information on others must contact the phone company's 
special agents on an individual request basis. Some consideration 
was given to omitting non-published subscribers from ANI and ALI 
systems, or only including them if they did not object on a mail­
back form~ Other alternatives such as delegating the issue to 
individual city councils to decide for their jurisdiction or esta­
blishing a third class of subscriber service "unlisted except for 
911 purposes" were briefly considered. 

To determine the extent of the problem, PT&T provided a tabu­
lation of published and non-publis~ed installations for-all of the 
central offices in the study area. It showed that 29.2% of resi­
dential subscribers and 5.6%* of business subscribers have unlisted 
phones. The highest residential rates were 38% and occurred in the 
middle-class suburbs, particularly the most rapidly growing and homo­
geneous areas. The lowest rates were 17% and occurred in Berkel<::y 
and the more established communities. Although several sociological 
explanations could be advanced, the fact that new residential phone 
installations are more likely to be unlisted than old installations 
suggests that unlisted numbers are on the increase. 

* 2.7% of which are semi-public pay phones. 
lSee Table 1. 
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It was therefore decided that a 911 system that excluded all 
or a significant portion of unlisted subscribers would be unsuitable. 

Caller Anonlffiity 

If a 911 system were to automatically identify the source of 
the call, it would undoubtedly reduce the number of false fire alarms, 
bomb threats, and other malicious calls. It might also result in 
crimes, accidents, and other emergencies not being reported by indi­
viduals who 'tolOuld do so if they could iemain anonymous. To estimate 
the magnitude of this problem, a study was made of some 200 anonymous 
calls placed with three police departments and collateral information 
was collected for 911 systems that have a call tracing capability. 
The results showed that less than 4% of incoming calls are made anony­
mously and most of these involve routine incidents. Although the five 
other cities checked had advertised trace capability and successfully 
reduced their false alarms, they still receive and accept "anonymous" 
calls. The loss of anonymity was therefore thought to have no opera­
tional liability. The Privacy Subcommittee reviewed these findings 
and concluded that the loss of 911 caller anonymity would be an accep­
table condition for obtaining other system benefits, provided that 
there was another published number available for a citizen wishing to 
remain anonymous. 

Privacy Survey 

Regardless of ~ow well the system was designed or programmed in 
an effort to achieve individual privacy, it was obvious that the 
public's acceptance of such a system was going to be the all-important 
consideration in whether it was ever installed. 

The project accordingly made a telephone survey of 311 residen­
tial subscribers to determine their general reaction to a 911 with 
automatic identification features and their reaction to providing 
subscriber files to lithe governmental agency in your community 
answering 911 calls." The survey included 206 n:"1n-published and 105 
published subscribers. It was conducted and tabulated by the Surveys 
and Statistics Division of PT&T under the close supervision of the 
project office. Its findings were: 

1. 88% had a favorable reaction and 5% had an unfavorable 
reactiml to -the general concept of 911 with automatic 

. identification vf number and address. 

2. Only 81% approved when the possibility of glvlng sub­
scriber files to a government computer was specified, 
but another 7% approved when telephone company custody 
was designated. 

3. There was no significant difference in any of the 
responses between published and non-published customers. 

ISee Appendix B. 
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The survey report includes an interesting range of customer 
comments as to why they would favor or disfavor such a system. 
The report and the questionnaire are included as Appendix A. 

It is worth noting that 75% of those polled could not recall 
previously having heard of 911 even though a system was implemented 
in the City of Alameda in April, 1970, and mandatory state-wide 
legislation had been enacted. 

Display of Caller's Name 

The original AT&T proposal included lithe furnishing of data to 
the municipalities to convert the calling telephone number to name 
and address." This concept was graphically presented to government 
officials in Alameda County and elsewhere. 

At a preliminary Steering Committee meeting, PT&T mentioned the 
possibility that name might not be necessary to effect an emergency 
dispatch. The project office reviewed this possibility with various 
individual police and fire representatives and found general agree­
ment. Although the name might be useful, it would only be of extreme 
value in trying to locate an apartment from a street address or busi­
ness which was better known by its name~ The name of a business 
could provide the responding organization with a further indication 
of the likely character of the incident. PT&T agreed to provide the 
specific service address of phone installations instead of either the 
billing or directory address. This would identify particular apart­
ments, shops within an arcade, etc. PT&T also ack~owledged the pub­
lic safety need for business names and said that their privacyappre­
hension only extended to residential subscribers. Insofar as this, 
appeared to satisfy the possible 911 requirements and would improve 
the likelihood of the file provision, the project dropped further 
consideration of residential name. In particular, the privacy survey 
referenced only telephone number and address in order to focus on the 
more important question of goverrunent file custody. 

The dropping of residential name was subsequently challenged at 
a meeting of the Users Task Force by police representatives who said 
that it would be most useful with a computer-assisted dispatching 
system in that it would require less keying of dispatch transactions. 
Even with manual systems it would be useful in locating addresses 
incorrectly listed or garbled in radio transmission. It would avoid 
confusing first and last names and assist in spelling unusual nare.es • 

. A short studylOf dispatch tickets of the Oakland Police Depart­
ment was made to determine the consistency between the name of the 
complainant and the telephone ~ubscriber, i.e., how often was the 
name given the police the same name as listed in the directory. Of 
the 69 that were traceable in available d"irectories, 61% had identi­
cal surnames. The users' desires, the phone company's reservations, 
and the study results were presented to the Steering ~ornmittee. 

lSee Appendix C. 
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.!';.pprised of the ease with which name could be added at some future 
time, the Steering Committee unanimously agreed to drop further con­
sideration of residential name for privacy reasons. 

Other Privacy Design Factorn 

The largest privacy concern was the possible interfacing of a 
911 system with another criminal justice information system and the 
automatic association of criminal history or intelligence information 
with the callAr. While configuring alternative systems with varying 
privacy, several interim conclusions were reached: 

1. If a central government 911 computer capability were 
required, it should be completely independent of the 
existing criminal justice PIN network. It should be 
operated by an organization with a public safety rather 
than a law enforcement orientation and preferably lo­
cated away from other governmental record systems in 
order to increase its real and perceived independence. 

2. If a central government computer contained telephone 
directory information, it should be engineered and pro­
grammed so that user display terminals were for output 
only. The only inputs possible should come from tele­
phone company station equipment activated by an incoming 
911 call. 

3. A capability of associating supplementary public safety 
informacion on a small geographic basis was much more 
desirable from a privacy standpoint than one which could 
tag individual phone numbers or addresses. 

4. In a related area; the identity, location, or phone num­
ber of a 911 caller should not be displayed until the 
call is answered. This will preclude discriminatory 
answering. 
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4. .2§!!ECTIVE· ROUTING 

The underlying need for selective routing is shown by Figure 1, 
"Alameda County Cent.ral Offices and Municipalities." With the ex­
ception of the city of Alameda (between Oakland and the San Fran­
cisco Bay) none of the municipal boundaries (dashed lines) coincide 
with the central office service area boundaries (solid lines). The 
cities of Oakland and Piedmont, for example, share three telephone 
central offices. The map is still a simplification since minor over­
laps too small to depict occur along other seemingly contiguous 
boundaries. Although only problems internal to Alameda County are 
shown, sizeable communities in Contra Costa County to the north are 
served by the Solano Avenue and San Ramon Boulevard telephone facil­
ities. Even if the telephone company were to expend the enormous 
sums to realign their switching plant, the unpredictable growth and 
annexation patterns could easily invalidate it. 

The concept of selective routing emergency telephone calls was 
probably first advanced by Roger W. Reinke, then Assistant Director 
for Field Operations of the IACP. In his February, 1968, Police 
Chief article, he proposed the establishment of a universal police 
telephone number. In addition to recommending a display of the 
calling number, he perceptively noted that "if it were possible to 
identify automatically the calling number (as in Belgium), would it 
not' be possible to r.elay the call to the appropriate police agency 
without resorting to a central dispatch point? The telephone com­
panies would have to answer this •. • " The text of the lengthy art­
icle understandably makes no reference to 911, since it was written 
several weeks prior to AT&T's rrecipitative announcement. 

Since then, the concept has frequently been rediscovered and 
advanced by various public safety technologists, but always in its 
basic form: 

1. The telephone central office serving the 911 caller 
recognizes a 911 call as such and requiring special 
handling. ," , 

2. It captures the calling number, as if for long dis­
tance billing, and forwards both the number and the 
call to an advanced programmable electronic telephone 
switch. 

3. The electronic switch holds the call long enough to 
retrieve from a data file the proper 911 destination 
for that calling number. 

4. The call is then connected to the designated public 
safety answering point. 
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Theoretically, calls originating within an electronic central 
office's service area could be selectively routed without being for­
warded to another office. The point is academic since it will be 
several decades before most of the existing electromechanical 
switches are replaced with Electronic Switching Syst~ns (ESS). Even 
then, the extra storage and updating economics appear to dictate the 
use of only a few ESS offices in a metropolitan area. Although nine 
ESS offices are in or scheduled for Alameda County, only two would 
be used for selective routing. 

As an alternative approach, the project investigated the possi­
bility of using a special electronic switch which would switch 911 
calls, and only 911 calls, for the entire area. This approach has 
several advantages over using an existing telephone company switch 
when a combined ANI-ALl-Selective Routing system is considered. 
It could use more technologically advanced and cheaper storage 
devices and perform all of the data processing functions required 
for ALI. Offsetting this and a slightly reduced cost are the facts 
that the switches available do not have an operationally demonstrated 
reliability history and would not be considered by the telephone com­
pany for a trial demonstration (see Final Evaluation of Alternatives) • 

The capability of forwarding the calling number was a more criti­
cal local requirement, since any selective routing approach and all of 
the advanced 911 capabilities depend upon it. Capturing the calling 
number for billing purposes is quite widespread even among electro­
mechanical installations. All but panel switches can be modified for 
automatic message aC90unting. Many merely punch-it and the toll infor­
mation on paper tape. The tapes are then daily forwarded to the phone 
company's accounting department for computerized bill preparation. 
Other offices (called CAMA offices for centralized automatic message 
~ccounting) forward the calling number with long distance calLS to 
toll offices. There, the automatic message accounting can be econom­
ically performed for several end offices. Although automatic message 
accounting has an obvious benefit in saving operator manpower, the 
capability of forwarding a calling number is only marginally justified 
by telephone accounting economies. 

The biggest stimulus to number forwarding was the introduction 
of Traffic Service position System (TSPS) 0 This advanced system per­
mits the more flexible and economical-consolidation of costly operator 
functions into a few facilities for a large area. With the computer­
based TSPS, every call requiring operator involvement is forwarded to 
a traffic service position after the caller has performed as mtlLch of 
the dialing operation as possible. There the operator intercepts the 
pay phone call, the person-to-person call, etc., and completes it 
with the benefit of special rate and status displays. 

The TSPS computer requires the calling number in order to com­
pute coin charges and support the other TSPS functions in an efficient 
manner. Because TSPS will often pay for itself through operator 
savings in three or four years, it has become a powerful stimulus to 
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automatic number forwarding throughout the telephone sys'tern. 
Ironically, the move to TSPS has accelerated the unfamiliarity of 
telephone operators with the locales from which "0" calls originate, 
and thus provid/as an ·addi tional incen.tive to the telephone company 
to get out of the emergency call answering business. 

TSPS W-3.B introduced throughout the Beta test area in 1973. 
It was tentatively scheduled for the remainder of Alameda County 
an unknown m:l.7.nber of years later. It was only after th,c study was 
several months along that PT&T was able to assure i·tself and the 
project offi.ce that the number forwarding equipmen·t would be avail­
able through.out the county in time for a mid-1976 implEmlentation of 
911. This put the entire county on a comparable basis and greatly 
facilitatec1 ;I~he uniform examination of alternative 911 approaches. 

Internal §~:ective' Routing 

One of the anticipated benefits of selective routing has been 
the possibility of preferentially routing calls to particular call 
answerin.g consoles within a large PSAP* such as Oakland might have. 
This is done in New York city on a borough basis and in the Phila­
delphia and Chicago police d~partments according to central office 
area boundaries. It has the benefit of being able to position the 
call answerers close to particular radio dispatchers where they can 
provide prompt clarification of field assignrnl;mts and closely coord­
inate the response to incidents in progress. By limiting the origin 
of calls which a particular call answerer must handle, internal 
selective routing facilitates area familiarity, awareness of resource 
availability, and identification of redundant calls. It is only use­
ful when the overall dispatching operation is so large it requires two 
or more assignment channels and dispatching zones. The disadvantages 
4'£ such geographic radio divides are an increased parochialism on the 
pa~t of the radio dispatchers, a limitation on a field unit's know­
ledge of incidents elsewhere in the city, and the requirement for 
additional frequencies and call answering personnel. 

'The only Alameda County.dispatchrng facility with multiple assign­
ment channels is the. Oakland Police Department. Despite an assignment 
volume that would normally necessitate three or more channels, Oakland 
uses two. 'It is able to do so with highly proficient dispatchers and 
advanced techniques such as mobile data terminals and special func­
tion channels which reduce dispatcher workload. Because the depart­
ment opposes further channel divides and has insufficient call 
answerers on even a pooled basis, it was not interested in pursuing 
internal selective routing during the study. 

* PSAP is an acronym for Public Safety Answering Point, 
the facility where a 911 call is initially answered. 
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5. AUTOM..1\TIC NUMBER IDENTIFICATION (ANI) 

Automatic Number Identification exists in Belgium Qnd is used 
in conjunction with their 900 emergency telephone number. A display 
of the six-digit calling number is available to the call answerer in 
each of their 16 PSAPs. 

One of the obvious public safety values of ANI is the discoura­
ging of false fire alarms and other malicious calls to public safety 
organizations. Although fire box alarms register a much higher false 
alarm rate than phoned alarms (80% versus 10%, in some cities), the 
cities that have eliminated their box systems have often experienced 
a doubling of their phoned false alarms. 

The cost of false fire alarms is very difficult to assess. 
During 1972, there were 42,089 fire alarm responses for Alameda County 
for only 12,950 fires. Although data on malicious false alarms versus 
"good faith" reports is not available, a readonable estimate would be 
8,000 to 10,000 additional responses a year. The financial cost in 
tenns of equipment use, delay in handling a second alarm, accidents 
en route, etc., would be difficult to assess. Since firemen must 
be on duty anyhow and the false character of an alarm can be, quickly 
determined, the dollar cost is probably minor. The most obvious bene­
fit would be to the morale of firefighters who have difficulty staying 
"up" for alarms that: are more likely to be false than not. 

Having ANI when a distressed caller gives inadequate information 
would be of great assistance. It would permit the call answerer to 
call back for the missing information. This is the purpose of 
"automatic ring back", an extra cost enhancement to basic 911 systems. 
Some small cities may be able to trace a call with coordinated tele­
phone assistance in ten to fifteen minutes, but in a complex area like 
Alameda County, it would require half an hour*. This is too long to 
make a part of regular communication center procedures. 

Another basic 911 enhancement is "called party hold" which per­
mits a line to be held open while the call is traced. While it is 
useful for discouraging false alarm callers and occasionally for 
locating callers who have lapsed into unconsciousness, etc., it is 
a very slow substitute for ANI. 

An additional advantage to ANI would be its assistance in elimi­
nating transcription errors. The project staff encountered several 
instances where even competent call answerers misrepeated the phone 
number given them. Having an ANI display would be one less chance 
for error. 

* PT&T estimate 
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ANI could be used to manually establish a missing address 
with the use of a reverse directory. Although it would not be 
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as useful as ALI, it would permit responses to be initiated with­
in a few minutes, providing the number were listed and not too 
recently installedG Reverse directories are normally printed 
only once a year. 

Faced with the high cost of police manpower and a r~s~ng 
workload, many police departments take minor reports over the 
tel~phone. Some record the particulars on the initial call while 
others, like Oakland, use a call-back procedure to balance work­
load. The call-back procedure will become more prevalent if the 
choice is between using an expensive 911 circuit or a regular 
telephone line. ANI would greatly assist such a procedure. 



· . ) , 
17 

6. AUTOMATIC LOCATION 'IDENTIFICATION (ALI) 

Without location information, providing emergency assistance 
is an exercise in futility. More sophisticated procedures for 
tracing calls is not the answer for situations where precious 
seconds may mean life or death, the preventing of a crime or the 
reporting of it. One of the principal advantages of call boxes 
and signal transmitting alarms is the rapid and unambiguous iden­
tity of where the assistance is needed. Unfortunately, the tele­
phone is by far the most common method of summoning assistance, and 
its users are frequently unable to provide location. 

A survey by the National Academy of Engineering at the New 
York Police Department found that in 18% of their emergency calls, 
an ALI capability would have saved considerably more than 10 to 20 
seconds in processing the call. The sample included callers too 
confused or incoherent to give an address, and who had to be asked 
to repeat their location several times. Others were foreign speak­
ing, young chidren, and strangers who did not know exactly where 
they were. 

The problem of getting a correct location is compounded when 
the call answerer is servicing an area with many duplicate street 
names, or the caller insists on giving a local reference such as 
"next to the Sears store ll or lIacross from the college. 1I Some con­
solidated fire dispatching centers make a cross-check of the 
caller's phone n~ber with a telephone central office map, not 
only to detect false reports, but to eliminate ambiguities between 
common streets. 

Even with ALI information automatically provided to the call 
answerer there would be certain cases where it would be of minimal 
use. The caller may be reporting an incident at some distance from 
where he is, and complete dependence upon the displayed address would 
be misleading. The National Academy of Engineering survey found that 
in 66% of the cases lithe telephone location was identical to the 
incident location. 1I The project conducted its own study to verify 
those results and to determine how far away the remote callers were 
(Appendix D ). After listening to 963 tape-recorded calls placed to 
seven agencies, it was found that only 52% of the police calls and 
40% of the fire calls originated exactly at the incident. Neverthe­
less, 85 to 90 percent of all calls to both services originated 
II within a few addresses ll of the caller. In those cases, the disolayed 
location would be sufficiently close for the selection of emergency 
units and the dispatching of them to the vicinity. 

The project study also found that nine percent of the callers 
had difficulty in communicating their location. A fifth of these 
instances arose because the caller did not know the street address 
being called from. Although this nine percent is less than an 
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eighteen_figure registered in the. New York City study, it is still 
a significant amount. (An incident reported during a site visit 
to the Ha~~ard Fire Department concerned a baby-sitter who had to 
physically check the house number and then a street sign while 
reporting a burning sofa. Even then she gave an incorrect street 
name). ALI would help greatly in such cases. 

Although the project did not set out to collect information on 
transcription and recording errors, numerous instances were acci­
dentally encountered during the project. Incorrectly repeated 
addresses and dispatch tickets with transposed or missing digits 
were distressingly common. One study found four obvious trans­
cription errors out of a sample of 69 dispatch tickets. 

Several large command and control systems have been installed 
which use the incident location as a primary input. Keying it in 
is the most time-consuming part of the procedure. With ALI, a ready 
input could be had for 911 calls, the most important calls to be pro­
cessed. 

After considerable discussion with the users, it was determined 
that the following e.lements sr.ould be included in an ALI display: 

a. Apartment or unit number 
b. House number 
c. Street name 
d. Municipality 
e. Zip Code . 
f. Business name 
g. An indicator for public and semi-public pay phones. 
h. An indicator if there were off-premises stations 

associated with the number. 
1. Block face 
J. ANI 

With the exception of block face, all of the information items 
are presently available from regular telephone company records. 
Block face is described in the subsequent section. 

Although Zip Code was considered least valuable by most of the 
users, it would serve to eliminate street name ambiguity in unincor­
porated areas and was included for that purpose. 

The inclusion of ANI in the ALI display would permit the latter 
to be used as the exclusive visual reference during the bulk of the 
call processing. Since ANI would also be displayed on the phone 
answering equipment, it would provide a valuable means of verifying 
that the ALI displayed related to the call in progress. 

The method adopted for out:putting ALI was a visual CRT display. 
This mode has the speed to facilitate cross-checking with the caller's 
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early statements; it is silent -- an important characteristic in a 
communications environment; and is significantly cheaper and more 
reliable than a hardcopy printer. It was felt that the independent 
logging of ANI with time and answering position would adequately 
satisfy any need for subsequent ALI reference. 

To maximize the utility of ALI, a design goal of two seconds 
response time was adopted. It was felt that this was well within 
the general capabilities of a computer-based ALI system. 



I , J \ 

20 

70 SUPPLEMENTARY D'I'SPATCH SUPPORT DATA . (SDSD) 

In addition to ANI and ALI, a third category of information 
was identified for possible display with 911 calls. It was termed 
Supplementary Dispatch Support Data or SDSD. SDSD is information 
beyond address and business name which could assist in dispatching 
emergency services. It includes such things as police beat desig­
nation, fire box area, and ambulance zone. Unlike ALI, whose value 
is readily recognized, the value of SDSD is only appreciated by those 
familiar with public safety dispatching operations and the process by 
which an assignment is formulated from a call. In the Oakland Police 
Department, for example, the call answerer must refer to a set of 
house-number-range tables to determine the beat in which an incident 
occurred. The beat must be noted on the dispatch ticket before the 
latter can be sent to the radio dispatcher. In fire departments, 
similar tables and/or "run cards" must be used before a dispatch can 
be initiated. Large computerized command-control systems have been 
and are being built for millions of dollars whose partial justifi­
cation is the ability to retrieve SDSD. The project staff reviewed 
such a system at the Dallas Police Deparbnent. 

The capability of automatically displaying SDSD was an initial 
attraction of automated 911. SDSD's availability was inherent in 
the ALI method originally proposed by the telephone company. By 
giving the directory files to public safety agencies, the agencies 
would be free to associate SDSD with the records on their own com­
puter. It was only when the review of this ALI method was made a 
part of the study project that SDSD had to be identified for sepa­
rate consideration. There are two basic types of SDSD: zonal and 
number-related. 

Zonal SDSD 

Zonal SDSD is information that would be common to all 911 calls 
originating from a small geographic area such as the side of a city 
block. Such SDSD as police beat, fire box, or other service juris­
diction could be maintained on a zonal basis. Information showing 
the approximate location of the caller's address (cross streets, 
X-y coordinates) could also be carried on a zonal basis. Since 
zonal SDSD deals primarily with the relationship of streets, house 
number ranges, and jurisdictional boundaries, it would be relatively 
easy to establish from maps and existing data sources. Once esta­
blished, zonal SDSD would require a minimum amount of updating to 
reflect street and jurisdictional changes. 

Number-Related SDSD 

Number-related SDSD is information that pertains only to a 
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particular calling number or a particular address. The two sorts 
of number-related SDSD considered by the project were medical infor­
mation and fire hazard information. If number-related SDSD were 
developed, even em an exception basis, it would be very difficult 
to establish and maintain. 

Use of Block Face 

If the side of a city block or "block face" were used as the 
unit for storing and I:etrieving zonal SDSD, 90, 000 such records 
would cover all. of Alameda County. This is significantly less than 
the 500, 000 rec.::ords that would be required to carry the same infor­
mation on a nw,nber-related basis. 

Telephone Company Position 

The telephone company quite properly opposes carrying SDSD on 
any ALI computer that they would own or operate. Aside from the 
problem of 'updating information that has no value to telephone com­
pany operations, there are very strict legal regulations prohibiting 
the common carriers from providing such data processing services. 
For that matter, there might be objections from the public sector 
in providing the telephone company with sensitive number~r~lated 
SDSD that was given government solely for public safety emergency 
purposes. As a result of these laws, policies, and considerations! 
it is certain that a governmGct;;,~ computer must be involved if any 
SDSD is to be provided on a 911 call. 

After considerable discussion and in recognition of the legit­
imate value of SDSD for emergency service purposes, the telephone 
company has agreed in principle to the inclusion of a zonal reference 
(specifically, a six-digit block face identity number) with any ALI 
that would come from their computer. This would greatly simplify 
the problem of adding zonal SDSD to the ALI provided by the telephone 
company. The additional updating required at the telephone company 
would be minimal and the numbers might have value to telephone com­
pany operations. Since block face numbers are being developed for 
all metropolitan areas throughout the country, their use could be 
a standardized interface for other automated 911 systems. 

For 911 calls, number-related SDSD is much less important than 
zonal SDSD. This was the conclusion of a special committee of the 
Users Task Force that reviewed the general problem of SDSD. Medical 
conditions would provide scant additional utility to a syst~~ that 
could provide the caller's address. Fire hazard information was 
thought to have a great deal of value, but its inclusion in a 911 
system was not considered justified if no other access to it were 
possible. Such an alternative method of accessing SDSD had great 
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appeal to public safety users. It would permit them to retrieve 
correct information even though the 911 caller was at a different 
address. Other addresses ·such as those called in over non-911 cir­
cuits or radioed back by field units could be used to retrieve SDSD. 
Since such access was not acceptable for a system with government 
custody of subscriber files, the value of those approaches was 
diminished. 

The initial position of the Steering Committee concerning SDSD 
was ti~at it was a needless embellishment which would only increase 
the complexity of the 911 system without assisting the citizen. 
When made aware of this inclination, the Users Task Force sought a 
hearing with the Steering Committee, and a representative delegation 
made an effective presentation of how important they regarded SDSD 
in meeting the problems of emergency service. Their presentation 
is included as Appendix E. On the strength of their arguments, 
the Steering Committee agreed to continue consideration of approaches 
with an SDSD capability. 
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8. TECHNICAL LIMITATTONS' ON USE' OF' ORIGINATING NUMBER 

The use of the originating number for Selective Routing, ANI, 
and ALI has its limitations. The problem of a caller reporting an 
incident at another location was discussed for ALI. Other limita­
tions are a result of the technical limitc~ions of the telephone 
switching system and the variety of telephone services installed. 

Multi-Party Stations 

The most frequently cited limitation to ANI' and functions depen­
dent upon it are the use of multi-party phone lines where as many as 
eight subscribers may share a single circuit. Out of 470,000 Alameda 
County subscribers, only 1,353 have multi-party service. Of these, 
1,211 have two-party service, which does not present a problem. 
(Central offices can identify the station on two-party lines and for-

ward the appropriate ANI.) The remaining 132 consi·st of 41 8-party 
and 91 4-party subscribers in the unincorporated areas surrounding 
the eastern cities of Livermore and Pleasanton. 

Even though eight subscribers may be on a common circuit, each 
has an individual seven-digit number and may be called directly from 
elsewhere in the system. This number cannot be automatically for­
warded as ANI, but.a pseudo-ANI could be. This might be simply an 
indication that a multi-party station was originating the call, or 
the identity of the particular multi-party circuit. In Alameda 
County the former would suffice since all multi-party calls should 
be selectively routed to the county IS PSAP. 'l1he originating central 
office's identity (Sunol, Pleasanton, or Livermore) could also be 
provided for further assistance in resolving the origin. Since multi­
party problem stations only constitute .028% of the potential 911 
callers and are located in areas with relatively low 911 need, their 
specific ANI treatment has been deferred. 

F0reign Exchange Service 

Foreign exchange service offers a different sort of problem. 
Subscribers, particularly business subscribers wishing to retain their 
old telephone number after moving to another service area, or desiring 
access to a larger extended service area, sometimes install telephones 
connected to a distant or "foreign" central office/exchange. Since 
such service requires dedicated circuits between the subscriber's 
regular office and the one serving his prefix, a sizeable premium is 
charged. Depending upon 911 availability, several conditions can 
exist: 
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1. If the subscriber's reyular central office does not 
have 911, there is no problem. He would be unliKely 
to dial 911 since it would not be locally available. 
This is comparable to areas close to exclusionary 
911 systems. 

2. If the subscriber's regular central office does have 
911, and his foreign exchange offics does not, there 
is a problem, particularly if the foreIgn exchange 
does not have a "911 not available here" recording 
or other appropriate intercept mechanism. The caller 
would have to redial 911 on a local line or refer to 
his phone book. 

3. If the subscriber's local office and his foreign ex­
change office both have 911, the problems depend upon 
the type of system or systems serving the separate 
offices: 

a. If the foreign exchange office has selective 
routing and/or ALI, the problem can be auto­
matically handled or easily recognized. 

b. If both offices are part of the same basic 
system, there is no problem since the same 
call answerer woul~ process ,the call. 

c. If separate basic systems are involved t the 
foreign exchange PSAP m~ght dispatch assis­
tance to the right address in.the wrong city. 
Several apparently undetected instances of 
th,is W,ere encountered during the study. 
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The problems with foreign exchange service can be expected to 
increase as 911 becomes more universal. It is added justification 
for having alternative published public safety numbers and having 
the 911 operator identify his particular PSAP,such as "Hayward 911. 11 

It would be additional argument for selective routing if foreign 
exchange service were more widespread. The phone company estimates 
that less than 5% of all business stations in Alameda County have 
such service (which would be 0.1% of the potential calling population). 

Off-Premise Service 

Many large business and other organizations with dispersed facil­
ities channel all of their telephone traffic through central switch­
boards located at their main office. In smaller organizations, off­
premise extensions to a centrally located number may be located in 
detached buildings or remote facilities. There are three problems 
from such arrangements. 
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1. The extension or station may be so remote from the 
main numbervs installed location that it lies out­
side or in a different 911 service area. This would 
result in the sort of situations already mentioned 
for foreign exchange service. 

2. Because ANI would only identify the main station 
number, its value would be limited for tracing and 
call-back purposes. 

3. Similarly, ALI would be difficult to assign. This 
might be partially compensated for by flagging the 
ALI as being for a switchboard or a number with off­
premises extensions. This would alert the call 
answerer to possible location and call-back problems. 
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Off-premises extensions and stations occur almost exclusively 
with business numbers and, like foreign exchange numbers, the most 
likely 911 callers would be business people familiar with that 
situation. 

To determine the potential extent of the problem, PT&T provided 
a tabulation of off-prem·ises installations for the various central 
offices in Alameda County. Counts for four cases were provided. 

I 

II 

III 

IV 

Off-premises station in Alameda County which 
is located in the same central office area 
as the pri~ary station or switchboard. 

Off-premises station whose primary station 
is located in a different central office 
area, both being within Alameda County. 

Off-premises station in Alameda County 
whose main number or serving central office 
is located in another county (or state!). 

Station in another county served by an 
Alameda County central office. 

TOTAL 
As a percentage of Alameda County main stations 

5,710 

3,112 

233 

184 

9,239 
1.97% 

The various Cases I, II, III, and IV are illustrated on the following 
page. 
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Alameda County 

Ar< B Case III E 

Case IV {.'jI 

C D II 

A, B, C, D = Central office areas 
in Alameda County 

E = Central office areas elsewhere 

A = main station 

® = off-premises stations 

As a percentage of total main stations, the number of off­
premises stations is quite small. As a percentage of published 
business numbers, it is 10%. By far the largest concentration of 
off-premises stations is located in the central offices serving 
the most commercialized areas. Other concentrations are located 
in the central offiCes serving the Un~versity of California (Ban­
croft), the Oakland Airport (Hesperian North), and other majoI:' 
Centrex facilities. Since Ce~trex stations were included in the 
tabulation, the extent of the off-premises problems is accordingly 
inflated for reasons subsequently described., 'A PT&T<xepresentative 
estimated the Centrex component at 50% • . " 

Because 65% of the off-premises stations' are located within the 
same ,central office as the main station '(Case I), there would be cor­
rect routing of their 911 calls at least that portion of the time with 
any sort of basic 911 system. Even with selective routing, an Oakland 
PSAP would still correctly receive an estimated 50% of the calls origi­
nating from off-premises stations. 

In order to facilitate the call answerer in these and other cir~ 
cumstances, it is felt that an indication of off-premise cal1:..ing capa­
bility should be associated with an ALI display. 

Switchboards 

The data assembled for off-premises stations did not include the 
PBX and other switchboards which have exclusively on-premises sta­
tions. There is no information available from the phone company on 
how many of theirs or customer-owned switchboards are installed. 
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Most advanced switchboards utilize the "9" digit to attach an 
outside line. The effect of dialing "9-1-1" instead of "9-9-1-1" 
would be an incompleted dialing sequence as far as the common carrier 
system was concerned. On the other hand, the dialing of "9911" in­
stead of "911" from a switchboard station should serve to remind the 
caller that he is calling from an unidentifiable station and he should 
alert the answerer to his particular whereabouts. 

Centrex systems are becoming increasingly common and have a dis­
tinct advantage over other switchboards. Even though an outside line 
must be secured with a preliminary "9", the particular Centrex sta­
tion's ANI would be forwarded through an advanced 911 system. It 
would be available for call-back and detailed ALI. 
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9. ALTERNATIVE 'SERVICE PLANS 

Throughout the conduct of the study, the term "service plan" 
was used to describe the phone switching arrangements which would 
control the 911 call traffic flow. In particular, the service plan 
identifies where the first call answerer would be located for 911 
calls originating from particular areas and how the call would be 
routed from there to where the dispatch would be made. 

In order to evaluate a selective routing service plan with non­
selective routing alternatives, it was necessary to determine the 
amount of mismatch that existed between the telephone company central 
office boundaries and the emergency agencies' jursidictional boundaries. 

With the assistance of the phone company, a map of the county was 
constructed with the boundaries of both the emergency jurisdictions 
and the PT&T central offices serving them. Although the project was 
unable to get a tabulation of telephone stations by municipality and 
central office, a percentage breakdown was made fromlthe map by a 
staff member quite familiar with the areas involved. Questionable 
overlaps and areas that might not have any phones even if they did 
overlap were checked in detail against street maps and detailed central 
office maps. The problem was compounded by the phone company's prac­
tice of maintaining separate tariff and engineering maps. The former 
were the only publicly available maps and did not reflect the current 
switching network. Although they indicated that the Fruitvale Office 
served only Oakland, for example, a subsequent check found several 
hundred of the Fruitvale exchange's 32,000 numbers located in the city 
of Piedmont. 

It was also necessary to identify those areas which would have 
the necessary telephone equipment to support selective routing by the 
time of a-possible 1976 demonstration. The capabilities were known 
to exist in the East Bay exchange, which. was the original Beta area, 
but additional ESS machines had been installed or were scheduled to 
be brought into operation since that proposal was made. After a pro­
longed review of their plant extension plans, PT&T announced to the 
Steering Committee that selective routing could be provided through­
out Alameda County by 1976. 

Selective Routing Service Plans 

The most favored selective routing alternatives were relatively 
simple to identify after discussions with the Users Task Force. With 
extremely few exceptions, each municipality wished to receive its own 
911 calls and either directly dispatch both police and fire or directly 
dispatch police and transfer calls for fire dispatch. The exceptions 
were those communities, not necessarily the smallest, which were 

lSee Figure 2. 
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considering consolidated dispatching for other reasons than an 
inability to answer their own 911 calls. The largest of these was 
the "Tri-City" area composed of Fremont, Union City, and Newark. 
The Fremont Police Department already performs several supportive 
services for the smaller Newark department and has many programs 
and projects in common with the Union City department. Similarly, 
the relatively isolated Valley cities of Pleasanton and Livermore 
have a strong commonality of interests and mutual emergency service 
concerns. Although each is principally served by a separate central 
office, they wished to pursue the possibility of a joint dispatching 
center in conjunction with several neighboring fire districts. The 
city of Berkeley and the University of California are also interested 
in investigating a joiL~ 911 answering facility since there is a great 
deal of m..:.sdirected telephone traffic between these two jurisdictions. 

The project office prepared additional selective routing alterna­
tives which would consolidate the call answering/dispatching functions 
of smaller municipalities with each other and/or larger communities 
for the Steering Committee's consideration. Most followed the lines 
that would result from a major consolidation of municipalities into 
larger political units. 

Non-Selective Routing Plans 

To establish feasible service plans without selective routing, 
the composition of 911 traffic that would be handled by each central 
office was projected. For each central office, the municipality or 
jurisdiction with the majority of 911 traffic was considered to be 
the PSAP for that area. This most-fragmented approach resulted in 
ten PSAPs serving 15 jurisdictions and was identified as the basic 
Multiple PSAP Service Plan. 

Each of the five jurisdictions which ended up without a PSAP 
under this plan happened to be completely served by a single PSAP. 
The three PSAPs which would receive those calls were given multi­
jurisdictional identities and considered to be their serving PSAP. 

PSAP Located At Also Serving 

North Consolidated Berkeley Albany, Univ. of California 

Oak-Emery-Piedmont Oakland Emeryville, Piedmont 

Fremont-Newark Fremont Newark 

The remaining seven were identified by the name of the jurisdiction 
served. 

Each of the PSAPs under the Multiple PSAP Service Plan had two 
areas: an answering area made up of the central offices for which 
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it would receive calls, and a service area composed of the juris­
dictions for whi~h it would dispatch emergency assistance. (The 
assumption was made that direct dispatching.could be performed for 
all functions and all served jurisdictions at the PSAP.) The amount 
of correspondence between the answering area and the service area 
varied widely for the PSAPs. The city of Alameda had complete cor­
respondence between boundaries while the Union City PSAP would have 
to transfer more than 30% of its calls to the serving PSAP. (See 
tabulation on page 3L) Two deficiency variables were computed. 
1) For the serving PSAP's citizenry, the portion of their calls which 
would require a transfer from another PSAP. 2) For the PSAP, the 
additional call answering required to handle misdirected calls. The 
greatest mismatches occurred for the PSAPs serving Hayward and the 
unincorporated part of Alameda County. The County PSAP would be 
making almost half of its dispatches from transferred calls, and Hay­
ward would be transferring almost 30% of the calls it answered to 
other PSAPs. The North Consolidated PSAP had a high transfer workload, 
but most of these were destined for Contra Costa County and could not 
be reduced by consolidation within Alameda County. From a percentage 
standpoint, Union City had a greater transfer workload, but it involved 
unly 14 calls a day. 

Successively higher levels of consolidation were developed by 
the project office in order to (1) minimize the amount of secondary 
dispatch and transfer workload, and (2) reduce the number of PSAPs, 
particularly the low volume PSAPs which could be economically con-
solidated with each other. . 

other possible 'consolidations involved jurisdictions which were 
known to have a high community of interest as evidenced by joint pro­
jects, mutual aid a,';'!tivity, and comments made during site visits. 
These plans involved groupings which could be made independently in 
many instances, e.g., two PSAPs in southern Alameda could be consoli­
dated without affecting a potential consolidation in eastern Alameda 
County. 

The highest level of consolidation involved a single PSAP which 
would answer 911 calls for the entire county, less the city of Alameda. 
~he city has been/operating a 911 service for some time and has no 
mismatching boundary problems. They were not interested in any con­
solidation which could impair their present direct dispatching opera­
tion.) This completely consolidated service plan was identified as 
the Central PSAP plan. 

These alternatives and their effect on 911 traffic flow were 
reviewed at several regional meetings with the city managers, service 
chiefs, and task force representatives of the communities to be 
affected. The city of Hayward, which had the greatest range of possi­
ble consolidations, was separately briefed. 

Several reactions to the service plan alternatives were registered: 
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PSAP 

AlamEda 

North Conso 

Gak-EIn-Pied. 

San Leandro 

Uninc. Ala. Co ~ 

Hayward 

Union City 

Frerront-Newark 

Livennore 

Pleasanton 

AVERAGE 

COUNTY AS 
A mOLE 

MULTIPLE PSAP TRANSFER TRAFFIC (DAILY) 

A B C 
calls Bee 'd Fran Calls Recld Front call.::; Transferred 
Anstvering Area IJ:hat Answering Area That Fran Another PSAP 
Must Be Transferred can Be Dispatched for Local Dispatch 
rr:.: Another PSAP Without Transfer 

-- 104 --
87 310 11 

33 1,126 28 

8 91 23 

16 109 103 

82 186 10 

14 28 3 

4 247 3 

4 74 1 

9 28 2 

257* 2v 303 184 
------- ---_ ... - - - ----- ~------ ~.-.----.-. --------------- -~-.-.------.--- L-______ .. _._~ _____________ . _____________ 

'I: Includes 73 calls to be transferred to Contra Costa County. 

Percent of 
Total Transfer 
calls Dispatch 

Dispatched for Citizens 
B+C C/(B+C) *100 

104 0 

321 3.4% 

1,154 2.4% 

114 20.2% 

212 48.6% 

196 5.1% 

31 10.0% 

250 1.2% 

75 1.3% 

30 6.7% 

(9.8%) 

2,487 7.4% 
_____ ._. ___ .. L~_. __ ~ _____ ~ ____ 

-.~---- ----

-
Percent of-
Additional 
Answering 
at PSAP 
A/(BtC) *100 

0 

27.9% 

2.9% 

7.0% 

7.5% 

41.8% 

45.2% 

1.6% 

5.3% 

30.0% 

(16.9%) 

10.3% 
-

w ...... 



1. As anticipated, all of the municipal representatives 
expressed strong preference for a selective routing 
system which would avoid any transfers. 

2. Among the more cohesive jurisdictions, consolidation 
on a local level was preferred to centralized county 
answering. 

3. The higher the level of consolidation, the less 
willingness to give up the dispatch function as well 
as call answering. 

4. There was better reception to consolidation among fire 
service organizations than police departments. This 
conformed to the general fire service attitude toward 
geographical consolidation but may also reflect a 
reluctance to have a rival department within their 
city answer their calls. 

5. Municipal PSAPs with high transfer traffic between 
themselves and the Sheriff's Office under the Multiple 
PSAP plan were particularly reluctant to consolidate 
with the county on a piecemeal basis. Their police 
departments had their dispatching done by the Sheriff 
until relatively recently, and many who had fought hard 
to get their own dispatching operation were still 
bothered by prior experiences. Consolidation with 
another ~unicipal PSAP, particularly one smaller than 
themselves, was preferred. 

6. Several neighboring municipalities were interested in 
setting up regional fire dispatching centers that would 
be fed calls from individual municipal police PSAPs. 

32 

This was particularly true for fire departments that were 
presently being dispatched by police operators or were so 
small that their call answering was economically burden­
some. 

Limited Selective Routin~ 

It was apparent that there were several central office areas 
that were particularly troublesome and could use selective routing' 
to much greater advantage. A set of service plans was developed 
based on limited selective routing for the Steering Committee's con­
sideration. 

These "limited" service plans were based on the Multiple PSAP 
plan and its various consolidated alternatives with routing applied 
to minimize the mismatches. This routing sometimes generated as a 
by-product the possibility of a small municipality having its own 
PSAP, even though larger municipalities were still consolidated. 
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It is important to note that the project office had no method 
of costing these alternatives or even judging how sensitive the 
selective routing costs would be to the number of central offices 
or subscribers involved. 

One-Roof Call Answerin[ 

The possibility of a centralized "one-roof" service plan was 
briefly considered by the project during the early months. The 911 
call answering, and possibly the dispatching operations of the various 
organizations, would be physically co-located at a central county 
facility but performed by personnel from the served jurisdictions. 
Internal Selective Routing would be used to direct calls to the proper 
answering consoles while back-up answerers and language translators 
could be pooled. It had the advantage of facilitating mutual aid 
operations and shortening the data communication links to a central 
computer. 

The "one-roof" approach was considered acceptable by the fire 
districts, the smaller fire departments, and the County Division of 
Communications. It was opposed by the police departments and the 
cities in both its call answering and dispatching form. with one­
roof call answering, the departments would be unable to pool their 
911 answering with their non-emergency and administrative call work­
load. One-roof dispatching would require extensive voice and radio 
links between the dispatch facility and the various departments -­
more than enough tO,offset any data communication savings. Since 
either form would require selective routing, the approach was regarded 
as a needless compromise of their operational autonomy and was not 
endorsed by any of the cities. 

The project office presented fourteen possible service plans at 
the Steering Committee's January meeting. These consisted of five 
with no selective routing, five with limited selective routing, and 
four with maximum selective routing, including a one-roof approach. 
A smaller set of each was identified as the more feasible, and it 
was recommended to the committee that at least one or two of each 
category be priced by the telephone company as part of a further 
evaluation. 

The phone company felt that three plans were the maximum it 
could price within the study time constraints and recorrunended the 
costing of one from each category. After the Steering Committee 
showed divided preference between the most decentralized and com­
pletely centralized plans of the alternatives with no selective 
routing, it was agreed to price both the Multiple PSAP and th~ Cen­
tral PSAP plans and forego costing the limited selective routing 
alternatives. The most decentralized of the plans involving selec­
tive routing was selected as the third plan on which the project 
should concentrate. 
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10. COMPARATIVE CALL ANSWERER MANNING REQUIREMENTS 

From among the variety of service plans advanced, it was decided, 
for reasons mentioned elsewhere in this report, to evaluate three sys­
tems, and their variants, in detail. These systems were: (1) Selec­
tive Routing of 911 calls via the telephone company switching system 
to fifteen separate answering points; (2) routing of 911 calls via 
the telephone company central offices to ten Multi*fe PSAPs; and, 
(3) routing of all 911 calls to a Central' PSAP. T e Selective Routing 
alternative, which is schematically shown in F~gure 3, involves the 
least amount of secondary handling of calls since, prior to reception 
by the PSAP, they would have been automatically switched to the proper 
PSAP. The Multiple PSAP alternative shown in Figure 4 and the Central 
PSAP alternative shown in Figure 5 both involve a significantly 
greater amount of secondary call handling. 

AssumE!i<?.,,;~ 

In order to properly evaluate the service plans under consider­
ation, it was necessary to forecast the expected 911 call volumes to 
be handled by each answering point, to deduce the expected call pro­
cessing time on the part of the answerers, and to use these values 
to arrive at a projected level of manning for each answering point. 
In the light of the, complexity involved in the various service plans, 
it was necessary to keep focused on the basic task of fairly evalu­
ating the significant differences between the service plans being 
considered. Consequently, a number of assumptions were made as to 
how each plan would function which, whether or not conforming to a 
real-world situation, do allow for equitable comparisons: 

1. Use of Emergency Line Traffic. The number of 911 calls 
which could be anticipated was one of the most difficult 
variables to establish. This was in part due to the sketchy 
records available from the various dispatching agencies, but 
also to the differences of opinion among the call-answering 
personnel in the various agencies as to which calls should 
be considered "911" calls. The Users Task Force unanimously 
agreed that 911 should be used for the hard-core, life-or­
death, seconds-are-vital emergency calls, but opinions as to 
which additional calls should also be considered "911" calls 
varied widely. 

In the two very successful 911 installations visited by 
the staff, calling 911 was also the principal means of sum­
moning any sort of police presence. In both cases, more 
than 80% of the police dispatches were the result of 911 calls. 
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A spokesman for one installation strongly encouraged a loose 
911 criteria saying, "I sometimes wish the word 'emergency' 
was never invented." In the other agencies in these same 
areas, particularly those not operating their own communi­
cation center, a much smaller portion of their activity was 
initiated by citizens calling 911. Like the other suburbs 
~erved by Omaha's system, Bellevue, Nebraska, carries an 
alternate seven digit emergency number in the front of the 
phone book and less than 15% of their assignments are 
initiated as a result of a 911 call. It should be noted 
that California legislation specifies that 911 will be the 
primary: emergency reporting number c'nd will be advertised 
as such. 

In consultation with a number of emergency answering 
center officials, the staff chose the current 'enrergency 
line traffic as the basis for evaluating alternative service 
plans. Such existing emergency number traffic reflects the 
var iations in local "emergency II cr iter ia, var ia tions ~lhich 
will not necessarily disappear after the implementation of a 
911 service. It was thought to be a more readily available 
measure for the project's 'use. And it was felt that all 
current emergency traffic would, in fact, shift to the 911 
lines once they were available. 

2. Ignoring Administrative Calls. It should be pointed out 
that the computation of call answering requirements solely on 
the basis of '911 calls ignores the manning required for answer­
ing administrative and non-emergency calls. This modeling 
simplification is justified since those calls would have to be 
answered by the dispatching agency under any of the service 
plans and the purpose of the model was to compare the relative 
manning requirements. Unquestionably, the present call answer­
ing resources of some agencies will have to be increased to 
comply with 911. Some are presently so undermanned that the 
telephone company operator has difficulty in getting an answer 
when transferring an emergency call to the agency. For others, 
just the modest increase in incident reporting that always 
accompanies a 911 installation will require additional call 
answerers. Again, this is a consequence of having 911 of any 
variety. 

3. Duplicative Gall Answering. The centralized call answering 
requirements, where that option was considered, were thought of 
as being in addition to the local agency answering requirements 
(except for the savings a police department would realize in 
not having to bother with fire calls). This duplicative answer­
ing might be considered to omit certain local manpower savings 
that would occur under a centralized answering approach if a 
911 call could be transferred directly to the local dispatcher 
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and not be routed through a local call answerer. In point 
of fact, this call-answering is not redundant in agencies 
so small that the call answerer is also the dispatcher. 
In organizations big enough to have separate call answerers, 
the dispatcher does not take calls, but concentrates on radio 
control. Although some departments have a technical capability 
of transferring calls directly to the dispatcher, this is prin­
cipally for show and very rarely used. At most, the dispatcher 
will monitor a call when signaled by the answerer in order to 
sret an address. It is, therefore, reasonable to assume that 
t:ransferred 911 calls would be si.1ililarly t£eated and not result 
in any answerer savings at the dispatching facility. 

Call Answerer Analysis Model 

Queuing theory was used to derive the basic set 
employed in evaluating differences in service as the 
call processing times, and number of servers varied. 
are as follows:* 

of equations 
call volumes, 

The equations 

s-l -1 -1 P(o) = [~ aninI + ( (as /s! ) x (1 - a/s) )] 
n=O 

P(GTO) P (0) 
s 

= a /s! (1 - a/s) 

P (GTt) = ;SIlt (1 - p) [P (GIO) ] 

P (WGTt) 
-SIlt(l - p) 

= e 

where 

P(GTO) = the probability that any call waits 

P (GTt) = the probability that any call waits more than 
t seconds 

P (WGTt) = the probability that, given a call waits, it 
waits more than t seconds 

s = the number of call answerers 

m = the number of calls received per minute 

u = the number of calls processed per minute 

a. = m/u and p = m/su 

'* see "Introduction to Operations Research" by Frederick S. Hillier 
and Gerald J. Lieberman (San Francisco: Holden-Day, 1972). 

also see Appendix F. 
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A program was written which calculated these probabilities as 
the number of servers varied from 1 to 20, the call processing time 
varied in 5 second increments from 5 to 200 seconds, and the call 
arrival rate varied per the expected call volumes. 

It must be noted that the equations used assume that the distri­
bution of call arrivals per unit time was Poisson, i.e., that the 
distribution of interarrival times is exponential and that the dis­
tribution of call processing times is exponential. A test was con­
ducted at the Oakland Police Department Communications Center to 
measure the interarrival times of incoming calls on their seven 
incoming emergency lines. The data collected for four separate 
eight-hour intervals was then graphed to show the distribution. 
Reference to Figure 6 shows that the actual distribution closely 
approximates a true Poisson distribution. Since the differences 
between assuming that the distribution of call processing times is 
constant or exponential are insignificant for the 911 study purposes 
as is shown by Appendix F 1 it was felt to be safe to use the assump­
tion that they were exponential. 

Call Volume Estimates 

Initially, an estimate of the expected 911 call volumes at the 
police departments was made by comparing the Part I crime rates and 
911 call volumes in Alameda City, Omaha, Seattle, and New York, where 
911 systems are already in place; with the Part I crime rates in the 
cfties of Alameda Gounty other than Alameda City. Figure 7 is a 
graph of the results which were used a.s a very rough, thOl.lgh useful T 

estimate. 

starting on Nov"ember 7, 1973, the incoming calls on each of the 
seven emergency lines, five non-emergency lines, and three business 
lines at the Oakland Police Department were counted on an hourly 
basis for a total of thirty-three days. These lines are reserved for 
incoming calls only and, while efforts are made to prevent the prac­
tice, emergency calls do come in on the non-emergency lines and vice­
versa. For this data gathering, a line counter leased from the tele­
phone company and installed at the commllnications center was utilized. 

During the latter part of this same period, the telephone company 
installed counters at their central offices on the emergency incoming 
lines and counted the number of incoming calls. The comparative re­
sults of this dual data collection were as follows: 
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Count at Count at Tele}2hone Percenta~e 
Date Oakland PSAP . Centr'al' Offi'ce ' niff'erence 

November 28 529 646 22,,1 

November 29 551 657 19.2 

November 30 622 696 11.9 

December 1 874 1,026 17.4 

December 2 725 819 13.0 

December 3 709 920 29.8 

December 4 575 753 31.0 

TOTAL 4,585 5,517 20.3 

The 20 percent ,1 Lfference ';etween the two sets of figures inval­
idated the telephone company's technique of gathering call volumes 
from the cehtral offices. This was particularly unfortunate in light 
of the fact that the telephone company had used this technique on all 
of the emergency lines for all the agencies in the county. However, 
it was fortunate that a dual data collection was made and the error 
discovered. 

In the hope that a correlation could in some way be found between 
the telephone company data and,that collected at the PSAP, an exper­
ment was set up whereby incoming calls to the Fremont Police Depart­
ment would be counted manually at the department and at the central 
office. In case no correlation could be found, the data collected in 
Fremont would be useful in estimating 911 call volumes. No corre­
lation was found as Figure 8 shows and, while various people hazarded 
guesses as'to the cause, no dlear explanation for the telephone com­
pany overcounting has been found. 

The consequence of the call volume counting effort was that the 
project had accurat ... volumes for Oakland in December (615) and Fremont 
in January (154). ':"dese two cities account for 44 percent of the 
population and 53 percent of the Index crimes in the county; and, 
whereas Oakland is a typical inner city, Fremont is a typical, rapidly 
growing suburb. The task was to project the call volumes for the rest 
of the county. The following procedure was employed. 

The percentage distribution of population by municipality was 
compared with the percentage distribution of Index crimes by munici­
pality and the latter, since it more accurately reflects the social 
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problems and, thus, the social conditions which would result in a 
call for emergency services, was chosen as the factor to use in 
distributing call volumes among the cities and unincorporated county 
areas. 

Fremont's ratio of emergency calls to index crimes was sligh'tly 
greater and still produced calls/capita rates significantly less 
than frequently cited. It was therefore adopted and the results fur­
ther adjusted upwards 55% for the following reasons: 

30% because the sample was taken at the end of January, 
a very low volume month for dispatch activity. 

15% to account for the effect of adding fire and ambulance 
calls. 

10% due to anticipated increases because of the increased 
general utility of 911. 

In the case of nine of the fourteen jursidictions, an additional 5 
or 10 percent was added because of the peculiarities of the local 
munici,pali ty. Figure 9 shows the results and compares the proj ected 
911 calls/day with the planning figure of 2.5 calls/l,OOO population 
recommended by Seattle. 

These conservative call volumes were then used to project the 
call volumes to be expected with the three service plans (Selective 
Routing, Multiple PSAPs, and Central PSAp) at each of the answering 
poInts •. Figures 10, 11, and 12 show the results of these allocations. 
At the same time, using the following ratios b~sed on previous call 
volume studies in Oakland, the watch volumes and busy-hour-during­
watch call volumes were derived. 

First Watch Volume = 23% x Daily Volume 
001 - 0800 

First Watch Busy Hour Volume = 25% x First Watch Volume 

Second Watch Volume :. 30% x Daily Volume 
0801 - 1600 

Second Watch Busy Hour Volume = 21% x Second Watch Volume 

Third Watch Volume = 47% x Daily Volume 
1601 - 2400 

Third Watch Busy Hour Volume = 18% x Third Watch Volume 

The differences between the total for the Selective Routing plan 
(2,895) and the total for the' Multiple' PSAP and Cen'tra'l' PSAP plans 
(2,969) is explained by the fact that the latter-two plans involve 
receiving and transferring calls for the adjacent Contra Costa County. 
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Call Answering Performance 

One of the mandatory standards issued by the State of California's 
General Services Division concerned the call answering performance to 
be provided at a PSAP. It is as follows: 

"During the average busy hour of each shift of the busy 
day, all calls will be answered within 10 seconds. To 
meet this standard, consideration must be given to the 
number of 911 lines, answering positions, and call pro­
cessing time, etc." 

While reviewing the draft of their standard, the project pointed out 
that a standard specifying "all calls" \''laS not a suitable one for 
queuing analysis. Some probability measure, no matter how high, was 
required. Despite considerable discussion and a temporary reconsider­
ation, the standard was issued as noted. The project staff, there­
fore, adopted the probability standard that at least 90% of the calls 
would be answered within ten seconds. It shOUld be noted that since 
an integral number of servers had to be selected, the resulting per­
formance was well above 90% in almost all cases, and better than 99% 
for the smaller PSAPs on every watch with every service plan. 

Call Processing Times 

At the same time that the call volumes were being collected in 
Oakland and Fremon~, call processing times were also collected., Call 
processing 'time is distinguished from call talk time in that pro- , 
cessing time is the total time the answerer is unavailable to answer 
another incoming cali due to being t"ied up with the record-keeping 
a'ctivities related to the call' being serviced. ···.Tape time· is the time 
actually on the line and may be used for computing circuit requirements 
but not manning requirements. Figures 13 and 14 show the' results of 
the data collection effort. 

In the case of Fremont, the average processing time for a sample 
of 51 calls on emergency lines was 87 seconds; while in Oakland, with 
a sample of 429 calls on emergency lines, the average processing time 
was 115 seconds. For the purposes of the 911 study, an average call 
processing time of 100 seconds was selected. 

It was assumed that a call could be transferred from a central 
PSAP to a secondary PSAP in considerably less time than it would take 
to fully process a call. Just how quickly was discussed with a vari­
ety of knowledgeable sources including TSPS telephone operators, 
supervisors of existing 911 facilities, and other police communi­
cation personnel. The State technical standards also specified that 
the transferrer had to stay on the line to assure that the connection 
was made and the conversation initiated.' Several 911 facilities 
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noted that the caller frequently dropped off the line with the result 
that the dispatch had to be relayed despite a transfer policy. From 
these considerations, it was decided that a 45 second transfer time 
for a central PSAP was a reasonable estimate and that ten more sec­
onds could be saved if ALI were available to assist the central call 
answerer in selecting the proper jurisdictiono Although the Multiple 
PSAP Service Plan would dilute the 100 second call processings with 
some 45 second (or 35 second) call transfers, the multi-server queu­
ing model used could not readily accommodate such a mix of trans­
actions. One hundred seconds was therefore also used in computing 
the Multiple PSAP manning requirements. 

Manpower Computation 

Using the tables generated in the analytical model; the dis­
tributed call volumes indicated in Figures 10, 11, and 12; and a 
processing time of 100 seconds except as previously noted; the call 
answerer requirements were developed for each watch and for each day. 
The manning requirements (number of call answering employees) were 
taken at 5/3 the daily requirements to allow for weekends, holidays, 
vacation, sick time, and other relief requirements. 

The results show that for Alameda County, a central PSAP Service 
Plan with transfer dispatching would require approximately 10% more 
manpower than a Selective Routing Service Plan and 5% more than a 
Multiple PSAP Service Plan. 

Service Plan 

Selective Routing 
Multiple PSAP 
Central PSAP 

Manning Required* 

211 
223 
234 

It must be re-emphasized that the assumptions made and the 
techniques employed had as their sole purpose the derivation of 
call volumes and manning requirements for comparin~ the three ser­
vice plans an0 not to project actual manning which will depend upon 
actual volumes, actual processing times, and the answering policies 
of the individual PSAPs. 

*Does not include any supervisory or administrative personnel 
such as would be required at a new centralized 911 answering facility. 
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11. EVALUATION OF ALTERNATIVE' ALI-SOSD' METHODS 

In addition to numerous service plans, a wide variety of tech­
nical alternatives were developed for providing ALlor ALI-SOSD 
information. Each had significant implications with respect to 
the issues of privacy, provision of SOSO, and performance. A pre­
liminary evaluation of the approaches was made to the Steering 
Committee so that the least promising could be discarded. The 
balance of this section is that evaluation. 

Six methods by which a 911 call answerer could receive ALI and 
SOSD were identified. These are schematically shown in Figure 15. 
All of the approaches, of course, assume that Automatic Number Iden­
tification (ANI) would be available at the answering centers 
(PSAPs) . 

In Approach A, the telephone company would retain all files 
and at tne time a 911 call is answered, woul.d transmit to' the right 
answering station only ALI information. (It is estimated that among 
all the PSAPe /' there would be up to 62 displays or computer terminals.)' 
~~proach B would, in addition to providing ALI data from the tele-
p one company computer, provide SOSo information by routing the call 
through a government computer where the SO SO data would be appended 
to the message to be displayed at the answering position. In this 
latter case, the te~ephone company would retain the subscriber files 
while the government w~x;;,d.d maintain the SDSD data files. !Wproach C 
is the same as Approa·:;}: B except that instead of using one central 
government computer to p.,rc\'·ide SDSD information, up to 14 local com­
puters would be used to pe1::i:orm the same task. These local computers 
could be used for other 'tasks than adding SDSD information to 911 
calls coming into the PSAP. ~proach D is the same as Approach B 
except that the government would now have the individual subscriber 
files and the two separate computers would be combined into one. 
A~proach E differs from D in that the 911 SDSD and ALI data is fed 
EO a local command and control computer for additional processing. 
Approach F is the same as 0 except that the one central computer in D 
has been replaced by a number of local machines each of which would 
have to contain the subscriber files pertaining to the local juris­
dictional area. It can be seen then, that three of the approaches 
(A, B, and C) allow the telephone company to retain the subscriber 
files while D, E, and F require the release of these files either to 
a central government computer (D and E) or to local PSAP machines (F). 

It is possible to consider various combinations of these 
approaches once the basic question -- whether or not subscriber 
files will or will not be released to government -- has been answered. 
For instance., Approach D could be used by the smaller cities while 
the larger cities were using Approach E with their own local command 
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and control systems. Similarly, a combination of Approaches A, B, 
and C are all possible using the same telephone company computer 
system. However, for evaluation purposes, the study considered the 
systems to be separate. 

The six approaches were evaluated along five different dimensions: 

1. privacy 
2. Response time 
3. Reliability and availability 
4. Provision of SDSD 
5. Operating cost 

The first four are discussed below while cost was included as a part 
of the total system evaluation. 

Privacy 

There are five potential threats to privacy, or confidentiality 
from a sophisticated 911 system with ALI-SDSD capabilities. They 
are: 

1. Real time interface with other files of information 
that are not necessary for making an emergency response. 

2. Release of a particular unlisted number. 

3. Release of'directory files or updates to mailing lists 
or salesmen. 

4. Accumulating emergency telephone traffic information 
for improper subsequent use. 

5. Release of proprietary telephone company installation 
records to competitors. 

Several assumptions were made in evaluating these threats: 

1. It is easier to exercise privacy control, policy, and 
practices over a central government computer than 
several local computers. 

2. ALI-SDSD terminals connected directly to a central 
government computer can be for display only and with 
no means for initiating an inquiry. 

3. Local computers are liable to be general purpose com­
puters with other criminal justice or non-9ll appli­
cations. 

4. There is slight chance that residential names would be 
included with ALI data in the future. 



5. Users would be more sensitive to loss of real-time 
services than loss of updates. 

6. The telephone company has no internal privacy problems. 
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The following evaluations are intended to demonstrate the rela­
tive resistance to each threat of the various ALI-SDSD methods. 
A scale of 1 to 5 has been used with 5 being the maximum resistance 
and 1, the least. Weighting of the various threats has been pur­
posely avoided, although they have been listed as a citizen might 
view their severity. 

!\pproaches 

Threats 

Real-time interface 
with other files 

Release of a particular 
unlisted number 

Release of directory 
or updates 

Accumulating emergency 
telephone traffic data 

Release of proprietary 
TelCo installation records 

Response Time 

Telephone Co. 
has fi'le's 

ABC 

5 

5 

5 

5 

5 

25 

4 

5 

5 

4 

5 

23 

2 

4 

5 

3 

5 

19 

Central 
Gov't. 

has' fi'1'es 
D E 

4 

4 

4 

4 

4 

20 

2 

3 

4 

3 

4 

16 

Local 
Gov't. 
has 

files 
F 

1 

2 

2 

2 

4 

11 

The time for a call answerer at a PSAP to get a display of the 
relevant ALI-SDSD data will vary by the particular method employed. 
The minimum response time has been computed on reasonable assumptions 
concerning message length, computer processing time, and circuit 
speeds for the different methods. 

1. Data Message Length 

It is assumed that formatting of information to be dis­
played will occur at the last computer to process the 
ALI-SDSD message. All other transmissions will be packed 
and encoded to minimize transmission time. The lengths 
of the messages in eight bit characters are: 
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ANI (and position ID) 

ALI 

SDSD 

ALI and SDSD 

2. Computer Processing Time: 

Number of Characters 
. Pa'cked' (P) 'Formatted (F) 

10 

50 

25 

75 

10 

150 

50 

200 
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It is assumed that the greatest part of each computer's 
time will be required to access the files of directory 
of SDSD information. Since business numbers (25%) would 
require reference to separately stored names, 1.25 ac­
cesses are estimated to get packed ALI. Based on 20 ms 
(milliseconds) overhead for each computer and 40 ms for 
each access and associated processing, the following 
computer processing times would occur: 

ANI __ 1_._2_5 __ >-:3> ALI (P) __ 1_._0 ___ >-3> 

11.0 
ALI (F) 

SDSD {p) ____ l_._O _____ >~ SDSD (F) 

ComEuter Process File Accesses Time 

ANI to ALI (F) 2.25 110 ms. 

ANI to ALI (P) 1.25 70 ros. 

ANI to ALI (F) + 
SDSD (F) 4.25 190 ros. 

ANI to ALI (F) + 
SDSD (P) 2.25 110 ros. 

ALI (P) to ALI on + 
SDSD (F) 3.00 140 ms. 

ALI (P) to SDSD (P) to 
ALI (F) + SDSD (F) 2.00 100 ms. 
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3. Transmission Time: 

It is assumed that data circuits will have the following 
speeds employed bebleen the different equipment facili­
ties (baud = bits/second) : 

PSAP to central computer 
PSAP to local computer 
Local computer to display 
Central computer to display 
Central computer to local computer 
Cen.tral computer to central computer 

1200 baud 
9600 baud 
9600 baud 
2400 baud 
2400 baud 
4800 baud 

This results in the following transmission times in 
milliseconds: 

ANI at 1200 baud: 66 ms; at 9600 baud: 8 ms; 
ALI (P) at 2400 baUd: 165 ms; at 4800 baud: 83 ms; 
ALI (F) at 2400 baud: 495 mSi 
ALI (P) + SDSD (P) at 2400 baud: 248 ms; 
ALI (F) + SDSD (F) at 2400 baud: 660 sm; at 9600 baud: 165; 

4. Response Time: 

Based on the above assumptions, the minimum response time 
for presenting an ALI-SDSD display would be: 

Approaches A B C D E F 

phone to 1st 
computer (ms) 66 66 66 66 66 8 

Processing (ms) 110 70 70 190 110 190 

To 2nd 
computer (ms) 83 165 248 

processing (ms) 140 140 100 

To display (ms) 495 660 165 660 165 165 

Response Time 
in Seconds .671 1.019 .606 .916 .689 .363 

'These times do not reflect the contention on the network 
from simultaneous 911 calls nor contention at the com­
puters with any other processing that might be required. 
Nevertheless, since each circuit or dedicated computer 
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would be idle at least 93% of the time during the 
average busy hour, contention would not signifi­
cantly affect the results. 

SUMMARY: 

All of the approaches would provide response times 
well below the 2 seconds set as a reasonable design 
goal. 

Reliability and Availability 
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The reliability of the ALI-SDSD sUb-systems is the cumulative 
unreliabili ty of the various links in the processing chain. Sincle 
no computer or communication circuit is 100% reliable, adding it to 
an information system will reduce overall reliability. The telephone 
company has suggested .98 as a reasonable reliability factor to use 
for data circuits. That means that at any point in time therp. is 
only one chance in fifty that a particular circuit ~.rill fail in t.he 
succeeding 24 hours. The Aerospace Corporation has projected a reli­
ability of .981 for a minicomputer supporting the ALI function using 
redundant file storage. Assuming that equally reliable computers 
and data circuits are available to the telephone company, the county 
government, or local PSAPs, t.he following table shows the relative 
reliability of the various approaches: 

x = computer reliability = .981 

y = point-to-point reliability = .98 

Approache,~ A B ·C 0 E F 

# of computers (x) 1 2 :2 1 2 1 

# of circuits (y) 2 3 2 2 2 0 

Formula xy2 x 2y3 2 2 xy2 2 2 
x Y x Y x 

Reliability .942 .905 .923 .942 .923 .981 

Approaches A and D ShOiI7 identical reliability because they 
involve the sa~e number of computers and data circuits to process 
an ALI request. Similarly C and E are the Rame but less reliable 
because of the addition of a local computer at the PSAP. Approach B 
is the least reliable and would fail 35 times a year without con­
sidering display terminal failures which are assumed equally likely 
to fail under each approach. 
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The availability of the system is more important to the users 
than reliability since it determines how much of the time the sys­
tem can be used. This depends upon how long it takes to repair a 
failure as much as upon the frequency of failures. Availability 
of the various approaches was projected on the assumption that the 
mean time to repair would be 1.0 hour for any circuits, 1.0 hour 
for a central telephone company computer, 4.0 hours for a central 
government computer, and 8.0 hours for a local computer. 

Approach A B C D E F 

Hours lost to 
circuit outage/year 14.6 21.9 14.6 14.6 14.6 0 

Hours lost to computer 
failure/year 6.9 55.0 103.1 48.1 144.3 96.2 

Total hours lost/year 21.5 71.9 117.7 62.7 158.9 96.2 

Availability .9975 .9918 .9866 .9928 .9819 .9890 

If a generous four hours a week were allowed for terminal outage, 
the resulting availability would be: 

.974 .968 .963 .969 .958 .965 

SUMMARY; 

Although the reliability of Approach F is significantly higher than 
all of the other approaches, its availability is less than A, B, or 
D. There is only .016 spread in availability between all of the 
approaches and all meet the .95 availability that the Users Task 
Force accepted as a reasonable goal. 
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Provision of SDSD 

The capability of providing SDSD was assessed for each of the 
methods as follows: 

Approaches 

"A !I 

"B" 

"e" 

liD" 

"E" 

IIF" 

Method A has no capabilities for providing 
SDSD of any variety or on any basis. If the 
telephone company retains the directory 
files, Methods B or C must be used for any 
SDSD. 

Method B would certainly have at least 
zonal SDSD for the entire county on the 
central government computer. If nurnber­
related SDSD were included and inquiry 
access provided, the user terminals would 
still not have access to the directory 
files. 

With this method or in conjunction with 
Method A, SDSD would only be available to 
those PSAPs planning a computerized command 
and control system, since SDSD itself would 
probably be insufficient justification for 
a local computer. A small P8AP could con­
tract SDSD support from a large automated 
PSAP (e.g., Piedmont and Oakland), but this 
is a variant of Method B. 

This method could provide the same SDSD as 
Method B, but inquiry access would involve 
the computer with the telephone directory 
files. For this reason, it is considered 
less desirable than Method B. 

With zonal SDSD on the central computer, 
a smaller local computer could provide 
number-related SDSD and the other command 
control functions justifying it. In this 
case, inquiry access would not involve the 
computer with the telephone directory files 
but would limit number-related SDSD to large 
PSAPs. 

This method has the same liabilities as 
Method C and no basis for any SDSD standard­
ization. A PSAP might use its present police 
beats as the framework for aggregating SDSD 
and the cost of subsequent modification might 
inhibit change. 

Evaluation 

WORST 

BEST 

FAIR 

GOOD 

FAIR 

POOR 
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While no single approach was,· as a rem.11t of this evaluation, 
singled out as being clearly superior to all. others, certain con­
clusions were reached. Because of the feeling that to release 
telephone subscriber files to government would increase ths poten­
tial for misuse of those files, approaches involving such release 
(D, E, and F) were discounted. 

Two potential systems then remained to be evaluated: Approach A, 
which provides ALI information only; and Approach B, which provides 
both ALI and SDSD information. It was felt that both of these 
approaches should be costed and considered in the final evaluation 
of 911 systems. 

Approach C involved increased cost due to the number of com­
puters required for the various PSAPs. It had a slightly greater 
privacy threat than B and as only three municipalities were even 
considering a computerized dispatching system, it was withdrawn 
from further consideration. 
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12. PHONE AND DATA SYSTEM COSTS 

The procedures for arriving at the costs for the several alter­
natives were complicated by the variety of the systems under con-' 
sideration. Consequently, the costing efforts were divided 'among 
the project staff, the telephone company, and the Aerospace Corpo­
ration. The project office undertook the costing of the data pro­
cessing system and data network which would be required to support 
the approaches involving ALI and SDSD information. The t'o81lephone 
company provided the costs for selective routing, for the provision 
and display of ANI, and for the equipment necessary to interface the 
ALI-SDSD system with the rest of the network. The Aerospace Corpo­
ration provided component costs estimates in support of the project 
staff's assignment and costed an alternative selective routing-ALI­
SDSD approach which would not involve using a telephone company ESS 
for selective routing. ---

Within their area of costing responsibility, the telephone com­
pany refused to provide detailed breakdowns of their total figures. 
Instead, they provided a lump initial and monthly recurring charge 
for each of the system alternatives priced. These quotes were osten­
sibly based on actual costs and included no allowance for: develop­
ment of special equipment, return, equipment replacement, or cost of 
working capital. They did not include the agencies' existing station 
equipment costs and. represented ~he increased cost of adding the 
advanced ANI features to tho'se phones, call directors, etc. Exceptions 
to the cost basis pricing were basic 911 alternatives for the Multiple 
and Central PSAP approaches. These were quoted according to the 
established policy of not charging the user for inter-office facil-
ities, etc., for basic 911 systems. . 

The phone company accepted as inputs the project office's volume 
estimates for the various PSAPs, the level of service required between 
primary and secondary offices, and the ANI's display and transfer 
requirements. The estimates of the ALI-SDSD costs made by the pro­
ject office were a1ccepted by the telephone company as being their 
estimates also (within 20%)- for those alternatives wherein the tele­
phone company would provide the ALI information. The ereipment costs 
for the ALI-SDSD network were based upon figures genera ed by the 
Aerospace Corporation. These data network costs were, to a great 
extent, independent of the particular service plan under consideration 
since the ALI-SDSD information would have to be available at the dis­
patching agency, no matter how the calls were routed. 

The software develppment costs were prepared by the project 
office and based on the assumption that the work would not be done 
by a contractual software firm, but most likely by Alameda County 
under the direction of somebody tID~roughly conversant with the system 
concept, the proposed file structures, etc. 



The Aerospace Corporation had been asked to investigate the 
possibility of accomplishing the selective routing task with a 
special telephone switch toward the end of the project. This 
,:-lternative, known as tl;e ~st'ributec;1 Voic'e/~ata' 'al?proach, was 
1ncluded as an alternat~ve 1n both its ALI ana SDSD fo~~. 

Aerospace provided the telephone and data system costs to 
the project office. The estimates of recurring telephone costs 
were subsequently adjusted upwards by the project office to make 
the number of circuits and other capacities comparable to the 
advanced PT&T systems under consideration. 

52 

The one-time and recurring charges for the various telephone 
and data processing components of the alternative systems are given 
in the Table 2. 
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13 •. F'INAL EVALUAT'ION' OF' '9'11' ALTERNATIVES 

The alternatives to be evaluated consisted of sixteen combina­
tions of service plans and capabilities for providing information. 
The alternatives were labeled with a combination of the two key 
characteristics: 

Service Plan 

A. Selective Routing -- the automatic switching of 911 calls accor­
ding to municipal and unincorporated jurisdictional boundaries 
without concern for telephone switching boundaries. 

B. Multiple PSAPs -- the routing of 911 calls originating within a 
group of telephone central office areas to one of ten regional 
~ublic ~afety ~nswering Eoints. At the PSAP, a direct dispatch 
1,S made 75 percent of the time. In the remaining instances, the 
call is transferred to either a decentralized dispatching facility 
or, to compensate for boundary mismatch, another dispatching agency. 

C. Central PSAP -- the receiving of all 911 calls at a central Ala­
meda County 911 answering facility for subsequent transfer to 
the correct dispatching agency on the basis of function and geo­
graphical juris,diction. 

Information Capabilitie~ 

A. Basic -- the receipt of a 911 call without any additional infor­
mation than that the caller dialed 911. 

B. Enhanced -- the identity of the call's general area of origin 
(telephone central office area) and the ability to hold the call 
for tracing purposes. These features are presently available 
for 911 and not considered "advanced". 

C. ANI -- automatic display at the PSAP of the seven digit calling 
number. 

D. ALI -- Automatic Location Identification. 
The automatic display of the 911 calling phone's installation 
address and, for non-residential numbers, the subscriber's name. 
All ALI systems have ANI capabilities. 

E. SDSD -- the display of Supplementary Dispatch Support Data in 
addition to the ALI and ANI information at the call answering 
position. 
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A Selective Routing Only system was also evaluated. It would 
not have any information display capabilities'. Due to switching 
limitations, called party hold is not available with a selective 
routing system. 

Two additional systems were based on performing the selective 
routing and the ALI-SDSD processing functions at a single Distrib­
uted Voice/Data facility: a DV/D ALI system and a DV/D SDSD system. 
For purposes of the evaluation, the very questionable assumption was 
made that PT&T would be willing to operate a DV/D ALI facility for 
an Alameda County trial. The DV/D SDSD system would have to be 
operated by government. 

Five parameters were compared in analyzing each of the sixteen 
alternatives. The parameters and the weighting of each are: 

Utility Value 25% 
Net Cost 24% 
Privacy 20% 
Reliability 16% 
Jurisdictional Consideration 15% 

Each is described below and tabulated in Table 3. 

The weighting pf the diverse parameters was recognized as being 
higply judgmental, as was the scale used in establishing component 
scores. Originally, reliability was also assigned 15% (and Cost 25%) 
but was increased to 16 so that the component scores could be added 
directly without weighting. 

utility Value 

All of the alternatives l:1i:J.ve the 'significant 'threshold value of 
providing a single easy-to-remember number for summoning emergency 
assistance. Five additional utility capabilities have been identified 
and assigned 25 points as indicated. 

A. Audit Trail-- 3 points'maximum 

The called party hold feature of enhanced 911 will provide an 
audit trail for identifying the origin of false alarms and 
other malicious 911 calls. To use it, the line must be held 
open and PT&T asked to make a trace. Systems with ANI greatly 
facilitate this function and are given the maximum points. 
A minimum audit value is given to a Selective Routing Only 
system since PT&T could log the origins of calls passing through 
their switch in support of particular investigations. 
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B. ANI Display -- 10 points 

Provision of the calling number to the public safety call 
answerer and the dispatching organization permits the calling 
back to correct incomplete or inaccurate information; allows 
low priority 911 calls to be returned later with greater con­
fidence; facilitates record-keeping; and in the case of excep­
tional emergencies, the caller's address can be determined 
within a few minutes. For this reason, systems with ANI are 
assigned 10 points in addition to the maximum audit score. 

C~ ALI -- 7 points 

ALI provides the caller's location for rapid dispatch to inci­
dents in progress; early recognition of mUltiple calls on the 
same incident; reduction in transcription errors and confusion 
with similar sounding addresses. 

D. SDSD -- 3 points 

Pr,Qvision of zonal SDSD will facilitate the dispatch process, 
particularly for larger and growing cities, and will assist 
in directing field units to unfamiliar locations. Since the 
government computer required for SDSD could be queried by call 
answerers and dispatchers, it could facilitate retrieving infor­
mation on recent calls. 

E. Management Reports -- 2 points 

The SDSD systems also permit the economical capture of 911 call 
traffic data for resource allocation and other public safety 
management purposes. A similar but less accessible or flexible 
capability exists if the only on-line computer is operated by 
the telephone company. Since this would be the case with ALI 
systems, they are given 1 point. 

Net Cost 

For comparison purposes, cost is taken to be composed of three 
elements: (1) 8% of the initial cost divided by 12 (monthly interest 
on capital investment); (2) monthly charges for the telephone and 
data system; and (3) the monthly cost for answering personnel beyond 
the minimum required. The latter was computed on an average call 
answerer cost of $1,200/month. A maximum of 24 points was allocated 
to the least expensive alternative (Multiple PSAPs Basic: $lS,322) 
and 0 points to the most expensive (Central PSAP SDSD: $58,380). 
The remaining alternatives were allocated points to the nearest tenth 
by interpolating their net monthly cost between the two extremes. 
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Privacy Aspec'ts 

There are two privacy aspects to be considered: the right, if 
any, of a 911 caller to remain anonymous, and the safeguarding of 
general telephone subscriber information from misuse. 

A. Caller Privacy -- 5 points 

As noted previously, the capability of holding a call for trace 
purposes, the display of ANI, and the display of ALI must all 
be regarded as less private systems than the basic 911. Simi­
larly, the provision of supplementary dispatch support data 
(even zonal) must be considered less private. C.aller privacy 
has been given the following weights: 

No Display 
Enhanced 
ANI 
ALI 
SDSD 

B. Subscriber Privacy -- 15 points 

5 
4 
3 
2 
1 

The privacy loss to subscribers in general is a far greater 
threat since it involves all telephone subscribers and not 
just those choosing to make a 911 call. Some have argued "that 
a real-time retrieval system within the telephone company is 
itself a significant privacy threat. Nevertheless, that capa­
bility is regarded as a minor risk in this evaluation and 
given 14 points. The big subscriber privacy risk occurs in 
systems requiring advance provision of directory data to a 
government-operated computer system. Almost all SDSD approaches 
have been configured with multiple computers to avoid this threat 
and have been given the same subscriber privacy rank as ALI (14). 
The exception, a distributed data/voice system operated by govern­
ment, requires directory files for selective routing as well as 
ALI. For that reason, it has been assigned the very low sub­
scriber privacy value of 5. 

Reliability 

Assessing the relative reliability of the alternatives is ex­
tremely difficult because of the many uncertainties and the many un­
knowns involved". For the purpose of tllis analysis, much greater 
weight is given to the reliability of the voice communication system 
than to the ANI-ALI-SDSD system. Being able to get a 911 call to a 
public safety answering point is considered three times as important 
as the reliability of the data system. 



• t 
, . 

57 

A. Voice switching Reliability -- 12 points 

1. Con~iguration Reliability -- 3 points 

The greater the number of switching operations required 
in routing a 911 call from a subscriber to a PSAP, the 
greater the number of circuits and switching facilities 
susceptible to malfunction. The systems with neither 
selective routing nor traffic concentrators involve only 
one switching operation and two circuits. The others 
require two switching operations and three circuits. 
Therefore, the advanced and enhanced approaches for 
multiple and central PSAPs are ranked higher from this 
standpoint (2). 

From a reliability standpoint, the systems which require 
an additional manual transfer to the dispatching agency 
are also dependent upon transfer circuits in the PSAP's 
station equipment. Although selective routing and multiple 
PSAPs are roughly comparable with respect to this arrange­
ment (13% and 25% of 911 calls trilnsferred), central PSAP 
systems require 100% transfer and'are ranked a point lower 
because of it. 

2. Equipment Reliability 5 points" , 

The relative reliability of the equipment to be employed 
is very difficult to assess. The ESS switch to be used 
in the selective routing approach (specifically, the #1 
two wire variety) had a design goal of two hours down in 
40 years of operation. Over 450 have been installed and 
cumulatively have provided over 1500 years of everyday 
telephone switching services throughout the nation. 

Aside from the software changes, the modifications -to the 
ESS switchers would consist only of increasing the amount 
of permanent and semi-permanent storage capacity. It would 
not involve any new components that have not already received 
extensive opera't.ional use. Bell Laboratories, which designed 
the ESS and discarded the idea of a special switch, is gen­
erally recognized as the foremost reliability engineering 
organization in the world. 

The alternative selective routing approach would employ a 
recently developed electronic commercial switch with a 
designed reliability of 14 years mean time between fai~ure. 
It has considerable reliability designed into it by virtue 
of redundant circuitry and other advanced technology devel­
oped for military and aerospace systems. Although the major 
components of such a switching system are readily available, 
the principal suppliers of the voice switch do not have a 
similar system yet in operation. 
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In evaluating the reliability of the two types of elec­
tronic switching equipment for a demonstration project, 
heavy weight is given to the proven performance of the ESS. 

3. Maintenance Responsibility -- 4 points 

System availability is not only dependent upon reliable 
equipment and circuits, but also upon the capabilities 
of the maintaining organization to quickly locate problems 
and take corrective actions. The telephone company would 
have an advantage in this regard, particularly with respect 
to calamitous natural disasters that might knock out a 
critical central switcher. The amount of knowledgeable 
and technical resources which it could focus on system 
restoral would be impossible for government or industry 
to match. 

A distributed data/voice system operated by the phone com­
pany is ranked between the two extremes to reflect the 
uniqueness of the switching equipment they would be main­
taining. (2 points) 

B. Reliability of the Data Information System -- 4 points 

1. Aside from the distributed voice/data approaches, the ANI, 
ALI, and SDSD data features represent increasing complexity 
and unreliability. 

SDSD requires a TelCo computer, a government com­
puter, three data circuits, and a CRT display. 
The two computer approach would divide data net­
work responsibility between government and the 
telephone company. Somewhat offsetting this would 
be the availability to a central customer of aut­
mated performance records. It is given the lowest 
reliability rank. (1) 

ALI would not require a government computer and 
only two data circuits. (2) 

ANI would not require any computers, data circuits, 
or CRT displays. It would have the highest relia­
bility rank. (4) 

2. The distributed voice/data approaches should provide greater 
data reliability than the ESS approaches because of the sim­
pler data flow and the earlier capture of ANI. Both ALI and 
SDSD require the same neb;ork configurations and would conse­
quently have the same data system reliability. The consoli­
dation of the selective routing and ALI-SDSD processing func­
tions in the same minicomputer would make the testing and 
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maintenance of data programs more difficult to perform. 
Nevertheless, a higher data system reliability is 
assigned to the distributed voice/data approaches. (3) 
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3. All 911 systems without data features are given the same 
maximum weight as an ANI approach. (4) 

Jurisdictional Co·n·siderati·oTIs 

As a premise, it is assumed that it is most desirable for a 
citizen to reach his own jurisdiction without a transfer. Not only 
does it lodge responsibility for handling the call with his own muni­
cipality, but it keeps all of the decision-making at that level. What 
should or should not be accepted as a 911 call would be decided by the 
local public safety agency and people more knowledgeable about the pre­
va~.ling availability of resources. Even if the municipality elects to 
have a decentralized fire dispatching operation, a local call answerer 
is in a better position to coordinate multi-function responses to in­
cidents than a central call answerer. From the standpoint of politi­
cal acceptability, the selective routing approaches rank extremely 
high. All of the operating organizations contacted in the course of 
the study have expressed preference, sometimes extreme, for selective 
routing. For this reason, the selective routing approaches are 
assigned a maximum of 15 points. 

The government-owned voice switcher is assigned one less juris­
dictional point be,cause that voice switching equipment would impose 
a slight additional interjurisdictional dependency. 

Most, but not all, of the public safety organizations and muni­
cipalities contacted prefer a multiple PSAP system over a central 
PSAP system. This would result in direct dispatching for approxi­
mately 75 percent of the calls, and for some cities, as much as 98 
percent. Nevertheless, it would require multiple intermunicipality 
dependencies between neighboring cities. For this reason, the multiple 
PSAP approach has been allocated only slightly more jurisdictional 
points (6) than a central PSAP approach (4). 
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Anal:isis,' Findin'5I's' a'nd Re'comnrenda'tions 

The resulting cumulative scores range from a low of 48.1 
(Central PSAP Enhanced) to a high of 77.9 (Selective Routing ANI) 
with an average and median of 64.* When organized according to 
service plan, several relationships become apparent. 

Basic or 
Only Enhanced ANI ALI SDSD Average 

Selective 
Routing 72.6 77.9 74.9 75.4 75.2 

Distributed 
Voice/Data 74.6 64.8 69.7 

Multiple 
PSAP 64.0 66.5 66.0 63.0 63.5 64.6 

Central 
PSAP 50.2 48.1 54.8 56.1 56.0 53 

Average 62.3 57.3 66.2 67.2 64.9 

, 
Evaluation Scores Arrayed By Type 

The multiple PSAP systems as a group and individually rank well 
below their selective routing counterpart. The central PSAP systems 
are the worst in each classification. Even if the jurisdictional 
disadvantage of multiple and central systems were omitted from con­
sideration (9 and 11 points respectively), these relationships would 
be unaltered. 

, 
Finding #1. A selective routing system is much preferred for Alameda 

County over a central- PSAP or even a muU::l.ple psAp sy~~em. 

Among the systems with selective routing capabiliti~~s, the Distributed 
Voice/Data SDSD is clearly the most inferior. 

Finding #2. Alameda County should not go into thee~mergency telephone 
switching business. 

* See Table 3. 
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The following table shows the rema~n~ng five systems and their com­
ponent scores as a deviation from their average. Jurisdiction has 
been omitted since all five have identical scores. 

System 

Selective 

(77.9) 

(74.9) 

(75.4) 

(72.6) 

Routing: 

ANI 

ALI 

SDSD 

ONLY 

Utility 

-3.2 

4.8 

8.8 

-15.2 

Cost 

3.0 

-4.0 

-4.5 

7.7 

Privacy 

1 

-1 

-2 

3 

Reliability 

2 

o 

-1 

2 

Distributed V/D: 

(74.6) ALI 4.8 1.3 -1 -3 

Component Deviance of Top 5 

Although there' is only a 2.5 total point spread between the 
ranking Selective Routing ANI and the second place Selective Routing 
SDSD system, they differ by 12 points in estimated utility value. 
The ALI system, which technically is' a necessary intermediate step, 
ranks behind them. If privacy were ignored or scored differently, 
the ALI, ANI, and SDSD systems would all be within a fraction of a 
point of each other. 

Finding #3. Although this exercise identifies Selective Routin ANI 
as tne opt~ma system, t ere ~sno clear as~s for 
selecting it over an' ALlor SDSD system. 

This last finding clearly endorses the original proposal of a pilot 
implementation and an actual evaluation of the various alternatives. 
It wars recommended to the Steering Committee that a phased implemen­
tation of a Selective Routing SDSD system be undertaken with LEAA 
funds and that the phases be of sufficient duration to allow an 
operational evaluation of the ANI and ALI capgbilities. 

The Steering Committee reviewed the final Evaluation of Alter­
natives and unanimously concurred in the recommendation. 
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ORGANIZATIONAL STATISTICS - ALAMEDA COUNTY 

FIRE PROTECTION ORGANIZATIONS CY 1972 
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CENTRAL OFFICE 

Solano Avenue 
(291'823) 

Bancroft Way 
(41,198) 

45th Street 
(38,435) 

Eas'l:.: Bay Main 
(54,001) 

Mountain Blvd. 
(7,874) 

Fruitvale 
(32,140) 

Holly street 
(44,396) 

Hesperian North 
(29,591) 

Central ATJenue 
(27,394) 

Hesperian South 
(14,800) 

ESTIMATED DISTRIBUTION OF TELEPHONES 
AMONG ALAMEDA COUNTY CENTRAL OFFICES 

SERVED 
JURISDICTION 

Albany 
Berkeley 

(Contra Costa County) 

Berkeley & U.C. 
Oakland 

Berkeley 
Emeryville 
Oakland 
Piedmont 

Oakland 
Piedmont 

Oakland 
Piedmont 

Oakland 
Piedmont 

Oakland 
San Leandro 

San Leandro 
Uninc. Ala. County 

Alameda 

Hayward 
San Leandro 
Uninc. Ala. County 

Figure 2 

ESTIMATED 
% OF NUMBER OF PERCENT OF 

PHONES' , . , TELEPHONES' , . JURISD'ICTION 

25% 
40% 

(35%) 

90% 
10% 

5% 
10% 
75% 
10% 

93% 
5% 

97% 
3% 

98% 
2% 

85% 
15% 

95% 
5% 

100% 

1% 
1% 

98% 

7,456 
11,929 

(10,438) 

37,078 
4,120 

1,922 
3,843 

28,827 
3,843 

51,301 
2,700 

7,638 
236 

31,497 
643 

37,737 
6,659 

28,111 
1,480 

27,394 

148 
148 

14,504 

(continued on 
next page) 

100% 
23% 

73% 
3% 

4% 
100% 

18% 
52% 

32% 
36% 

5% 
3% 

19% 
9% 

23% 
19% 

80% 
4% 

100% 

1% 
1% 

39% 



ESTIMATED 
SERVED % OF NUMBER OF PERCENT OF 

CENTRAL OFFICE JURISDICTION PHONES' TELEPHONES JURISDICTION 

Hayward Main Hayward 59% 21,486 49% 
(36,4l7) Union city 1% 364 4% 

Uninc. Ala. County 40% 14,567 39% 

Depot Road HaY''I7ard 94.5% 20,129 45% 
(21 , 301) Union City It 5~5 107 1% 

Uninc. Ala. County 5.0% 1,065 3% 

"E" Street Fremont 4% 469 1% 
(11.724) Hayward 18% 2,110 5% 

Union City 75% 8,793 89% 
Uninc. Ala. Coun"ty 3% 352 1% 

Dumbarton Main Fremon"t 61% 17,022 !:;O% 
(27 I 905) Ne,:'Vark 36% 10,046 97% 

Uniml Ci,ty 2% 558 6% 
Uninc. Ala .. County 1 0

• ') 279 1% 

p .. dams Avenue Fremont 97 ~5 16,799 49% 
(17,3l9) Ne\'I7ark 2% 346 3% 

Uninc. Ala. County 1% 174 1% 

Pleasanton Livermore 1% 98 1% 
(9,784) Pleasanton 83% 8,121 . 97% 

Uhinc. Ala. County. 16% 1,565 4% 

Livermore Livermore 95% 15,653 99% 
(16,477) Pleasanton 1% 165 2% 

Uninc. Ala. County 4% 659 2% 

Sunol Uninc. Ala. County 100% 358 1% 
(358) 

San Ramon Pleasanton 1% 85 1% 
(8,486) (Contra Costa County) (75%) (6,365) 

Uninc. Ala. County 24% 2,036 6% 

Less Contra 
469,423 = Total Phones Costra County = 452,620 

Figure 2 (cont'd) 



SELECTIVE ROUTING SERVICE PLAN 

Incoming 
911 Calls 

Naval ... Air 

" San Leandro~-, ________ ~} __________ ~~ 
Pol. & Fire ... 

I Statio~ 
Alameda 
Police 

I f&;l> Fire 

.", Albany ..-
Police 

Hayward~~ __________ ~~ __________ ~~ 
Police 

Fire ~I--____ .... I , 
~Fire 

... UC - Police 
Union City~~ ________ ~~ __________ ~> 
Pol. & Fire .... 

~~--------~I 
Fremont<~G' __________ ~ __________ ~> 
Police 

.... Berkeley - Police 
Fire <l!l~ ____ -JI I ~Fire 

"", Oakland ' . .... 
Police 

Newark~,~ __________ ~~ __________ ~ 

1 
..... 

Po . & Fl.re 
I ~Fire 

... Emeryville ... Pleasanton ~-~. ________ ~ __________ ~ ..... 
Pol. & Fire Police 

I ~ Fire 

... Piedmont 
~ 

Police 
Livermore ~-~ ______ ~.~" __________ ~> 

Pol. & Fire 
L ..,. Fire 

.... East Bay 
Regional I\lIII 

Consolidated ~ Alameda· ___ ~ 
. Fire Dispatch County 

Sheriff Parks 

state Div. 
of Forestry 

Valley Comma 

Alameda County .... __ --' 
Fire Patrol 

Figure 3 
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MULTIPLE PSAPS SERVICE PLAN 

Alameda Fire 

---------~Alameda--------~~Alameda Naval 
Police Air Station 

UC Police 

-----~Berkeley ---~~>Albany Police 
Police 

Albany Fire 

Berkeley Fire 

Oakland Fire 

Emeryville POll ice 

----~ Oakland -----®-~Emeryville Fire 
Police 

Piedmont Police 

Piedmont Fire 

'---i1!:' .~. A 

j8/Io> San Leandro ' .... ' __ ~ .. ' CD 
Police and Fire L ~ 

~~~IT~~d r- ~ jf)fiJ 
+ t L;;Hayward Fire 

Union City t,·a-@c 
Police and Fire 
t .~ 

-----~ Fremont Police --<l~I\l>OFremont Fire 

Newark Police 
and Fire 

Figure 4 Continued on 
next page 
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MULTIPLE PSAPS SERVICE PLAN 

(continued) 

--------~~~Livermore------~t:~---~ 
Police and Fire 

j 1 
Alameda County 
Fire Patrol 

r---~"'1C 

--------~ .. ~Pleasanton------.-~state Division 
Police and Fire of Forestry 

Valley Community 
Service District 

Fairview Fire 

---...-..o:ll>Alameda County -@-~Consolidated Fire -t41-----...,0 
Sheriff Dispatch 
A 

State Division 
of Forestry 

East Bay Regional parks~ 

Contra Costa CountyoES!l-- 0 
~--------------------~c 

Figure 4 (cont'd) 
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CENTRAL PSAP SERVICE PLAN 

> ALAMEDA 
POLICE '--Alameda Fire 

---Albany Police & Fire 

-Berkeley Police 

--Berkeley Fire 

-U/Cal. Berkeley Police 

'-Emeryville Police 

-Emeryville Fire 
CI) 

-I 
U-. 
U-. '-Oakland Police > --I e:::: 
w -Oakland Fire « ::r: 
C/) 

u 
---Piedmont Police & Fire >-

I-z 
::r: ::::> ---San Leandro Police & Fire u 0 
I- U 

r-f - -Hayward Police :s: c:::I: 
rl > C/) > ~ w 

Fire en w :2:: -Hayward z c:::I: 
0 -l 
::r: c:::I: -Union City Police & Fire 0-
w I-
...J c:::t: --Newark Police & Fire I.!) w 
I- 0-

:z: c:::I: 
Police :2:: en -Fremont - w CL 

> 0 
=.!: Z -l -Fremont Fire c:::I: c:::I: 
0 l- e:::: 

I- -Pleasanton Police & Fire u z w 
z u 

--Livermore Police & Fire -
~Consolidated Fire 

'-Valley Community Serv. Dist. 

-Division of Forestry 
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-Fairview Fire 

--Alameda County Fire Patrol 

-California Higlt~'1ay Patrol 

Figure 5 
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PRELIMINARY 911 CALL VOLUME ESTIMATES: Alameda County 
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FREMONT POLICE DEPARTMENT: CALL VOLUME COUNT BY HOUR 
Emergency Lines Only 
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DAILY 91'1 CALL VOLUME PROJECTIONS-

Seattle -
Current 55% Increase .. 
Emergency Adjustment* Projected Recommended 

JURIBDICTION Telephone Plus an 911 Call Planning Explanation for 
Call Volumes Additional Volume Figures of Additional Increase 

2.5/1000 Popul_o 
OAKLAND 773 10% 1,276 905 oakland has 2 numbers listed in front 

of phone book for police service and 
is currently giving poor service in 
answer~g telephones. 

BERKELEY 216 5% 346 292 Umvers~ty of cal~forma located 
within jurisdiction. 

~REM.ONT 154 5% 247 286 High population growth currently 
underway. 

UNINC. ALAMEDA CO. 148 10% 245 280 S~gnJ_f~cant mcrease for populat~on 
growth, CHP calls, and current mis-
directed calls going to municipal 
jurisdictions. 

HAYWARD 145 -- 225 242 

ALAMEDA 77 -- 120 186 

SAN LEANDRO 84 ~- 131 176 

LIVERMORE 53 5% 85 109 H~gh population grCMth currently 
underway. 

NEWARK 24 5% 39 74 H~gh populat~on growth currently 
underway. 

PLEASANTON 20 10% 33 68 Extremely high population growth. 

UNION CITY 22 5% 36. 50 H~gh population growth. 

ALBANY 14 -- 22 37 

PIEDMONT 9 -- 14 27 

EMERYVILLE 15 5% 24 8 Extremely high industr~al aeea and 
increased daytime nnnlll "'tion. 

TOTALS 1,754 2,84..:> 2,740 

• -*55% standard increase based ·on. -
l} 15% addition for fire calls 
2) 30% increase because sa:mole call volumes were obtained during low volume month 
3} 10% increase (national standard) for making 911 available to citizens 

Figure 9 

, 



SELECTIVE ROUTING SERVICE PLAN - CALL ANSWERER REQUIREMENTS' 
. 

FIRST NATCH SECOND ~VATCH THIRD WNl'CH . 
911 VOill1E 0001 - 0800 0801 - 1600 1601 - 2400 

T01NS~ 

,-j -IJ,-j 

'aJ <n ~<y] PUBLIC Si\FE'l'Y ';d ~.s. B 0). 51 • H 

~J~ ~ &1 • H 

hU ih 
~, . a> 

~r 
H 

jCJ m b1~ ~jj ~n 
,!!l ~ • ~~ . ~ .~ '8 g . Jh 8~~ m ~ a~~ ~~~ Mig ~Jt .~ ENBffiEr:\CY o • m i&l~ llIti1'i3 

, ~~~ dP~~ ~,B~ j ~B'E ~, ,~ ~~~ DISPA'ICH AGThO 
;>::> ~~J-1 1:( ~ , dP~~ "t! M 

Alameda Police 122 - 28 7 2 98.6 37 8 2 98.2 57 11 2 96.6 6 10 
A.larnerla Fire ---- 17 - - 1 99.+ - - 1 99.+ - - 1 99.+ 3 5 
AThany Police 23 - - - 1 99.+ - - 1 99 .. + - - 1 99.+ 3 , 5 
Albany Fire - 3, - - 1 99.+ - - - 1 99.+ - - 1 99.+ 3 , 5 
Berkeley Police 303 69 18 2 91.4 92 19 2' 90.5 143 26 3 96.8 7 11 
Berkeley Fire -- 54 12 3 1 92.4 16 3 ' 1 92.4 25 5 2 99.3 4 ' 6 
U/Ca. Police 50 - 11 3 1 92.4 15 3 1 92.4 23 5 2 99.3 4 6 
:Emeryville Police 25 - - - 1 99.+ - - 1 99~+ - - 1 99.+ 3 5 
Eneryville Fire - 4 - - 1 99.+ - - " 99.+ .l. - - 1 99.+ 3 5 
Piedmont POlice 15 - - - 1 99.+ - ~= 1 99.+ - - 1 99 .. + 3 5 
Piedrront Fire - 2 - - 1 99.+ - - 1 99.+ - - 1 99.+ 3 5 
Oakland Police 1,298 - 295 73 5 95.4 392 82 5 92.8 611 108 6 92.7 16 25 
oakland Fire - 197 45 11 2 96.6 59 12 ,2 96.0 93 16 2 93.1 6 10 
San Leandro Police & Fire 133 - 30 8 2 98.2 40 9 2 9';.7 63 12 2 96.0 6 10 
Haywa:id Police 229 -- 52 13 2 95.4 69 15 2 93.9 108 19 2 90.5 6 10 
Hayward Fire -- 35 - - 1 99.+ -- - 1 99.+ - - 1 99.+ 3 5 
Union City Police & Fire 36 - - - 1 99.+ - - 1 ' 99.+ - - 1 99.+ 3 5 
Newark Police & Fire 40 - 10 3 1 95.0 12 3 1 95.0 18 4 2 99.6 4 6 
Fraront Police 251 - 57 14 2 94.6 76 16 2 93.1 118 21 3 98.3 7 11 
Freront Fire - 39 10 2 1 95.0 12 3 1 92.4 17 3 1 92.4 3 5 
Pleasanton Police & Fire 34 - - - 1 99.+ - - 1 99.+ - - 1 99.+ 3 5 
Livenrore Police & Fire 87 -- 20 5 2 99.3 26 6 2 99.0 41 8 2 98.2 6 10 
!U.ame.:fa County Sheriff 249 - 57 14 2 9407 75 16 2 93.1 117 21 3 98.3 7 11 
Consolid. Fire Dispatch - 28 - - 1 99.+ -- - 1 99.+ - - 1 99.+ 3 5 
\Talley Cons. Fire Dist. - 6 - - 1 99.+ - - 1 99.+ - - 1 99.+ 3 5 
East Bay Regl. Parks - 5 - -- 1 990+ - -- 1 99.+ - - 1 99.+ 3 5 
State Div. of Forestry - 2 - - 1 99.+ - - l' 99.+ - - 1 990+ 3 5 
~airview Fire District - 2 - - 1 99.+ - - 1 99.+ - - 1 990+ 3 5 
!Uameda Co. Fire Patrol - 1 - - 1 99.+ - - 1 99.+ - - 1 99.+ 3 5 
:antra Costa County* - 0 - - - - - - - - - - - - - -
uame1a. Naval Air Sta. - 8 - - - - - - - -- - - - - - -
HI Central Answr. Cntr. - 0 - - - - - - - - - -- - - - -

TCY.rALS 2,895 41 41 48 130 211 

! 
Figure 10 



PUB 

h' 

DIS? 

Alaroa:la 
Alameda 
Albany Po 
Albany F 
Berkeley 
Berkeley 
u/Ca1. P, 
aneryvi1 

II· ." -il 
i~nt 
iedrront 
.. and 

-~ land 
-', Leandrl 

'-yward ;. 

:.-yward 
Jnion C.1 
. et'lClrk P, 
. enont 

.. emont 
~leasanto 
.Jive:rmori 

~' ameda 
:onsolid 
'alley Co: 
.-Clt Bay 
.tate Dr 
airview 

'i',' ,"" 

.ontra 0 
,l ameda 
:ll Centr, 

'.IDTALS 

~ 

911 VOI.U1E 

r-i +Jr-I 

~(l) ~.~g 
ffl'~ !3 'E ~ • 

o • ij ~fij~ hl~ft, ~ Ul~ 

122 --
-- 17 

==1 20 
3 

. 454' 11 -- 54 -- 50 -- 21 
--- 4 -- 13 
-- 2 

1,345 27 
--- 197 
116 26 
313 10 

--- 35 
49 4 -- 40 

292 3 --- 39 
43 2 
91 1 

144 103 
- 28 
- 6 
- 5 
- 2 
- 2 -- I 
- 74 
- 8 
- 0 

2,969 

I 

Mui"'i'ip":di"'PSAFs SERVICE PLAN - CALL ANSWERER REQUIREMENTS - ~ --

FmBT NA'lCH SECOND WMn1 THIRD WA'ICH TOI'ALS ~ 0001 - 0800 0801 - lf10n 1601 - 2400 
" -

~§'i (l). fiI • H 

~~1i ~§1i ~s. • ~~ 
M 0 H ~ ~~E 

H 

~BIi Ih h~ ~Ji B~~ ~ r-i ~ ~Jj ~~~ i r-i ~ i~~ ~~~ ~H~ ~ ~ ~~~ dP~~ ,~B~ Bjo ~g'E l ~ i.l: .. tIP M • . 'M dP~~ 
28 7 2 98.6 37 8 2 98.2 57 11 2 96.6 6 10 
- - 1 99.+ -- -- I 99.+ - - 1 99.+ 3 5 

... 
1---- . 1 99.+ - - 1 99.+ -- - 1 99.+ 3 5 

- - 1 99.+ -- -- I 99.+ - - 1 99.+ 3 5 
105 26 3 96.8 " 140 29 3 95.8 219 39 4 98.1 10 16 
12 3 1 97.5 16 3 1 97.5 25 5 2 99.3 4 6 
11 - l. 99.+ 15 - 1 99.+ 23 5 2 99.3 .4. 6 
- - 1 99.+ - -- I 99.+ . - - 1 99.+ 3 5 
- - 1 99.+ .- -- I 99.+ - - 1 99.+ 3 5 - - 1 99.+ - -- I 99.+ ~ - 1 99.+ 3 5 
- -- I 99.+ . -- - 1 99.+ - - 1 99.+ 3 5 

311 78 5 94.0 414 87 6 97.2 646 114 6 90.8 17 27 
45 11 2 96.6 59 12 2 96.0 93 16 2 93.1 6 10 
32 8 2 98.2 43 9 2 97.7 67 12 2 96.0 6 10 
73 18 2 91.4 98 20 3 98.5 152 27 3 96.5 8 13 
- -- I 99.+ - ~ 1 99.+ - - 1 99.+ 3 5 
12 3 1 92..4 15 3 1 92.4 . 25 5 2 ' 99.3 '4 6 
10 3 1 92.4 12 3 1 92.4 18 4 2 . 99.5 4 6 
67 17 2 92.3 89 19 2 90.5 139 25 3 97.2 7 11 
10 2 1 95.0 12 3 1 92.4 17 3 1 92.4 3 5 
10 2 1 95.0 13 3 1 92.4 21 4 2 99.5 4 6 
21 5 2 99.3 28 6 2 99.0 43 8 2 98.2 6 10 
,}5 14 2 94.7 74 16 2 93.1 115 21. 3 9& .. 2 7 11 
,_~t.I - 1 99.+ - - 1 99.+ - - 1 99.+ 3 5 
- -- I 99.+ - - 1 99.+ - -. 1 99.+ 4 6 
- - 1 99.+ - -- I 99.+ - - 1 99.+ 6 10 
- - 1 99.+ - - 1 99.+ - - 1 99.+ 7 11 
- -- I 99.+ - - 1 99.+ - - 1 99.+ 3 5 
- - 1 99.+ - - 1 99.+ - - 1 99.+ 3 5 - - - - - - - - - -- - - - -- - - - -- - - - - - - - - -- - 0 - - -- 0 - -- - 0 - 0 0 

42 44 52 138 223 

Figure 11 
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Figure 12 
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-. 

- FREMONT _ POLICE DEPARTMENT: SAMPLE OF C&LL PROCESSING TIMES AND CALL TALK TIMES 

EMERGENCY LINES NON-EMERGENCY LINES TOl'AL LINES 
Time AVE?:.r • Time Aver. T.irne Aver. 

# (sec.) Ti.lle # (sec. ) Time # (sec.) T:iIne 

1/30/74 54 3,624 67.1 29 1,928 66.5 83 5,552 - - 67.7 

1/31/74 - 32 3,138 98.1 31 2,902 93.6 63 6,040 95.9 TALK 

2/1/74 33 1,568 47.5 35 2,253 64.4 68 3,821 56.2 f TIME 

2/2/74 21 1,576 75.0 25 1,641 65.6 46 3,217 69.9 

2/4/74 19. 1,758 92.5 14 1,199 85.6 33 2,957. 89.6 " 

2/5/74 12 936 78.0 26 3,166 121.8 38 4,102 107.9 

~ 
PROCESSING 

2/6/74 -6 916 152 0 7 18 1,412 78.4 24 2,328 97~O TIME 

2/7/74 14 830 59.3 20 1,331 66.6 34 2,161 63.6 

140 9,906 70.8 120 8,724 72.7 260 18,630 71 7 < Total for 
• Talk T.irne 

51 4,440 87.1 78 7,108 91.1 129 11,548 89.5 ~ Total fc:r 
Processmg 

1~1 14,346 75.1 198 15,832 80.0 389 30,178 77.6 Time 

CALL ANSWERER REQUIREMENTS: FREMONT POLICE DEPARTMENT 

Figure 13 



911 STUDY: CALL PROCESSING TIMES ON PRIORITY LINES BY SHIFT: 

OAKLAND POLICE DEPARTMENT: RANDOM SAMPLE OF CALLS 

12/3/73 - 2/9/74 

TOTAL AVERAGE TOTAL AVERAGE· TOTAL AVERAGE 
SHIFT PRIORITY PROCESSING NON-PRIORITY PROCESSING CALLS PROCESSING 

CALLS TIME PRIORITY CALLS IN TIME IN TIME 
IN CALLS SAMPLE NON-PRIORITY SAMPLE TOTAL 

SAMPLE (SECONDS) CALLS CALLS 
(SECONDS) (SECONDS) 

2300":'0700 70 145. 15 137. 85 144. 

0700-1500 94 103. 205 101. 299 102. 

1500-2300 265 112. 241 107. 506 109. 
----- ------- ----- ------- ----- -------

TOTAL 429 115. 461 lOSe 890 110. 

CALL PROCESSING TIMES: OAKLAND POLICE DEPARTMENT 

Figure 14 
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TELEPHONE INSTALLATION STATISTICS - AL.-lliEDA COUNTY 
~ 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (ll) (12) 
Total NQn-

Total Residential Business Semi-public Pay Phones Public Pub. excl. 
Teleph-meCo. ¥.ain Pay pay 

... 
Central Office Stations Pub + Nun-Pub = Total Pub + Non 'Pub = Total Pub + Non-Pub ,.. Total Phones llhones 

Solano Ave. (EB/LS) 29,823 20,952 4.497 25,499 3,871 103 3,974 100 74 174 176 4.674 

Bancroft (EB/TH) 41,198 26,352 5,521 31,873 8,119 276 8,395 328 170 498 432 5,967 

45th St. (EB/OL) 38,435 21,951 8,026 29,977 1.392 221 7,613 229 184 413 432 8,431 

Fruitvale (EB/KE) 32,140 16,677 9,736 26,413 4,978 159 5,137 129 123 252 338 J.O ,018 

E.B. Hain (RE/liN) 54,001 21,804 8,432 30,236 21,437 612 22,049 297 284 581 1,135 9,328 

Mountain Blvd. (EB/MO) 7,874 5,906 1,231 7,137 666 20 686 26 5 31 20 1.256 

Holly St. (EB/~'E) 44,396 21,215 13,480 "14,695 8,352 372 8,724 191 202 393 584 1.4,054 

Central Ave. (EB/LA) 27,394 17,447 6,383 23,,830 2,909 121 3,030 78 44 122 412 6,548 

N. Hesperian (EB/EL) 29,591 15,576 6,133 21,709 7,261 183 7,444 77 106 183 255 6.422 

EAST BAY EXCHANGE (304,852) (167,880) (63,439) (231,349) (64,985) (2,067) (67,052) (1,455) (1,192) (2,647) (3,784) (66,698) 

Hayward Main (HAY/MN) 36,417 19,898 9,133 29,029 6,283 410 6,693 200 110 310 385 9,653 

S. Eesperian (HAY/EL) 14,800 8,060 4,956 13,016 1,423 97 1,520 75 42 117 147 5,095 

Depot Rd. (HAY/SU) 21,301 10,594 6,313 16,907 3,667 295 3,962 88 129 217 215 6,737 

HAYWARD EXCHANGE (72,518) (38,550) (20,402) (58,952) (11.373) (802) (12,175) (363) (281) (644) (747) (21,485) 

Dum. Main (FNK/MN) 27,905 15,407 8,175 23,582 3,702 268 3,970 76 76 152 201 8.519 

"E" St. (FNK/GR) 11,724 6,183 3,804 9,987 1,505 165 1,570 32 68 100 67 4,037 

Adams Ave. FNK/OL) 17,319 9,933 5,348 15,281 1.693 109 1,802 59 52 III 125 5.509 

FREMONT-NEWARK EXCHANGE (56,948) (31.523) (17,327) (48,850) (6,800) (542) (7,342) (167) (196) (363) (393) (18.065) 

Livermore (LVIi) 16,477 11,182 3.051 14,233 1,904 145 2,049 40 37 77 118 3,233 

Pleasanton (PLS) 9.784 6,721 1,991 8,712 877 94 971 23 29 52 49 2,114 

Sunol (SUL) 358 212 65 277 57 9 66 4 4 8 7 78 

San Ramon (DANVA) 8,486 5,361 1,717 7,078 1,172 132 1,304 22 19 41 63 1,868 
----

GRAND TOTAL 469,423 261,429 107,992 369,471 87.168 3,791 90,959 2,074 1,758 3,832 5.161 113.541 ---
Pub = Published in. the telephone directory. TABLE 1 
Non-Pub = Unlisted number. 
Public Pay Phones (such as on street corners) are not listed in the telephone directory. September, 1973 



TELEPHONE INSTALLATION STATISTICS - ALAMEDA COUNTY (By Percentages) 

. 
" . (1) (2) (3) (4) I (5) (6) (7) (8) (9) (10) (11) (12) 

. 
% of Residential Business Semi-public Pay Phones . 
Total % 

, 
County % of Tot. % of Tot. % of Tot. Public % Tot. 

Telephone Co. Main % % Main % % Main % % Main Pay Non-Pub 
Central Office Stations Pub Non-Pub Stations Pub Non-Pub Stations Pub Non-Pub Stations Phones (- pay) 

Solano Ave. (EB/LS) 6.3% 82.4% 17.6% 85.4% 97.5% 2.5% 13.3% 57.5% 42.5% .5% .5% 15.7% 

Bancroft (EB/TH) 8.7 82.7 17 3 77.4 96.8 3.2 20.4 65.9 34.1 1.2 1.5 14.5 

45th St. (EB!OL) 8.2 73.2 26.8 77.9 97.1 2.9 19.8 55.4 44.5 1.0 1.1 21.9 

Fruitvale (EB/KE) 6.8 63.2 36.8 82.1 96.9 3.1 16.0 51.2 48.8 .7 1,1 31.2 

E.B. Main (EB/MN) 11.5 72.1 27.9 56.0 . 97.3 2.7 40.8 51.1 48.9 1.1 2.1 17.2 

Mountain Blvd. (EB/MO) 1.7 82.8 17.2 90.6 97.1 . 2.9 8.7 83.9 16.1 .4 .2 16.0 

Holly St. (EB/NE) 9.4 61.2 38.8 78.1 95.8 4.2 19.7 48.6 51.4 .8 1.3 31.7 

Central Ave. (EB/LA) 5.8 73.2 26.8 87.0 96.1. 3.9 11.1 63.9 36.1 .4 1.5 23.9 

N. Hesperian (EB/EL) 6.3 71.7 28.2 73.3 97.6 2.4 25.1 42.1 57.9 .6 .8 21.7 
<! 

EAST BAY EXCHANGE (64.9) (72.6) (27.4) (75.9) (96.9) (3.1) (22.0) (55.0) (45.0) (.9) (1.2) (21.9) 

Hayward Main (HAY/MN) 7.8 68.6 31.4 79.7 93.9 6.1 18.3 64.6 35.4 .8 1.0 26.5 

S. Hesperian (HAY/EL) 3.1 62.0 38.0 87.9 93.6 6.4 10.2 64.1 35.9 .8 .9 34.4 

Depot Rd. (HAY/SU) 4.5 62.7 37.3 79.3 92.6 7.4 18.6 40.6 59.4 1.0 1.0 31.6 

HAYWARD EXCHANGE (15.4) (65.5) (34.6) (81.2) (93.4) (6.6) (16.7) (56.4) (43.6) ( .8) (1.0) (29.6) 

Dum. Main (FNK/MN) 5.9 65.3 34.7 84.5 93.3 6.7 14.2 .50.0 50.0 .5 .7 30.5 

"E" St. (FNK!GR) 2.5 62.0 38.0 85.2 89.5 10.5 13.4 32.0 68.0 .9 .5 34.4 

Adams Ave. (FNK/OL) 3.7 65.0 35.0 88.2 94.0 6.0 10.4 53.2 46.8 .6 .7 31.8 

FREMONT-NEWARK EXCHANGE (12.1) (64.5) (35.5) (85.8) (92.7) (7.3) (12.9) (46.0) (54.0) (.6) (.7) (31.7) 

Livermore (LVM) 3.5 78.6 21.4 86.4 92.9 7.1 12.4 51.9 48.1 .4 .7 19.6 

Pleasanton (PLS) 2.1 77.1 22.9 89.0 90.3 9.7 9.9 54.2 55.8 .5 .5 21.6 

Sunol (SUL) .1 76.6 23.4 77 .4 86.3 13.6 18.4 50.0 50.0 2.2 1.9 21.7 

San Ramon (DANVA) 1.8 75.8 24.2 83.4 89.9 10.1 15.4 53.7 46.3 .5 .7 22.0 

COUNTY AS A WHOLE 100.0 70.8 29.2 78.7 95.9 4.1 19.3 54.1 45.9 .8 1.1 24.1 
-_ .. -------- ------ L.. .. 

TABLE 1 (cont1d) September, 1973 
NOTE: For each Central Office. columns (4), (7), (10) and (11) = 100%. 



ONE-TIME COSTS AND MONTHLY OPERATING COSTS 
FOR PHONE AND DATA SYSTEMS 

Selective Routing with ANI 

Selective Routin~ with ALI (and ANI) 
Selective Rout~ng with ANI 
Telephone Company Minicomputer 
56 CRT's and Controllers 
Updating & Retrieval Software 
Geographic Base File Development 
ANI Circuits 
ANI Logging Printers 
ALI Circuits & Modems 
Administrative Personnel 
Operating Personnel 

Selective Routing with SDSD (& ANI, ALI) 
Selective Routing with ANI 
Telephone Company Minicomputer 
High Speed TelCo Minicomputer to 

Govto Minicomputer Circuit 
Government Minicomputer 
56 CRT!s and Controllers 
Updating & Retrieval Software 
Geographic Base File Development 
SDSD File Preparation 
ANI Circuits 
ANI Logging Printers 
ALI Circuits & Modems 
Administrative Personnel 
Operating Personnel 

ONE-TIME 
DETAIL 

. $ 970,000* 
72,000 

130,800 
51,100 
74,500 

~r;298,400 

$ 970,000* 
72,000 

10,000 
52,000 

130,800 
51,100 
74,500 
23,000 

$r,3B3-; '1 0 0 
*Quote on the part of Pacific Telephone & Telegraph 

TABLE 2 

MONTHLY 
MONTHLY ONE-TIME OPERATING 
DETAIL COSTS COSTS 

$22,000* 
850 

1,600 

1,610 
1,500 

960 
2,000 
1,000 

$31,520 

$22,000* 
850 

50 
520 

1,600 

1,610 
1,500 

960 
2,000 
2,320 

$33,410 

$ 970,000* $22,000* 

$1,298,400 $31,520 

$1,383,400 $33,410 

" 



MONTHLY ~ . 
ONE-TIME MONTHLY ONE-TIME OPERATING 

DETAIL DETAIL COSTS COSTS 

Selective Routing Only "$ 550,000* $17,000* '" 

Distributed Voice/Data with ALI {and ANI} 
TelCo ANI Equipment & Engineering (107 lines) $ 107,000 
ALI Software Design & Programming 60,000 
SDSD & Geographic Base File Storage 97,500 
Voice Switcher Software Programming 60,000 
Hardware Engineering & Integration 60,000 
ALI Computer System 48,500 
Data Communications System 39,000 
56 Remote Terminals (CRT) 106,400 
56 Telephone Stations 19,600 
Voice Switcher 130,000 
Integration Components 30,000 
Voice & ANI Lines from Central 

Office to ALI Computer $ 8,156 
ANI Forwarding (est. @ $60/circuit) 6,420 
Data Lines & Termination Charges, 

ALI Computer to PSAPs 1,290 
Voice Lines & Termination Charges, 

ALI Computer to PSAPs 4,333 
Equipment Maintenance 3,680 
ALI Update Charges (est. @ 30¢/update) 3,630 
ALI File Maintenance 3,000 

$ 758,000 $30,509 $ 758,000 $30,509 

Distributed Voice/Data with SDSD (and ANI, ALI) 
Distr.ibuted Voice/Data with ANI & ALI .$ 758,000 
SDSD File Development 17,500 
Voice & ANI Lines from Central 

Office to ALI Computer $ 8,156 
ANI Forwarding (est. @ $60/circuit) 6,420 
Data Lines & Termination Charges, 

ALI Computer to PSAPs . 1,290 
voice Lines & Termination Charges, 

ALI Computer to PSAPs 4,333 
Equipment Maintenance 3,680 
ALI Update Charges (est. @ 30¢/update) 3,630 
ALI File Maintenance 

$' 775,500 
4,320 

$31,829 $ 775,500 $31,829 

* PT&T Quote 
TABLE 2 (continued) 



MONTHLY ... . 
ONE-TIl-1E MONTHLY ONE-TIME OPERATING 

DETAIL DETAIL COSTS COSTS . 
• 
t: 

Multiple PSAPs Basic $ 1,500* $ 3,812* 

MultiEle PSAPs Enhanced (with Office 
Identification & Called Party Hold) $ 2,900* $ 4,572* 

Multi~e PSAPs with ANI $ 870,000* $16,500* 

Multi~e PSAPs with ALI (and ANI) 
Mult~ple PSAPs with ANI $ 870,000* $16,500* 
TelCo Minicomputer 72,000 850 
56 CRT's and Controllers 130,800 1,600 
Update & Retrieval Software 51,100 
Geographic Base File Development 74,500 
ANI Circuits 1,610 
ANI Logg~ng Printers 1,500 
ALI Circuits & Modems 960 
Administrative Personnel 2,000 
Operating Personnel . 1,000 

$1,198,400 $26,020 $1,198,400 $26,020 

MultiEle PSAPs with SDSD (and ANI, ALI) 
Multiple PSAPs with ANI $ 870,000* $16,500* 
TelCo Minicomputer 72,000 850 
High Speed TelCo Minicomputer to 

Govt. Minicomputer Circuit 10,000 50 
Government Minicomputer 52,000 520 
56 CRT's and Controllers 130,800 1,600 
Updating & Retrieval Software 51,100 
Geographic Base File Development 74,500 
SDSD File Preparation 23,000 
ANI Circuits 1,610 
ANI Logging Printers 1,500 
ALI Circuits & Modems 960 
Administrative Personnel 2,000 
Operating Personnel 2,320 

$1,283,400 $27,910 $1,283,400 $27,910 

*PT&T Quote 
TABLE 2 (cont'd) 



Central PSAP Basic 

Central PSAP Enhanced (with Office 
Identification & Called Party Hold) 

Central PSAP with ANI 

Central PSAP with ALI (and ANI) 
Central PSAP with ANI 
TelCo Minicomputer 
62 CRT's and Controllers 
Update & Retrieval Software 
Geographic Base File Development 
ANI Circuits 
ANI Logging Printers 
ALI Circuits & Modems 
Administrative Personnel 
Operating Personnel 

Central PSAP with SDSD (and ANI, ALI) 
Central PSAP with ANI 
TelCo Minicomputer 
High Speed TelCo Minicomputer to 

Govt. Minicomputer Circuit 
Government Minicomputer 
62 CRT's and Controllers 
Updating & Retrieval Software 
Geographic Base File Development 
SDSD File Preparation 
ANI Circuits 
ANI Logging Printers 
ALI Circuits & Modems 
Administrative Personnel 
Operating Personnel 

* PT&T Quote 

ONE-TIME 
DETAIL 

.$ 700,000* 
72,000 

141,600 
51,100 
74,500 

~-r; 0 :Ef,2 0 0 

$ 700,000* 
72,000 

I 

10,000 
52,000 

141,600 
51,100 
74,'500 
23,000 

~r;124,200 

TABLE 2 (cont'd) 

MONTHLY ~ 
MONTHLY ONE-TIME OPERATING' 
DETAIL COSTS COSTS 

$16,500* 
850 

1,775 

1,610 
1,500 

960 
2,000 
1,000 

$26,195 

$16,500* 
850 

50 
520 

1,775 

1,610 
1,500 

960 
2,000 
2,320 

$28,085 

$ 900* $ 3,930* • 

$ 3,600* $12,516* 

$ 700,000* $16,500* 

$1,039,200 $26,195 

$1,124,200 $28,085 



911 SYSTEM 

ALTERNATIVES 

SEL ECTIVE ROUTING ADVANCEDg 

SELECTIVE ROUTING ANI 

SELECTIVE ROUTING ALI 
SELECTIVE ROUTING SDSD 

SEL 

DIS 

ECTIVE ROUTING ONLY 

TRIBUTED VOICE DATA: 

MUL 

MUL 

~1UL 

CEN 

CEN 

CEN 

DISTRIBUTED VOICE/DATA ALI 

DISTRIBUTED VOICE/DATA SDSD 

TIPLE PSAPs BASIC 

TIPLE PSAPs ENHANCED 

TIPLE PSAPs ADVANCED: 

MULTIPLE PSAPs ANI 

MULTIPLE PSAPs ALI 

MULTIPLE PSAPs SDSD 

TRAL PSAP BASIC 

TRAL PSAP ENHANCED 

TRAL PSAP ADVANCED: 

CENTRAL PSAP ANI 
CENTRAL PSAP ALI 
CENTRAL PSAP SDSD 

EVALUATION SUMMARY 

UTILITY NET COST PRIVACY RELIABILITY JURISDICTION TOTAL 
(25) (24) (20) (16) (15) (100) 

13 17.9 18 14 15 77.9 

21 10.9 16 12 15 74.9 . 

25 9.4 15 11 15 75.4 

1 22.6 20 14 15 72.6 

21 13.6 16 9 15 74.6 

25 12.8 6 7 64.8 

0 24.0 20 14 6 64.0 

2 23.5 19 16 6 66.5 

--

13 13.0 18 16 6 66.0 

21 6.0 16 14 6 63.0 
, 

25 4.5 15 13 6 63.5 

0 13.2 20 13 4 50.2 
-

2 8.1 19 15 4 48.1 

13 2.8 18 17 4 54.8 

21 2.1 16 13 4 56.1 

25 0 15 12 4 56.0 
- ~-----~---- .. -------------------------.----.-.------ -"---

TAl3LE 3 
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911 SYSTEM 

ALTERNATIVES 

ELECTIVE ROUTING ADVANCED: 

SELECTIVE ROUTING ANI 
SELECTIVE ROUTING ALI 

SELECTIVE ROUTING SDSD 

ELECTIVE ROUTING ONLY 

ISTRIBUTED VOICE DATA: 

DISTRIBUTED VOICE/DATA ALI I 
DISTRIBUTED VOICE/DATA SDSD .1 

ULTIPLE PSAPs BASIC 

ULTIPLE PSAPs ENHANCED 

ULTIPLE PSAPs ADVANCED: 

MULTIPLE PSAPs ANI 
MULTIPLE PSAPs ALI 

MULTIPLE PSAPs SDSD 

ENTRAL PSAP BASIC 

ENTRAL PSAP ENHANCED 

ENTRAL PSAP ADVANCED: 

CENTRAL PSAP ANI 
CENTRAL PSAP ALI 
CENTRAL PSAP SDSD 

AUDIT 

3 

3 

3 

1 

3 

3 

0 

2 

3 

3 

3 

. 0 

2 

3 

3 

3 

UTILITY VALUE 

-- - - '- ~ ,. 

10 0 

10 7 

10 7 

0 0 

10 7 
I 

10 7 

0 0 

0 0 

10 0 

10 7 

10 7 

o. 0 

0 0 

10 0 

10 7 
-

10 7 

TABLE 3a 

- -- ~-_I-

0 

0 

3 

0 

0 

3 

0 

0 

0 

0 

3 

0 

0 

0-

. 0 

3· 

MANAGEMENT TOTAL 
... .. - .... , ..... - . .. -.... "'".~-

0 13 

1 21 

2 25 

0 1 

1 21 

2 25 

0 0 

0 2 

0 13 

1 21 

2 25 

0 0 

0 2 

0 13 

1 21 

2 25 
- -----
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I 
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I 
I 

I 
I 
I 
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911 SYSTEM 

ALTERNATIVES 
SELECTIVE ROUTING ADVANCED: 

SELECTIVE ROUTING ANI 

SELECTIVE ROUTING ALI 

SELECTIVE ROUTING SDSD 

SELECTIVE ROUTING ONLY -
DISTRIBUTED VOICE DATA: 

DISTRIBUTED VOICE/DATA ALI 

DISTRIBUTED VOICE/DATA SDSD 

MULTIPLE PSAPs BASIC 

MULTIPLE PSAPs ENHANCED 

MULTIPLE PSAPs ADVANCED~ 

1'1uLTIPLE PSAPs ANI . 
MULTIPLE PSAPs ALI 

MULTIPLE PSAPs SDSD 

CENTRAL PSAP BASIC 

CENTRAL PSAP ENHANCED 

CENTRAL PSAP ADVANCED: 

CENTRAL PSAP ANI 
-Q~ 

CENTRAL PSAP ALI 

CENTRAL PSAP SDSD . 

, 

. NET COST 

(A) (B) 
ONE-TIME MONTHLY 

-- -... - - --
(8% of A/12) 

970,000 6,467 

1,298,400 8,656 

1,383,400 9,223 

550,000 "3,667 

758,000 5,053 

775,000 5,170 
~ 

1,500 10 -
2,900 19 

870,000 5,800 

1,198,400 7,989 

. 1,283,400 8,556 

900 6 

3,600 24 

700,000 4,667 

1,039,200 6,928 

1,124,"200 7,495 

TABLE 3b 

(e) (D) 
SYSTEM ANSWERING TOTAL 
---- - .;;,;;;;;::_ ......... _= , ...... . _. - , 

22,000 0 28.467 

31,520 0 40,176 

33,410 0 42,633 

11,000 ° 20,667 

30,509 0 3!:;,562 

31,829 ° 36,999 

3,812 14,500 18,322 

4,572 14,500 19,091 

16,500 14,400 36,700 

26,020 14,400 48,409 

27,910 14,400 50,866 

3,930 32,400 36,336 

12,516 32,400 4:4,939 -
16,500 32,400 53,567 

26,195 22,800 55,923 

28,085 22,800 58,380 

POINTS 
------_._-

17_,,9 

10.9 

9.4 

22.6 

13.6 

12.8 

24.0 

23.5 

13.0 

6.0 

4.5 

13.2 

8.1 

2.8 

2.1 

0 

1 
i 
j 

i 
I 
I 

1 

] 

~ 
l 

,. 
t 



911 SYSTEM 

ALTERNATIVES 

SELECTIVE ROUTING ADVANCED: 

SELECTIVE ROUTING ANI 

SELECTIVE ROUTING ALI 

SELECTIVE ROUTING SDSD 

SELECTIVE ROUTING ONLY 

DISTRIBUTED VOICE DATA: 

DISTRIBUTED VOICE/DATA ALI 
DISTRIBUTED VOICE/DATA SDSD 

MULTIPLE PSAPs BASIC 

MULTIPLE PSAPs ENHANCED 

MULTIPLE PSAPs ADVANCED: 

MULTIPLE PSAPs ANI 
MULTIPLE PSAPs ALI 
MULTIPLE PSAPs SDSD 

CENTRAL PSAP BASIC 

CENTRAL PSAP ENHANCED 

CENTRAL PSAP ADVANCED: 

CENTRAL PSAP ANI 

CENTRAL PSAP ALI 

CENTRAL PSAP SDSD 

PRIVACY 

CALLER 
PRIVACY (5) 

3 

2 

1 

5 

2 

1 

5 

4 

3 

2 

1 

5 

4 

3 

2 

1 

TABLE 3c 

SUBSCRIBER 
PRIVACY CJ.5J 

15 

14 

14 

15 

14 

5 

15 

15 

15 

14 

14 

15 

15 

15 

14 

14 

.. 

TOTAL 
PRIVACY POINTS 

, 

18 

16 

15 

20 

16 

6 

20 

19 

18 
~ 

16 

15 

20 

19 

18 

16 

15 

.. 

I 

f 

.. 
~ 
I .. 
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C 

RELIABILITY 

911 SYSTEM 

ALTERNATIVES 
VOICE Maintenance DATA TOTAL 

SWITCHING: Conf'iguration' Equipment Responsibili ty SYSTEM ?OINTS 
(3) (5) -- (4) . - ~ -, ;a, 

ELECTIVE ROUTING ADVANCED: 

SELECTIVE ROUTING ANI 1 5 4 4 14 

SELECTIVE ROUTING ALI 1 5 4 2 12 

SELECTIVE ROUTING SDSD 1 5 4 1 11 

ELECTIVE ROUTING ONLY 1 5 4 4 . 14 

ISTRIBUTED VOICE DATA: 

DISTRIBUTED VOICE/DATA ALI 1 3 2 3 9 

DISTRIBUTED VOICE/DATA SDSD 1 3 0 3 7 

ULTIPLE PSAPs BASIC 1 5 4 4 14 

ULTIPLE PSAPs ENHANCED 3 5 4 4 l6 

ULTIPLE PSAPs ADVANCED: 

MULTIPLE PSAPs ANI 3 5 4 4 16 

MULTIPLE PSAPs ALI 3 5 4 2 14 

MULTIPLE PSAPs SDSD 3 5 4 1 13 

ENTRAL PSAP BASIC 0 5 4 4 13 

ENTRAL PSAP ENHANCED 2 5 4 4 15 

ENTRAL PSAP ADVANCED: . 
CENTRAL PSAP ANI 2 5 4 4 17 

CENTRAL PSAP ALI 2 5. 4 2 ;3 

CENTRAL PSAP SDSD 2 5 4 1 ;2 
_.-

--~-- ---------------------- --------- ------- --- --

TABLE 3d 

I 
1 

J 
I 

J , 
I 
11 

, 
i 

i I 

I 
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:J 
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