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I SUMMARY

In August 1976, a flash flood of the Big Thompson River resulted
in a disaster that required the dedication of all available local, state,
and national public safety and emergency resources to limit the loss of
lives and property in Larimer County. However, the high degree of co-
ordination among agencies necessary during the disaster was inhibited by
the diverse radio systems, which caused severe compatibility and com-
munications problems. The study reported here was undertaken to define
a coordinated radio communication system that will prevent a recurrence
of this lack of communications in the future. The coordinated system
developed in this study will also provide less costly communications and
improved levels of service to the public safety agencies and the citizens

of Larimer County.

The study was financed in part through a Discretionary Grant (No.
76-DF-08-0038) from the U,S. Department of Justice, under the provisions
of the Crime Control Act of 1976, as amended.

A. Current Operations at Public Safety Agencies

The first step in the study was to analyze the current levels of
service provided by the communications operations in Larimer County.
Seven law enforcement agencies (excluding the Colorado State Patrol)
currently operate full-time or part-time communication systems in the
County: Berthoud Police Department (PD), Colorado State University PD,
Estes Park PD, Fort Collins PD, Larimer County Sheriffs Office (S0O),
Loveland PD, and Wellington PD. Our analysis of these operations in-
dicates that the average delay from the time a telephone rings or a
police car makes its initial radio contact with the dispatchers of these
agencies to the time the dispatcher can respond to these requests for
service can be over five minutes for one of the larger agencies and over

30 seconds for some of the other agencies. These average delays are




significantly long; for example, the "Criminal Justice Standards, Goals,
and Recommendations'" state in Section 23.1,
"Emergency telephone calls- should be answered within 30 seconds,

and non-emergency telephone calls should be answered within 60
seconds ."*

Furthermore, Standard 23.2 states,

"Every police chief executive should immediately insure that
delay time--the elapsed time between receipt of a complaint
emergency call and the time of message radio transmission--
in the case of an emergency call does not exceed two minutes,
and in the case of a nonemergency call, does not exceed six
minutes. By 1978, communications center delay time in case
of emergency calls should not exceed 1 minute and in cases of
nonemergency calls should not exceed 4 minutes."®
With average delays in responding to telephone and radio requests in
excess of 30 seconds, it can be seen that the delay between complaint
receipt and relay of information to the field can easily exceed the ,

times designated above.

Fire protection services and their communications systems in Larimer
County are varied. Two departments, the Fort Collins Fire Deﬁartment
(FD) and Loveland FD have full-time alarm centers. The remainder share
services with other centers or use the telephone system. The latter
should not be construed as ineffective systems since they do provide
rapid access by the citizens to their volunteer fire departments, but
the operations are lacking interagency coordination which could be pro~-
vided through a centralized fire protection command and coordination

function.

Emergency Medical Services (EMS) in Larimer County are formulating
a coordinated communication effort under a program recently initiated
by the Colorado Department of Health. Although this EMS coordination

system must interface with any law enforcement and fire protection

*Criminal Justice Standards, Goals, and Recommendations of the National
Advisory Commission on Criminal Justice Standards and Goals," prepared
for the Law Enforcement Assistance Administration U.S. Department of
Justice, Contract J-LEAA-027-74, Stanford Research Institute, Menlo
Park, California 94025. '
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communication system, the particulars of this system are not needed

until a detailed engineering design is undertaken.

B. Radio Equipment of Public Safety Agencies

The law enforcement agencies in Larimer County are currently using
12 very high frequency (VHF) and ultra high frequency‘(UﬁF) radio channels.
Although delays are minimal on these channels at present; consideration
must be given to their future congestion resulting ffom other users and
the projected increases in population with their potential for increasing

demands for law enforcement services.

The "Criminal Justice Standards, Goals, and Recommendations' provide
the following standards for radio systems in Standard 23.3:

"l. Every State should immediately establish common statewide

police radio‘freauencies for use by State and local law enforce-

ment agencies during periods of total disaster or other emer-
gencies requiring interagency coordination.

2. Every agency should, by 1978, have a base statidn mobile,
and portable radio equipment capable of two-way operatlons on
a common statewide police radio frequency.

3. Every agency should, by 1978, acquire and operate multi-
channel mobile and portable radio equipment capable of two-
way operation on operational frequencies, daily car-to-car
tactical frequencies, joint public safety tactical frequencies
and statewide tactical frequencies. '

4, Every ageﬁcy should, by 1978, equip every on-duty uniformed

officer with a portable radio transceiver capable of being car-

ried with redsonable comfort on the person.'™

Colorado has established the Colorado Law Enforcement Emergency
Radio (CLEER) channel as a means of meeting these goaié. Unfortunately,
this channel is on'UHF; VHF provides more suitable propagation character-
istics to serve Larimer County (and most of the Rocky Mouﬁtain counties
in Colorado). It would be possible to provide county~wide'coordination
and an interface to CLEER through proper communication sy$tem planning.
The proximity of Larimer County to W?oming suggests that coordination

in this direction should also be investigated.

oo

“Ibid.




The radio systems of the fire protection services of Larimer County
are less complex than those of the law enforcement agencies but the re-
quirements are similar. The major difference between the two services
is that law enforcement radio traffic is relatively predictable, while
fire protection radio traffic tends to be intermittent--being heavy
during a major fire and relatively light during periods of no fire
activity. TFour fire protection radio channels are currenﬁly in use in
Larimer County. These channels are used by the following fire depart-
ments and districts: Fort Collins FD, Poudre Valley FPD, and Loveland
FD and RFPD.

A number of other agencies, including the Emergency Medical Services
and National Park Services, should be integrated into a coordinated radio
communication system along with law enforcement and fire protection
agencies. Ultimately, not only should the connection to these agencies
be considered, but the sharing of some of their existing remote sites
should be considered in engineering a radio system to provide county-

wide coverage.

C. Communication System Objectives

The objectives of a coordinated communication system can be sum-
marized in a single sentence: The system shall provide a manageable,
coordinated, radio network that will provide an improved level of com-

munication at a reduced cost to the citizens of the county-and its cities.

D. Alternative Communication Systems

Four alternative communication systems providing coordinated com-
munication services in place of the seven law enforcement and two fire
protection systems were developed to provide an average busy hour delay
of 5 seconds (satisfactory to provide an overall communications delay
of under one minute as established by the LEAA Standards and Goals).
The four alternatives consist of:

° County-wide consolidation with combined telephone answer-
ing and dispatch (one-stage).




¢ County-wide consolidation with separate telephone answer-
ing and dispatch (two-stage).

s Separate north-county and south-county centers with single
stage telephone answering and dispatch. ‘

¢ Current nine dispatch centers augménted to provide level
of service comparable to comnsolidated centers.
These alternatives are compared to the current operations, which are

used as a baseline system.

The personnel requirements for each of these alternatives were
established for current operations and estimated for projected work loads
in the year 2000. In addition to the personnel requirements, the radio
system, telephone system, and facility requirements were estimated. The
cumulative costs of these systems from 1977 to 2000 were then estimated
and compared with the current systems. The resulting cost estimates

through the year 2000 are as follows:

Nine centers with cutrrent service levels $13,671,000
Single-stage county-wide consolidation™ $11,204,000
Two-stage county-wide consolidation®™ $14,416,000
Two-center county-wide consolidation* $15,880,000
Nine centers with improved service levels $19,106,000

E. Alternative Finance and Management Plans

A consolidated communications system can be financed and managed
in several ways. It could be financed by a county-wide property tax or
by a cost-sharing formula. It could be managed by contract, joint power
agreements, or by creating special districts. County-wide tax rates for
each alternative were developed, and several cost sharing formulas were
explored. Although the county wide ad valorem property tax would be the
most efficient and equitable funding arrangement, it may not be as ac-

ceptable to the potential participants as a cost-sharing formula.

*
All consolidated alternatives provide improved service levels con-
sistent with those specified in 'Criminal Justice Standards, Goals,
and Recommendations."



In the discussion of management alternatives, we conclude that a
joint power agreement would probably be the most appropriate for Larimer

County since it provides the most control to participant agencies.

F. Recommendations

SRI recommends that Larimer County and its cities develop a single
county-wide public safety communication system. This system would pro-
vide improved communication services and coordination at less than cur-

rent costs and would provide significant future savings.

This system could be operated under a joint power agreement among

the participants and funded through one of several cost-sharing formulas.

To continue the development of this coordinated system we recommend

that the following steps be taken by the potential system participants:

o Form a policy committee to determine the services to, and
responsibilities of, the communication center and to estab-
lish mechanisms to insure member control of the center's
operations. The future communications director, if de=
sired, may be a member of this committee.

¢ Conduct a detailed engineering design to define firm ini-
tial and recurring costs, and specifications for the
system.

e Establish personnel qualifications and training requirements.

» Obtain full commitment by all participants to the manage-
ment, financing, and engineering design of the system.

e Obtain bids for system implementation and begin procurement
of components.

¢ Begin personnel training and transfers as agreed on by member
agencies.
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IT CURRENT COMMUNICATION SYSTEMS IN LARIMER COUNTY

The current dispatch operations of the public safety (law enforce-
ment, fire protection, and emergerncy medical) systems in Larimer County
are analyzed in the appendix to this report. They are summarized here
to provide a basis for analysis of the current level of radio channel

use and the costs of these systems.

A, Communications Operations

Queueing theory was used to analyze the operations of the current
communication systems (see appendix). This method requires that measure-
ments or estimates be made of the arrival of incoming telephone calls
and requirements for dispatch action. The analysis provides statistical
indications of the delays encountered by a dispatcher in fesponding to
a variety of work units~--such as answering the telephone, dispatching
vehicles, maintaining the status of vehicles, making records checks, and

so forth. The results of this analysis are summarized below.

1. Law Enforcement Communications

Larimer County 1is served by seven law enforcement agencies,
not including the Colorado State Patrol. Five of these agencies-~Colorado
State University PD, Estes Park PD, Fort Collins PD, Larimer County
Sheriff's Office (LCSO), and Loveland PD--provide their own full-time
dispatching. Two égencies--Berthoud PD and Wellington PD, provide their.
own dispatching during normal working hours and are dispatched by the
LCSO after hours and on weekends., The time loading of dispatchers (the
percent of time they are occupied) and the average meséage delay én~
countered by an incoming message to these centers during the busy hour

of each shift are summarized on Table 1.

S;xnmk . -




Table 1

LAW ENFORCEMENT DISPATCHER WORK LOADS AND DELAYS

Firsc Shift Day Shift Swing Shift
Time Operator | Average Time Operator | Average Time Operator | Average
Expended | Loading Delay | Expended| Loading Delay | Expended | Loading Delay
(min) (%) (s) (min) (%) (s) (min) (%) (s)
Berthoud PD - * - - 4.3 10 2 - ¥ - -
Colorado State University PD 12.5 28 7 13.5 30 8 13.2 29 8
Estes Park PD 11.8 26 7 26,6 59 36t 22.7 50 22¢
Fort Collins PD 26.9 60 30t 37.5 83 87+ 32.5 72 51t
Larimer County SO 27.0% 60 38+ 40.0 89 2744 42.0% 93+% 452¢
Loveland PD 13.2 29 8 16.3 36 11 13.2 29 8.
Wellington PD - - - 4.3 10 2 - % - -

See text for explanatiocn of operator loading in excess of 50%.

*Also includes Berthoud PD and Wellington PD.

- . »

*
Answering and dispatching provided by Larimer County Sheriff's Office during this shift.






-

The information in Table 1 was derived from either actual
counts or estimates of the shift busy hour calls for assistance or dis-

patches (see appendix).

The average delay (Table 1) indicates how rapidly a dispatcher
could respond to a citizen's or field unit's request for service and
contributes to how rapidly a field unit could be dispatched (assuming a
field dnit were available for dispatch). It is generally accepted that
an average busy hour delay of 10 seconds or less for emérgency and pri-
ority events is a good level of service. It can be seen’'in Table 1 that
several of the agencies have delays of more than 10 seconds during one or
more shifts, When this occurs, several actions are frequently taken during
busy periods to minimize otherwise unacceptable communications delays:

(1) Priorities for responding to particular work elements

are established or altered (e.g., the dispatcher answers
telephones before responding to radio messages).

(2) Particular functiong may be intentionally or uninten-
tionally omitted (e.g., log entries are omitted).

(3) The dispatchers may increase their efficiency for short
periods.

(4) Additional personnel may assist the dispatcher.

Several agencies have indicated that additional personnel have
been requested or have been used to assist the dispatchers during busy

periods (see discussions in the appendix).

2. Fire Protection Communications

Fire protection services are provided primarily by the Berthoud
Rural Fire Protection District (RFPD), Estes Park FD, Fort Collins FD,
Loveland FD and RFPD, Poudre Canyon RFPD, Poudre Valley FPD, Red Feather
Lakes RFPD, Sheriff's Office (for range fires), and Wellington RFPD.
Service is also provided by the U.S. Forestry Service and National Parks
Service. Several small areas of the county are protected by RFPDs that
are principally in adjacent counties: Windsor-Severance in Weld County ‘

and Pinewood Springs and Allens Park in Boulder County.




Since the busy period of fire protection activities is generally
unpredictable, communications systems must be designed and operated to
provide a capability of handling the maximum demand that can reasonably

be expected for an area. Therefore, in the appendix, we have based our

analysis of fire communication needs on (1) a busy hour load that is
derived from average daily demands, and (2) on an estimate of the load

created by large incidents.

Table 2 summarizes the dispatcher work loads and queues for the
fire protection agencies of Larimer County. The dispatcher work loads
for these three groups are such that the busy hour delays are all quite
low. (Note that the load and delays in nonbusy hour periods would be

much lower.)

If the busy hour for all three groups occurred at the same time,
one dispatcher would be busy 68% of that hour and a delay of 20 seconds
would occur, This simultaneous load would be the equivalent of about four
fires and 13 pieces of equipment in the field at the same time--a rare,
but not impossible, situation. This analysis indicates, then, that a
single fire dispatch position could dispatch all fire fighting forces in

the county with only small delays.

3. Emergency Medical Communications

There are three hogpitals in Larimer County that provide dedf-
cated emergency medical and ambulance services: Poudre Valley Memorial
in Fort Collins, Loveland Memorial in Loveland, and Elizabetﬁ Knutson
Memorial in Estes Park. The communications of these services have been
analyzed by the Colorado State Division of Communications under contract
with the Colorado Department of Health. The recommendations of that
study are now being implemented to provide for UHF dispatching and co-

ordination of hospitals and ambulance services.

The abovementioned study.did not include estimates of EMS dis-
patch traffic. Generally, however, estimates of EMS dispatch traffic
volumes are based on the assumption that this traffic is about 5% of the

police dispatch traffic for the service area. This estimate results in

10
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Table 2

SUMMARY OF BUSY HOUR DISPATCHER WORK LOADS
AND QUEUES FOR LARIMER COUNTY FIRE PROTECTION AGENCIES

Work Loads Queues
Busy Hour Busy Hour
Busy Hour | and Major Fire| Busy Hour | and Major Fire

Agencies (%) (%) (s) (s)
Fort Collins FD and
Poudre Valley FPD 39 >0 7.0 11.0
Loveland FD/FPD
and Berthoud FPD 18 27 2.3 4.0
Sheriff, Estes Park FD,
Poudre Canyon RFPD,
Red Feather Lakes FPD, 11 20 1.6 2.9
and Wellington FPD




an operator loading of approximately 15% and a delay of 4 seconds for a

single dispatcher serving the Larimer County emergency medical services.

&4, Other Services

In addition to the local public safety services in Larimer
County described above, a number of state and national services also must
be considered in developing a county-wide emergency communications sys-

tems. These services include the Colorado State Patrol, state and federal

forestry services, and other national emergency service agencies. Direct

dispatch of these'agencies has not been treated in this feasibility study,
but the connection of these agencies to any county-wide communication

system must be considered in any detailed engineering design.

B. Current Radio Systems

This section gives an overview of the radio systems currently in
use by the law enforcement and fire protection services and provides
estimates of the radio chamnel utilization on the existing command chan~
nels. Data provided in this section were derived from discussions with
agency officials and from responses by the agencies to a recent survey
by the Larimer-Weld Council of Governments. The delays on these channels

are derived from data presented in the appendix.

1. Law Enforcement Radio Systems

The radio frequencies currently in use by the law enforcement
and fire protection agencies of Larimer County are listed in Tables 3

and &, The use of these frequencies and their associated equipment is

discussed below.

The Berthoud PD operates on a VHF simplex channel and can also
access the LCSO command channel, the Berthoud FD channel, and the Love-
land FD channel. The police radio channel is also shared with other
Berthoud local government functions. Their 70-watt base station is
located at the department building and feeds a 40 ft-high antenna. The

department has not observed any radic coverage or interference problems

within the town limits.

12
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Table 3

RADIO FREQUENCY ASSIGNMENTS--BY AGENCY

No. of No. of
Agency Frequency (MHZ) Use Mobiles | Portables
| Berthoud PD 155.100 Command 3 3
' Colo. State
 University PD 155.190 Command 7 12
' Estes Park PD 154.770/154.935 | Command 7 4
154.935 Tactical 7 4
154.905 State emergency
156.000 Utilities & fire 5 0
Fort Collins PD |460.300/465.300 | Command 54 13
460.350/465.350 | Tactical 54 13
460.425 CLEER 8 0
155.040 Utilities
Larimer County S0|154.710 Command 31 23
155.130/154.170 | Commhand 31 23
154,385 Fireground 15 7
169,175 Fire/Rescue i5 7
Loveland PD 156.750 Command 8 5
154.710 Coordination 8 5
Wellington PD 154.710 Command 2 2
Berthoud FD 154.010 Command/tactical 2 0
Estes Park FD 156.000 Command 5 0
Fort Collins FD |460.625/465.625 | Command 8
460,625 Fireground 8
Loveland FD 154,010 Command 13 10
154,385 Coordination 2
Poudre Valley FD }460.600/465.600 | Command 6
13



Table 4

RADIO FREQUENCY ASSIGNMENTS~-BY FREQUENCY

Frequency (MHz)

Larimer County Users

FCC Sexvice Class

Other Users

154.010

154.385

154,710

154,770

154,905

154,935

155.040

155.100

155.130
155.190

156.000

156.750
169.175
460.300
460.350
460.425
460,600
460.625
465.300
465,350
465.600
465,625

Berthoud FD
Loveland FD

Larimer County SO
Loveland FD

Larimer County SO
Loveland PD
Wellington PD

Colorado State Patrol
Estes Park PD

Estes Park PD
Larimer County SO

Colorado State Patrol
Estes Park PD

Fort Collins utilities

Berthoud PD

Larimer County SO

Colo. State
University PD

Estes Park ¥D

Loveland PD
Larimer County SO
Fort Collins PD
Fort Collins PD
Fort Collins PD
Poudre Valley FD
Fort Collins FD
Fort Collins PD
Fort Collins PD
Poudre Valley FD
Fort Collins FD

Fire (Mébile)
Fire (Base-mobile)

Police (Mobile)

Police (Mobile)
Police (Base-mobile)
Police (Base-mobile)

Local Government
(Base-mobile)

Local Government
(Base-mobile)

Police (Base-mobile)
Police (Base-mobile)

Local Government
(mobile)

Police (Base-mobile)
Fire (Base-mobile)
Police (Base-mobile)
Police (Base-mobile)
Police (Base-mobile)
Fire (Base~mobile)
Fire (Base-mobile)
Police (Mobile)
Pdlice (Mobile)

Fire (Mobile)

Fire (Mobile)

Berthoud local government
and Longmont

University of Colorado

Estes Park local govern-
ment

Littleton FD
Denver metropolitan area

Denver metropolitan area

Thornton FD

Westminster FD

Denver metropolitan area
Denver metropolitan area
Thornton FD

Westminster FD
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The Colorado State University PD operates on a VHF simplex
channel. The l12-watt base station feeds a 30 ft-high antenna located on
the Campus Health Building. The equipment is old and is probably operating
below the rated power. Due to system age and degradation, the department
has difficulty communicating on the main campus, let alone with remote

facilities with whom it must also try to communicate.

The Estes Park PD operates on a regional VHF duﬁlex channel
assigned to the Colorado State Patrol. A repeater is located in Estes
Park on Mt. Prospect, but the department has proposed to move this unit
to. the roof of the department building. They believe this move will mini-
mize their interference with Colorado State Patrol (CSP) vehicles out of
the vicinity of Estes Park and will minimize CSP interference to Estes
Park vehicles, The Estes Park PD can also access a state emergency

frequency and the town's local government and fire department frequency.

The Fort Collins PD has just recently updated their radio sys-
tem for operation on two UHF duplex channels--one command channel and a
separate tactical éhannel. The 30-W command transmi;ter, 75—W tactical
transmitter, and a mobile repeater are located at the polic¢e department.
In addition to these channels, about eight cars have access to the Colo~
rado Law Enforcement Emergency Radio (CLEER) channel and the digpatcher
can access the city's local government channel. The system provides full
coverage of the city. The department shares these command and tactical
channels with other agencies in Denver metropolitan areas; interference

has been observed in the past.

The Larimer County Sheriff's Office uses two separate radio’
systems--one primarily for law enforcement activitieé and the second for
range fire protection services. The basic law enforcement system is
comprised of a VHF duplex system employing a l10-W base and repeater
transmitters with a mobile repeater located at a facility shared with the
CS? on Buckhorn Mountain. The mobile frequency on thi§ system can also
be used either as a mobile-to-mobile tactical channel or as a second
command channel when the repeater is not required. The primary fire ground
frequency can be used once the units have arrived on the scene, but it is

necessary to use the law enforcement command channel while fire fighting
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units are en route. In addition to the fire ground and fire/rescue fre-
quencies, the department also has access to several other frequencies for
coordination with the U.S. Forestry Service and for directing aircraft.
Whichever frequency is used, there are numerous areas of poor communica-
tion because of the varied and remote terrain over which‘the sheriff's

law enforcement and fire fighting units must operate.

The Loveland PD operates a VHF simplex channel, and can access

the LCSO frequency for coordination purposes. The base station is lo-

cated at the department and no coverage or interference problems have been

observed within the city limits, but the equipment is about 10 years old
and due for replacement. Interference from the City of Cunningham has

been observed.

The Wellington PD operates on the LCSO command channel with a
base station located at the Wellington PD,

2. Fire Protection Radio Systems

The Berthoud FD has been operating on a single VHF simplex
channel, which it shares with the Loveland FD. At the time of this
printing, the Berthoud FD had been licensed for a new VHF channel with

a bagse to be installed at department headquartetrs.

The Estes Park FD operates on a VHF simplex channel, which it

shares with other Estes Park local government functions. The base station

for this channel is located at the Estes Park PD. In &addition to the

above radio system, the department has 32 Plectrons and one pager.

The Fort Collins FD uses a UHF duplex channel for command,
and the mobile frequency of this pair is used as a fireground frequency.
The base station and mobile repeater for this channel are located at
city hall. The Fort Collins FD dispatcher also has access through a re-
mote station at the Poudre Valley FPD. The system has provided good
coverage and there has been no interference, although the Westminster FD

is currently sharing this channel, using a tone-coded squelch system.
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The Loveland FD operates on a VHF simplex system. Initially,
the base station was located at the fire department's headquarters, but
the base has recently been moved to Station 2 with an improvement in
coverage and reduction in interference. The department also employs 60

dual-tone Plectrons to notify volunteers.

The Poudre Valley FD has recently installed a UHF duplex radio
system. The base station for this system is located at the department

headquarters and can be remotely accessed by the Fort Collins ¥D.

3. Emergency Medical Service Radio Systems

The plan for the Region II EMS coordination radio system speci-
fies a duplex coordination channel on 462.950/467.950 MHZ. A mobile
relay is currently being implemented for this channel at the .Point of
Rocks in Weld County. All ambulances and public safety agencies in
Larimer and Weld Counties will have access to this coordination channel,
including the Cclorado State Patrol, Colorado State University, Elizabeth
Knuttson Hospital, Estes Park PD, Fort Collins PD, Larimer County SO,
Loveland Memorial Hospital; Loveland PD, and Poudre Valley Hospital.

In addition to the above coordination>chanqel, each ambulance
and hospital will carry radio equipment operating on frequencies v
463,000/468,000, 463,025/468,025, 463,050/468,050, and 463,075/468,075 Miz.
The ambulances will alsc be able to access the remaining‘nétional EMS chan-~
nels: -463,100/468,100, 463,125/468,125, 463,150/478.150, 463,175/468.175,
462.975/467.975, 458,025/468.025, 458,075/468,075, 458,125/468,125, and
458.175/468,175 MHz, As designed, this system should provide EMS radio

coverage to all of Larimer and Weld Counties.

4. Other Radio Systems

Although the abovementioned radio systems serve as the primary
local, municipal, and county public safety radio systems, a number of
other systems must be considered to varying degrees in developing a

county-wide consolidated communication system.
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A primary radio system of this group is that of the National
Park Service. This agency maintains an extensive radio system covering
the Rocky Mountain Natioﬁal Park. In addition to interfacing this system
with any county-wide system, it may be possible to share some of their
existing repeater sites to improve the overall coverage of other city and

county systems.

In addition to federal and state forestry systems, provisions
should be made to receive and coordinate with citizen band and amateur
radio emergency .systems. These groups, particularly the latter, have made
significant contributions in assisting communications during recent dis-

asters in Larimer County and in other regions.

C. Present Communication System Costs

The annual operating costs of the emergency communication systems
are presented in Table 5. These costs were derived primarily from re-
sponses by the agencies to an information request made by the Larimer-
Weld Council of Government and were updated by interviews with agency
officials. Many of the cost categories used in Table 5 are not readily
extractable from city and county budgets. For example, a department may
know the budgeted direct salaries of personnel but benefits such as in-
surance, uniform allowance, social security, etc., may be carried in a
separate city budget. Wherever employee benefits were not readily avail-
able from the departments, we used a consistent percentage of the direct
salaries, which appeared to be representative of the area. Similarly,
maintenance and telephone costs were not always separated in terms of
emergency and nonemergency communication costs, and it was therefore
necessary to estimate costs assuming that similar size agencies would

have similar maintenance and telephone costs.

In addition to budgeted costs, there also can be an indirect cost
associated with the facilities currently in use by the departments.

Table 5 provides an estimate of the space currently allocated to
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Table 5

PRESENT PUBLIC SAFETY COMMUNICATION SYSTEM COSTS

Personnel Annual Annual Facilities Total

Annual Maintenance |Telephone v Annual | Annual

Costs Costs Costs Approx. Costs Costs

Agency Number %) - (% (% Dimensions ($). (%)

Berthoud PD 1 $ 8,300" $ 300 $ 800 | 5 ft x 10 f£|{$ 400 |$ 9,800
Colorado State University PD| 5 54 ,600% 1,100 800t | 10 ft X 10 ft 700 57,200
Estes Park PD 4.5 44, 700% - & 4,500 | 10 ft X 12 ft 800 50,000
Fort Collins PD 6 66,500 5,500 3,400 | 20 ft X 20 ft | 2,800 78,200
Larimer County SO 5 61,200* 1,200 7,200 10 £t X 20 ft 1,400 71,000
Loveland PD 5 50,000 1,200% 900+ 5 ft X 10 ft 400 52,500,
Wellington PD 1 8,300t 300+t 800t 5 ftr X 10 ftt 400+t 9,800
Total 27.5 $293,600 $9,600 $18,400 $6,900 [$328,500
Fort Collins FD 4 45,900* 1,200 2,000+ 10 ft X 17 £t | 1,200 50,300
Loveland FD 1 11,500t 1,200 7,500 9 ft X 11 ft 700 20,900
Total 5 $ 57,400 $2,400 $ 9,500 $1,900 ($ 71,200

*®
Fringe benefits estimated at 15% of direct salaries.

+ . e
‘Estimated from costs of similar departments.

4:Maint:enance is approximately $275 per year, which is paid by the state in return

services.

for dispatching




dispatching services.® The annual cost of this space has been estimated
at $7 per square foot--which is the estimated annual cost of renting

office space in the Fort Collims area.

The most significant fact to be noted from Table 5 is that approxi-
mately 90% of the total communication system costs are personnel salaries.
These personnel salaries must be interpreted with care since many of the'
individuals represented in the salaries are performing multiple functions,
and the total amount of the salaries shown may not necessarily be removed
if the communication function were to be relocated away from the depart-
ment, For example, some of the departments would still require records
clerks if the dispatching communication functions were relocated, but
less costly personnel could possibly be used for the records functions.
Table 6 is an estimate of the personnel that could be made available from

each department for a consolidated operation.

To place the operating costs in another perspective, we have pro-
vided yearly costs per capita and costs as a function of assessed valua-
tion in Table 7. The costs per capita show a considerable variation,‘
with the largest population pafing the least for communication services

and the smaller populations paying considerably more.

Another interpretation of the costs of emergency communication ser-
vices is provided in the cost per $1000 assessed valuation. Two factors

must be remembered in analyzing this columa:

(1) The costs of Berthoud PD and Wellington PD are probably not
representative since the dispatchers spend little time in com=-
munication functions and most of their time in other functions.

(2) All of the citizens of the cities and county contribute $0.19
per $1000 ad valorem to the county system in addition to sup-
porting their local city systems, yet those citizens in the un-
incorporated areas receive the most direct benefits from the
1.CSO communication system.

Court House has been designated as an Emergency Operating Center. This
facility may be sufficient as a temporary or permanent facility for a
consolidated communications centexr, which could reduce the costs listed
in Table 5.
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Table 6

ESTIMATED CURRENT PERSONNEL POTENTIALLY AVAILABLE
FOR A CONSOLIDATED COMMUNICATION SYSTEM

Potentially
Current Available
Dispatchers | Dispatchers
Berthoud PD 1 0
Colorado State University PD 5 1-2
Estes Park PD 4.5 1.2
Fort Collins PD 6 5~-6
Larimer County SO 5 5°
Loveland PD 5 1-2
Wellington PD 1 0
Fort Collins FD 4 4
Loveland FD 1 1
Total ~32.5 18-22

Table 7

PUBLIC SAFETY COMMUNICATION SYSTEMS COSTS PER CAPITA
AND PER ASSESSED VALUATION--1976

Total i "Cost

Communications Costs Assessed Per

Costs Per Valuation $1000

€)) Population| Capita | A.V. AV.

Berthoud PD 9,800 2,800 $ 3.50 |$ 4,700,000 {$2.09
Colorado State +

University PD 57, 200% 17,400 3.29 -- --

Estes Park PD 50,000 2,200 22.73 15,400,000 3.25

Fort Collins PD 78,200 68,000% 1.15 | 127,600,000 | 0.61

Larimer County SO 71,000 27,700 2.56 | 378,800,000 | 0.19

Loveland PD 52,500 25,900 2.03 72,500,000 0.72

Wellington PD 9,800 1,100 8.91 1,400,000 7.00

Fort Collins FD 50,300 68,000 0.74 127,600,000 0.39

Loveland FD 20,900 25,900 0.81 72,500,000 0.29

y :
‘Funding from State.
TIncluded in Fort Collins Assessed Valuation,

*Includes Colorado State University.
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III COMMUNICATION SYSTEM OBJECTIVES

This section sets forth the broad design and de#elopment objectives
that an alternative future communication system must meet. The objectives
are based on previous SRI experience and on recent knowledge of the loecal
conditions of Larimer County and its cities. The objectives can be viewed
as a set of criteria against which any existing or alternative communica~

tion system for Larimer County can be judged.

A. Operational Objectives

The operational objectives are as follows:

(1) The system must provide mutually agreed on levels of
service to the citizens and user agencies (e.g., an
average busy hour response time of less than 5 seconds
is suggested in this report).

(2) The system must provide for coordination among member

agencies as well as with outside agencies such as the

-Colorado State Patrol, the U.S. Forestry Service, and
agencies in adjoining counties,

(3) Flexibility must be provided to pemmit adding staff
and equipment in the event of a major incident,

(4) System design and operation must not be subject to cat=-
astrophic failure in the event of a major disaster or
event, but must instead degrade gracefully.

B. Technical Objectives

The following technical objectives are seen:

(1) The system must provide median radio coverége to at least
90% of the geographical service area of any agency.
This provides an area coverage of approximately 96%.

(2) The telephone system must provide easy citizen access
to all emergency service agencies and be compatible
with current or future implementation of 911 service,
as requested by the local agencies and citizens.
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(3)

(4)

(5)
(6)

(7)

(8)

All radio and telephone messages must be recorded on
logging tape recorders.

The system should be compatible with, and easily adapted

to, computer-aided dispatch (CAD) techniques desired or
required in the future.

The facilities must be reasonably secure against natural
disasters and unwanted personmnel intrusion.

Emergency operating power must be available to the system
to insure 24 hour continuous operation.

The system must be designed for expansion to accommodate

future population growth, work load increases, zzl changes

in desired levels of service in the county.

Radio coordinati-n must be provided among dissimilar
agencies,

Managerial Objectives

Managerial objectives are envisioned as follows:

(1)

(2)

3

(4)

The management mechanism must provide all participating
agencies and political units with sufficient control
over the communications systems to ensure that it is
responsive to theilr needs.

The management mechanism must provide participants with:
authority to control operating policy, needed fiscal

control, and definite legal responsibilities of communi-
cation system participants,

@
The participants must have effective recourve for
grievances.

Levels of service information must be readily available
to participants, and participants should have direct
and rapid mechanisms for adjusting service levels,

Financial Objectives

The financial objectives are as follows:

(L)

(2)

(3

The system should provide satisfactory levels of service
to the agencieg and citizens at minimum cost,

An equitable cost sharing mechanism among cities and
agencies must be provided.

The selected funding mechanism should provide for financ-
ing the system to be implemented and provide for system
evolution.

24
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IV ALTERNATIVE COMMUNICATION SYSTEMS

Four ways of providing consolidated public safety communication
services to Larimer County are discussed in this secticn., These alterna-
tives are presented from operational, technical, and cost viewpoints,
Management and financing of a consolidated system are discussed in Sec-

tion V.,

A, Alternative System Configurations

Four alternative system configurations were investigated:
(1) County-wide congolidation with single-stage telephone
answering and dispatch,

(2) County-wide consolidation with two-stage telephone an-
swering and dispatch,

(3) Separate north-county and south-county centers with
single-stage telephone answering and dispatch,

(4) Current dispatch centers augmented to provide response
times comparable to that provided by alternatives 1-3.

The work loads and personnel requirements for these alternatives
were estimated from the data presented in Tables A-2 through A-1l in
the appendix, In some cases, the number of telephone calls received by
each law enforcement agency that potentially could be dispatched must be
reduced from those presented in Tables A-2 through A~-8, since many of the
present telephone answering and dispatch personnel are also answering
adminigtrative calls--particularly during the first and swing shifts,
The telephone call volumes shown in Table 8 were derived by assuming
that the calls for all departments except the Estes Park PD and the
Larimer County SO are of a priority nature, as viewed by the citizen,
and would be first received at the dispatch center, For the Estes Park
PD and Larimer-Coﬁnty S0, we assumed that 657 of the calls to a consoli-
dated dispatch center would be dispatchable (e.g., the number of busy
hour dispatches were divided by 65% to establish the number of busy
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hour calls) and that the remaining calls would be answered by, or referred

to, the administrative switchboard of the respective department.

Table 8

SUMMARY OF BUSY HOUR LAW ENFORCEMENT TELEPHONE CALLS

First | Day | Swing

Agency Shift | Shift | Shift

Berthoud PD 1 2 1
Colorado State University PD 5 5 5
Estes Park PD 5 6 8
Fort Collins PD 8 9 9

Larimer County SO 6* 8 6*
Loveland PD 5 6 5
Wellington PD A 2 1
Total 31 38 35

*
Does not include after hours answering for Berthoud
PD and Wellington PD.

The number of law enforcement dispatch activities (dispatches, status
checks, information checks, and log entries) were extracted directly from
Tables A~2 through A-8 and are summarized in Tables 9, 10, and 11. Note
that the log entries for the incoming telephone calls are not included

in these tables,

Table 9

SUMMARY OF FIRST SHIFT LAW ENFORCEMENT BUSY HOUR DISPATCH ACTIVITIES

Status | Information Log
Agency Dispatches | Checks Checks Entries
Berthoud PD 1 2 1 4
Colorado State University PD 3 8 -3 14
Estes Park PD 3 6 3 12
Fort Collins PD 5 19 12 36
Larimer County SO 4* 8% A 16%
Loveland PD 3 10 3 16
Wellington PD 1 2 1 4
Total 20 55 27 102

%
Does not include Berthoud PD and Wellington PD.
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Table 10

SUMMARY OF DAY SHIFT LAW ENFORCEMENT BUSY HOUR DISPATCH ACTIVITIES

Status | Information Log
Agency Dispatches | Checks Checks Entries
Berthoud PD 1 2 1 4
Colorado State University PD 3 11 3 17
Estes Park PD 4 8 4 16
Fort Collins PD 6 39 15 60
Larimer County SO 5 10 5 20
Loveland PD 4 12 4 20
Wellington PD 1 2 1 4
Total 24 84 33 141
Table 11

SUMMARY OF SWING SHIFT LAW ENFORCEMENT BUSY HOUR DISPATCH ACTIVITIES

Status | Information Log

Agency Dispatches | Checks Checks Entries
Berthoud PD 1 2 1 4
Colorado State University PD 3 10 3 16
Estes Park PD 5 10 5 20
Fort Collins PD 6 24 15 45
Larimer County S0 4* 8% 4* 16%
Loveland PD 3 10 3 16
Wellington PD 1 2 1 4
Total 23 66 32 121

*
Does not include Berthoud PD and Wellington PD.

The number of staffed positions for the law-enforcement section of

communication consolidation Concept 1 are estimated in Table 12,

It is

worth noting that the estimates presented in Table 12 (and following

tables) are possibly high because it is'assumed that the busy hour for

all departments occurs simultaneously.*

*
Actual traffic counts should be made and analyzed as part of an engineer-
ing study should the cities and county proceed with the implementation of

consolidated dispatching.
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Table 12

STAFFED POSITIONS REQUIRED FOR SINGLE-STAGE COUNTY-WIDE
CONSOLIDATION OF LAW ENFORCEMENT COMMUNICATIONS

First Shift -Day Shift Swing Shift
Element Number | Time(min)'| Number | Time(min).| Number | Time(min)

Telephone answering 31 31.0 38 38.0 35 35.0
(60 s/call)

Dispatches 20 6,7 24 8.0 23 7.7
(20 s/dispatch)

Status checks 55 9.2 84 14.0 66 11.0
(10 s/check) '

Information check 27 18.0 33 22.0 32 21.3
(40 s/check)

Log entries 133 22,2 179 29,8 156 26,0
(10 s/entry) L o . L

Total 266 87.1 358 111.8 312 101.0

Positions required

for average busy

hour delay of less

than 5 s, 4 4 4







The personnel calculations are based on an average busy hour coﬁmunica-
tion delay of less than 5 seconds, which is an excellent level of ser-
vice and is better than that currently being provided by some of the
larger departments in Larimer County. This level of response time will
assure provision of an overall response of one minute to emergency com-

plaints, as recommended by the LEAA Standards and Goals,

Separating the telephone answering and dispatching functions as
suggested in consolidation Concept 2, requires adding an extra 10 seconds
to the call answering time to account for the logging of telephone calls:
this time is then subtracted from the dispatcher logging time. The times
and answerer and dispatcher requirements are shown in Table 13. Seven
telephone calls have been added to each busy hour call volume to account
for incoming fire alarms and EMS requests, which would be answered by the
call answerers and routed to the proper dispatcher, As can be seen in

the final entry in Table 13, "Total Positions," two additional full-time

_positions would be required for a two-stage system compared with the

single stage system of Table 12.

The final consolidation concept considers separation of the northern
and ;outhern portion of the county into separate centers, For this con-
cept, we have assumed that the Town of Berthoud, Town of Estes Park, City
of Loveland, and approximately one~half of the Larimer County Sheriff
Office's dispatch would be served by the southern center and the remainder
of the county would be served by the northern center. The number of
answering/dispatch positions required for this alternative are shown in

Table 14,

The final concept investigated was the number of personnel that
would be necessary to improve the existing communication services to
provide a response time comparable to that of the above system concepts.
This includes logging all events, which is currently not accomplished by

some agencies., These projections are shown in Table 15,

A more exact comparison of the concepts can be made by including the
fire/EMS answering and dispatcher requirements, as shown in Table 16,

The total number of personnel shown in Table 16 were derived by multiplying
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Table 13

STAFFED POSITIONS REQUIRED FOR TWO-STAGE COUNTY-WIDE
CONSOLIDATION OF LAW ENFORCEMENT COMMUNICATIONS

First Shift Day Shift Swing Shift
Number | Time(min) § Number | Time(min) | Number | Time(min)

Telephone Answering

Telephone Answering
(70 sec/call) 38 44.3 45 52.5 42 49,0
Call Answers required
for average delay of less
than 5 s 3 ’ 3 3

Dispatching

w Dispatches
e (20 s/dispatch) 20 6.7 24 8.0 23 7.7
Status checks
(10 s/check) 55 9.2 84 14.0 66 1i.0
Information checks
(40 s/check) 27 18.0 33 22.0 32 21.3
Log entries
(10 s/entry) 102 17.0 141 23.5 121 20.2

Total 204 50.9 282 67.5 242 60,2

Positions required‘for
average delay of less
than 5 s 3 3 3

Total positions 6 6 6
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Table 14

STAFFED POSITIONS REQUIRED FOR TWO-CENTER COUNTY-WIDE
CONSOLIDATION OF LAW ENFORCEMENT COMMUNICATIONS

'S Pirst Shifr Day Shife Swing Shift
Number | Time(min) | Number | Time(win) | Number | Time{min)
Worth County Center

Telephone answering

(60 s/call) 17 17.0 20 20.0 18 18.0
Dispatches

{20 s/dispatch) i1 3.7 13 4,3 12 4.0
Status checks

(10 s/check)} i3 5.5 57 9.5 40 6.7
Information checks

(40 s/check) 18 12.0 22 14.7 21 14.0
Log entrles

(10 s/entry) 79 13,2 112 18,7 91 15.2

Total 158 51.4 224 67.2 182 57.9
Dispatchers required for average
delay of less than 5 s 3 3 3

South County Center

Telephone answering

(60 s/call) 14 14,0 18 18.0 17 17.0
Dispatches

(20 s/dispatch) 9 3.0 11 3.7 11 3.7
Status checks

{10 s/check) . 22 3.7 27 4.5 26 4.3
Information checks

(40 s/check) . 9 6.0 11 7.3 11 7.3
Log entries .

(10 s/entry) _54 9.0 67 11.2 65 10.8

Total 108 35.7 134 44,7 130 43,1

Dispatchers required for average
delay of less than 5 s

Total positions




Table 15

STAFFED POSITIONS REQUIRED TO IMPROVE
EXISTING LAW ENFORCEMENT COMMUNTICATIONS

First | Day | Swing
Agency Shift | Shift | Shift

Berthoud PD

Colorado State University PD
Estes Park PD

Fort Collins PD

Larimer County SO

Loveland PD

Wellington PD

~NOjE N
=
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Total

Table 16

COMPARISON OF PERSONNEL REQUIREMENTS
FOR ALTERNATIVES - PRESENT REQUIREMENTS

Staffed Positions
First | Day | Swing Total
Shift | Shift | Shift | Personnel
Present Systems 32,5%
Single Stage County-Wide Consolidation
Law enforcement 4 4 4
Fire and EMS 1 1 1
Total 5 5 5 24
Two-Stage County-Wide Consolidation
Telephone answering 3 3 3
Law enforcement dispatch 3 3 3
Fire/EMS dispatch 1 1 1
Total 7 7 7 34
Two-Center County-Wide Consolidation
North county law enforcement 3 3 3
North county fire protection and EMS 1 1 1
South county law enforcement 2 3 3
North county fire protection and EMS 1 1 1
Total 7 8 8 37
Nine centers with improved service g* 14% 10* 51

*
Includes four dispatchers for Fort Collins FD and one dispatcher for
Loveland FD.
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the number of positions to be staffed in each shift by 1.6. This factor
is an average figure, which accounts for coverage on weekends and holiéays
plus vacation leave, sick leave, etc, 1In actual operation, it may be
possible to reduce the total number of personnel shown through judicious
staggering of shifts, but the numbers shown here are representative for

comparative purposes,

B, Impact of Population Growth on Future Communication Personnel
Requirements

The population of Larimer County is projected by the Larimer-Weld
Council of Governments to increase approximately linearly from a 1976
population of 128,000 to a year 2000 population of 270,000. The impact
of this population increase on future public safety communications opera-
tional personnel requirements can be estimated under the following assump=-
tions:

e The future population will be distributed in the county

approximately as it is distributed today.

o Calls for public safety service will increase in propor-
tion to populationm, -

o Public safety agency service policies (responses to service
requests) will remain constant, e.g., agencies will add
personnel to satisfy these policies as demands for service
increase.

s No technélogical improvements such as digital communications
and/or computer-aided dispatch will be implemented.

The number of communications personnel required in the year 2000 based on
these assumptions is shown in Table 17 for each alternative and the cur-
rent operations. An average annual dispatcher salary (including benefits)
of $10,800 can be calculated using the current personnel costs presented
previously in Table 5., Using this average salary and assuming no increase
to account for inflation (the reader may insert a representative infla-
tion rate, but the relative comparison of costs will remain the same) re-
sults in initial (1976) and cumulative personnel costs through the year

2000 shown in Table 18,

As can be seen in Table 18, a single-stage county-wide system will

result in long-term savings in personnel costs in excess of $3 millionm,
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COMMUNICATION PERSONNEL REQUIREMENTS--YEAR 2000

Table 17

i Firsc Shift Il Dav Shift Swing Shift ] Total
; Time I Dispatchers | Time | Digpatchers | Time | Dispatchers | Dispatchers
Nine Centeys with Current Level of ,' i . !
Service ! ! | ;
Berthoud BD “. P Co9.1 1 ! -- .- 1
Colorado State University PD 12,5 ¢ 1 i 13,5 1 13.2 1 3
Estes Park PD 24,91 1 . 56.1 2 47.9 2 8
Fort Collins PD i 56,7 2 : 79.1 3 68.6 2 11
Larimer County SO 57.0 1 1 84,4 ki 88.6 3 11
Loveland PD 27.8 2 | 3.4 2 27.8 2 10
Wellington PD - .- P9 1 - - 1
Fort Collins FD 36.7 2 | 26.7 2 36.7 2 10
Loveland FD 17.3 1 17.3 1 17.3 1 3
Total dizpatchers ‘ ! 62
! t
Single-Stage County-Wide i !
Consolidation ' )
B .
Law enforcement 183.7 6 1235.8 7 213,0 7 32
Fire/EMS 64.3 2 | 66,3 2 64,3 2 1o
Total digpatchers 62
Iwo-Stage County-Wide Consolidation
Telephone answering I 93.4 5 110.7 5 103.4 5 24
Law enforcement dispatching 107.4 4 142.4 5 127.0 5 22
Fire/EMS dispatching 64,3 2 64,3 2 64,3 2 10
Total personnel 56
Two-Center County-Wide Consolidation
Norch county law euforcement
dispatch 108.4 4 141.8 5 122.1 5 S22
North coutty Fire/EMS dispatch 41,8 2 41,8 2 41.8 2 10
South county law enforcement
dispatch 75.3 3 94,3 4 90.9 4 18
South County Fire/EMS Dispatch 22.5 2 22,3 2 22,5 2 10
Total personnel 60
Nine Centers with Improved Service
Barthoud PD , - - 9.1 1 -~ - 1
Colorado State University PD | 12.5 2 13,5 2 13.2 2 10
Estes Park PD 24,9 2 56,1 3 47.9 3 13
Fort Collins PD 59.6 3 82,3 4 71.7 3 16
Larimer County SO 62.2 K} 95.0 [ 99.1 4 18
Loveland PD 27.8 2 34,4 2 27.81 2 10
Wellington PD - - 9.1 1 .- .- 1
Fort Collins FD 36,7 2 36.7 2 36,7 2 10
Lovsland FD 17.3 1 17.3 1 1 17,3 1 3
Total personnal 5 l 84
34
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Table 18

CUMULATIVE PERSONNEL COSTS FOR ALTERNATIVE SYSTEMS

Cumulative
Personnel Costs

1976 Personnel Through Year

Costs 2000

$ . $H
Maintain current service level $351,000 $12,247,000
Single-stage county-wide system® 280, 800 9,072,000
Two-stage county-wide system® 388,800 12,182,000
Two-center county-wide systemfi 442,800 13,608,000
Nine centers with improved service 550,800 17,496,000

%
Costs include salary for center director and secretary.
Costs include salaries for two center directors and secretaries,

$Single-stage systems.

Furthermore, any of the consolidated alternatives will save at least $4 |
million in personnel costs over the next 24 years compared with individual

agency improvement to existing services.

C. Radio System Considerations

Command channel use by the law enforcement and fire protection agen=-
cies was estimated from the information in Tables A-2 through A-11 in the
appendix, Estimates for current and future workloads are shown in Table

19.

The total time that the law enforcement command vadio channels are
required was estimated from the radio time required for dispatches, sta-
tus checks, and information requests. The resulting time was divided by
the total channel time available in one hour (60 minutesg) to obtain the
percent utilization., The number of channels required was estimated using
queueing analysis and restricting the average channel'waiting time to
less than 5 seconds. If the average message length is 10 seconds, as

assumed here, a radio channel can carry 20 minutes of traffic (337%
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Table 19

BUSY HOUR RADIO TRAFFIC

|

\

-

Megsage Time 1976 2000

Information Total Occupancy Total’ Occupancy
Agency Dispatch § Status Checks Time(min) | Channels (%) Time(min) { Channels (%)
Law Enforcement
Berthoud PD 0.3 0.3 0.3 0.9 1 1.5 1.9 1 3.2
Colorado State University PD 1.0 1.8 1.0 3.8 1 6.3 3.8 1 6.3
Estes Park PD 1.6 1.6 1.6 4.8 1 8.0 10.1 1 16.9
Fort Collins PD 2,0 6.5 5.0 13.5 1 22.5 28.5 2 23.8
Larimer County SO 1.7 1.7 1.6 5.0 1 8.3 10.5 1 17.6
2 Loveland PD 1.3 2.0 1.3 4,6 1 7.7 9.7 1 16.2
Wellington PD 0.3 0.3 0.3 0.9 1 1.5 1.9 1 3.2
| Total Law Enforcement
with Channel Sharing 33.5 2 27.9 66.4 4 27.7
Fire Protection
Fort Collins FD 7.2 - -- 7.2 1 12.0 15.2 1 25.3
Loveland FD and RFPD 8.2 -- - 8.2 1 13.7 17.3 i 28.8
Sheriff amd Other RFPDs 4.9 -- .- 4.9 1 8.2 10.3 1 17.2
Total Fire Protection
with Channel Sharing 20,3 | 2 16.9 42.8 3 23.8
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occupancy) before the average channel access delay exceeds five seconds,
Thus, it can be seen on Table 19 that the current radio channels are re-

latively lightly loaded.

Estimates of the radio traffic for the year 2000 were derived assum~
ing the radio traffic will increase in proportion to the population (cur-~
rent population of 128,000 and 2000 population of 270,000). As can be
seen in Table 19, only one department, Fort Collins PD, would be required
to add another command chamnel by 2000, Finally, the channel require-
ments were determined assuming the channels could be shared by the depart-
ments and the traffic could be evenly distributed., This assumption re-
sults in a requirement for two command channels currently and four chan-
nels in 2000-~this compares to the nine law enforcement channels (exclud~

ing CLEER) currently is use in Larimer County (see Table 4).

The utilization of the fire protection command radio channels was
estimated using the data presented in Tables A~9 through A-11l, as shown
in Table 19, The resulting analysis shows that the county could currently
be served by two command channels instead of the five channels currently
in use, or the channels could be distributed to provide better fire ground

and command coverage,

Using the year 2000 radio channel loadings, a tentative channeliza-
tion plan can be developed without assigning specific frequencies at this
time, as shown in Table 20.% With proper planning of dupléex and simplex
radio systems it should be possible to provide this plan in Larimer County

with existing radio channels,

Of particular interest are the VHF and UHF coordination channels,
Since it is impractical for each mobile unit to carry radio equipment for.
both frequency ranges, conversion should be made at base stations or mo-
bile repeater sites., The most common method of providing this conversion
ig to connect the received audio of one receiver (i.e., VHF) to the micro-

phone input of the alternate transmitter (UHF, in this case) at the

%
In addition to these channels, the EMS channels discussed in Section II-
B-3 would also be in use in Larimer County,
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Table 20

TENTATIVE RADIO CHANNELIZATION PLAN

. Year 2000
Channel Use Agencies Qccupancy
VHF -1 | Command Berthoud PD, Larimer County SO,
Wellington PD 28%
VHF-2 | Command Estes Park PD, Larimer County SO,
Loveland PD 28%
VHF-3 | Administrative, { Berthoud PD, Estes Park PD,
Undercover, Larimer County S0, Loveland PD %
Coordination --
UHF-1 | Command Colorado State University PD,
: Fort Collins PD 27%
UHF-2 | Command Fort GCollins PD 27%
UHF-3 | Administrative, | Colorado State University PD,
Undercover, Fort Collins PD -
Coordination -
VHF -4 | Command Loveland FD and RFPD 29%
VHF -5 | Command All other RFPDs 17%
VHF~6 | Fireground Loveland FD and all RFPDs *
Coordination --
UHF -4 | Command Fort Collins FD and Poudre
Valley RFPD 25%
UHF-5 | Fireground, Fort Collins FD and Poudre *
Coordination Valley RFPD --

*
Variable, depending on activities.

communication center.

This same principle can be applied by connecting

a VHF and UHF transceilver ''back-to-back" at a mobile repeater site. Al-

though this latter method has been used in military applications, there

is currently no "off-the-shelf" equipment in the land mobile frequency

_range since there has been no demand to warrant "type testing."

frequency plan of Table 20.

to develop this estimate:

Table 21 provides a budgetary cost estimate to implement the
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o The existing law enforcement VHF base stations and mobile
repeaters may require relocation and frequency changes to
adapt to new frequency plan,

» The Fort Collins PD base stations could provide two of the
three required UHF law enforcement base stations, One new
UHF base station may be required.

¢ Each law enforcement mobile and portable radio, except those
of the Colorado State University PD and Fort Collins PD will
require frequency changes on one channel to adapt to the plan,
Fort Collins PD will .require no changes and the Colorado State
University PD will require new radios to adapt to UHF.

¢ Two of the six VHF fire protection base stations could be
provided by those currently in use by the Larimer County SO.

e The UHF base stations of the Fort Collins FD could serve for
the UHF fire protection channels.

¢ FEach fire protection mobile and portable radio will require

frequency changes on one channel.

Table 21 indicates a total equipment cost of approximately $80,000
to provide a consolidated law enforcement and fire protection communica-
tion system. This figure must be used cautiously since final equipment
requirements will require a detailed design and investigation to establish
a final frequency plan and to assess the age, condition, and adaptability
of all radio equipment currently in use. The final system design must ’
also accommodate necessary radio interfaces to state and national law
enforcement and fire protection systems as well as those in adjoining
counties and provide connections to the proposed regional emergency medi-

cal coordinating system,

D. Telephone Svetem Considerations

Larimer County is currently served by seven telephone company central
offices operated by Mountain Bell Telephone Company: Allens Park, Berthoud,
Estes Park, Fort Collins, Loveland, Red Feather Lakes, and Wellington,
Trunk lines, known as foreign exchange telephone lines, will be required '
to provide toll-free calls from each of the areas served by these central
offices to a central communication operation., Table 22 estimates the
number and cost of lines required to provide for a POl grade of service--
only one call in 100 will encounter a busy signal in the busy hour (this

is a common grade of service for 911 systems)--for each of these central
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Table 21

BUDGETARY COST ESTIMATES OF COORDINATED RADIO SYSTEM

Estimated
Equipment Cost
Law Enforcement Equipment
Bagse stations:
1 ea VHF-II Available from existing equipment of Estes
2 ea VHF-2 ) Park PD, Larimer County SO, and Loveland
3 ea VHF-3) PD
Cost to relocate and recrystal (Lf necessary) $ 6,000
1 ea UHF-1l] Available from existing equipment of Fort
1 ea UHF-2| Collins PD, Current location and fre-
quency satisfactory
1 es UHF-3 New base station required 6,000
Mobile and portable radio equipment:
Berthoud PD-=frequency changes, 3 mobiles, 3 portables 600
Estes Park PD--frequency changes, 7 mobiles, 4 porta-
bles 1,100
Fort Collins PD--no changes required 0
Larimer County SO--frequency changes, 31 mobiles, 35
portables . 6,600
Loveland PD-<frequency changes, 8 mobiles, 5 portables 1,300
Wellington PD-~frequency changes, 2 mobiles, 2 porta-
bles : 400
Colo. State University PD--purchase 7 mobiles 11,200*
purchase 12 portables 18,000
Total law enforcement radio equipment costs $51,200T
Fire Protection Equipment
Base stations
2 ea VHF-4 Available from Larimer County SO
Cost to relocate and recrystal (if necessary) 2,000
2 ea VHF-5 New base stations required ’ 12,000
2 ea VHF-6 New base stations required 12,000
1 ea UHF-4]| Available from existing equipment at
1 2a UHF-5| Fort Collins FD and Poudre Valley FEFD 0
Mobile and Portable radio equipment
‘ Berthoud FD--frequency changes, 2 mobiles 200
Estes Park FD--frequency changes, 5 mobiles 500
Fort Collins FD--no change 0
Loveland FD--frequency changes, 13 mobiles, 10 porta-
bles 2,300
Poudre Valley FD--frequency changes, 6 mobiles 600
Total fire protection radio equipment costs $29,600f

*
May be covered through state funds.

These costs may vary significantly depending on the final frequency plan
and the age and condition of existing radic equipment.
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Table 22
ESTIMATED MONTHLY COST OF INCOMING TELEPHONE LINES
TO A CONSOLIDATED COMMUNICATION SYSTEM
Main Served Busy Hour Lines Miles to Monthly
Central Office Stations | Population Calls® Required’ | Fort Collins | Cost($)
Allens Park 500 1,300 0.5 2 40 $ 369
Berthoud 1,500 3,800 1.3 2 19 221
Estes Park 3,300 8.200 2.9 2 28 282
Fort Collins¥ 31,100 78,000 27.4 4 0 5548
Loveland 13,500 33,900 11.9 3 13 257
Red Feather Lakes 300 800 0.3 2 31 295
Wellington 800 2,000 0.7 2 10 176
Total 51,000 128,000 45 17 $2,411
*
Includes fire protection and EMS calls,
1-

§

Minimum of two lines to assure POl grade of service, 10 second ring down.
+
Includes Colorado State University which is on its own Centrax system,

Monthly termination charge,




offices, The number of lines is based on the number of telephone sub-
gcribers (main stations) as a percentage of population, The costs shown
in Table 22 may also be viewed as the cost of providing a basic county-
wide 911 emergency telephone system to Larimer County if a consolidated

communication centar were available.

In addition to the incoming telephone lines, there should be direct
telephone lines from the communication center to each agency served and
lines to radio repeater sites. For budgetary purposes, one can assume
the cost of these direct lines tc be comparable to the cost of the in-
coming lines (e.g., the total monthly telephone bill for a county-wide
consolidated center would be approximately twice that shown in Table 22,
or $5,000). The cost of a two-center operation would be similar to that
presented above. Since many agencies would still maintain all or part
of their current telephone lines to handle administrative calls, there
would probably not be a significant reduction in individual agency tele-

phone costs,

Microwave radio systems‘should be considered as an alternative to
leased telephone phone lines to carry communications from consolidated
communication centers to remote radio repeaters and public safety agencies,
particularly on pathsvrequiring several lines or channéls. Low capacity
(12 channel) microwave systems are becoming relatively inexpensive (approxi-
mately $40,000% for a 20-mile path) and are cost effective if compared
to the lease cost of telephone lines amortized over ten years. In addi-
tion to potential long-temm cost savings, microwave systems provide addi-
tional system reliability and protection if telephone lines become inopera-

tive in the event of a natural disaster,

Although they are nct appropriate for all applications, microwave
links should be considered during the engineering design of a county-wide
communication system. In addition to a public safety application, micro-

wave systems could possibly be shared with other users such as county

*
An additional $10,000 may be incurred if a passive repeater must be
installed to direct the path over mountainous terrain.
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public works and other functions to reduce the overall cost to each of

the user agencies.

E. Cost Comparison of Alternative Systems

The costs of personnel, radio equipment, and telephone equipment
are compared in Table 23, The following assumptions were made in making

the comparison:

e No immediate radio systems or telephone system improvements
would be made if the agencies elected to eontinue their cur-
rent operations, -

e Dispatch console costs are estimatsd at $10,000 each., We
have assumed at least two consoles would be available from
existing law enforcement operations to supplement thuse re-
quired by the comsolidated alternatives, One console in
Fort Collins FD could be used to consolidate f£ire protection
communication operations.

e Over the years, it will be necessary for the individual
agencies tc make minimal radio system improvements cosgting
at least $80,000, as outlined in this report. In addition,
new radio consoles must be added to each alternative as
additional dispatchers are required.

¢ The annual cost of maintenance is estimated at 5% of new
equipment acquisition costs plus the current annual cost
of $12,000.

e Although additional telephone equipment will be required
by the agencies to maintain the current level of service,
no cost has been estimated for this equipment,

e Each dispatch position requires 100 square feet of floor
space, at $7 per year.

e Because of the population increase, it wag assumed the cost
of telephone system improvements would increase proportionally
to population for the two unconsolidated systems.,

e An inflation factor has not been included in this table.

Table 23 shows that a county-wide consolidated system, as specified,
provides better communication response time than is curfently being pro-
vided, would cost the citizens approximately 18% less than the present
system over the next 24 years, and would cost only 60% of the cost of

improving the present systems to provide a comparable service.
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Table 23

COST COMPARTSONS OF ALTERNATIVE COMMUNICATIONS SYSTEMS

D gl I gENE BN ANk BN

Nine Centers with | Single~stage Two~stage Two-stage Nine Centers with
Current Level County-wide County-wide County-wide Tnproved
of Service Consolidation | Consolidation | Consolidation Service
Initial Costs
Law enforcement radio systems $ 0 $ 51,000 $ 51,000 $ 51,000 § 51,000
Fire protection radio systems [H] 30,000 30,000 30, 000 30,000
Law enforcement dispatch consoles 0 20,000 40,000 40,000 40,000
Fire protection dispatch consoles (4] 0 8] 10,000 0
Total initfal costs $ 0 $ 101,000 S 121,000 $ 131,000 $ 121,000
Cumulative Recurring Costs Through
Year 2000 .
Personnel $12,247,000 $ 9,072,000 $12,182,000 §13, 608,000 $17,496,000
Law enforcement dispatch console
and radio system improvements 91,000 30,000 40,000 30,9000 50,000
Fire protection dispatch consoles
and radio system improvements 40,000 1¢,000 10,000 20,000 10,000
Radio system maintenance 367, 600 433,000 463,000 475,000 469,000
Telephone system 688,000 1,440,000 1,440,000 1,440,000 688,000
Facilicles 238,000 118,000 160,000 176,000 272,000
Total recurring costs through
Year 2000 $13,671,000 $11,103,000 $14,295,000 $15, 749,000 $18,985,000
Total costs through Year 2000 $13,671,000 $11,204,000 $14,416,000 $15,880,000 $19,106,000
.. 1R e N







V FINANCE AND MANAGEMENT CONSIDERATIONS

In any system involving a number of participants, there is no simple
solution to all questions of finance and management. All participants
are interested in these issues since decisions about funding and manage-
ment establish the permanent controls over the operation. Much is at
stake during these discussions, and sufficient time must be allowed for
all questions to be thoroughly discussed and answered. If this is not
done, the ultimate success of a new system could be jeopardized because
potential participants will be afraid that they may be adversely affected.
By discussing various financing and management plans before selecting a
system, it will be possible to isolate and resolve potential areas of
conflict. The following two sections address these problems and offer

alternatives.

A. Finance Considerations

Any funding mechanism must be capable of fulfilling the following
criteria.
o It must be perceived as equitable by all participants, and
it must not unduly burden any one area.

o It must be designed to provide annual funding with minimal
problems; i.e., it must be reliable.

¢+ If must adapt to reasonable inc¢reases in operating costs,
and all participants should realize that costs will in-
crease over time. Participants must be prepared to meet
these costs (realizing that cost increases will also be
experienced in any system).

e No one agency should benefit at the expense of another
agency; that is, no agency should be able to profit
through the provision of this crucial public service.
There are two general mechanisms that will allow a consolidated
communications system to meet these criteria, taking into consideration
the varying size and resources of potential participants such as those

in Larimer County.
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¢ "A county-wide tax can be levied equally on all taxable
property that will be served by the new center. This can
be done by the county or through the formation of a special
district.

e A cost-sharing formula can be adopted, with each participant
agreeing to provide a certain percentage of the annual costs.
These percentages can be determined in a variety of ways,
with the equity of the costs determined through agency agree-
meat..
Either funding mechanism can be used in combination with different
management agreements, if all participants agree that the combined

financing and management plan is acceptable.

There is a third way to finance such a service, but it is a variation
of cost sharing and is normally used when one agency contracts with others
to provide a service. 1In this situation, the contracting agency bills
the users according to an agreed on formula, which is in reality a cost-

sharing mechanism.

The following sections discuss the two basic funding mechanisms and

provide .concrete examples of both.

1. Ad Valorem Property Tax .

This is the most straightforward way to finance a county-wide
service such as consolidated communications. The ad valorem tax is often
used since it is the only major source of revenue controlled at the local
level. Thus, it can be adjusted to meet local needs. All citizens living
in incorporated areas pay taxes toward municipal public safety communica-
tions as well as county communications. Thus, citizens in unincorporated
areas are being indirectly subsidized by revenue from incorporated areas
through their contributions to the county-wide ad valorem tax. A single
county-wide tax would adjust this situation. While the county tax rate
would necessarily increase to cover the total cost of the consolidated
system, municipal rates could be reduced in proportion to the amount of

revenue they will save because of consolidation.

Table 24 shows the tax rates necessary to support each alterna-

tive and the present systems during the first operating year. In addition,
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Table 24

COMPARISON OF FIRST-YEAR TAX RATES AND AVERAGE ANNUAL
OPERATING COSTS FOR ALTERNATIVE COMMUNICATION SYSTEMS

First County-Wide | Average Annual
Year Tax Rate Costs Through
Costs First Year™ Year 2000
(% ($) (82
Nine centers with current
level of service $399,700 $51.06 $569, 600
Single-stage county-wide
system 360,000 0.95 466,800
Two-stage county-wide
system 470,600 1.24 600,700
Two=-center couilty-wide
system 526,700 1.39 661,700
Nine centers with
improved service 606,000 1.60 796,100

%* o
Costs per 51,000 assessed valuation, based on 1976 assessed
valuation of $378,800,000."

it gives the first year operating costs and the average annual costs
through the year Z000. The single~stage county-wide center has the lowest
annual recurring cost and the lowest first year costs, which could be
supported with the lowest tax rate. This rate is less than that which
would be necessary to support existing services if they were funded in
this manner. The totally consolidated alternative would cost approxi-
mately $40,000 less during the first operating year, and would average

$100,000 less annually through the year 2000.
This funding mechanism has the following a&vantages:

o It is an equitable way to finance consolidated com-
munications since all property-owning citizens would
be countributing equally to the cost of the system.

s It is a reliable funding mechanism, since it would be
collected annually to support this service. It
eliminates the possibility of an agency suddenly de-
ciding to withhold funds in an attempt to dominate a
policy issue.
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¢ The property tax is the 6nly major source of revenue

that Local agencies control; as a consequence, this
mechanism can be adjusted by local governments.

Furthermore, when a county is directly responsible for collect-
ing revenue to support a service necessary to all, there is always some
concern that the county government will benefit unduly from the situation.
In addition, therz is usually a certain amount of concern that the county
will seize control of the system because it is collecting the funds.

Both of these concerns can be alleviated under this funding mechanism.
First, the operating budget and the rate to be collected for this purpose
should be written into the management agreement. Secdnd, the same agree-
ment should ¢pecify that the county must allocate these funds for the
support of county-wide communications. If these safeguards are established

there should be little chance that the perceived ills will occur.

The county-wide tax can be used to support a communications

system operated through a joint power agreement or a special district.

2. Cost Sharing

Cost sharing is often used as a funding mechanism by local
agencies to consolidate a necessary service. It places the bill with
the agencies rather than directly on the taxpayer. This has some ad-
vantages and disadvantages. First, it allows mecre than one revenue
source Lo support the costs of service. This may reduce the burden on
local property owners. However, such a scheme tends to obscure the fact
that local taxpayers ultimately pay the bill. 1In addition, it tends to
perpetuate the double taxation noted in the previous section, when over-
lapping jurisdictions tax the same individuals to pay for duplicate
services (e.g., municipal and county governments and municipal governments
and fire distrists). These facts should bhe kept in mind whenever a cost-

sharing formula is used.

Table 25 presents several common ways current systems costs
could be allocated and provides a data base for distribution of costs
for consolidated systema. Current expenditures, nopulation, and assessed

valuation are generally used to determine the percentage that any one
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Table 25

CURRENT COSTS DISTRIBUTED BY POPULATION AND ASSESSED VALUATION

1976 1976
Communication Qosts Population 1976 Cost per | Cost per
Cost Number of Assessed Valuation (AV) Capita |$1,000 AV
Jurisdiction {8) Percent | Citizeans | Percent AV Percent ($) (%)
Berthoud $ 9,800 2.5% 2,800 2.2% 1§ 4,700,000 1.2% $ 3.50 $2.09
Colorado State Univ, 57,200 . 14.3 17,400 13.6 * * 3.29 *
Estes Park 50,000 12.5 2,200 1.7 15,400,000 4.1 22.73 3.25
+
Fort Collins 128,500' 32.1 50,600* 39.6 127,600,000 33.7 1.89 1.00
Larimer County 71,000 17.8 27,1700 21.7 157,200,000 41.5 2.56 0.45§
Loveland 73,4001 18.4 25,900 | 20.3 72,500,000 | 19.1 2.84 1.01
Wellington 9,800 2.5 1,100 0.9 1,400,000 0.4 8.91 7.00
$399,700 127,700 $478,800,000

*
The University is nontaxable property and has been excluded from these measures, If cost were to be
allocated by one of these measures, an equitable billing procedure must be éstablished,

Vincludes Fort Collins FD.

*Does not include Colorado State University.

Cost for unincorporated portion of assessed valuation.

($378,800,000) were used, the cost would be $0.19.
Kk
Includes Loveland FD and RFPD.

If entire county assessed valuation
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agency will pay. One measure may be used exclusively or two may be com-
bined. All figures are from 1976, and the percentages are shown beside
the base measures. In addition, the last two columns give the per capita

cost for each jurisdiction and the cost per $1,000 assessed valuation.

Table 25 shows that communications costs are distributed rela-
tively unevenly {as is generally the case). While Berthoud is currently
spending $3.50 per capita for police communications, Fort Collins is
spending $1.89 per capita for police and fire. Estes Park has the highest
per capita figure ($22.73) because they must maintain a substantial force

to cope with the influx of summer visitors.

If the total cost of public safety communications were born by
the property tax, the rates shown in the last column would be necessary
to maintain existing operations. This is a more realistic measure of
expenditure since it is based on a jurisdiction's ability to pay. The
county's rate (as shown in the footnote of Table 25) is inordinately low
because they tax the total assessed valuation within the county, not just
the unincorporated property. A more reflective rate is shown in the
footnote, although it is still quite low. However, this verifies that
citizens in different areas must contribute varying amounts to support

these services.

In Table 26, the cost of the single county alternative is shown
as it compares with existing budgets, distributed according to various
cost-sharing formulas and the costs to the individual agencies to improve
their communication services to realize the service level benefits which
could be derived from a consolidated system. Other alternatives can be
costed by using the percentages under each heading. In each case, the
agencies should compare their current costs and those costs for an improved
system (which includes only the current costs of telephone systems,
maintenance, facilities, and total personnel which are required to
provide response times comparable to those that are naturally derivable

through a consolidated operation).

It will be noted in Table 26 that, in each case, one or more

agency will be required to.contribute more than they are currently spending
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Table 26

EXAMPLES OF FIRST YEAR OPERATING COST DISTRIBUTIONS
FOR COUNTY-WIDE CONSOLIDATED COMMUNICATIONS

Appo

rtionment of Cost

by Alternative Co

st Sharing Formul

35

Population and

Current Assessed Current Budgets Cost t¢
System Curvent Budgets Population Assessed Vzluation Valuation and Population Jurisdiztion
Costs Cost Cost Cost Cost Cost to Impruve
Jurisdiction ) Percent ($) Percent % Percent (%) Percent %) Percent {(S) Communications™
Berthoud $ 9,800 2.5% {$ 8,800] 2.2% (S 7,900f 1.2% |$ 4,500 1.7% {$ 6,100] 2.3% |$ 8,400 $ 9,800
Colorado State Univ. 57,200 14.3 51,500f 13.6 49,100 - 1 - | 14.0 50,200 57,200
Estes Park 50,000 12.5 45,000 1.7 6,200} 4.1 14,600 2.9 10,500 7.1 25,600 82,400
Fort Collins 128,500* 32.1 115,700 39.6§ 142,600 33.7 121,300 43.5 156,500 35.9 129,100 193,300
Larimer County 71,000** 17.8 63,900 21.7 - 78,100{ 41.5 149,400ﬂ 31.6 113,700} 19.7 71,100 157,400G
Loveland 73,400** 18.4 66,3007 20.3 73,000 19.1 68,900 19.7 70,900] 19.3 69,600 84,200
Wellington 9,800 2.5 8,800/ 0©.9 3,100 0.4 1,300 0.6 2,300 1.7 6,000 9,800 |
Total $399,700 $360,000 $360,000 $360,000 $360,000 $360,000 $594,100

*
Includes current cost plus additional personnel required to provide same service level as consolidated operations.

The Colorado State University is nontaxable property and has been excluded from these measures.

allocated by one of these measures, an equitable billing procedure must be established.
¢Includes Fort Collins PD and FD.

Population of Colorado State University not included in this figure.

e
This cost is paid by both the incorporated and unincorporated areas of the county.

1
#

Cost proportioned on unincorporated area of county only.
Includes Loveland PD, FD, and RFPD.

If costs were to ue




for communications. The only case in which this is not true is when costs
are shared on a basis of current budgets. Although immediately effective,
we do not believe this latter sharing mechanism would be equitable over
the long term since cities may not grow at the same rate. In an urbanized
county, costs are generally distributed on a basis of assessed valuation.
But due to the mix of urban and rural areas in Larimer County and the fact
that public safety services are delivered to people instead of property
(particularly in the case of law enforcement services), we believe that
cost sharing on the basis of population would provide the most equitable

distribution.

Cost-sharing formulas have the following adwvantages and dis-
advantages.
¢ They are less equitable for the citizens, although they
may be equitable to the agencies involved.

¢ Any formula would be reliable if all participants signed
contractual agreements to provide the necessary funds
each year. Failure to develop such an agreement would
impair reliability.

¢ The amounts contributed can be easily adjusted by ad-
herence to the agreed-on formula.

¢ A cost-sharing formula reduces the fear that any one
agency could take control of the communications func~
tion. 1In addition, no single agency is likely to bene-
fit disproportionately.
A cost-sharing formula is the most functional when the communica-

tions function is operated under a joint power agreement.

B. Management Considerations

Three basic management forms are useful in operating a consolidated
communications system: (1) a contractual agreement with an existing
agency providing service, (2) a joint powers agreement between all partici-
pants, and (3) a special district formed for this purpose. The advantages

and disadvantages of each are discussed in turn.

All management agreements must encompass the following points if

they are to be successful.
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e The system must be accountable to the member agencies; they
must be able to influence day-to-day operations.

* There must be a grievance procedure in case of unsatisfactory
service.

e Regponsibility for operational policy must be clear, and all
participants must feel that they have an effective voice in
the policv.

e Annual funding must be described, with any formula clearly
spelled out. )

¢ Technical ctandards, levels of service, and the location of
facilities must be clearly defined.
In addition, a group of agencies may want to define management con-
siderations that are unique to their local situation, but the above are

minimally necessary to create a functioning system.

1. Contractual Agreements

When a management contract is used, the providing agency writes
an individual contract with each member agency describing the commitments
of each party. Generally, the contracting agency would be a county or
major city. This management plan is most useful in areas in which there
is one agency with the acknowledged capacity to operate such a system, and
where there is great trust among various agencies. A board of users is
usually established to define operational policy and an agreement is

developed to cover the following points:

¢ Membevrship on the policy committee
o Billing rates and procedures
e Technical capacities and service levels

¢ Grievance procedures.

Larimer County or the City of Fort Collins would be two likely
candidates under this management plan. If the county were to assume
respongibility for providing communications, the logical funding mechanism
would be a county~-wide tax. A cost-sharing formula could also be utilized.
If Fort Collins were to provide the service, a cost-sharing mechanism

would probably be the most useful.




Given the political situation in Larimer County, it seems unlikely

that this type of management plan will be acceptable. There are too many

medium-sized cities and departments to permit a simple contract with either

of the major agencies, who are probably equally unwilling to contract with
each other. Under these circumstances, another management form will be

more useful.

2. Joint Power Agreements

A joint power agreement is signed by all system participants,
and éreates a new entity specifically designed to provide communications
service. This entity has no taxing power and must rely on specified
contributions from member agencies. Generally, there are two operating
boards: a policy board and a user board. The policy board collects and
disburses funds, and decides on general issues., The user board deals with
operational policy, and decides 'on day-to-day procedures. The policy
board is generally elected, while the user board is made up of individuals
appointed from each member agency. 1In Colorado, both boards must be pre-
dominantly law enforcement personnel to ensure access to the Colorado
Crime Information Center (CCIC), although representatives of fire and

emergency medical services must be included as well,
The joint power agreement must spell out:

e The duties of the user committee and the policy board
o Monetary contributions from each member
¢ Technical capacities and service levels

¢ Steps in a grievance procedure.

The most logical funding mechanism under this management form
is a cost-sharing formula, which will reinforce the independence of the
new service. However, a county-wide property tax could be used, with the
amount to be collected specified in the joint power agreement. There is
some precedent for this in Larimer County, in which the Youth Service
Bureau is financed in this manner. However, because public safety com-
munications must remain closely tied to user agencies, the agencies may

prefer to make direct financial contributions rather than rely on the
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county to collect and provide the funds. If the latter system were

acceptable, it would be more equitable for the citizens involved.

This management form is probably the most acceptable to the
county, cities, and agencies in Larimer County since it clearly provides
for user control and eliminates the possibility that any one entity could
"take over." ft has been used successfully in other areas that were
attempting similar consolidations, and it would provide adequate opera-

tional control,

3. Special District Formation

A special district to provide public safety communications
could be formed to operate the consolidated system. This would provide
an independent agency with the power to tax throughout the county. In
Colorado, the governing board of the special district would have to be
drawn from law enforcement officials to ensure access to CCIC. In addi-
tion, a user committee should be included to develop and oversee opera-
tional policy. Provision must be made for grievance procedures, and

technical standards must be defined.

Because' Colorado requires a general election before a special
district can be developed, it is probably advisable to avoid this manage-
ment form. However, if this election could be successfully held, a special
district would be one way to provide consolidated communications. We do
not recommend this form because of the proliferation of special districts
in the area and the difficulty generally associated with the election

procedure.
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VI RECOMMENDATIONS

SRI recommends that Larimer County and its public safety agencies
proceed toward unifying their dispatch communication operations into a
single consolidated center. This recommendation is based on considera-

tion of the factors described below.

Recent disasters have made the lack of coordin;ted communication
systems in Larimer County very apparent. Additionally, analyses provided
in this report and observations made by the departments have shown signif;
icant delays in communications and dispatch operations, As the popula-
tion of Larimer County increases, the requirement for additional communi-~
cation personnelband radio channels will increase substantially if system
planning is not undertaken in the near future. An analysis of alterna-
tive means of improving communication services and providing for future
growth while minimizing future cost increases has shown that consolida-

tion provides major benefits,

First, but not necessarily most important, a single county-wide
center provides the most cost-effective operation, It is estimated that
this form of congsolidation will result in a savings of nearly 8 million
dollars between now and the year 2000 compared with the cost of individual
agencies making improvements necessary to provide the level of service
that could be provided by a single consolidated operation. During this
same period, a consolidated system will provide a savings of 1.5 million
dollars compared with the cost of agemncies makiﬁg improvements only

necegsary to maintain their current levels of service,

A single center provides the maximum degree of coordination. The
system, as outlined in this report, provides for full-time dedicated
dispatchers (not parsonnel who must share their dispatching functions
with other records and clerical duties) for all.law enforcement and fire
protection agencies in Lafimer County. These dispatchers will also have

immediate radio and/or telephcne access to the emergency medical
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coordination system being implemented in Larimer County as well as access
to state and national services such as the Colorado State Patrol and
National Parks Service, This provides for highly trained dispatchers who
will have a continuing awareness of critical situations as they develop

in and around the county.

Locating this operation in a single center” permits a higher degree,
of physical security than is currently available to some of the agencies,
With proper planning, this operation could also form the core operation
for coordination of numerous agencieg in the event of a future natural

or man-made disaster,

The consolidation of all public safety services permits easy imple-
mentation of the universal emergency telephone number, 911, With 911,
the citizens and visitors to Larimer County will no longer be required
to determine which public safety agency to contact for assistance--one
easily remembered telephone number could provide access to all public

safety services.

The consolidation of communication services will also ease the imple-
mentation of computer-aided dispatch and provide for improved dispatch

record maintenance,

Finally, the consolidation of communication services will promote
greater sharing and better use of critical radio channels that are in
limited supply. We estimate that by the year 2000 the law enforcement
and the fire protection agencies of Larimer County would require 11
radio channels if they continued their current individual operations.
This would require the use of local govermment channels--channels carry-
ing public works and other lower priority traffic--by the public safety
agencies.T With proper radio channel sharing, the public safety agencies

% . A
Space allocated as an Emergency Operating Center in the County court-
house has been suggested by some,

*Significant delays could result in the event of a flood or broken water
main 1f the fire department, police department, and roads department
were attempting to use the same radio channel while responding to the
same incident,

58

Ji N gum =m










S o au =

could conduct primary operations on 7 dedicated public safety channels

and still have extra channels for coordination activities,

We recommend management by joint power agreement since it is the most
appropriate for the Larimer County situation and will facilitate system
development, This management form will provide adequate agency control
and reduce concerns that one agency will dominate the communication system.,
Such a management agreement can be funded in one of two ways. A county-
wide ad valorem property tax is the most efficient plan, but many agencies
may fear it would lead to county dominance, Because of this fear, we rec-
ommend that each agency contribute in accordance with an agreed-on cost-
sharing formmula. A cost-sharing formula based on populétion appears\to
be the most equitable, To insure funding reliability, each agency must

agree to continue the support as part of the joint power agreement.

To continue the development of this coordinated system, we recommend

the following general steps:

e 'Form a policy committee to determine the services to and
responsibilities of the communication center and to estab-
lish mechanisms to insure the control of the center opera-
tions., A future communications director, if desired, may
be a member of this committee,

e Conduct a detailed engineering design defining final system
initial and recurring costs, and specification,

° Establish personnel qualifications and training requirements,

e Obtain a full commitment to the management, finance, and
engineering design by all system participants.

e Obtain bids for system implementation and begin procurement
of components, Begin personnel training and transfer of
personnel as agreed on by member agencies.
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Appendix

CURRENT COMMUNICATION SYSTEMS-~-WORK LOADS
' AND RESPONSE TIMES

Basic information on which the alternative communication system
concepts for Larimer County were déveloped is presented in this appendix,
The preliminary results of the analysis of work loads and response times
presented here have been reviewed by Larimer County public safety officials

and operational personnel,.

A, Law Enforcement Communications

Law enforcement services are provided by seven dgencies in Larimer
County, excluding the Colorado State Patrol. First, we provide an over- ‘
view of the techniques used to analyze the work loads and response times
of the command centers of these agencies and the assumptions employed for

the analyses, Then, the individual department operations are described.

1. Analysis Technigues

Data for the analysis of work loads and response times of the
communication operations of the Larimer County law enforcement agencies
were obtained from interviews with agency officials and operatiohal per-
sonnel. Wherever possible, data were extracted froﬁ agency vecords;
however, in some cases the best estimates by agency officials weré used,
and in other cases we relied on extrapolation of data from previous pub-

¥

lic safet& communication studies performed by SRI for similar departments,

The results of the analyses (Tables A-2 through A-8) were sepa-
rated to provide information for the busiest hour of each shift--first
shift (0000 to 0800 hours), day shift (0800 to 1600 hours) and swing
shift (1600 to 2400 hours); The general methodology and associated wvari-

ables of the analysis are discussed below.
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The initial step in the analysis was to determine the peak
hourly dispatch volume or. telephone call volume for each agency. In
most cases, only limited information was available for either of these
factors. The derivation of the number of these events is discussed for

each agency in the subsections that follow,

None of the agencies had explicit information on the time con-
sumed answering an average telephone call. Previous studies performed
by SRI have shown that telephone call lengths vary from 30 to 90 seconds.
For this study we have used a representative average call length of 60

seconds,

The average time to dispatch a field unit was estimated at 20
seconds--derived from monitoring and actual measurement on previous stud-

ies. This time includes only the relaying of the dispatch information.

Status checks were assumed as two per dispatch (one on "arrival"
and one on "clear") plus one additional "welfare" check for each vehicle
in the field during the shift busy hour. Each status check was assumed

to use 10 seconds of dispatcher time to communicate with the vehicle.

Information checks includes checks into local records and entries
into the CCIC. Previous studies have shown a ratio of about one informa-
tion request per dispatch. We used this ratio consistently unless other
data were available. The time to service an information request was
estimated at 40 seconds: 10 seconds of dispatcher time to take the re--
quest from the field; 20 seconds to enter and receive the request through

a terminal; and 10 seconds to communicate the information to the field
unit,

The final entries in the tables are the number and time spent
on log entries, This is a difficult number to estimate for several rea-
sons:

e The status of units is maintained differentli by the

various agencies, ’

¢ The number of entries and the time required to make
entries varies with each agency.

» The accurate maintenance of these records is generally
one of the first functions to be dispensed with in a
heavily-loaded environment.
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Generally, there is one entry for each call received, one for each dis-
patch, one for each status update, and one for each information request,
We consistently used this number of entries and a value of 10 seconds per

entry to arrive at the logging time,

The final step in the analysis (before computing the input/output

waiting times or queue delays) was to determine the total work units and

the total time expended and then compare the total time expended with the
amount of available dispatcher time. Available dispatcher time was cal-
culated by multiplying the number of dispatchers available by 60 minutes
and a factor of 75%. The latter figure is a commonly used efficiency
factor for telephone answering personnel, This factor does not infer
that time is intentionally wasted but accounts for the average lost time
when a person performs multiple functions., Actually, it has been demon-~
strated that a person performing multiple duties--such as in a single-

stage dispatching system--is somewhat less than 75% effiéient.

Personnel work load was then calculated using the ratio of

the total time spent on the listed tasks to the total time available.

The dispatcher queue was derived considering the average work unit length,

the number of work units per busy hour, and the number of servers (dis-
patchers). These queues represent the average delay a person (citizen

or patrolman) would encounter trying to contact the dispatcher assuming
that the medium for accessing the dispatcher--the telephone circuit or

radio channel--were free, This analysis is based on the following as-

sumptions:

e Traffic waits in the queue without departing and
therefore f£its an Erlang '"C" distribution,

e All work units (e.g., telephone calls, radio trans-
missions, information requests) are of equal priority,

o Average lengths of work units are comparable to those
we have observed in similar operations,

e Digpatcher efficiency is 75%. This number is used
throughout degpite the fact that servers performing
a single function (telephone operators) ‘are generally
more efficlient than the single stage dlspatcher per-
forming multiple functioms.
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e Delays caused by the unavailability of field units are
not included.

s The effect of the nondispatch functions is not considered
(e.g., we do not include monitoring of closed circuit
TV or the provision of service at a front desk),

s All messages are passed to their intended recipient with
minimum delay.

The analysis yields the average delay caused by personnel work

load that is encountered by messages in the dispatch queue. This analysis

shows that persoﬁnel overload occurs in some agencies in Larimer County,
When overload occurs, the "analysis'" can provide misleading results be-
cause of changes made in the normal operations, for example:
(1) The dispatcher may cease performing some of the tasks

that he is assumed to do:; consequently, some of the

work units may expire in the queue (e.g., log entries

may be overlooked). The functions that are dropped

and the order in which they are dropped frequently

varies with the situation and among agencies in a
way that is not well-known at this time,

(2) 1In some systems, other personnel (clerks, managers,

data system personnel, etc,) assist the dispatcher
at peak times, providing either two dispatchers, a
two-stage system, or a hybrid of the two depending
on the capabilities of the assistant.

The average delay time for a message in a queue is a function
of the length of the average work unit (or the holding time) and the load
on the servers Handling the queue, For traffic loads that are keeping
all servers busy from 50% to 90% of the time, Table A-~l provides multi-
pliers of the average work unit length for one to four servers. For
example, 1if the mean message length (work unit lzugth) were 10 seconds,
at 70% loading (Table A-1) average delay time for one server would be
23 seconds (2.3 X 10), while the average delay time for one server loaded
90% would be 91 seconds (9.1 X 10), It can be seen that delays for a
single dispatcher for a given work load are higher than delays for multi-
ple dispatchers, For example, if the average work unit length is 10 sec~-
onds, at 80% loading one server would have an average delay time of 40
seconds (4.0 X 10), while the average delay for four serﬁers would be

7.3 seconds (0.73 X 10). This illustrates the potential advantage of
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combining dispatch facilities to provide more servers for the combined

queue with a resultant lower time delays in handling peak traffiec,

Table A-1

AVERAGE DAILY TIME AS A FUNCTION OF WORK UNIT LENGTH

Busy Number of Servers
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Load
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2. Town of Bérthoud Police Depvartment (PD)

The Berthoud PD performs its own dispatching during normal
working hours and is dispatched by the Larimer County Sheriff's Office
after hours and on weekends. Therefore, we have shown only the day
shift busy hour activities in Table 2, TIf the department were to pro-
vide its own dispatching on a 24-hour basis, we estimate that similar

workloads and delays would be encountered on the other shifts,

Since the department normally deploys only one car during each
shift, we have assumed that the one car would be dispatched during the
busy hour and would make one information request through the dispatcher.
Since no additional units are normally in the field, wé l.ave assumed
that only the two dispatch related status checks occur during the busy
hour., Previous studies by SRI have shown that approximately 65% of the
telephone calls received by a police department result in a dispatch-~

this ratio was used to establish the calls for the two busy hours.

The analysis shows that the dispatcher is currently lightly

loaded with dispatching functions, which means there is minimal
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communications delay, The dispatcher is currently performing other

clerical duties that may increase the delay indicated in Table A-2.

Table A-2

BERTHOUD POLICE DEPARTMENT COMMUNICATIONS
WORK LOADS AND RESPONSE TIMES

Magnitude of Elements
Element Busiest First | Busiest Day | Busiest Swing
Shift Hour Shift Hour Shift Hour -
Number of telephone calls 2
Total telephone time 2.0 min
liumber of dispatches 1
Total dispatching time 0.3 min
Number of status checks 2
Total status time 0.3 min
Number of information checks 1
Total information time 0.7 min
Number of log entries 6
Total logging time 1.0 min
Total time expended 4,3 min
Available time 45,0 min
Operator loading 10%
Communications queue 2 s

3. Colorado State University Police Department (CSUPD)

The CSUPD performs its own dispatching services on a full-time
basis, dispatching vehicles to 20 to 25 incidents per day. Typically,!
10% of the daily incidents of a police department will occur in the buéy
hour; therefore, we have estimated three busy hour incidents., Because
of the nature of the university operations, we have assumed that the
three dispatches cnuld occur on any whift as shown in Table A-3. The
number of telephone calls necessary to create these dispatches was esti-

mated assuming that 657% of the telephone calls result in a dispatch.
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The number of status checks was estimated assuming two checks per dis-

patched vehicle plus one check for each vehicle deployed during the

shift--the department indicated that they typically deploy two units

during the first shift, five during the day shift, and four during the

swing shift.

The analysis shows that, under this activity, the dispatcher

is responding to the various work elements in under 10 seconds on the

average.

Table A-3

COLORADO STATE UNIVERSITY POLICE DEPARTMENT COMMUNICATIONS
WORK LOADS AND RESPONSE TIMES

Magnitude of Elements

Element Busiest First | Busiest Day | Busiest Swing
Shift Hour Shift Hour Shift Hour
Number of telephone calls 5 5 5
Total telephone time 5.0 min -5,0 min 5.0 min
Number of dispatches 3 3 3
Total dispatching time 1.0 min 1.0 min 1.0 min
Number of status checks 8 11 10
Total status time 1.3 min 1.8 min 1.7 min
Number of information checks | 3 3 3
Total information time - 2.0 min 2.0 min 2.0 min
Number of log entries 19 22 21
Total logging time 3.2 min 3.7 min 3.5 min
Total time expended 12.5 min 13.5 min 13.2 min
Available time 45.0 min 45,0 min 45,0 min
Operator loading 28% 30% 29%
Communications queue 7 s 8 s 8 s
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4, Town of Estes Park Police Department

.The Estes Park PD provides full-time dispatching services for
itself as well as for one station of the Larimer County Sheriff's Office,
the Colorado State Patrol, Colorado Fish and Game, Estes Park Fire Depart-
ment, and the Estes Park Ambulance Service., During some periods of the
year, it monitors and provides dispatching services for the National Park

Service,

The department estimates that it receives 165 calls on an average
day. This call velume is approximately 2.5 calls per 1000 population, as-
suming a population of 65,000, which is not unrealistic during the summer
tourist season., Thus, the analysis shown in Table A-4 could represent

the summer work load but could overestimate the winter work load.

Table A-4

ESTES PARK POLICE DEPARTMENT COMMUNICATIONS
WORK LOADS AND RESPONSE TIMES

Magnitude of Elements
Element Busiest First | Busiest Day | Busiest Swing
Shift Hour Shift Hour Shift Hour
Number of telephome calls 5 : 16 11
Total telephone time 5.0 min 16.0 min 11,0 min
Number of dispatches 3 4 5
Total dispatching time 1.0 min 1.3 min 1.6 min
Number of status checks | '6 8 10 -
Total status time 1.0 min 1.3 min 1.6 min
Number of information checks | 3 4 5
Total information time 2,0 min 2.7 min 3.3 min
Number of log entries 17 32 31
Total logging time 2.8 min 5.3 min 5.2 min
Total time expended 11.8 min 26.6 min 22.7 min
Avajlable time 45,0 min 45,0 min 45.0 min
Operator loading 26% 59% 50%
Communications queue 7 s 36 s . 22 s
A-10
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Two assumptions were required to derive the busy hour call vol-
umes from the busy day figures provided by the department. First, we
assumed the calls to be similar to those received by departments we have
observed in the past; 10% of the daily calls were received in the busy
hour. Second, we assumed the department's deployment of field unitg--
one on first shift, three on day shift, and two on swing shift--was pro-
portional to the number of calls for service during each shift, Using
these assumptions, we developed the busy hour call volumes shown in
Table A-4,

The department: stated that 15% to 20% of the day shift calls
resulted in a dispatch and all after hour calls were dispatched. To
determine the number of dispatches during busy hours, we used the above
criteria but assumed that the number of dispatches would not exceed two
dispatches per available police department vehicle plus one dispatch for
the Sheriff's Office vehicle., Since all available units were dispatched,
we assumed only'two status checks per dispatch and one information re-

quest per dispatch.

The analysis shows that the dispatcher is handling the work
elements quite rapidly during the first shift but that significant delays
could occur in the day and swing shifts. Possibly the department is
reducing these delays by providing additional assistance in answering
the incoming telephone calls during these shifts, Again, we believe that
the analysis shown in Table A-4 represents the summer months, but with the
winter work loads for the day and swing shifts probably being closer to

the first shift busy hour shown in Table A-4,

5. City of Fort Collins Police Department

The Fort Collins PD provides its own full-time dispatching as
well as full-time answering of the city's 911 telephone system, and

answering of city administrative calls.

The department has maintained good statistics om the hourly‘k
number of incidents dispatched. These dat. show the average busy hour

incidents for the first, day, and swing shifts to be four, five, and
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five, respectively. Generally, the number of incidents in a busy day
will exceed those of an average day by 25%; this factor was used tovesti-
mat2 the number of busy hour dispatches shown on Table A-5. The depart-
ment does not maintain statistics on the number of telephone calls re-
ceived by the dispatchers: to determine the number of busy hour telephone

calls, we estimated that 65% of received calls are dispatched.

The number of status checks was estimated assuming two status
checks per dispatch, plus one check per unit deployed--where the depart-
ment indicated that the typical deployment for first, day, and swing
shift is 9, 27, and 12 vehicles, respectively, Department records show
a ratio of approximately 164 teletype messages sent per day for 65 reported
inc¢idents, This results in a ratio of approximately 2.5 information checks
per dispatch; this nuﬁber was used to derive the number of information
requests in Table A-5. Since telephone calls (except 911 calls) are not
logged, the number of log entries was estimated by assuming that dispatches,

status checks, and information checks are logged.

There are several important observations that can be made from
the communication analysis presented in Table A-5. The dispatchers are
heavily occupied during the busy hour of each of the three shifts, which
could cause'long delays if they do not adapt their operations to the load.
When these excessive work loads occur, one of four actions may be taken
to minimize communications delays:

1. Priorities to responding to particular work elements

‘are established or altered (e.g., respond to radio
before telephone).

2. Particular functions may be intentionally or unin-
tentionally omitted (e.g., omit log entries).

3. The dispatchers may increase their efficiency for
short periods.

4, Additional personnel may assist the dispatchers.

The department indicated that an additional clerk is already used to
assist the dispatcher by answering telephones in busy periods, The ef-
fects of this additional person can be seen in the footnote of Table
A-5--the utilization of a second dispatcher could reduce the communica-

tion delay to under 5 seconds.
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Table A-5

FORT COLLINS POLICE DEPARTMENT COMMUNICATIONS
WORK LOADS AND RESPONSE TIMES

Magnitude of Elements
Element Busiest First | Busiest Day | Busiest Swing
Shift Hour Shift Hour Shift Hour

Number of  telephone calls 8 9 9

Total telephone time 8.0 min 9.0 min 9.0 min
Number of dispatches. 5 6 6 _

Total dispatching time 1.7 min 2.0 min 2.0 min
Number of status checks 19 39 24 ‘

Total status time - 3.2 min 6.5 min - 4,0 min
Number of information checks (12 15 15

Total information time 8.0 min 10.0 min 10.0 min
Number of log entries 36 60 45

Total logging time 6.0 min 10.0 min 7.5 min

Total time expended 26.9 min 37.5 min 32.5 min

Available time 45,0 min 45.0 min 45,0 min

Operator loading 60% 83% 72%

Communications queue 30 s* 87 s* 51 s*

*
The department indicated that they attempt to provide a second person
in the dispatch room, as required, during the busy parts of the day

and swing shifts,

If this person were available,

the communication

queues ‘would be reduced to approximately 2, 4, and 3 seconds for the

first, day, and swing shifts, respectively.

6. Larimer County Sheriff's Office (LCSO)

The LCSO provides full-time dispatching of its own units and

dispatches for the Berthoud PD and Wellington PD after hours and on week- .

ends. The dispatchers also make the initial dispatch for range fires,

for which the county is responsible for fire protection services.

Data from the LCSO indicate that 30 calls are received in a

typical day shift busy hour and that a similar number of calls occur on
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the swing shift when the dispatcher must also answer the county administra-

tive lines. We estimate the first shift busy hour call volume to be ap~-
proximately one-half this amount. Data were not readily available for
the number of hourly dispatches, but a quick review of some recent dis-
patch cards indicated five to six dispatches per hour. The number of
dispatches in Table A-6 were estimated assuming one dispatch for each
unit in the field--four on the first shift, five on the day shift, and
four on the swing shift--plus one dispatch each for Berthoud PD and
Wellington PD on the first and swing shifts. Since all available units
were assumed to be dispatched, we have only allocated two status checks

per-dispatch. One information request was estimated for each dispatch.

Since telephone calls are not logged, only the dispatches, status checks,

and information checks were included in the count of lbg entries.

Table A-6

LARIMER COUNTY SHERIFF'S OFFICE COMMUNICATIONS
WORK LOADS AND RESPONSE TIMES -

' Magnitude of Elements
Element Busiest First | Busiest Day | Busiest Swing
Shift Hour | Shif: Hour Shift Hour
Number of telephnone calls 15 30 30
Total telephoune time 15.0 min 30.0 min 30.0 min
Number of dispatches 6 5 6
Total dispatching time 2.0 min 1.7 min 2.0 min
Number of status checks 12 : 10 112
Total status time 2,0 min 1.7 min 2,0 min
Number of information checks | 6 5 6
Total information time 4,0 min 3.3 min 4,0 min
Number of log entries 24 20 24
Total logging time 4,0 min 3.3 min 4,0 min
Total time expended ) 27.0 min 40.0 min 42,0 min
Available time 45,0 min 45,0 min 45,0 min
Operator loading 60% 89% 93%
Communications queue 38 s 274 s 452 s
A-14
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The analysis of these data shows significant communication
delays if only one dispatcher is available (Table A-6). The Communi-
cations Division has requested additional support and has used other
personnel in the department to assist in these periods of high activity,
If two people were available to perform the dispatching tasks, the com-~
munication queues would be reduced to approximately 3, 8, and 9 seconds

for the first, day, and swing shifts, respectively.

7. City of Loveland Police Department

The Loveland PD performs its own full-time dispatching. 1In
addition to the communication functions, the dispatcher also serves as

a receptionist and records clerk,

Since no radio or telephone traffic data were readily avail-
able from the Loveland PD, it was necessary to use common estimators of
the dispatcher work loads for Table A-7. The numbef of busy hour tele-
phone calls was derived by assuming two'calls per 1000 population (pres-
ent population of approximately 26,000) and assuming that 10% of these
calls occur during an average busy hour. During a busy day, the call
volume will increase 25%. Thus, six calls were assumed for the busy
hour of the day shift with 657 assumed to be dispatchable. Two status
checks were assumed for each dispatch, plus one additional check for
each unit in the field (the department typically fields four patrol units
for each shift). One information request was assumed for each dispatch

and a log entry was assumed for each event,

The resulting analysis shows that the communications queue is
8 to 11 seconds during the busy periods, which is a reasonable response
but which does not account for other activities (front desk and records)

that the dispatcher may be performing during these busy periods,
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Table A-~7

LOVELAND POLICE DEPARTMENT COMMUNICATIONS
WORK LOADS AND RESPONSE TIMES

Magnitude of Elements
Element Busiest First | Busiest Day Bugiest Swing
Shift Hour Shift Hour Shift Hour
Number of telephone calls 5 6 . 5
Total telephone time 5.0 min 6.0 min 5.0 min
Number of dispatches 3 4 3
Total dispatching time 1.0 min 1.3 min 1.0 min
Number of status checks 10 12 10
Total status time 1.7 min 2.0 min 1.7 min
Number of information checks | 3 4 3
i Total information time 2,0 min 2.7 min 2.0 min
Number of log entries 21 26 21
Total logging time 3.5 min 4.3 min 3.5 min
Total time expended 13,2 min 16.3 min 13.2 min
Available time 45,0 min 45,0 min 45,0 min
Operator loading 29% 36% 29%
Communications queue 8 s 11 s 8 s
8. Town of Wellington Police Department

The Wellington PD performs its own dispatchiﬁg during the day

shift but receives support communication service from the LCSO during

nonworking hours and weekends,

Because of the small department size, one dispatch resulting

from two telephone calls was assumed for the day shift busy fipur, as

shown in Table A-8,

The dispatch was assumed to result in two status

checks and one information request for the department's one field unit.
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Table A-8

WELLINGTON POLICE DEPAKTMENT COMMUNICATIONS
WORK LOADS AND RESPONSE TIMES

Magnitude of Elements
Element Busiest First | Busiest Day | Busiest Swing
Shift Hour | Shift Hour Shift Hour

Number of telephorie calls 2
- Total telephone time 2.0 min
Number of dispatches 1

Total dispatching time 0.3 min
Number of status checks 2

Total status time _ 0.3 min
Number of information checks 1 .

Total information time 0.7 min
Number of log entries 6

Total logging time 1.0 min

Total time expended 4.3 min

Available time 45,0 min

Operator loading 10%

Communications queue 2 s
B. Fire Protection Communication Systems

Fire protection services in Larimer County are provided by city
fire departments {FDs), rural fire protection districts (RFPDs), the
Sheriff's Office, and federal five protection units in the national
forest area. Thes= services are provided by full and part-time employees
and by volunteers. These services are contacted through radio and/or

telephone systems.

Direct radio dispatch is provided from Loveland F¥D, Fort Collins
FD, the Sheriff's Office in Fort Collins, and the Estes Park Communica-
tions Center, These four locations provide 24-hour dispatch service for
themselves and for the Berthoud RFPD (from Loveland FD) and Poudre Valley
FPD (from Fort Colilins FD). Volunteers from Berthoud and Poudre Valley
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RFPDs are alerted by radio paging systems and Plectrons, Additionally,
the Estes Park Communications Center dispatches federal fire units in
their arza, and the Sheriff coordinates fire fighting activities by radio
with federal fire units in the national forest areas. .Fort Collins FD

provides fire protection service to CSU,

Telephéne dispatch systems are used for the Poudre Canyon RFPD, the
. Red Feather Lakes RFPD, and the Wellington FPD, The Sheriff's fire fight~
ing force frequently coordinates operations and provides support to these

volunteer RFPDs,

Several small areas of the county are protected by RFPDs that are
principally in adjacent counties; these RFPDs are Windsor-Severence in
Weld County, Pinewood Springs in Boulder Count-, and Allens Park in

Boulder County,

1. Service Demand

The demand for fire protection services varies widely from
honr to hour and from day to day. There is also.considerable variation
depending on the service area and the season of the year. In urban and
suburban areas, a ﬁigh need for fire service generally occurs between
10:00 a.m. and 2;00 a.m., with relatively low demand from 2:00 a.m, to
10:00 a,m. 1In vange and forested areas, fire danger is 'highest during

dry periods and lightning storms.

Because of the emergency nature of most calls for fire protec-
tion services, communication systems must be designed and'operated to
provide worst-case capabilities to cope with the maximum demand that can
reasonably be expected for a particular jurisdiction, Because of the
wide variations of communication system use with fire and no-fire condi-
tions, the average use of the communication system is low and is a poor
indicator of the actual need for fire service communication during periods
of peak activity. For this reason, we believe that the need for fire
service communications should be based on (1) a busy hour load that is
derived from average daily demands, and (2) on an estimate of the load

created by major incidents,
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To estimate average daily loads on the Larimer County fire pro-

tection agencies, we have made estimates using (1) the size of the popula-

tion served by the agencies; (2) the types of fires (building or range/
forest) they fight, and (3) typical fire statistics for these typés of
agencies. These estimates provide a consistent basis for comparing the
communications systems of these agencies with alternative communication

systems and are adequate for this feasibility study,

In estimating dispatch loading for a busy hour, we used the
following assumptions:
¢ Each dispatch and status message requires 10 seconds
of dispatcher time.

s An average of eight messages are estimated to be used
for each dispatched unit, These eight are sélected
from: dispatch to scene, all points bulletin (APB),
in-service message, subsequent information, arrival

. message, additional requests or unit-to-unit, no fur-
thet assistance, APB when under control, out-of-service,
and back-in-service,.

¢ An average of three units are dispatched for each response,.

To estimate the load imposed by a major (multiple alarm) fire,
we assumed that all units of a fire agency would respond and that four
messages (dispatch, in-service, arrival, and one car-to-car) for each

unit would be required,

We further assumed that each emergency call that comes to a
fire agency results in the dispatch of fire equipment., These calls are
assumed to rejuire an average of 60 seconds of the dispatcher's time,

An important time element that requires dispatcher time is logging events
associated with telephone answering and dispatching. We allowed 10 gec-

onds of dispatcher time for each logging event, The final time element

we assumed was 30 seconds for address verification and running card checks

for each event,

These assumptions on event rates and their associated use of
time are used in the following sections to determine the loading on the
dispatch personnel in the Fort Collins and Loveland departments. We
will discuss the other agencies but will aggregate their call volumes to

determine dispatcher loading,
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2, Fort Collins Fire Department

The communications section of the Fort Collins FD provides a
24-hour, 7-day dispatch service for that department and for the Poudre
Vélley FPD., Fire claims can be received directly from the citizen
through a seven digit telephone number or through the 911 system answered
at the Fort Collins Police Department, The department also has a direct
line from the city ambulance company and the Colorado State University
Police Department. We estimated that the population served by these
two departments is about 90,000, This population results in an average
of about 9 fire calls per day with about 1.8 calls occurring during the

busy hour--see Table A-9, Because of the nearly equal probability that

such a peak hour could occur during any one of the three shifts, we devel-

oped a single busy hour estimate. The implications of this assumption is

that the fire dispatch positions should be similarly manned at all times.

Table A-9

FORT COLLINS FIRE DEPARTMENT COMMUNICATIONS
WORK LOADS AND RESPONSE TIMES

Busy Hour
Element Magnitudes
Number of telephone calls 1.8
Total telephone time 1.8 min
Number of radio messages 43,2
Total message time 7.2 min
Number of address/running card checks | 1.8
Total card time 0.9 min
Number of log entries 45,0
Total logging time 7.5 min
Total time expended 17.4 min
Available time 45.0 min
Operator loading™ 39%
Communications'queue* 7 s

%
Major fire with 7 units: Operator loading = 50% and
communications queue = 11 seconds,
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Using this call rate and the assumptions described in the pre-
vious section, a dispatcher loading of 39% and communications queue of

7 seconds were derived for the busy hour.

If a major fire occurred that required the dispatch of additiomal
fire units in the busy hour,d the dispatcher would have an additional load

of four messages per dispatched unit, For Fort Collins, this would be an

~additional four units, which would require an additioﬁal 5.3 minutes for

dispatch and logging of dispatches., Using these assumptions, as operator
loading of 50% and communication queue of 11 seconds were derived (Table
A-9), The additional work load of a major fire would not increase wait~-
ing time significantly, as shown in this analysis. It is worth noting

that this analysis does not include any additional effort required by the
dispatchers when they operate the Fort Collins light and power radio system

after hours.

3. Loveland Fire Department and Rural Fire Protection District

The Loveland FD and RFPD dispatch function is supported jointly
by the city of Loveland and the Loveland Fire District, Fire units cap~-
able of fighting both building and range/forest fires are available in
two stations at Loveland with additional equipment at Cedar Cove and
Drake Canyon, The Loveland FD and RFPD have 13 paid personnel and 43

volunteers.

Dispatch is provided by the paid personnel on a 7-day, 24-hour
basis‘for Loveland FD and RFPD and for the Berthoud RFPD (which is a volun-
teer department). Volunteers are alerted by radio pagers in the event

of an emergency.

We estimated that about 40,000 citizens are served by the thfee
fire agencies. This number of people would create an average daily de-
mand of abour 4.25 calls with a busy hour demand of 0.85 calls, These
estimates lead to the operator loading and communication queue data
shown in Table A-10.
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Takle A-10

LOVELAND FIRE DEPARTMENT AND FIRE PROTECTION DISTRICT
COMMUNTCATIONS WORK LOADS AND RESPONSE TIMES

Busy Hour
Element Magnitudes
Number of telephone calls 0.9
Total celephone time 0.9 min
Number of radio messages 20.4
Total message time 3.4 min
Number of address/running card checks | 0.9
Total card time 0.4 min
Number of log entries 21
Total logging time 3.5 min
Total time expended 8.. min
Available time 45,0 min
Operator loading* 187%
Communications queue* ’ 2.5 s

*
Major fire with 6 units: Operator loading = 27%; .
communications queue = 4 seconds. '

Although the Loveland FD and RFPD have a cénsiderable amount
of equipment, we estimated that six fire units would be used against
either a major structure or a range/forest fire. The work load and time
delay associated with this additional load during the busy hour would be
27% and 4 seconds, These values indicate that Loveland FD and RFPD dis-

patch would not have large delays even with a large fire in the busy hour.

4, Larimer County Sheriff's Office Fire Figh#ing Force

This agéncy has five paid personnel and 135 voldnteers who fight
‘mainly range and forest fires, Fire units are all located in Fort Collins

at the County building with dispatch also provided from that facility.

A fire dispatch position is manner eight hours a day, five days

a week, with the Sheriff's law enforcement dispatchers providing fire
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dispatch for the remainder of the time. In addition to fire equipment,

a mountain rescue unit is also manned and dispatched from this facility.

Because the Sheriff's Office fire fighting force relies heavily
on volunteers and because of the generally remote areas in which its fire
fighting efforts occur, the dispatch and coordination of work crews require
considerable effort over a fairly long pericd of time--~days as opposed to
hours for a building fire. During 1976, 28 fires were fought by these
forces with a maximum of eight occurring in one day.

Considering the relatively few fires, their long durationm, and
the logistic requirements of this fire fighting force, we believe that
it will be necessary for any consolidated communications facility that
may be designed to provide needed dispatch and coordination work from
initial dispatch through long-~term coordination., This capability would
includg provision of the sheriff's fire dispatch frequency and coordina-
tion frequencies at the fire dispatch console(s) and extra telephones
for coordination of the fire fighting crews. Additiomally, frequency
access to U,.S, Forest Service frequencies and, perhaps, to airborne units

may be required from the fire dispatch console(s).

5. Estes Park Fire Department

The Estes Park FD is dispatched by the Estes Park PD Communica-
tions Center. Fire fighting equipment of the U.S. Forest Service can
also be dispatched from the Estes Park PD. The service area of the Estes
Park FD is larger than the city limits, with calls for service outside

the city limits coordinated with the sheriff,

The department is an all-volunteer (25-30) agency with five
units (two pumpers, two jeeps, and one equipment truck) that fights 55-
60 fires a year. This number of fires would put a very small average
work load (one.fire every six to eight days) on the dispatchers, so that
independent computation of a busy hour call volume and work load is

meaningless.
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6. Poudre Canyon Rural Fire Protection District, Red Reather Lakes
Rural Fire Protection District, and Wellington Fire Protection
District. :

These three fire protection districts provide fire service to
about 15,000 residents of Larimer County. They are volunteer companies
that are alerted through telephone systems. Generally, the sheriff's
fire fighting forces will coordinate activities with them on range/forest
fires. Approximately 20 fires per year may occur in areas served by
these agencies, '

7. Combincd Dispatcher Work Loads for Sheriff, Estes Park, Poudre
Canvyon, Red Feather Lakes, and Wellington Fire Protection
Services.

The combined population served by these agencies is about 37,000.

Although some are served by radio dispatch and some by telephone dispatch,

they are treated as a group to estimate dispatcher loading in any projected

consolidated center.

These areas would create an averége daily demand of about four
calls per day, or 0.8 in the busy hour. Of these calls, about 407 would
be telephone-dispatched and 60% would be radio-dispatched, For a tele-
phone dispatcﬁ, the dispatcher would have to dial the agency's emergency
number and/or alert the volunteers with a radio pager or Plectron system,

We estimated that the dispatcher may spend one minute in this process and

. have four logging events associated with each incident, For radio dis-

patch, we used the same assumptions used earlier for the other radio-

dispatched agencies,

The results of applying this assumption to these departments
are shown in Table A-11. The combined busy hour load of these depart-
ments is 11% with a communications queue of 1,6 seconds. Dispatching an
additional three units (assuming radio dispatch) to a large fire would

increase these values to 20% and 2.9 séconds, respectively,
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C. Emergency Medical Services

Under a contract with Colorado Department of Health; the state Divi-
sion of Communications has analyzed the emergency medical communications
situation in State Planning Region II. - The recommendations of that study
(called Project No. 7625-2614-300) are in the process of béing implemented
and, consequently, should be used as the basis for designing an emergency

medical dispatch camability into any projected consolidated communications

system,

In this section, we discuss the elements of the current system, the
elements of the proposed system, the probable communications work load

of the proposed system, and operational considerations.

Table A-11

COMBINED COMMUNICATIONS WORK LOADS AND RESPONSE TIMES
FOR SHERIFF, ESTES PARK FIRE DEPARTMENT, POUDRE CANYON RURAL
FIRE PROTECTION DISTRICT, RED FEATHER LAKES RURAL FIRE
PROTECTION DISTRICT, AND WELLINGTON FIRE PROTECTION DISTRICT

Buéy Hour
Element Magnitudes
Number of telephone calls 0.8
Total telephone time 0.8 min
Number of radio messages 9.6
Total message time 1.6 min
Number of address/running card checks { 0.8
Total card time ' 0.4 min
Number of telephone/pager alerts 0.3
Total alerting time 0.3 min
Number of log entries 11
Total logging time 1.8 min
Total time expended 4.9 min
Available time : 45.0 min
Operator 1oading* ) 11%
Communications queue® 1.6 s

% .
Major fire with 6 units: Operator loading = 20%;
communications queue = 2,9 seconds,
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1. Current Emergency Medical Services (EMS)

Three hospitals in Larimer County provide dedicated emergency
medical services: Poudre Valley Memorial in Fort Collins, Loveland
Memorialiin Loveland, and Elizabeth Knuttson Memorial in Estes Park, Of
these, only the hospital in Estes Park lacks radio contact with the local

"ambulance service,

The three full-time ambulance services at Estes Park, Loveland,
and Fort Collins have radio communications capability. In Estes Park,
ambulances are dispatched directly by the Estes Park Communications Cen-
ter, The ambulances can communicate with the center and with the Estes
Park PD but not with the hospital, as indicated above, because it has no
radio communications equipment. In Loveland, incoming 911 calls for
ambulance service are answered at the Loveland PD and are routed to the
ambulance company through direct ring-down telephone. The Loveland ambu-
lances carry radic units operating on the Loveland PD channel. Communica-
tions between the Loveland ambulance and hospital is handled through a
telephone patch., In Fort Collims, 911 calls for ambulance service are
transferred to the ambulance office at the Poudre Valley Memorial. Ambu-
lances are theﬁ dispatched from a radio console in that office. An addi-
tional ambu%ance service, a vglunteer service at Red Feather Lakes, does

not have radio communications capability.

Additional hospitals and ambulance capabilities exist in Weld
County, which is also part of the EMS Communications Region II. These
capabilities will have to be considered in developing communication con-

solidation plans for Larimer County,

2. Proposed EMS Communication System

The proposed EMS communications system provides two radio sub-v
systems: one for coordination and the other for medical telemetry. The
EMS coordinating subsystem is the system of interest because it provides
the dispatch and coordination of ambulance services plus coordination
with hospitals and clinics, The EMS medical subsystem will provide bio-

medical telemetry between the hospitals and ambulances and is of interest
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primarily because of the need to coordinate ambulance/hospital use of

the telemetry channels in conjunction with dispatch operations,

) " The EMS coordination subsystem will use the UHF frequency pair
462,950/467,950 MHZ in full duplex operation using a mobile relay at
Point of Rocks in Weld County. Coverage studies performed as part of
the EMS coordination plan indicate excellent radio reéeption throughout

Larimar County from that site.

3. Communications Work Load for EMS Dispatching

The abovementioned planning document does not include estimates
of EMS dispatch traffic, Generally, however, estimates of EMS dispatch
traffic volumes are based.on the agsumption that this traffic is about
5% of the police dispatch traffic for the service area. Using this value,
we egtimated that the operator loading for Larimer County would be about
15% with a delay of about 4 seconds for a single dispatcher., This number
is adequate for evaluation purposes, but it should be refined for final

engineering design of any consolidated facility.

4, Operational Comsiderations

The inclusion of EMS dispatching in a combined communication
center will require consideration of the training to be provided dispatch=-
ers. The abovementioned document emphasizes the need for such training

and we concur with that need.

It will be important to provide effective operational guidance
to EMS dispatchers. Not only will they be dispatching a fairly scarce
resource (ambulances) but they could determine the availability of hospital/
clinic resources to receive patients. The EMS community will have to make

known their operational needs to the communication center.

Finally, telephone communication links between the communica-
tion center and the EMS community will have to be defined to assure an

adequate coordination capability,
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