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PREFACE 

In developing the fixed guideway system concept for Honolulu, varia-
tions to the conventional transit system layout and mode of operation 
were studied. The purpose of this study was to investigate certain 
operational concepts to improve service quality by providing the 
following: 

1. Express/local transit service by the use of off-line stations, 

2. Branch lines to directly serve certain major activity centers, and 

3. Special express service for air passengers between the Airport 
and Waikiki. 

Technical and economic analyses were conducted to determine the 
feasibility of these concepts and they are fully discussed in this report. 
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A. INTRODUCTION & SUMMARY 

1. Introduction  

The conventional rapid transit method of operation is for each 
train to stop at all stations. This method is also referred to as 
the transit mode of operation. Alternatives to this are the skip- 
stop operation on a dual-track system and express-local operations 
where separate tracks are provided for each operation. Another 
method would be the express-local operations with the use of off-
line, or 4-track, stations. 

The off-line station concept is normally proposed for systems. 
utilizing the demand-responsive mode of operation. However, 
the primary purpose of this study is to evaluate the feasibility of 
using off-line stations to provide means of operating express 
trains which would by-pass local trains at stations that are 
provided with 4 tracks. 

It would be proper to mention at the inception that the proposed 
trunk-line rapid transit system for Honolulu has been estimated 
to require a line capacity of nearly 30,000 passengers per hour in 

each direction. At this capacity, a demand-responsive system 
utilizing small vehicles of 6-12 passengers would be incapable 
of meeting the demand under safe operating conditions unless 
multiple sets of trackage are provided. A special study on the 
feasibility of a modified Personalized Rapid Transit (PRT) system 
for Honolulu! ' was conducted under the joint sponsorship of the 
State Department of Transportation and the City and County of 
Honolulu. The findings of this study were that the modified 
PRT system would cost more, not attract any greater ridership, 
and cause greater impact on the community than the trunk-line 
fixed guideway system. Based on the results of this study, the 
State Department of Transportation and the City and County of 
Honolulu agreed to pursue the trunk-line fixed guideway system 
as the concept for Honolulu. 

However, both the State Department of Transportation and the 
City and County of Honolulu felt that in planning the fixed guideway 
transit system for Honolulu, every possible means of improving 
transit service for the patrons should be given full consideration. 
One of the primary areas for improving service was considered 
to be the reduction in travel time and hence the notion to provide 
the capability for express service on the system. 
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2. Summary 

The concept of utilizing off-line stations to permit express trains 

to operate with local trains was found to save travel time for the 

express train patrons but at the expense of delays to the local 

train patrons. The end result was that approximately 100 passenger 

hours of net savings in time could accrue during a peak hour of 

operation based on the 1995 projected transit ridership for the 

1-1/2 minute headway operation. If the system were operated at 

2-minute headway, no net savings in time would accrue. The 100 

passenger hours of time savings as related to the total passenger 

hours of all transit patrons using the system during the same 

peak hour would be less than 1%. 

The additional cost of providing off-line stations as compared to 

conventional stations was estimated to be $1.5 million per station 

or $10.5 million for 7 stations. The $10.5 million represents 

an annualized amount of over $680,000 for capital cost to which 

must be added $250,000 for additional operating and maintenance 

cost for a total of $930,000 per year for providing off-line stations. 

The benefits in time savings of 94,000 passenger hours per year 

based on the value of $3 per hour would be approximately $280,000. 

The comparison of $280,000 in benefits for time savings as compared 

to $930,000 in added capital and operations and maintenance costs 

for providing off-line stations would not represent a good public 

investment. The 94,000 passenger hours is the annual savings in 

time if both the express and local trains are operated at 1-1/2 
minute headway. However, if the system were operated at a longer 

headway, or less frequently than the 1-1/2 minute headway, then 

time delays would be imposed on transit users. 
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B. BACKGROUND & GENERAL DESCRIPTION 

The system proposed for Honolulu is a 22-mile trunk-line fixed 

guideway system running from Pearl City to Hawaii Kai.--2 / It has 

20 stations located as shown in Figure 1 and the system is operated 

conventionally with every train stopping at each station. The system 

utilizes a 40 ft. long, medium capacity, rubber-tired vehicle capable 

of being trained up to 10-car consists. 

The projected patronage volume for 1995 is approximately 20,000 

passengers per hour,_3 / each way, and the system design capacity 

required would be nearly 30,000 passengers per hour. In order to 

handle this volume, the system would be designed to handle 10-car 

trains operating at 90-second headway during the peak periods. 

The estimated 1995 volumes of "on" and "'off" by station-3/  are shown 

in Table 1. The two terminal stations at Pearl City and Hawaii Kai 

have high loading volumes with the CBD station having the largest 

"off" movement. It is pointed out that in addition to the CBD and 

Civic Center Stations, there are several other stations that are 

considered to be major destination stations, namely the University, 

Waikiki and Ala Moana Stations. Although the Airport and the Pearl 

Harbor stations do not have as high a volume as the aforementioned 

stations, they are considered to be located at important activity centers. 

The maximum design speed of the transit vehicles is 60 mph and the 

average speed over the full 22-mile system is nearly 35 mph. Through 

the segment of the system located in the inner urban area, where 

stations are located closer together than in the outlying areas, the 

average speed would be lower than 35 mph. Between the CBD and 

University stations, the average speed is 29 mph. However, in the 

outlying areas, beyond the CBD and University stations, where the 

stations are spaced somewhat farther apart, the average apeed of 

the transit vehicles is 38 mph. 

- 3 - 
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TABLE 1: PROJECTED 1995 PEAK 

East Bound 

HOUR STATION VOLUMES 

To 
West Bound 

To 
Station "Ons" "Offs" "Offs" "Ons" "Offs" "Offs" 

Pearl City 7,400 0 0 0 1,300 4.2 

Pearl Ridge 1,630 130 0.4 180 280 0.9 

Halawa 1,790 190 0.7 560 160 0.5 

Pearl Harbor 1, 580 880 3. 0 160 1, 160 3. 7 

Airport 350 1,050 3.6 20 1,020 3.3 

Keehi Lagoon 1, 540 440 1. 5 100 600 1. 9 

Kalihi 7, 280 980 3. 4 730 2, 130 6. 9 

Liliha 2, 300 1, 200 4. 1 520 1, 820 5. 9 

CBD 1, 800 6, 200 21.4 800 8,400 27. 1 

Civic Center 370 4,470 15.5 500 4,200 13.5 

Ward Avenue 100 1,200 4.1 130 1,430 4.6 

Ala Moana 1, 600 2, 300 8. 0 3, 300 1, 300 4. 2 

Waikiki 700 5,100 17. 6 2,900 3,700 11. 9 

University 210 3,410 11.8 3,500 2,400 7.7 

St. Louis Heights 100 510 1.8 2,900 500 1.6 

Koko Head 60 180 0. 6 1, 610 110 0.4 

Kabala 20 420 1.5 1,330 230 0.8 

Aina Haina 40 60 0.2 1,680 180 0.6 

Niu 60 20 0. 1 1, 000 100 0. 3 

Hawaii Kai 0 190 0. 7 9, 100 0 0 

TOTAL 28,930 28,930 100 31,020 31,020 100 
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C. GUIDEWAY SWITCH 

1. Switching Concepts  

The two basic concepts of switching for rubber-tired transit 
vehicles are those performed by a mechanical switch in the 
guideway and by on-board switching of the vehicle. For the 
mechanical guideway switch, a switch mechanism is provided 
in the guideway to guide the vehicle off or on to the mainline. 
For the on-board switching concept, the vehicle itself contains 
the switching mechanism to guide the vehicle through the "Y" 
or switching area. 

Figures 2 and 3 depict in diagrammatic form the key features of 
the switch mechanism for a typical center-guiderail guidance 
system. The switch mechanism is the moveable section of the 
guiderail which can be set to guide the vehicles through the 
switch to continue on the mainline or to switch the vehicles off 
or on to the mainline. The two principle types of switch 
design are those utilizing pivoted or hinged guiderails as shown 
in Figure 2 and those utilizing a tangent and a curved guiderail 
mounted on a moveable roller assembly as shown in Figure 3. 

The on-board switching concept differs from the above described 
concept in that no moving mechanism is provided in the guideway. 
The guideway, of course, must be designed with an appropriate 
guideway turnout for the vehicles to switch off or on to the main-
line with the guidance on the mainline normally provided by a 
set of lateral wheels on the vehicle running against the sidewalls 
or parapets of the guideway.± 1  The actual switching movement 
is provided by on-the-vehicle switching wheels which are extended 
to engage the fixed "switching rail" provided at the "Y" or switching 
area. A schematic drawing of this switching concept is shown 
in Figure 4. 

2. Switch Geometry 

One of the key features of the off-line station concept for operating 
express trains is the ability of the transit vehicle to switch off and 
on to the mainline guideway reliably and without constraining the 
system operations. The switching operation of the vehicles would 
occur frequently and therefore passenger comfort would be of 
prime importance. 

Passenger comfort on a vehicle negotiating a curve is a function 
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of vehicle speed and the radius of the curve. The geometry of a 
guideway switch is a curved turnout to guide the vehicle smoothly 
off or on to the mainline. The radius of the turnout must be large 
enough to minimize the centrifugal force on the passenger to a 
safe and comfortable level of 0. lg or less. This can be accomplished 
by varying the radius of the turnout depending on the required 
switching speed of the vehicle. 

A conventional method of reducing the radius of curves is by 
superelevating the curves. However, for rail or fixed guideway 
systems, the tracks or guideway surface cannot be superelevated 
at switches without affecting the vehicles that are continuing on 
the mainline through the switch area. Therefore, on all bottom-
supported, wheeled systems, superelevations cannot be practically 
provided through the switching area of the guideway. 

3. Switching Speed and Headway 

By utilizing higher switching speeds with attendant radius of 
turnout, greater switching lengths result as shown in Table 2. 
The switching length is the distance from the point of turnout 
or switching point to the end of the accompanying reverse curve. 
The distance from the switching point of the mainline to the 
station platform increases with higher switching speeds. An 
extremely low switching speed would reduce this distance but 
could affect the minimum operating headway. 

If the mainline operating speed and the switching speed were 
both 60 mph, switching of vehicles would not impede the 
operations of the system. However, if the mainline speed 
was 60 mph and the switching speed was reduced to 10 mph, 
headway constraints would be imposed with the severity of the 
constraint dependent on the minimum mainline operating headway 
required. Table 3 shows the minimum safe operating headways 
for varying switching speeds in operating 400 ft. long trains. 

-6- 

AR00053767 



PLATFORM 

-••■•■••■•••—■ 

PLATFORM 

MIN.  
molt 

40' 
,MIN  

40' 
STATION  
400' 

TABLE 2 

SWITCHING LENGTHS REQUIRED FOR 
VARIOUS SPEEDS THRU SWITCHES 

Velocity Thru 
Switch (Mph) 

Min. Curve 
Radius (ft. ) 

Switching Length 
Required (ft. ) 

60 2400 540 

50 1670 450 

40 1070 360 

30 600 270 

20 270 180 

10 70 90 
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TABLE 3 

r 	
MINIMUM SAFE OPERATING HEADWAYS 

1. FOR VARYING SWITCHING SPEEDS 

Velocity Thru Switch 
1. 	 (MPH) 	 Minimum Safe Operating Headway 

60 	 1 min. 14 sec. 

50 	 1 min. 15 sec. 

40 	 1 min. 18 sec. 

30 	 1 min. 20 sec. 

20 	 1 min. 28 sec. 

10 	 1 min. 55 sec. 
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D. EXPRESS SERVICE WITH OFF-LINE STATIONS 

1. Operating Concept and Requirements  

The operating concept utilizing off-line stations involves the use 

of certain trains as express which would by-pass intermediate 

stations until a major destination station is reached. For the 

Honolulu rapid transit system, based on the estimated patronage 

(Table 1), it was found that from the Pearl City end, the express 

trains should run non-stop to the CBD Station. From the Hawaii 

Kai end, the express trains would run non-stop to the University 

Station. Between the CBD and University Stations, all trains will 

run as local trains and stop at each station. 

Two basic operating plans were analyzed for use during the peak 

hours - one for a 2-minute headway and the other for a 1-1/2 

minute headway. The express trains would pass one or more 

local trains prior to reaching the CBD or University Stations 

at which point all trains would become local trains, i.e. stopping 

at each station between these two stations. The frequency of 

providing express trains is based on the estimated number of 

transit users that would use the express service relative to the 

total transit demand for the entire system. The number of potential 

express riders was determined by using the percentage of "offs" 

at each station between and including the CBD and University 

Stations to the total number of "offs" for the system and assuming 

that the percent distribution of trips to these destination stations 

would be the same from any origin station including the Pearl City 

and Hawaii Kai Stations. Table 1 shows the projected 1995 peak 

hour "ons" and "offs" at all stations of the system in each 

direction, along with the percent distribution of the total "offs" 

at each station. 

The six stations, between and including the CBD and University 

Stations, are estimated to be the destination points of some 80% 

of the eastbound transit patrons and some 70% of the westbound 

transit patrons. 

It was estimated that some 5,800 passengers could use the express 

service from the Pearl City Station to the CBD Station and on, and 

6,700 passengers could use the express service from the Hawaii Kai 

Station to the University Station and on. It was also found that 800 

passengers could use the express service beyond the CBD Station 

to the Pearl City Station and 100 passengers could use the express 

service beyond the University Station to the Hawaii Kai Station. 
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Based on these estimated express service ridership, for the 
2-minute headway, every third train or 10 trains per hour would 
be run as express and a 10-car consist required. This would 
then provide two out of every three trains or 20 trains per hour 
for local service between the Pearl City and CBD Stations and 
also between the Hawaii Kai and University Stations, which, based 
on the maximum link loading for local riders, would also require 
10-car consists. If a 1-1/2 minute headway was used, every fourth 
train would be run as express with a 10-car consist. Thus, three 
out of every four trains or 30 trains per hour would be provided 
for local service and these trains would be 7-car consists. 

2. Trip Time Analysis  

For purposes of the travel time analysis, it was assumed that the 
express trains would be able to operate through stations at the 
maximum design speed of 60 mph. 	It was also assumed that the 
local trains could travel through the switches to the off-line tracks 
at the various specified stations with no speed restriction.* The 
travel time for both the express train riders and the local train 
riders are shown in Table 4 below. 

TABLE 4: TRAVEL TIMES (WITH NO DELAYS) 

Leave From Arrive At Local Trains Express Trains Time Savings 

Eastbound: 
Pearl City CBD 16 min. 43 sec. 11 min. 34 sec. 5 min. 9 sec. 
CBD University 7 min. 44 sec. 7 min. 44 sec. 0 
University Hawaii Kai 12 min. 	4 sec. 8 min. 21 sec. 3 min. 43 sec. 

Westbound: 
Hawaii Kai University 12 min. 	4 sec. 8 min. 22 sec. 3 min. 42 sec. 
University CBD 7 min. 42 sec. 7 min. 42 sec. 0 
CBD Pearl City 16 min. 52 sec. 11 min. 52 sec. 5 min. 0 sec. 

Based upon the link travel time, i.e. in-transit time between station 
stops, for both the express and local trains, for the 2-minute headway, 
the Pearl Harbor, Kalihi, and Kahala Stations and for the 1-1/2 
minute headway, the Halawa, Airport, Kalihi, Koko Head and Aina 
Haina Stations, were found to require four tracks or provided with 
off-line stations to permit the express trains to by-pass the front 
local train or trains. 

*If slower switching speeds are used, the local trains would take a longer 
time to travel the same distance. 
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Although there are time savings, while in-transit, for those 

patrons using the express service, as shown in Table 4, there 

are certain delays to the overall trip time caused by the waiting 

time at the boarding stations. For the express riders to catch 

an express train, they would have to wait an average of 3 minutes 

for either the 2-minute or 1-1/2 minute headway operations. This 

waiting time is actually 2 minutes more for the 2-minute headway 

and 2-1/4 minutes more for the 1-1/2 minute headway operations 

than the average passenger waiting time if all trains were to run 

locally. (Average waiting time is assumed to be one-half of the 

train's headway. ) Also, assuming that all transit riders arrive 

at the stations at a constant rate, there is time loss to a certain 

percentage of local train riders due to additional waiting time at 

the stations caused by the elimination of either one out of every 

three or one out of every four trains from local use. 

In the segment of the system between the Pearl City and CBD 

Stations, there is some time savings encountered by a certain 

percentage of local train riders. For example, for the 2-minute 

headway, as shown in Chart 1 of Figure 5, since the trains would 

dwell 51 seconds longer than its normal schedule dwell time at 

the Pearl Harbor Station in order to permit the express train to 

120 pass, 42% (
61 sec.  

, of one-third of the local train riders getting 
' 	sec 

on the system at this station could get on the train 69 seconds 

(120 sec. - 51 sec.) earlier than if they were required to wait for 
the next local train, under an all local train operation. This time 

savings would also be applicable to the same percentage of "ons" 

at the Airport and Keehi Lagoon Stations since the local train that 

was delayed at the Pearl Harbor Station would arrive at these 

stations 51 seconds later than its normal schedule time in all local 

train operation. 

There are also in-transit time delays to the local train riders 

which are necessitated by the "holding back" of the front local 

train at the four tracked stations in order to permit the express 

train to "pass up" or overtake the local train or trains. Charts 

1 to 8 in Figures 5 and 6 show the amount of delays to the travel 

time of the local trains for both the 2-minute and 1-1/2 minute 

headway operations between the Pearl City and CBD Stations and 

between the Hawaii Kai and University Stations. As shown in 

Charts 2 and 3 of Figure 5 and Charts 6 and 7 of Figure 6, there 

is additional in-transit time incurred by the express train riders 

between the University and Hawaii Kai Stations. This additional 

travel time is due to the inability of the express train to overtake 
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or "pass up" all of the front local trains before reaching either 

the Hawaii Kai Station or the University Station, depending on the 

direction of travel. The express train is thus required to slow down 

its operating speed such that it could arrive at and operate through 

the major destination stations, along with the local trains, at the 

specified headways of either 2-minute or 1-1/2 minute. Therefore, 

this additional in-transit time would further reduce the total time 

savings by the express riders through this segment of the system. 

3. Summary of Trip Time Analysis  

The analysis of the amounts of time saved or time loss due to the 

use of the off-line station concept of transit operation is summarized 

in tabular form and presented in Table 5. The analysis is in terms 

of total passenger hours saved or lost. The amount of passenger 

hours was obtained by multiplying the amount of either time savings 

or time delays by the number of affected patrons of the transit 

system. 

Segment a 	Pearl City Station to CBD Station 

Segment b 	

- 	

University Station to Hawaii Kai Station 

Segment c 	Hawaii Kai Station to University Station 

Segment d 

- 	

CBD Station to Pearl City Station 

There was no time savings found by use of the off-line station 

concept for the 2-minute headway operations. In fact there 

was a time loss in excess of 100 passenger hours per peak 

hour of transit operation. For the 1-1/2 minute headway operation, 

there was a time savings realized by the transit system patrons 

of approximately 100 passenger hours per peak hour of transit 

operation. The daily time savings due to the use of the off-line 

station concept of transit operation at a 1-1/2 minute headway 

was approximately 400 passenger hours. This time saving 

represents only 0.7% of the total daily passenger hours of some 

350,000 daily riders using the rapid transit system. 
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TABLE 5: TRIP TIME ANALYSIS* 

2 Minute Headwa 1-1/2 Minute Headwa 

Number of 
Passengers Affected 

Time 
Savings 

Or (Delays) 

Passenger 
Hours Per 
Peak Hour 

Number of 

Passengers Affected 

Time 
Savings 

Or (Delays) 

Passenge 
Hours Pe 
Peak How 

5800 5 min. 	9 sec, 498 5800 5 min. 9 sec 498 
100 3 min. 43 sec, 	6 100 3 min.43 sec 6 

6700 3 min. 42 sec, 	413 6700 3 min.42 sec 413 

800 5 min. 	0 sec, 	67 800 5 min. 	0 sec 67 

(0.42)[1/3(3500)] 1 min. 	9 sec, 	9 (0.56)[1 /4(5300)] 0 min. 39 sec 8 

(0.50)[1 /3( 	800)] 1 min. 	0 sec, 2 (0.67)[1 /4(1000)] 0 min. 30 sec 1 

995 993 

5800 (2 min.) 	 ( 193) 5800 (2 min. 15sec ( 	218) 

100 (2 min.) 	 ( 	3 ) 100 (2 min. 15sec ( 	4) 

6700 (2 mm.) 	 ( 223) 6700 (2 min. 15sec ( 	251) 

800 (2 min.) 	 ( 	27) 800 (2 min. 15sec ( 	30) 

100 (1 min. 43sec) 	( 	3 ) 100 (43 sec.) ( 	1) 
6700 (1 min. 42sec) 	( 190) 6700 (42 sec.) ( 	78) 

173 (18000) (2 min.) 	-( 200) 1/4 (18000) (1 min. 30sec ( 	112) 
1/3 (500) (2 min.) 	 ( 	6) 1/4 (400) (1 min. 30sec ( 	2 ) 
1/3 (9600) (2 min.) 	 ( 107) 1/4 (7700) (1 min. 30sec ( 	48) 
1/3 (3000) (2 min.) 	 ( 	33) 1/4 (3000) (1 min. 30sec ( 	19) 

1/3 (8500) (0 min. 518ec) 	( 	40) 1/4 (11900) (0 min. 51sec ( 	42) 
1/3 (100) (2 min. 0 sec) 	( 	1) 1/4 (600) (1 min. 30sec ( 	4) 

1/3 (5900) (2 min. 0 sec) 	( 	66) 1/4 (12300) (1 min. 30sec ( 	77) 
1/3 (1900) (1 min. 0 sec) ( 	11) 1/4 (3000) (1 min. 0 sec) ( 	13) 

(1103) ( 	899) 

( 	108) 94 

TIME SAVINGS: 

- By Express Train Riders 

Segment a 
Segment b 
Segment c 
Segment d 

- By Local Train Riders 
(Caused by less waiting 
time at stations) 

Segment a 
Segment d 

SUBTOTAL 

TIME LOSS:  

- By Express Train Riders 
(Caused by additional 
waiting time at stations) 

Segment a 
Segment b 
Segment c 
Segment d 

(Caused by additional 
travel time due to inability 
of express train to over-
take all front local trains) 

Segment b 
Segment c 

- By Local Train Riders 
(Caused by additional 
waiting time at stations) 

Segment a 
Segment b 
Segment c 
Segment d 

(Caused by train delay 
due to express train 
overtaking front local 
train) 

Segment a 
Segment b 
Segment c 
Segment d 

SUBTOTAL 

TOTAL TIME SAVINGS 

*Figures shown in this Table are rounded off 
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E. OTHER OPERATING CONCEPTS 

For the purpose of reducing in-transit time or the actual time spent 

on the vehicles, there are other concepts in addition to the use of 

off-line stations. Several other operating concepts are described 

below. 

1. Separate Express Track  

An alternative to the off-line station concept for running express 

trains would be to provide a 3-track system for the express 

segment of the system. In this concept, the third track would be 

the center track used by the express trains with the outside 

tracks utilized by local trains. The single track would be operated 

in the primary traffic flow or used for the inbound trains in the 

A. M. and for outbound trains in the P.M. periods. Similarly to 

the off-line station concept, the express trains would merge with 

the local trains and operate locally between the CBD and University 

Stations. 

The advantage of the 3-track system is that constant switching 

of local trains are not required. The disadvantage is that the 

length of the third track is longer than the total of the off-line 

tracks which translates into higher capital cost. However, since 

the total time savings is almost identical with the off-line station 

concept, there is no over-riding advantage of this system over 

the off-line station concept. 

2. Skip-Stop Operations  

Very few, if any, urban transit systems operate trains on a skip-

stop basis. Under the skip-stop operation, one-half of the number of 

operating trains would stop at only even-numbered stations and the 

other half would stop at only odd-numbered stations. The relatively 

small time savings resulting from this concept is perhaps neutralized 

by certain disbenefits including: 

a. A passenger who arrives at an even-numbered station and 

wants to travel to an odd-numbered station would not be able 

to reach his destination without transferring at some common 

station where all trains make a stop. 

b. More congestion occurring on station platforms due to 

passengers having to wait for the "right" train. 
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c. Less operating flexibility with only one-half of the operating 

trains available to meet unusual peaking demands. 

d. Additional waiting time at the stations for some of the 

passengers due to having to wait for the "right" train to arrive. 
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F. COSTS AND BENEFITS COMPARISON 

The cost analysis is based upon the comparison strictly between the 

conventional all local train operation and the off-line station concept 

utilizing express and local trains operating at a 1-1/2 minute headway. 

1. Capital Cost for Off-Line Stations 

An off-line station is featured by the additional tracks at the 

station which could range from 600 ft. to 1600 ft. of double 

trackage or guideway depending on the design speed through 

the switch. Based on a 20 mph switching speed which is the 

minimum required to maintain a 1-1/2 minute headway on the 

system, the additional trackage would amount to over 800 ft. 

This additional length of trackage including the guideway structure, 

guiderail, switches, third rail power, and train protection system 

is estimated to be at least $1 million more in base construction 

cost. When administration and engineering cost and appropriate 

contingency factor are all included, the final cost could be $1.3 

million more than the conventional on-line aerial station. To 

this must be added the additional right-of-way cost and station 

structure and finishing costs which could bring the total off-line 

station cost to approximately $1.5 million more than the conven- 

tional station. For purposes of this analysis, under a 1-1/2 minute 

headway operation, 5 stations would require off-line capabilities 

for express trains to by-pass local trains. In addition, the 2 terminal 

stations should also be provided with 4-tracks to furnish by-pass 

capabilities at these stations when the system is extended. The 

added cost for the 7 off-line stations would be $10.5 million. 

However, the system should be flexible enough so that varying 

headway operations could be used over the life of the system. 

With only 7 stations provided with 4-tracks, the system would 

be restricted to 1-1/2 minute headway operation. The use of 

any longer headways would require certain other stations to be 

4-tracked. Therefore, for complete operational flexibility, all 

12 stations between the Pearl City and the CBD Stations and the 

Hawaii Kai and the University Stations should be provided with the 

off-line capability. Thus the added cost of $10.5 million should be 

viewed as the minimum. 

2. Operating and Maintenance Costs  

Under the off-line station concept, at a 1-1/2 minute headway, 

2,000 additional vehicle miles would be operated daily during 
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the four peak hours as compared to the vehicle miles 

operated by an all local train operation also utilizing a 1-1/2 

minute headway during the peak periods. Based on 250 weekdays 

per year, the annual additional vehicle mileage operated would 

total 500,000, Based on a unit cost of 50 per vehicle mile, the 

operations and maintenance costs for the additional vehicle mileage 

would be $250,000 per annum. 

3. Time Saving Benefits  

The off-line station cioncept utilizing express trains resulted in a 

net passenger time savings of 94 passenger hours during a peak 

hour of operation at a 1-1/2 minute headway. Based on a peak 

4-hour period of operation during the weekday and assuming 250 

weekdays per year, the net annual time .savings would be 94,000 

passenger hours. 

Assuming the value of time for commuting at $3 per hour,./ the 

benefits of the net savings of 94,000 hours would be $282,000 

per annum. 

4. Comparison of Benefits and Costs 

The additional capital cost of providing 7 off-line stations was 

estimated at $10.5 million or an annualized cost of over $680,000 

(based on 30 years at 5% interest). The additional operating and 

maintenance cost was estimated at $250,000 for a total annual 

cost of $930,000. 

The benefits of saving 94,000 passenger hours was assumed to be 

worth approximately $280,000. The benefits to costs is $280,000 

to $930,000 which indicates that operating express trains by 

utilizing off-line stations is not justified from an economic 

standpoint. 

As was stated previously, the net time savings derived from the 

use of the off-line station concept applies only when the system is 

operated at 1-1/2 minute headway. With 2-minute headway, there 

is a disbenefit in that more time is spent by patrons using the 

system under the off-line station concept than if the system was 

operated conventionally, with all trains running locally. Therefore, 

to analyze the benefits to costs on a comparable basis in the previous 

evaluation, the comparison was based on a 1-1/2 minute headway 

operation of both the conventional and the off-line station concepts 

of transit operation. 
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However, in making an actual comparison, one should compare 
the off-line station concept using the 1-1/2 minute headway with 
the 2-minute headway which would actually be used with the 
conventional mode of operation and which was recommended for 
use under the PEEP I study-2/ for the year 1995. Based on this 
comparison, the 1-1/2 minute headway, off-line station operation, 
would require 51 trains to be operated. With the 2-minute headway, 
conventional mode of operation, only 39 trains are required, but 
with more cars per train. Although the total number of cars 
required is about the same, the 1-1/2 minute headway operation 
will require more end cars or "A" cars which contain all of the 
"on-board" train control equipment and cost some $30,000 per 
car more. Also the greater number of trains being operated 
would require more train attendants thus adding to the cost of 
operations. In summary, the shorter the headway becomes, the 
greater the number of trains required and thus adds to both 
capital and operating costs. 
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A. INTRODUCTION 

1. Background  

As one of the first steps in planning the proposed rapid transit 
system for Honolulu, all major activity centers warranting serious 
consideration for direct transit service were identified Included 
in this list were the Waikiki area, the University of Hawaii Manoa 
Campus, and the Honolulu International Airport (HIA).-1/ 

In selecting the most feasible first phase system, it was determined 
that a single trunk line system together with feeder and express buses 
would adequately serve nearly all of the major activity centers. It 
was further decided that a single line system, i.e. a system without 
branch lines, would provide the most attractive system at the least 
possible cost and disruption to the community in the highly developed 
areas of Honolulu. Furthermore, it was decided that a single line 
system, with vehicles operating at close headways, was safer and 
simpler to operate and maintain and hence less costly than a system 
with merging and demerging vehicle operation 

Based on the above, it was found that to directly serve both the 
Waikiki area and the University was impractical with a single 
line system. A determination was made that the choice between 
serving either of these two activity centers should be based on 
maximizing the overall system attractiveness. Accordingly, two 
different routes were examined, first, the route traversing the 
Waikiki area and then proceeding in the easterly direction towards 
Hawaii Kai. The second route was to serve the University and 
again proceed in the easterly direction towards Hawaii Kai. It 
was found that the Kaimuki area would be better served with the 
second route by virtue of it being more centrally located in this 
area. The route directly serving the Waikiki area was found to 
traverse the southerly portion of Kaimuki and also by being nearer 
the Diamond Head area, which is not intensely developed, the rider 
ship potential would be somewhat limited. Also the existing develop. 
ment pattern in this area made the transit route highly disruptive to 
implement. Accordingly, it was determined that the route should 
generally parallel the Lunalilo Freeway and, hence the decision wa. 
made not to penetrate the Waikiki area with the first phase transit 
system. 

In planning the system route, it was found that the line and station 
would be located on the fringe of the Waikiki area as shown in 
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Figure 1. Thus it was decided to design this particular station as 
a special gateway to Waikiki with appropriate facilities for inter-
facing with a feeder bus system initially and a possible grade-. 

separated people mover system in the future.-2/  

Since the Waikiki area is recognized as the State's most important 
resort area, it was deemed necessary to further study the possibility 
of improving transit service to this area. One concept was to 
bifurcate the main line system and run a branch line directly into 

the Waikiki area. 

In addition to the Waikiki area, it was found that the centroids 
the HLA and the University of Hawaii campus were or could be 
slightly off the main line route depending on the final selection of 
the transit alignment. Accordingly, it was decided to examine 
the feasibility of bifurcating the main line into these areas also. 

2. Bifurcation of the Main Line 

The effects of bifurcating the main line, other than at the ends of 
the line, will be analyzed in this report. The maximum design 
capacity of the main line is based on the use of 10-car trains 
operating at 1-1/2 minute headway. The capacity of the system 
would then be nearly 30,000 passengers per hour, each direction 
with a load factor of between 70 to 75 passengers per car. For the 
study year of 1995, it is estimated that the maximum link volume 
on the system would be some 20,000 passengers per hour, each 
direction. This would require a 9-car train operating at 2-minute 
headway or a 7-car train operating at 1-1/2 minute headway. 

Bifurcation of a transit line is normally done near the ends of the 
system where the volumes are light. An ideal situation is where the 
demand is equally divided between two areas such that each area could 
be served by a separate branch line and also by every other train that 
normally operates on the main line. This then gives each branch line 
a service frequency of twice the main line headway, e0 g. a 2-minute 
service frequency on the main line could provide a 4-minute service 
frequency on each of the branch lines. If every third train were 
routed on to one branch line and the remaining 2 out of 3 trains on 
to the other branch line, the service frequency on the former would 
be 3 times the headway of the main line. Consequently, the branch 
line receiving the lesser number of trains is penalized relative to 
service frequency. 

The three activity areas identified for possible service by branched 
lines are the Honolulu International Airport, the Waikiki area, and 
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the University of Hawaii Manoa Campus. In order to analyze the 
effects of providing branch lines to each of these three areas, the 
approximate ridership volumes-V attracted to these areas were 
analyzed as shown in the table below. 

TABLE 1: PROJECTED 1995 PEAK HOUR PATRONAGE 
ATTRACTED TO MAJOR ACTIVITY CENTERS  

East Bound West Bound T otal No. Trains 
Centers Patronage Patronage Patronage Per Hour* 

Airport 1,050 1,020 2,070 3 

Waikiki 4,080 2,960 7,040 11 

UH Campus 1, 320 930 2, 250 4 

*Based on 9-car trains with design loading of 650 passengers per train 

The above table gives the projected peak hour volumes which would 
give the number of trains required to be routed to these areas to 
meet the demand. For purposes of this analysis, it will be assumed 
that 9-car trains would be operated at 2-minute headway on the 
main line system with each car having a capacity for 36 seated and 
36 standing passengers. The minimum trains required per hour are 
also shown in the previous table. 

When trains are diverted, from the main line to the branch line, 
the main line requirements beyond the points of bifurcation must 
also be analyzed. First it has been assumed that sufficient capacity 
would be provided to give all passengers boarding at the terminal 
stations a seat. For example, at the Hawaii Kai terminal, some 
9, 000 passengers per hour will be boarding the trains. This would 
require nearly all of the 9-car trains operating at 2-minute headway 
to meet the requirement of all passengers boarding, having a seat. 
Furthermore, the link volume just easterly of the 'Waikiki branch line 
junction is nearly 18, 000 passengers per hour. This would require some 
28 trains per hour to accommodate this volume. 

If every third train were routed into Waikiki, that would leave approxi-
mately 20 trains to continue on the main line. The link volume is such 
that 28 trains per hour are required and in order to meet this demand, 
shuttle trains would have to be provided. Because of the relatively 
high demand existing in the Waikiki area, this area should be further 
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analyzed as to the feasibility of a branch line. 

Relative to the other activity areas, i.e., HIA and University of 

Hawaii, only 3 and 4 trains per hour respectively are required to meet 

the demands. This would leave 26 to 27 trains per hour to continue on to 

the ends of the main line. Various combinations of train consists 

and headways can be developed, but due to the very low volumes to 

these two areas, the headway would be necessarily long, varying 

from 10 to 15 minutes. At this range of service frequency, the 

waiting time becomes quite long with the advantage of no-transfer 

service diminished to the extent that branch lines would not be 

sufficiently attractive to warrant their construction. 

In lieu of branch lines at HIA and University of Hawaii Campus, 

assuming that the main line was located outside of the desirable 

walking distance of 1/4 mile, it would be more practical to provide 

special shuttle bus services. This would eliminate the long waiting 

period between train service, and also it should be a more economical 

approach. Accordingly, the branch line concept would not be 

warranted, and furthermore, the system alignment as determined 

at this time would place the main line within reasonable walking 

distances of these two activity centers. 
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B. THE WAIKIKI AREA 

1. Service Options  

As one of the most important activity centers in Honolulu, the 

Waikiki area should be served with a convenient and attractive 

public transportation system. The transit system should, in 

addition to serving the usual work and non-work trips of the 

residents, accommodate certain movements of the visitors staying 

in the Waikiki hotels. There are two basic options available for 

providing such service as follows: 

Option 1:  

Option 2:  

Provide a conventional rapid transit station on 

the fringe of the Waikiki area and use a secondary 

collection-distribution system. 

Provide direct rapid transit service to the 

Waikiki area by bifurcating the main line 

and installing a branch line into the Waikiki 

area. 

For both options, the main line rapid transit system is assumed 

to be common in terms of route and station locations and its 

operational needs. If the branch line under Option 2 is not initially 

constructed,then provisions should be made under the main line 

construction to permit later extension of the system into the 

Waikiki area. Under this concept, both options would initially 

utilize a secondary collection-distribution system which would 

most likely be a conventional feeder bus system. 

The basic difference between the options relative to the initial 

construction of the main line system is the provision for the future 

branch line under Option 2. This provision for the future branch 

line entails a 4-track station, a turn-back track, and a bifurcation 

or "Y" structure as shown in Figure 2. In addition to the greater 

cost, the guideway and station facility requiremens are significantly 

different in terms of land area, horizontal and veriical alignment, 

structural mass and scale. 

In order to determine the most feasible method of serving the Waikiki 

area, it would be necessary to study these options relative to cost 

as well as future implications to both the first phase transit system 

and the area being served. For Option 1, the study will assume a 

feeder bus system interfacing with the rapid transit station and 

performing the collection-distribution function in the Waikiki area. 
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Under Option 2, it will be assumed that a branch line would be 

built and both options tested for the estimated 1995 patronage volume. 

It will further be assumed that 1995 be considered the midpoint of a 
30-year study period and that the 1995 patronage volume be kept 

constant throughout this period. 

2. System Operating Concepts 

Based on the projected patronage estimate for 1995, the main line 
system is planned to utilize 9-car trains operating at 2-minute 

headway during the peak periods. It is assumed that the demand 
for the main line operation would be the same under either option. 
Under Option 1, there would be no change to the basic main line 

operations other than normal changes in train consist and headway 
to meet demand. Appropriate feeder bus service would be provided 

to meet the demands of the Waikiki area. 

Under Option 2, there would be a difference in the operating plan. 
In 1995, it is estimated that 7, 000 rapid transit riders would have 
the Waikiki area as their destination in the AM peak hour. Of 
this number, 4, 000 passengers would come from the westerly 
direction and 3,000 passengers from the easterly direction. With 
the higher volume originating in the westerly direction, the bifur-
cation of the main line would be designed to route the eastbound 

trains into the Waikiki area. 

Since the peak hour demand for the Waikiki area branch line is 7,000 

passengers, it would require every third train on the main line 
to be routed into the Waikiki area. With the main line system 
operating at 2-minute headway, the train headway on the branch 
line would be 6 minutes. 

Easterly of the bifurcation point or the branch line junction, every 

third train would be missing since it was routed into the Waikiki 
area. Based on the maximum link volume existing immediately 

easterly of the junction, the remaining trains would be inadequate 
to meet the demand. Therefore, supplemental trains to replace 
the diverted Waikiki trains are required which would shuttle 

between the junction and the easterly end of the main line. 

3. Cost Analysis 

It has been previously stated that the main line system in terms 
of its physical features and the patronage estimate is assumed 
to be common to both options. Accordingly, it is estimated that 
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there is a maximum movement of 7, 000 passengers per peak 

hour entering or leaving the Waikiki area. The cost analysis 

will be based on this volume of movement. 

The system operating features and costs for each option are 

described as follows: 

a. Option 1 - Feeder Buses 

Under this option, a fleet of feeder buses utilizing conventional 

50-seat buses to perform collection-distribution functions is 

assumed. In order to accommodate the maximum 7,000 

passengers per peak hour, buses will be operated at 1/2 minute 

headway with the routes either following Kalakaua Avenue or 

Kuhio Avenue. 

A fleet of 40 buses are required and based on a utilization 

factor of 12 hours per day, there will be a total of 480 bus 

hours operated per average week day. Assuming an equivalent 

300 days per year, a total of 144, 000 bus hours will be operated 

during a year. At a unit cost of $15 per bus hour, the total 

annual operating and maintenance cost will be approximately 

$2. 16 million. 

Assuming a 10-year life for the buses, 3 sets of buses would 

be required during the 30-year study period. The present 

worth cost of the buses would be $3.85 million or an average 

annual cost of $130,000. The combined annual capital and 

operating and maintenance cost would then be approximately 

$2. 3 million. 

b. Option 2 - Branch Line Fixed Guideway 

In 1995, the main line fixed guideway system would be 

operating 9-car trains at 2 minute headway during the peak 

period. In order to accommodate the 7,000 passengers per 

hour entering or leaving the Waikiki area, every third train 

will be diverted to the branch line. This will provide a 6-minute 

headway on the branch line. 

The branch line route will be either on Kalakaua Avenue or 

Kuhio Avenue as shown in Figure 3,utilizing an aerial configuration 

for the entire length of some 1.5 miles. The branch line will 

have 3 stations and the total facilities cost including land 

acquisition is estimated to be approximately $40 million. 
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Ten additional transit vehicles are also required at an 
estimated cost of $3 million for a total capital cost of 
$43 million. The annualized cost, based on 30 years and 
5-1/2% discount rate, is $3 million. 

The annual operating and maintenance cost for the branch line 
is estimated at approximately $1 million. The total annual 
capital and operating and maintenance cost would be $4 million 
which assumes the use of aerial guideway structures. If an 
underground structure or subway configuration was assumed, 
the cost would approximately be double the aerial structure cost 
or some $8 million per year. 

c. Comparative Cost Analysis 

From a purely economic basis, the branch line option will cost 
much more than the feeder bus option. Although the operating 
and maintenance cost for the fixed guideway system is much 
lower than the bus system, the high initial cost of providing 
the facilities and equipment will not offset its lower O&M cost. 

4. Operational Analysis of the Branch Line Concept  

The maximum design capacity of the main line is based on the use 
of 10-car trains operating at 1-1/2 minute headway which can 
accommodate nearly 30,000 passengers per hour, each way. For 
the study year of 1995, the system would be operated with 9-car 
trains at a 2-minute headway to meet the projected demand during 
peak periods. If a branch line were provided, it was estimated 
that the maximum branch line volume would be some 7,000 passengers 
per hour which is roughly one-third of the maximum main line 
link volume. Hence the operating plan with the branch line would 
have every third train in the eastbound direction routed into Waikiki. 

As was previously stated, with the branch line, shuttle trains are 
required to run between the junction of the branch tine and the 
easterly terminus of the main line in order to meet the demand 
volume. This requirement for shuttle trains requires a certain 
number of through passengers to transfer at the junction station. 
However, the approximate number of forced transfers is equal 
to or slightly less than the number of transfers eliminated for 
passengers either destined to or originating from the Waikiki area 
by virtue of providing the branch line. 

From the operational standpoint, the routing of every thiTd train 
into Waikiki is feasible with the use of shuttle trains on the segment 
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of the main line easterly of the junction. However, there are certain 
constraints placed on the total system relative to capacity. As long 
as the maximum branch line volume does not exceed one-third of 
the maximum main line link volume, the overall system would be 
in balance relative to its capabilities in meeting demand. However, 
if the branch line volume should increase such that every other 
train would have to be routed into Waikiki, then a capacity deficiency 
is created on the main line system. Therefore, the practical branch 
line capacity is some 10,000 passengers per hour, each way. 

The branch line, which in physical terms is an extension of the 
main line system with similar capabilities, is restricted in its 
capacity due to operational limitations. The incongruity of the 
branch line concept is that the facilities are necessarily large 
and costly to build and therefore should have large carrying 
capacity to be justified, but as mentioned above, it is limited from 
the operational standpoint in this particular case. Therefore, a 
particularly important consideration is the future growth of 
Waikiki which will determine the future demand on the system. 

5. Future Growth of the Waikiki Area  

In the past several years, there have been various studies and 
considerations given to the future of the Waikiki area, particularly 
as related to future growth. Both the General Plan and the zoning 
as currently adopted would permit a significant amount of 
additional high density residential and hotel development. It has 
been estimated that present zoning would permit as much as 67,000 
to 68,000 hotel rooms for an average daily visitor census of 110,000 
people.— 4/ If the saturation number for residents of 40,000 to 60,000 
were added to the visitors, then a total population level of 150,000 
to 170,000 persons would exist in Waikiki. 

The study conducted by the Mayor's Planning Advisory Committee 
for Waikiki-Diamond Head, in 1971, found that the area, the 
resources, and the facilities of Waikiki were capal4e of properly 
accommodating up to a maximum of 65,000 people.ind their 
attendant activities. Therefore, this committee recommended that 
the area be rezoned for maximum permissible densities to accommodate 
a maximum daily census of 65,000 persons consisting of 42,000 
visitors and 23,000 residents. To meet these figures, there would 
be 26,000 hotel rooms and 11,500 dwelling units. 

In 1969, the Waikiki Task Force, which studied Waikiki for the 
Travel Industry Congress, also recommended a limit of 26,000 
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hotel units until 1980. They also recommended a schedule for 
construction of additional hotel units which would have resulted 
in an occupancy rate of 78 percent in 1975, and a higher occupancy 
rate in subsequent years. 

In 1970, there were some 8,000 dwelling units and a resident 
population of 13,000 persons residing in Waikiki. For the same 
period, there were approximately 16,000 hotel rooms or an 
average daily visitor census of some 25,000 people. These 
average daily census in 1970 was estimated to total nearly 40,000 
persons. The recommended maximum daily census of 65,000 
persons would represent slightly over 50% increase of the 1970 
population. 

In 1970, employment in Waikiki was slightly under 20,000. 
Assuming a 50% increase in the number of hotel rooms and 
corresponding increase in total employment, there would be some 
30,000 jobs in Waikiki. This number corresponds to nearly 40,000 
jobs projected for Waikiki in 1995 in the study done by the Oahu 
Transportation Planning Program (OTPP), which has the assign-
ment of projecting the travel movement of the future population 
onthe island of Oahu and their projections were used in the estimate 
of the travel demand to the major activity centers shown in Table 1. 
The higher projection of jobs in Waikiki by OTPP implies a much 
higher growth rate in the number of hotel rooms in Waikiki were 
used in obtaining the projection of travel movement in and out of 
Waikiki. However, the same OTPP projection for resident 
population was only 15,000 persons as compared to the recommended 
ceiling of 23,000 persons which also implies that more hotels would 
be constructed in Waikiki than apartments or condominiums, where 
people would reside. Therefore, if the growth of hotel rooms in 
Waikiki is limited thereby allowing the population in Waikiki to 
increase to its limit, the movement pattern in and out of Waikiki 
may change from what has been stated in this report, but the 
overall maximum capacity of the bifurcation line will not be affected. 

6. Summary of Findings and Conclusions  

Except for the existing land use policy for the Waikiki area, there 
is a certain degree of uncertainty as to the future growth in this 
area. There have been concerns expressed both from the public 
and private sectors to the effect that the area should be rezoned 
and the density reduced. Recently the City has requested the 
State to release funds that had been appropriated for the improve- 
ment of Waikiki in order to conduct a comprehensive planning study 
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of the area. 

The projections made for transit rider ships is of course based on 

future anticipated development of areas. Any possible change of 

policy for Waikiki could significantly alter the transportation demand 

of the area and hence the type of system to best serve the area. 

In view of the above situation, the findings and conclusions are as 

follows: 

a. The extension of a main line rapid transit system into an area 

like Waikiki through the use of a branch line involves a major 

capital investment in excess of $40 million. 

b. To justify this investment, there must be a demand for large 

number of transit riders in excess of 15,000 passengers per 

hour, each way. 

c. The branch line system, however, has an operational constraint 

which would limit its capacity to 10,000 passengers per hour, 

d. If it is assumed that Waikiki would be rezoned to limit its 

growth, then the anticipated demand may not exceed the 

above mentioned 10,000 passengers per hour. This would 

make the branch line operationally feasible but economically 

very marginal. 

e. If it is assumed that the land use policy for Waikiki would not 

change and rapid growth should take place, it would be safe 

to estimate the demand in excess of 10,000 passengers 

per hour. Under this situation, the system would not be 

operationally feasible. 

In view of the above findings, it is concluded that a branch line 

concept should not be adopted for Waikiki, and therefore, no pro-

visions should be made in the first phase system for a future 

branch line. The decision is based on the fact that any commitment 

to a system now would be premature and that various options 

should be left open. 

The conclusion drawn from this study is that the standard 

transit station utilizing feeder bus service for Waikiki is the most 

desirable in terms of future options. This would permit reasonable 

service to be provided fairly economically until such time that a new 

AR00053798 



land use policy is adopted with the following options available. 

- If the growth is to be limited whereby the maximum demand 

does not exceed 10,000 passengers per hour, a smaller people 

mover system should be considered in lieu of the larger rapid 

transit branch line. 

If the growth is to continue without limit and the maximum 

demand is likely to exceed 10, 000 - 15,000 passengers per 

hour, then a rapid transit line as part of a separate line 

without capacity limitation should be considered. 
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If it is further assumed that nearly all of the air passenger movements 

between the HIA and Waikiki are by visitors staying one night or more 

in hotels in Waikiki, then it is necessary to determine the number of 

hotel rooms required to support this movement volume. A 30,000 

one-way trip volume represents 15, 000 persons going to and 15,000 

persons leaving Waikiki e4ch day. Using 1.8 persons per hotel room 

and 85% occupancy rate,-3/ the total number of hotel rooms required is 

50, 000 if the average stay were 5 nights. With a longer average stay 

of 7.5 nights per person, 75,000 hotel rooms would then be required. 

Recently there has been great concern expressed in both the public and 

private sectors relative to uncontrolled growth in Waikiki. Currently, 

there are some 21,000 hotel rooms available in Waikiki and plans, in 

the near future, for an additional 3, 000 rooms. One of the more recent 

studies of Waikiki has suggested a limit of 26,000 hotel rooms in Waikiki. 

With the uncertainty existing today as to the future of Waikiki, the HIA-

Waikiki trip volume used for any analysis must necessarily be based on 

a range of hotel rooms varying from 30,000 to 60,000. 

The objective of this study is to present necessary background information 

and air passenger movement analysis between the HIA and Waikiki to 

determine if provisions should be made in the proposed rapid transit 

project to accommodate this transfer service in the future. Since 

the transfer system is considered to be a special purpose service 

oriented nearly exclusively to the visitor market, it has been treated 

as such and not included as part of the proposed rapid transit project. 

Nonetheless, if the proposed rapid transit system is to be jointly used 

for conventional rapid transit service as well as for the HIA-Waikiki 

transfer service in the future, then certain features should be incor-

porated in the initial design for ready conversion at a later date. 

This is necessary not only to preclude expensive conversion in the 

future but to minimize disruption to the conventional rapid transit 

system operation once it has been initiated. 
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B. DEMAND ANALYSIS 

As stated earlier, because of the uncertainty as to the future growth 

of Waikiki, the demand between the HIA and Waikiki will be based 

upon a range of the number of hotel rooms in Waikiki. In order to 

estimate this demand, the following assumptions will be made 

Hotel occupancy rate - 85% 
Number of persons per room - 1.8 persons 

Average stay - 5 nights 

Using the above assumptions, the number of trips between the HIA 

and Waikiki was calculated for various levels of hotel development 

in Waikiki. A range from 30,000 rooms to 60,000 rooms was considered 

and the estimated volumes of trips are shown in Table I. 

The characteristics of the visitors and their trips to Waikiki will be 

assumed to remain the same in the future. Of the total visitors, some 

25% are eastbound visitors, i.e. their trips originated in Asia and 

Australia, and 75% are westbound visitors or from mainland USA. 

The percentage of visitors coming in organized tours is approximately 

80% of the eastbound visitors and 35% of the westbound visitor s.-5 / 

This represents some 46% of all visitors to Hawaii who come in group 

tours with the remaining 54% classified as independent travelers. 

A past survey of the mode of travel between HIA and Waikiki is shown 

in Table 	This survey was made when the percentage of visitors 

traveling in tour groups was only 19%. In order to reflect the current 

46% of visitors traveling in tour groups, and using tour buses and 

limousines, adjustments were made to the other modes and are also 

shown in Table II. 

A trip diversion study previously conducted-6/ showed a potential 30% 

diversion of the independent travelers to a special transfer service 

of a fixed guideway system. This diversion was based on competitive 

travel time and cost and therefore applied to independ9it travelers 

only. However, with the tour groups representing a significant share 

of the visitors, the diversion in terms of all trips is only 16% if no 

tour group is diverted as shown in Table II. 

For purposes of this study, a range of 25% to 50% of the independent 

travelers were assumed to be diverted to the proposed mode, namely a 

special transfer service utilizing the fixed guideway system. Similarly, 

it was assumed that if the tour operators are receptive to the use of the 

new mode, a diversion ranging from 25% to 50% could also be realized. 
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TABLE I  

ESTIMATED HIA-WAIKIKI TRIP VOLUMES 

Hotel Rooms 

30 000 40,000 50,000 60,000 

Daily One-Way Trips 18,000 24,000 30,000 36,000 

Annual One -Way Trips 
(Millions) 6. 57 8.76 10.95 13.14 

Organized Group Tours 
@ 46% (Millions) 3.02 4.03 5.04 6.04 

Independent Traveler Trips 
@ 54% (Millions) 3.55 4.73 5.91 7.10 

TABLE II  

HIA -WAIKIKI TRAVEL BY MODES  

Surveyed Adjusted Diver sion 

Mode % % % 

Private Car 9 6 1 

Rental Car 16 10 2 

Taxi 39 25 9 

Airport Bus-Limo 13 9 4 

Tour Bus-Limo 19 46 

Other 4 4 _ 
Total 100 100 16 
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C. CAPACITY-VOLUME ANALYSIS OF THE SPECIAL TRANSFER SERVICE 

The joint use of the fixed guideway facilities will limit the special 

transfer service to 4 trains operating at 15 minute headways. Operationally, 

the minimum train consist will be 2 cars and the maximum consist will 

be 10 cars. Based on the peak hour volume of 13% of the average daily 

volume,-2 / and a load factor of 40 passengers per vehicle, system 

capacity for various concepts can be calculated. The system would be 

operated 18 hours per day for 365 days a year and the assumption made 

that a fixed train consist would be maintained throughout the day. Table 

III shows the system capacity up to the maximum 10-car consist. 

TABLE III  

SPECIAL TRANSFER SERVICE CAPACITY  

Train Consist Daily Capacity 
Annual Capacity 

(Millions) 

2-Car 4,900 1.79 

4-Car 9,800 3.58 

6-Car 14,800 5.40 

8-Car 19,600 7.15 

10-Car 24,600 8.98 

As was previously stated, the total air passenger movement between 

the HIA and Waikiki is directly related to the number of hotel rooms 

in Waikiki. For various number of hotel rooms, by increments of 

10,000 rooms, the total air passenger trips were calculated and shown 

in Table I. Table IV shows the air passenger volumes for 25% and 

50% diversions for both independent travelers only and for all travelers. 

Based on the volumes of diverted air passengers from Table IV, one can 

match them to the various train capacities and determine the required 

train consists. 
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D. COST ANALYSIS 

Special facilities are required to provide the special HIA-Waikiki 

transfer service even though all trains would be using the common 

guideway and yard and shop facilities. If a 4-track station at the H1A 

and Waikiki were provided for this special transfer service, separate 

by-pass or docking tracks would be required at the terminal stations with 

attendant switches, turn-back tracks and propulsion power and train 

control systems. The stations would require separate train platforms 

and concourse areas and intermodal transfer facilities for buses and 

taxis. If provided, special baggage handling facilities, airline ticketing, 

and baggage check-in facilities would also be required at the station. 

It is estimated that these additional facilities would cost nearly $27 

million in 1974 dollars. 

In lieu of a 4-track station at each end of the transfer system, a concept 

requiring much less initial capital investment and total capital cost for 

additional facilities to provide the special service was found to be 

operationally feasible. It was therefore used in the cost analysis and 

comparison in this report. This concept utilizes a spur line at the 

airport station, as shown in Figure 1, whereby all transfer system 

trains would switch off the main line and stop at the transfer station 

provided exclusively for air passengers. 

At the Waikiki end, a concept similar to the above would be very difficult 

and costly and would create a significant visual impact to the area. There-

fore, it was assumed that the transfer station would be placed "on-line" 

with the commuter station as shown in Figure 2. The transfer system 

trains would dwell at this station for 60 seconds or longer depending on 

the system operating headway. The transfer system trains would then 

continue on to the University Station where a turn-back facility is provided 

and return to the Waikiki Station. The estimated cost for the additional 

facilities to provide the special transfer service utilizing the above 

concept would be approximately $17 million. 

Special transit vehicles would have to be provided with each vehicle 

estimated to cost approximately $250,000. The nurnbeir of vehicles 

would, of course, depend on train consists required to meet the demand 

volumes. As part of the total system, conventional 50-passenger buses 

are provided to perform collection-distribution function between the 

Waikiki Station and the hotel. These buses are estimated to cost $50,000 

each with the number required also varying with the demand volume. 
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The operations and maintenance cost for the special transfer service 
is assumed to be on the same basis as the regular commuter service 
cost, i.e. cost to be prorated equally on the basis of car miles of 
operation. In this light, the special transfer service is getting the 
benefit from economies of scale of the much larger regular commuter 
service. The operation and maintenance cost for the bus system is 
based on $15 per bus for each hour of operation. The total annual costs, 
including capital and operating and maintenance costs for varying train 
consists, are summarized in Table V. 
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TABLE V  

ANNUAL SYSTEM COST 

Consist 

6-Car 7-Car 

Fixed Guideway System 

($Million) 

1-Car* 	2-Car 

Train 

3-Car 4-Car 5-Car 

Facilities ** 1040 1040 1.40 1.40 1.40 1.40 1.40 

Transit Vehicles** O. 15 0.23 0.31 0.39 0.54 0.62 O. 68 

Total Capital 1.55 1.63 1.71 1.79 1.94 2.02 2.08 

0 & M 1. 80 2. 55 3.29 4.00 5,, 46 6.07 6. 80 

TOTAL 3. 35 4. 18 5.00 5.79 7.40 8.09 8. 88 

Collection-Distribution System 

Buses*** 0.08 0.08 0.11 O. 16 O. 19 0.23 0.26 

0 & M 1.00 1.00 1.12 1.50 1.87 2.25 2.63 

TOTAL 1.08 1.08 1.23 1.66 2.06 2.48 2. 89 

GRAND TOTAL 4.43 5.26 6.23 7.45 9.46 10.57 11.77 

*A 1-car consist is shown for the economic comparison of the special 
transfer service with other modes of travel. Operationally, a 2-car consist 
would be used. 

**Amortized over 25 years at 6-1/2% 

***Amortized over 10 years at 8% 
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E. VOLUME-COST RELATIONSHIP 

From the previous section, it was found that the annual cost would vary 
with the train consist. With larger demand or ridership volume, the 
cost per ride would be down to nearly $2.00 when the volume requires 
more than a 4-car consist. (See Table VI) 

The existing airport bus charges a fare of $2.25 per ride between the 
airport and any hotel in Waikiki. With the special transfer service using 
the fixed guideway facilities, the rider would have to transfer to another 
mode to reach his hotel. This inconvenience would have to be made up 
by both cost and time savings to divert passengers to the new system. 

In the evaluation of the use of the fixed guideway system by special 
trains for the transfer service between the HLA and Waikiki, the 
crucial point is the relatively high first cost required for the facilities. 
Consequently, high volume of ridership is necessary to justify this type 
of a system. For example, if Waikiki were to be limited to 30,000 
hotel rooms and the tour operators were not interested in the service, 
then based on a diversion of between 25% to 50% of the independent 
travelers, the cost per ride would range between $5.00 and $2.95, 
respectively, or an average cost of about $4.00 per ride as shown 
in Table VI. However, if the tour operators were receptive to the 
use of this system, the average fare would be under $3.00 
per ride for the above mentioned condition. 

If Waikiki were to have 40,000 rooms with the same 25% to 50% diversion 
of independent travelers only, the cost per ride would average $3.55. This 
level of cost may still be somewhat high to be truly competitive, but 
if the trip time of other modes are considerably longer due to the 
congestion of the travel corridor, then the price may not be a serious 
deterrent. To get the average cost down below the $3.00 level, 50,000 
to 60,000 rooms in Waikiki would be required if group tours did not use 
the system. 

If tour operators were receptive in diverting 25% to 50% of their business 
to the special transfer system, then the economic viability would take 
a dramatic turn. In this event, the average trip cost would be below 
$3.00 per ride even with only 30,000 rooms in Waikiki. These examples 
illustrate the point that higher volumes are necessary to maintain a 
competitive fare level and that this can be easily attained if tour 
operators are willing to use the new mode. 
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F. AN OVERVIEW OF THE HIA-WAIKIKI TRANSFER SERVICE 

The HLA-Waikiki transfer service under consideration is primarily for 
visitors to Hawaii who are staying overnight or longer in Waikiki. The 
travel status of these visitors are estimated to be 46% or nearly one-. 
half as organized group tours with the remainder classified as 
independent travelers. 

Visitors traveling as part of organized group tours are provided with 
pre-arranged ground transportation service between the MLA. and their 
hotels in Waikiki. This travel mode is by tour buses estimated to 
cost some $25.00 or more per hour per bus. A vehicle would be 
required to be in service for about 2 hours to transport a group of 
passengers one way between the HIA and Waikiki for a total cost 
of $50.00 or more. Thus a 50-passenger group would cost the tour 
operator $1.00 per head which is quite economical. However, due 
to varying size of groups, the average load factor may only be 50% 
on a large bus or the necessity to use smaller buses. Therefore, 
the average cost of transporting a group tour passenger between the 
HIA and Waikiki, one way, may be about $2.00 per trip. 

Relative to the independent travelers, the majority would travel by 
taxis with the remainder divided between airport buses and rental 
cars. The charge per ride on the airport bus is $2.25 per one-way 
trip with the taxis charging $6.00 per trip or $3.00 per rider assuming 
2 persons per taxi. The car rental cost would vary depending on other 
uses but on the average, the cost for the HIA-Waikiki trip would cost 
over $3.00 per person. 

From the above, it can be stated that the average cost of one-way trip 
between the HIA and Waikiki may range between $2.00 and $2.50 per 
person for groups and about $3.00 per person for more personalized 
modes such as taxis or rental cars. Thus the average per person trip 
cost, to be competitive with the existing mode, should be maintained 
between $2.00 and $3.00. 

Assuming a $3.00 cost per ride as the . ceiling for the transfer service, 
with an average diversion of independent travelers only, it would require 
over 50,000 rooms in Waikiki to generate enough movement to attain 
this fare level. However, with average diversion of all travelers 
including group tours, 30,000 rooms in Waikiki would generate the 
required volume of movement to maintain the fare at $3.00 or less. 

The two primary variables in the determination of the feasibility of the 
system would then be the future number of rooms in Waikiki and the 
future attitude of the tour operators. Neither variables can be determined 
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with any degree of confidence at this time. The latter, or the attitude 
of the tour operators, may be dependent to a large degree on the 
condition of the travel corridor, i.e. Nimitz Highway-Ala Moana 
Boulevard, in the future. If this travel way becomes heavily congested 
and frequently breaks down, then the total trip time of some 30 minutes 
could increase to 1-1/2 hours or longer in the future. If this condition 
were to occur, then the attitude of the tour operators could change towards 
the use of the fixed guideway transfer service. 
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G. ALTERNATIVE TRANSFER SYSTEMS 

A convenient and relatively fast HIA -Waikiki transfer service is 
important for the continuing growth of the State's tourist industry. 
The present transfer modes are all operated by private enterprise 
and are providing reasonably convenient, fast, and economical service 
to visitors traveling between the HIA and Waikiki. However, with 
continued growth in tourism expected in Waikiki coupled with the pro-
jected increase in traffic volume on the travel corridor, development 
of alternative modes has been under consideration for some time. 

The Honolulu International Airport Transfer Study by Peat, Marwick 
Livingston & Co., conducted in 1969, concluded that in a free market 
situation, no new system would be financially feasible without the support 
of tour operators. At that time, the organized group tours represented 
only 20% to 30% of all visitors to the Islands which now has increased 
to nearly 50% of the visitor market. The importance of diverting the 
group tour segment to any new mode is that it represents nearly half 
of the total market. 

The estimated HIA-Waikiki annual travel volume ranges from a low of 6. 5 
million trips with 30, 000 hotel rooms to over 13 million trips with 60,000 
hotel rooms in Waikiki. The proposed 22-mile fixed guideway system 
running between Pearl City and Hawaii Kai is projected to handle some 100 
million riders annually by 1995. An optimistic diversion of 50% of all 
trips between the HLA and Waikiki would represent only 3% to 6% of the 
projected fixed guideway ridership. The potential HIA.-Waikiki transfer 
volume represents a relatively small market in terms of conventional 
mass transit system volume. 

In addition to the difference in the potential market size, another 
important difference is that the Waikiki end of the transfer trip is 
widely dispersed between some 30 to 50 hotels. With a requirement 
that the passenger be picked up or delivered directly to the hotel, 
only the current modes using surface streets can provide this portal 
to portal service with no transfer. Most other modes, whether it be 
by land, air or water, would basically .require at least one transfer 
during the trip, assuming currently developed vehicle systems are used. 

It is possible to provide a no-transfer system of the land or water type 
utilizing the piggy-back or roll on/roll off concept. Another possibility 
would be with the use of the dual mode concept whereby the same vehicle 
is used to travel over both surface streets or highways and a grade-
separated, exclusive guideway. A dual-mode vehicle system is not 
currently available with major development work still to be done. The 
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relatively small volume of the transfer service demand as compared 
to the projected conventional mass transit service demand would not 
warrant the compromising on the design of the latter. To design the 
proposed Honolulu fixed guideway system with special features to 
accommodate a yet-to-be developed dual-mode system could seriously 
delay the implementation of the program as well as build on added 
costs for a very small percentage of the total service market. 

The joint use of the proposed fixed guideway system from the HLA to 
Waikiki can be provided for some $17 million in facility cost plus 
the cost of the transit vehicles. Although this cost is considered to be 
quite nominal due to joint use of the facilities, the feasibility of this 
system may still be questionable unless there are more than 50,000 
hotel rooms in Waikiki. With 30,000 rooms or more, only with the 
diversion of the group tours would this system be feasible. The 
system could be highly attractive if the Nimitz-Ala Moana corridor 
should become heavily congested with frequent breakdown in the traffic 
flow resulting in average speeds of 10 mph or less. 

Although the feasibility of the fixed guideway transfer system is 
dependent on several indeterminate variables, it is necessary to 
consider the alternatives available. A previous study!' eliminated 
air transfer systems from further consideration due to high cost and 
community impact. Of the various water systems considered, the 
conventional surface vessels were found to be more cost effective 
than hydrofoils and air cushion vessels. The higher speeds attainable 
with the more expensive hydrofoils and air cushion vessels did not 
offset the higher cost of these vessels due to the shortness of the 
travel distance. 

Figure 3 shows the comparison of costs per ride for the fixed guide-
way, excursion cruiser and hydrofoil systems. (Note: the costs shown 
in Figure 3 for the waterborne system were obtained from the HIA 
Transfer Study by Peat, Marwick, Livingston & Co. and adjusted to 
reflect 1974 prices. ) For passenger volumes of less than 1.5 million 
per year, the excursion cruiser could be more economical. The hydro-
foil costs are much higher at all volumes. The volume of 1.5 million 
passenger or less per year would reflect the average diversion of 
independent traveler trips generated from 30,000 hotel rooms in 
Waikiki. Thus, if Waikiki were to have no more than 30,000 rooms, 
then some form of conventional waterborne system would be the most 
economical. With volumes of 2 million trips and more, the fixed 
guideway transfer system would be more economical than any water 
system. 
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H. FINDINGS, CONCLUSIONS, AND RECOMMENDATION 

The findings and conclusions of the study are summarized as follows: 

1. With 30, 000 hotel rooms and only independent travelers diverted 
to the fixed guideway transfer system, the break-even fare would 
be about $4.00 per ride which is slightly higher than the fare for 
a waterborne system utilizing excursion cruisers. 

2. With an average diversion of independent travelers only, over 50, 000 
hotel rooms would be required to attain a break-even fare of $3.0 0 
per ride and be competitive with existing transfer modes and to cost 
less than any waterborne system. • 

3. With the existing and planned hotel rooms approaching 25, 000, 
a minimum of 30, 000  hotel rooms in Waikiki is highly probable, 
but to assume any substantial growth over 30, 000 rooms would 
be highly speculative. 

4. The current transfer modes are highly efficient, convenient, 
and relatively fast and the demand for a new mode would be 
dependent upon the future condition of the existing travel corridor 
and its degree of congestion. 

5. If there were over 30, 000 rooms in Waikiki, the transfer corridor 
were heavily congested, and the tour operators were willing to use 
a new system, the demand volume for a nev: ,  system could be high 
enough to make the fixed guideway transfer system justifiable and 
more economical than any waterborne system and therefore, the 
only viable system to provide this service in the foreseeable future. 

Based on the above, it is recommended that provisions be made in the 
proposed fixed guideway system to accommodate a future HIA-Waikiki 
transfer service as described in this report. Due to the uncertainty of 
future hotel development in Waikiki and the attitude of the tour operators, 
the cost for making this provision should be kept to a minimum, which 
the concept described and used in the report does. 
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