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FLEET
FLEET SIZING anp OPERATING PLANS

|. OPERATING ASSUMPTIONS

SIng both manual tectmonted below. The

: . computer
times include running time,

The roundtrip distances
turnback at one end. The sche
by the roundtrip distance.

The assumptions used are gs follows:

(1) Speed limits

(2) Due to lack of pPatronage values at this time, all station dwell

times are_'assumed to be 15 seconds. This value nay be revised for
each station to meet patronage demands, if recovery.

(3)  Turnback allowance is 3 minutes and 0.2 miles.

(4) Patronage for years 2000 and 2020 is as per METRO preliminary

numbers revised on Dec. 6, 1985. NCAA diurnal distribution by

hour is used to determine off peak and weekend patronage values
for operations planning. Saturday values are assumed to be 429% of

weekday with even distribution; Sunday and Holidays 26% of
weekday.

(5) Hours of operation are 6 a.m. to 1 a.m. Monday through Saturday;
8 a.m. to midnight on Sundays and Holidays.

(6) Vehicle capacity is assumed at 144 passengers (64 seated, 80

standee) as per NCAA. Off-peak train sizing based on all seated
load.

(7) Maximum train length is 4 cars.

(8) Yearly breakdown assumed 1is 250 weekdays, 52 Saturdays and 63
Sundays/Holidays. |

(9) No dead head hours have been included.




(10) Pre-emption of al] traffic lights jg dssumed

(11) The minimum train heady

vy is 990 sec . ‘
minutes except for Saturday onds anq the maximum 1S

: . 30
4nd  Sundays when lesg Service may be

rating assumptions.
the operations and




TABLE 4

TRAVEL TIME CALCULATIONS

Alignment: DT plus N-1, Union Station to Northgate via Univ. Dist Subway

Dist Av ,

: nal < g. OSpeed Time Dwell
station (mile) (mph) (sec) (sec)
Union

0.36 24
3rd Ave. South 53 .
0.43 30) 59
3rd Ave North e
. 0.33 20 58
Westlake 15
.33 26 L5
9th & Pine .
1.57 36 155
Eastlake s
1.51 36 151
Universtiy Hospital T
0.60 24 ]88
University District 15
k.35 29 166
Roosevelt T
2.02 L6 157
Northgate o 15
TOTAL 8.49 925 135

Turnback Distance 0.2 miles

Turnback Time 180 seconds

|

Roundtrip Distance 17. 1/ miles

Roundtrip Time ~ 00:38:20 hr:min:sec
26.9 mph

Scheduled Speed




— CALCULATIONS
Alignment: DT plus N-2, Union Stat
Subway "o to Alderwood Mall via Univ. Dist.
Dist Av
Station — (mile) gimsﬁ§3d Time Dwell
Union -
0.36
3rd Ave. South 24 53
0.43 15
3rd Ave. North 30 59
| 0.33 Lo
Westlake 20 58
15
0.33
9th & Pine 26 45
15
157
Eastlake 36 155 g
| | ' 1.51 36 151
University Hospital ‘)
S V.60 24 88
University District .
1,35 29 166
Roosevelt '
Northgate 15
2.25 46 175
Jackson Park -
1.62 L 133
North City ' 15
2.13 46 166
Mountlake Terrace 15
0.96 39 89
Mountlake Terrace North 15
. 1.44 41 127
Lynnwood 15
1.96 42 167
Alderwood Mall | 1S
TOTAL 18.85 1782 225
Turnback Distance = D : 2 miles
Turnback Time = 180 seconds

37.90 miles

Roundtrip Distance
01:09:54 hr:min:sec

]

Roundtrip Time

32 = mph

Scheduled Speed




TABLE 6

TRAVEL TIME CALCULATIONS

Bypass 0 Northgate via Univ. Dist.
Dist Av
- . Speed Time Dwell

ot (mile) (mph) (sec) (sec)

Union
0.36 24

3rd Ave. South >3 .
0.43 30 59

3rd Ave. North .
0.33 20 58

westlake 6

9th & Pine 5

‘ ' 3.39 41 296

University District 15
0.92 40 84

Roosevelt 15
2.02 L6 157

NOrthgate 15

TOTAL ].77 745 105

Turnback Distance = 0.2 miles

Turnback Time = 1é0 seconds

Roundtrip Distance 15.73 miles
Roundtrip Time = 00:31:20 hr:min:sec

Scheduled Speed 30.1 mph




Bypass Alderwood Mall via Univ. Dist
. D%St Avg. Speed Time Dwell

station (mile) (mph) (sec) (sec)

Union
036 24 53

jrd Ave. South 15
0.43 30 59

3rd‘AVE.NOIth T
0.33 20 58

Westlake 15
0.33 26 45

9th & Pine 15
3.39 41 296

University District 15
0.92 40 84

Roosevelt 15
2.02 L6 157

Northgate 15
2:25 46 175

Jackson Park '
1:0 N 133

North City 15
2.13 46 166

Mountlake Terrace _ 15
0.96 39 89

Mountlake Terrace North s
1.44 41 127

Lynnwood | 15
1.96 42 167

Alderwood Mall | 15

TOTAL 18.13 1602 195

Turnback Distance 0.2 miles

|

Turnback Time 180 seconds

36.46 miles
01:02:54 hr:min:sec
34.8 mph

|

Roundtrip Distance

Roundtrip Time

Scheduled Speed




TABLE 8

IRAVEL TIME CALCULATIONS

plignment: E-1, 1o Bothell via Bellevue Subway

Dist Av
: ' 8. Speed Time D

tation S mi well

§ ( 1e) (mph) (SeC) (SeC)

Union
1.46 36

Rainierxr 146 N
3.81 99

Mercer Island 409 o
2.86 9E 296

. Bellevue -
1.27 ., B 148

Wilburton g

Bellevue (CBD) -
2503 35 274

S. Kirkland T
| 39 161

Houghton 15
0.86 34 99

Kirkland 15
2. 16 47 167

Juanita 15
1.04 41 92

Kingsgate 15
1.50 44 122

Brickyard 15
1.80 45 143

Bothell 15

TOTAL 22.23 2194 180

Turnback Distance = 0:2 miles

Turnback Time = 180 seconds

44 .67 miles
01:22:08 hr:min:sec
32.6 mph

Roundtrip Distance

Roundtrip Time

{ Scheduled Speed




|
|

TABLE 9

TRAVEL TIMp

_-H—_

=1L CALCULATIONS

Alignment: E-1, To Bothell via Bellevue Subway

Station

R —————

——

Union

Rainier

Mercer Island

S. Bellevue
Wilburton
Bellevue (I-405)
S. Kirkland

Houghton
Kirkland
Juanita
Kingsgate
Brickyard
Bothell

TOTAL

Turnback Distance
Turnback Time
Roundtrip Distance
Roundtrip Time

Scheduled Speed

Dist,
(] 8. Speed  Tine Dwell
] mll&) (m h)
B (sec) (sec)
148 36 146
15
3.81 33 Rk
15
2.86 35 296
15
127 31 148
15
0.77 49 67
1.5
2.38 36 )38
15
| 39 161
15
0.86 34 99
15
25 16 47 167
15
1.04 41 99
15
1.50 N 129
| 15
1.80 L5 143
15
21.64 2081 180
0.2 miles
180 seconds
43.48 miles
01:18:22 hr:min:sec
3349 mph




Dist

Station (mil Avg. Speed Time Dwell

S ) (mph) (sec) (sec)

Union
1.46 36

Rainier 146 »
3.81

Mercer Island s 409 .
2.86 2

South Bellevue | 2396 o

Wilburton e
1212 28 |

Bellevue (CBD) , 144 .
1.49 29 186

Northup 15
1.74 39 162

Overlake 15
1.28 41 111

Evergreen Highlands 15
24 38 32 268

Redmond 15
1.08 24 160

East Sammamish 15

TOTAL 18.48 2030 150

Turnback Distance = 0.2 miles

Turnback Time = 180 seconds

Roundtrip Distance = 37106 miles

Roundtrip Time = 01:15:40 hr:min:sec

Scheduled Speed = 29,5 mph




T SRR e ey IR, | Gaassss ‘

alignment: E-4, To Redmond vig Bellevue Bypass

gtation (mlle' Time Dwell
g ) (mph) (sec) (sec)
Union
1.46 3
Rainier 6 146
3.81 15
Mercer Island 33 409
15
| 2.86
South Bellevue 35 296
15
Lul] Bt
Wilburton 148 .
i 077 38 73
Bellevue (I-405) 15
Northup -
1.74 39 162
Overlake T
1.28 41 114
Evergreen Highlands 15
2.8 32 268
Redmond &
1.08 24 160
East Sammamish 15
TOTAL 17.89 1915 150
Turnback Distance = 0.2 miles
Turnback Time = 180 seconds
Roundtrip Distance = 35.98 miles
Roundtrip Time = 01:11:50 hr:min:sec
Scheduled Speed = 30.0 mph




Alignment: S-1, To Boeing Fielq Station

Dist Av
| s g. Speed Time Dwell
§tat1Q§_ . — - q_ﬁnlle) (mph) (Sec) (szc)
Union
1.23 35
[ ander 127 .
0.66 31 77
Spokane T
‘ 1.70 41 148
Georgetown 8
1.14 31 130
South Park T
Boeing Field 15
TOTAL 6.50 677 75
Turnback Distance = 0.2 miles
Turnback Time = 180 seconds
Roundtrip Distance = 13 19 miles

Roundtrip Time

Scheduled Speed

00:28:04 hr:min:sec
28:2 mph




Alignment: S-2, To Sea-Tac Airport Station
DlSt AV' ;
* : 8. Speed Time Dwell
Station - (mile) (mph) (sec) (sec)
Union
1.23 46 127

[.ander ‘g
0.66 31 79

Spokane -
1.70 41 148

Georgetown T
1.14 31 130

South Park 6

‘ 1.76 33 195

Boeing Field 5
2.54 37 247

Interurban 15
212 32 240

TUkWilﬁ 15
3.03 39 281

Sea-Tac Airport 1D

TOTAL 14.18 1445 120

Turnback Distance = § I miles

Turnback Time = 180 seconds

Roundtrip Distance 28:56 miles

00:55:10 hr:min:sec
o P | mph

Roundtrip Time

Scheduled Speed

|




TABLE 14

IRAVEL, TIME CALCULATIONS

Alignment: 579, To South Federal Way Station

Dist.

Avg. Speed Time
' : Dwell
tion - _ m
pEa=— (mile) (mph) (sec) (sec)
Union -
1.23 35 197
[,ander
0.66 15
; 31 77
Spokane
15
| 1.70 L1 148
Georgetown .
1.14 31 130
South Park <
. 1.76 33 195
Boeing Field ‘8
Interurban 8
2. 12 32 240
Tukwila 15
3.03 39 281
Sea-Tac Airport .
1.39 N 43 117
Angle Lake : 15
2.67 43 223
Midway 15
2.18 46 169
Star Lake 15
3.24 48 241
Federal Way 15
2 .54 38 238
S. Federal Way 15
TOTAL 26.19 2433 195
Turnback Distance = 0.2 miles
Turnback Time = 180 seconds

Roundtrip Distance 52,07 miles
Roundtrip Time = BLi304:36 hr:min:sec

Scheduled Speed 34.8 mph




SUBSYSTEM DESIGN

ELECTRICAL POWER SYSTEM

1.

1.1 Introduction

.. section describes the electyjf; |
;ﬁziti'corridor Project 's LRT systléij:cat;f; SES:::E 'thaf e
Corridor, SRR le“h and Pine Street and Alderwo 1§CMude? vk Noxth
corridor, between Union Station and South Federal yaw, the poce o oot
between Union St'atlon and Bothel Station; and betWeeyI: d - taSt Corridor
and East Sammamish. The Multi-Corridor Project also in?indown ienevl}e
fication of the Downtown Seattle Trapsit Project, re uiridestt - moc}é'
for the eventual full light rail vehicle (LRv) opeqration ” Downtoun
seattle Transit Project includes Downtown Seattle s \ ; owntown
gtation and Ninth and Pine Streets. rea, between Union

The Downtown Seattle Transit Project (DSTP-PB Catalog No. C07.01)

recommends that the -EXiStng traction power nominal voltage of 700 volt
DC (750 volts DC maximum) should be used for the project.

Table 15 is a matrix that presents the physical and technical require-
ments of the substations, including the methods of distributing power to
wayside vehicles for each segment. The sizing and supply voltage of the
traction power substations are tabulated in Tables 16, 17, 18, and 19
for each segment. The preliminary substation transformer-rectifier
capacities for each corridor, as shown in Table 15, are consistent with

the substation capacities being proposed for comparable light rail sys-
tems in Santa Clara County and Los Angeles County in California. The
substation locations for the Multi-Corridor Project are shown in
Figure 2. The substation capacities and spacing will be verified during

preliminary engineering in order to optimize the overall electrification
system.

For the purpose of this work effort, a prefabricated substation design
is used as a means of conserving space and minimizing installation costs
except for downtown sections of Seattle and Bellevue. For downtown sec-
tions of Seattle and Bellevue, a standard underground substation is
assumed. The substation design type will be verified during preliminary

engineering to optimize the electrification system.

For purpose of this work effort, each traction power substation located
in the CBD area has two primary feeders, one normal feeder a:nd another
stand-by feeder. Each traction power substation 10c.ated outside the CBD
areas has one primary feeder. The primary power is fed frc?rm Seattle
City Light, Puget Sound Power and Light Company, OT Snohomish County

Public Utility District. The primary power voltages are 12.47 KV, -13.8
kV, 26.4 kV, or 34.5 kV as listed 1in Tables 16 through 19. The primary

voltages from the utilities will be verified during preliminary
engineering.




The traction powWer system will pe
nents stated in DSTP-PB Catalog No

. CO7.
1Owj_ng headways: 7 013

o Downtown Segment (SDT-1)

0 North Corridor Segment 150 d
seconds
0 South Corridor Segment 195 d
seconds
0 East Corridor Segment

1.3 Traction Power

1.3.1 General

system (OCS) (see Figure 2), and for operation of all other on-board
electrical systems, such as lighting, control, communications and
ventilation. The traction power system will also supply 60-Hertz aﬁlter-—
nating current (AC) power to operate the various .

Overall, the traction power system will be designed to ensure adequate
levels of train performance, operational flexibility, safety, equipment

protection, and stray current control. The traction power system will
be composed of the following elements:

0 Traction power substations
0 Wayside power dist:f:ibution
0 Remote control and supervision
o Yard traction power system
O Facilities and auxiliary power.

Each of these elements is described in the following paragraphs.

1.3.1.1 Traction Power Substations

The traction power substations will transform and convert high-voltage

AC power, supplied from power utility feeders, into DC pc:?wer-suitable
for operation of the system. The substations will also distribute and

control traction power for wayside distribution.




that could start simultaneously ypge
schedule. For example, enough bowe
two-hour peak periods to meet the den
ing at 1.5- to &4-minute headways |

; . . with the * 14
four-vehicle trains s:Lmultaneously along adjaceizliiy Lo accelerate two
1nways.

1f any one of the traction power suh
remainder of the substations wil}]

Each traction power substation will b
elements: ¢ composed of the following

0 High-voltage AC switchgear
O AC to DC conversion assembly

o  DC switchgear

0 Battery and battery charger

O Substation bus ducts

0 Negative bus box

@ Supervisory control interface terminal cabinet

0 Annunciator panel

o Power and control cables with associated raceways.

1.3.1.2 Wayside Power Distribution

The wayside power distribution subsystem will be an overhead contact
system that collects power from the traction power substations and
delivers it to the vehicles. The overhead contact system (OCS) will be

composed of the following elements:

1) Catenary System

2) Galvanized steel poles and foundations

3) DC power feeder cables.

The components of this subsystem are described separately below.




r -

B P T N

Downtown Update North corridor South v East Corridor ; Malintenance iard RO AR S
23 1
NO. OF SUBSTATIONS 3 15 20
Vv 06.4 KV, 34.5 KV, 12.47 &V 26.4 KV For typical substa-
PRIMARY VOLTAGE 26.4 kV, 13.8 kV 26.4 kV, 12.47 kV 26.4 kV, 12.47 k ’ cran lasle~iine
650 V DC 650 V DC diagrams, see Dwg.
DISTRIBUTION VOLTAGE 650 V DC 650 V DC 650 V DC o oL, TP-2,
and TP-3.
IRANSFORMER-RECTIFIER
UNITS
b i 1 2 2 2 2 + 1 For approximate sub-
iR station locations,
Rating 2,000 kW 1,000 kW 1,000 kW 1,000 kW 2,000 kW +2,000 kW see Figure 1.

AC SWITCHGEAR

Quantity/Substatlon

Rating

DC SWITCHGEAR
CATHODE
Quantity/Substation
Rating

FEEDER

Quantity/Substation

Rating
WAYSIDE DISTRIBUTION

Feeder Cables

Catenary

DIMENSIONS OF
SUBSTATION (FEET)

2 Circuit Breakers
1 Set of Fuses

1,200 A, 34.5 kV, 1,500 MVA
1,200 A, 15 kv, 1,000 MVA

5,000 A, 800 V DC

2-750 kCM Copper Cables
in 1-4" ¢ Conduit/Feeder

2-350 kCM Bare Copper

25 L x 14 W (1 stn)
20L x 28 W (2 stn)

1 Circuit Breaker
1 Set of Fuses

1,200 A, 34.5 kv, 1,500
1,200 A, 15 kV, 500 MVA

3,000 A, 800 V DC

A

3,000 A, 800 V DC

4-750 kCM Copper Cables
in 2-4" ¢ Conduit/Feeder

2-350 kCM Bare Copper
and 1-4/0 Grooved Copper

66x30x14.5 (12.47 kV)
75%x35x14.5 (26,4 kV)

MVA

1 Circuit Breaker
1 Set of Fuses

1,200 A, 34.5 kV, 1,500 MVA

1,200 A, 15 kV, 500 MVA

3,000 A, 800 V DC

IA

3,000 A, 800 V DC

4-750 kCM Copper Cables
in 2-4" ¢ Conduit/Feeder

2-350 kCM Bare Copper
and 1-4/0 Grooved Copper

66x30x14.5 (12.47 kV)
75x35x14.5 (26.4 kV)

1 or 2 Circuit Breakers
1 Set of Fuses

1,200 A, 34.5 kV, 1,500 MVA

1,200 A, 15 kV, 500 MVA

3,500 A, 800 V DC

A

3,000 A, 800 V DC

4-750 kCM Copper Cables
in 2-4" @ Conduit/Feeder

2-350 kCM Bare Copper
and 1-4/0 Grooved Copper

66x30x14.5 (12.47 kV)
75x35x14.5 (26.4 kV or
34.5 kV)

2 Circuit Breakers
1 Set of Fuses

1,200 A, 34.5 kV, 1,500

5,000 A, 800 V DC

10 (assumed)

3,000 A, 750 V DC

4-750 kCM Copper Cables
in 2-4" @ Conduit/Feeder

2-350 kCM Bare Copper
and 1-4/0 Grooved Copper

75x50x14.5 (26.4 kV)

MVA
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