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1.0 INTRODUCTION

The work described herein relates to the final design analyses of the
Environmental Control System (ECS) for the stations and adjacent tunnels which

comprise the 18.6 mile long Metro Rail Starter Line.

1.1 Scope

The design of the ECS has evolved from conceptual to final design of the
MOS~1 segment with modifications being made, as required, to account for

changes in system elements.

Since completion of the preliminary design, changes have occurred which
effect results of analyses and simulations. These include changes in train
speed and fregquency, in the number of stations, station location, station
configuration, tunnel blockage ratio, tunnel 1liner type and provision for
staged construction, starting with MOS-1 comprised of the first five (5)

stations only. Therefore, the subject of this study was:

o To verify the adequacy of the E®CS, as originally conceived and

incorporated in the design, to satisfy project Criteria.

o To refine the system loads, (i.e., fan capacities and station

ventilation and cooling requirements).



v//o To find ways to optimize the utilization of a given ventilation
system by applying it to serve a multiple purpose; for example,
using the station underplatform exhaust (UPE) system for heat

removal, for emergency ventilation and for tunnel methane purging.

o To quantify the effects of initially constructing vs. deferring two
proposed stations (Wilshire/Crenshaw and Hollywood Bowl) and certain

system elements such as the Supply air system.
o To verify system capability of eliminating the mid-tunnel
ventilation shaft between Wilshire/Crenshaw and Wilshire/La Brea

stations.

The main objectives of the analyses performed and described herein were

to refine system capacities and check the ECS performance against criteria.
Therefore, the ®CS concept previously developed has been taken as given input,
including: the capacities of the station supply air and underplatform exhaust
systems; the number and location of mid-tunnel and emergency ventilation
shafts; and the number of fans per ventilation shaft. In addition,
alternative ventilation concepts have been considered for the purpose of

effecting construction cost reductions.

Also, the effect of phasing of construction, which may temporarily impair
the effectiveness of the ECS in the vicinity of the interim subway termination
points, has been assessed with the Subway Environment Simulation (SES)

computer program, Station ventilation and cooling réquirements, and station



temperatures for MOS-1 stations have been re-evaluated based on reduced
average headways of 4% minutes initially and 3 minutes ultimately. Resultant
loads and temperatures for all other stations on the Starter Line, as
presented herein are still based on the original headways of 3% and 2 minutes,
respectively. However, it can be expected that these loads will dJdecrease

proportionately to the reduction in train frequency.

1.2 Purpose

This report summarizes re'sults of the latest Subway Environment
Simulation (SES) analyses performed to refine the ventilation and cooling
requirements and fan capacities. Load estimates during preliminary design by
application of the SES computer program were reported in the ECS Preliminary
Design Report, dated May 6, 1983 (Reference 1), the Final ECS Report dated
June 15, 1984 (Reference 16} which is superseded by this report, and are

further described in References 2 through 5.

The conclusions reached in this report are in general agreement with the
cited references. However, where differences occur (e.g., station
temperatures and station cooling requirements), the information contained in

this report will govern.



1.3 Background

During the preliminary design, the cooling requirements for sixteen (16)
stations had been estimated by extrapolating loads from limited analyses for

typical stations and their adjacent tunnels.

This approach was deemed appropriate for cost-estimating and space-
proofing purposes. However, for the final design process (including the
selection of refrigeration equipment), the preliminary estimates had to be
refined to reflect changes in station geometry, blockage ratio, profile and

alignment, and station spacing.

Changes 1in system configuration and proposed operating schedule of the
Starter Line since completion of the preliminary analyses in May 1983, and
again after .submittal of the Final ECS Report in June 1984 included the

following:

a. The blockage ratio (train frontal area divided by tunnel cross-

section area) increased from 0.464 to 0.527.

b. The length of station cut-and-cover sections was curtailed for about
two-thirds of the stations, to reduce construction costs. The cut-
back 1in length was effected by relocating certain mechanical and

electrical equipment rooms from the platform to the mezzanine level.



g.

Relocation of egquipment rooms to the mezzanine levels, created a

more confined space at the platform level, which, in turn, affects

air velocities and pressure transients.

Near Wilshire/Fairfax station profile and alignment were revised to
accommodate a future extension along Wilshire Boulevard. This Y-
branch was accommodated with an "over/under®™ track section at the

junction.

Provisions were made for adding two (2) stations, Wilshire/Crenshaw

and Hollywood Bowl.

Wilshire/FPairfax station was shifted further west and a mid-tunnel

ventilation shaft, originally proposed between Wilshire/Fairfax and

Fairfax/Beverly stations, was eliminated.

Installation of the supply air distribution ductwork over the length
of the platform in stations has been deferred until mechanical

cooling is installed.

Average headways in the peak hour have increased from 3% to 4%

minutes initially and from 2 to 3 minutes ultimately.

Due to funding limitations, construction of the Starter Line will be

staged. The first section, MOS-1, will be comprised of only five



stations, with a temporary sub-surface terminus at Wilshire/Alvarado

station. s M
: Kar. e far~—— atig)

-~ v o ——~ F
é S __‘:F-‘f_{,\»'v Lk ‘E"AII":-.,."“!; /
j. Ceiling Smoke exhaust system capacities in 4 of 5 MOS-1 stations
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have increased from 60,000 cfm to as much as 186,000 cfm. A
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K. Segmented steel liners will be used in tunnel construction between

Wilshire/Crenshaw and Fairfax/Santa Monica stations. This will

increase resistance to air flow and adversely affect ventilation air

flow rates. t? M )9-.?\_

1 Elimination of the rid-tunnel ventilation shaft between

Wilshire/Crenshaw and Wilshire/Ua Rrea is being considered.

Results of the latest SES analyses presented and discussed herein, and
consideration of safety-related factors affecting ventilation concept

decisions, reflect these and other changes in the configuration of the Metro

Rail Starter Line.



2.0 BASIS OF DESIGN

2.1 Temperature Criteria

i Outdoor dry bulb at 5:00 p.m. based on
5 percent frequency of occurrence 84°F

2. Station (train room)

o With ventilation only 89°p
o  With mechanical cooling 85°Pdb/65% R.H.

2.2 Station Environmental Control Systems (ECS)

2.2.1 Supply Air System

Analyses of effectiveness of the supply air system have been carried out

to simulate several system configurations and operating modes as follows:

A. Ventilation Mode
’ 5 k| ~—y /
vy L. 150,000 cfm of outside air supplied from four (4) units of

37,500 cfm capacity each to every station.

v 2. No supply air system provided (installation deferred until
mechanical cooling is required), except that outside air will
be drawn into the station by trains' piston action and/or by
negative pressure generated from operation of station

underplatform exhaust (UPE).



B. Cooling Mode

150,000 cfm of outside air supplied from four (4) units of 37,500
cfm each, distributed uniformly along each edge of every station
platform. The need for cooling by mechanical refrigeration is not
foreseen until warranted by increased traffic density of_}:pinute
average headway. At that time the supply air system configuration
will be comprised of factory-fabricated units equipped with filters
and cooling coils, which will be provided with chilled water from

local refrigeration plants in each station.

202e12 Underplatform Exhaust System (UPE)

Bach station will have two 64,000-cfm underplatform exhaust systems, one
per track. Thus, total UPE capacity will be 128,000 cfm per station. One fan
will be dedicated to each track. Therefore, each trackway can be ventilated

independently.

on the adjacent trackway. This convention will provide uniformity in UPE

system design and operation for all stations.

During peak operating periods, coincident with peak outdoor temperatures,
UPE systems will exhaust hot air from underneath the ¢trains while they
approach, leave or dwell in the station. Synchronization of exhaust air flows

with train operation will be effected with blade pitch control responding to

\
L i, <X . ,)—‘ '#‘"—“‘\\\
Alr flow in each TPE ducy-will be in the normal direction of train travel



VAt proitedli, Benise vy Looe B le

M@ '*"*» é‘ff .~‘~="~m- dence J:, the aded
&éaﬂ ' _,.’a_a pis, 7 S Chects ‘iﬁ't-i_lr-—‘ %u_c,dc

track signals. In an emergency, the same fans would capture smoke from
underneath a train while patrons are disembarking, or will supplement the

effect of tunnel ventilation systems as required.

The UPE systems may also be operated, Independently or in conjunction
with station smoke exhaust systems at the mezzanine ceiling, during periods of
scheduled or unscheduled shut-down of train operations to purge small

quantities of methane gas from station nd ,tunnels. r... m" MNehedt ‘iu’. -,A,;
Dng’ ;;Hy-u_i' .:‘4 “::;‘ &Z &4.4_,2..\'- u‘E "é’mz_ﬂ-;t_d -.«{c: ¢/
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2.2.3 Smoke ®xhaust Svstem A2 11‘-"*‘-'-1—*.‘ MEM

At the mezzanine ceiling, each station will have two (2) smoke exhaust

systems, one at each end.

System capacity will be based on 5 cfm/sq ft of projected mezzanine

1c s por Code Ae,vz P
- C/TER A

ceiling area (roof area less non-public area).

v This system is primarily provided to expel smoke from a station after a
fire. However, it may also be operated in conjunction with the UPE systems
for methane purging as described above.
I 4 -_gg}{_’;fi ﬁo —@a@/ ";—"Lﬂ’?g-;’ fjiz:’::‘ i 4% %‘é
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2.3 Tunnel Ventilation Systems

2.3.1 Emergency Fans

Adjacent to each station, a minimum of two (2) emergency fans will be

provided at each station end.

Where there are crossovers adjacent to a station, the emergency fans will
be located at the far end of the crossover, and three (3) in lieu of two fans

will be housed in a common ventilation structure.

Each fan will have a capacity of 150,00 cfm except those in shafts
adjacent to Union, Civic Center and Worth Hollywood stations, which will have

185,000 cfm capacity.

Fans will operate only in an emergency. However bypasses around the fans
will convey air exchange between tunnels and the surface, thus relieving high

pressures and temperatures.

2.3.2 Mid-Tunnel Ventilation Shafts

In each of three (3) locations, mid-tunnel shafts will be provided with
three (3) fans of 150,000 cfm capacity each. Two will be located between
Hollywood/Cahuenga and Universal City and the third which is being considered
for elimination will be between Wilshire/Crenshaw and Wilshire/LaBrea. One

additional mid-~tunnel ventilation shaft with three (3) fans of 185,000 cfm



capacity each will be located between Universal City and North Hollywood
stations.

During normal train operations, the primary function of these shafts is
to expel heat from long tunnels. The fans at these shafts can be operated at
any time when deemed necessary. However, the maximum benefit can be achieved
by operating these fans during non-revenue periods when the cooler outdoor
temperatures will be most effective in restoring the tunnels' "heat sink"

capacity.

Consideration of emergency operating conditions 1is significant in
determining the need for mid-tunnel vent shafts. Foremost in such an
assessment must be the recognition that an emergency ventilation system is but
one sub-system of many complex, interacting and interdependent subsystems
which collectively establish the overall level of life safety that can be
achieved. Some of the other subsystems and factors which must be considered
include the fire heat release rate, tunnel blockage ratio, locations and
spacing of cross passages, length of ventilation zones, number of trains per
ventilation zone, and train movement within the tunnel as discussed in Section

3.2.1 of this report.

In an emergency, fans in mid-tunnel shafts supplement the effectiveness
of emergency fans. Moreover all mid-tunnel shafts will be equipped with three
(3) fans (as described above), so that two (2) fans can be used to exhaust (or
supply fresh air to) a smoke-filled trainway and the third can supply (or
pressurize) the adjacent trainway which serves as a place of refuge for

passengers being evacuated from a disabled train in the involved trainway.



The use of mid-tunnel vent shafts in the long tunnels reduces the lengths and
increases the number of ventilation Z2ones. This, in turn, reduces the
possibility of a second train being caught in the same zone. Should two (2)
trains be in the same ventilation 2zone in an emergency, the effectiveness of
the ventilation in that 2zone would be substantially reduced. To offset this
negative effect, the second train would have to be backed out. However, this

could also adversely increase the required evacuation time.

2.4 Input Parameters

2.4.1 Svatem Geometry

The analyses described in this report are based on final design documents
ﬁ'\ﬂ
i
{(i.e., at the level of completion reflected as of Februaryﬁlsssﬁ for the MOS-1
\ ]

phase and based on the preliminary design for the remaining segments of the
Metro Rail Starter Line. Revisions to the MOS-1 system geometry, reflected in

the latest analyses, include the following:

o The station entranceway <geometry and air flow impedance
characteristics for the five (5) stations have been revised per the

latest contract drawings as of February 1985.

o The geometry at 7th/Flower has been revised to reflect the latest
station configuration which has a full mezzanine rather than the two

end mezzanines shown on preliminary drawings.



o The configuration of the tunnels east of Union Station has been

updated per the latest Contract A-130 drawings.

e} The system network has been revised to model Wilshire/ Alvarado as a
terminal station for both emergency ventilation and methane purging
analyses. However, normal operations simulations assume that the
system has been extended beyond Wilshire/Alvarado as discussed in

Section 3.1.

o The dimensions and air flow impedance of the tunnel segments between
the ventilation shafts and the ends of each station have been
updated per the latest station contract drawings as of Pebruary

1985.

2.4.2 Train Operations

“T v iy
B s

The Subway Environment Simulation (SES) computer program has been used to

model train operations throughout the Starter Line. This computer program is
a comprehensive tool, permitting the user to simulate air flows in any given
network of interconnected tunnels, stations and ventilation shafts; various
systems of environmental control (including forced air wventilation, station
air conditioning, and underplatform exhaust); any desired sequence of train
operation (including different operating characteristics and schedules); a
variety of train braking and propulsion systems; various heat Sources; and
emergency sSituations with ¢trains stopped in tunnels and with air flow

controlled by fan operation.

T
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. For analyses of the MOS-1 segment, the train headway, station dwell

times, and train speed-time profile have bheen revised. These changes are

likely

to cause a significant reduction in the station cooling requirements.

These parameters have been updated as follows:

.«

Train Headway: The total quantity of train heat generated in a

subway sSystem is directly proportional to the frequency of train
operation. Therefore, during shorter headway periods, when trains
operate more frequently, more train heat will be 1liberated.

Design Directive nDD-002, the minimum operating headways are

e — - s ——a
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minutes for Design Year (DY) operation and 2% minutes for the Long-
Range Design Standard (LRDS). These minimum headways are expected

to occur only for the peak 15 minutes within the peak hour.

Beadways of 4% (A.M. peak) and 5 minutes (P.M. peak) are planned for
the remainder of the peak hour during Design Year operations.
However, these short-duration peaks are not considered an
appropriate basis for designing the Environmental Control System
(eCs) for a subway. The large dquantities of air moved through a
subway system by the piston-action of trains, and the considerable
mass of the tunnel and station structures produce a "flywheel"”
effect -tending to resist changes in subway air temperatures. A more
appropriate approach is to use an average train headway occurring
over a minimum period of one (1) hour. Therefore, average headways
of 4% minutes and 3 minutes, corresponding to 13 and 20 trains per

hour respectively, have been used as a basis for predicting piston



effect, air temperatures, ventilation loads and cooling loads for

the MOS-1 stations.

Station Dwell Times: Dwell time affects the quantity of train heat

dissipated in a station. More heat will be released in a station
during longer dwell times. Station dwell times were revised per
Table 2-1 of the Preliminary Engineering Operating Plan, dated

November 1983, The following .values have been used:

Previous Revised
Station Dwell Time (sec.) Dwell Time (sec.)
Union 130 180 (terminal station)
Civic Center 30 25
Fifth/Hill 30 35
Seventh/Flower 30 35
Wilshire/Alvarado 30% 35w

*Assumes system has been extended beyond MOS-1 limits.

Speed-time Profile: Train performance data for the SES program has

been revised to duplicate the train speed-time profile predicted by
the RTS model (print-out provided by MRTC) for train operation at
Performance Level 1 (full performance). Since train heat gain
varies as the square of train velocity, a 10 percent reduction in
peak velocity during travel between stations, for example, would
result in a 19 percent reduction in heat gain, {l.e.,

1.0-0.9%=0.19) .



2.4.3 Vehicle Combustible Load

The distribution of the vehicle combustible load has been revised per
Reference 17. The total heat load, however, has remained the same (i.e., 60
million Btu per vehicle). The result of this revision is that the peak heat
release rate during the first 60 minutes of a fire will increase from 83.8 to
85.3 million Btu per hour or about 2 percent, because of the increase in the
interior heat load above the vehicle floor. This increase will have a

negligible effect on the emergency ventilation requirements.

2-10



3.0 ANALYSES AND RESULTS

3.1 Normal Operations

Station air temperatures and station cooling requirements have been
predicted by applying the SES computer program. The entire Starter Line,
including eighteen (18) stations and their contiguous tunnels, had been
modeled in 1984. Since then, the MOS-1 segment ¢f the Starter Line has been
reevaluated to account for reduced average train frequency and revised system

geometry as described on Section 2.4, Input Parameters.

However, normal operation in the remainder of the Starter Line has not
been reassessed. Therefore, results discussed herein have to be interpreted
with the recognition that ailr velocities, air temperatures, ventilation
requirements and cooling loads for segments other than MOS-1 will experience

similar reductions, mainly as a result of reduced traffic density.

The simulations examining MOS-1 stations assume that the subway system
has been extended beyond Wilshire/Alvarado. The area modeled extends from the
portals east of Union Station through Wilshire/Normandie. Thus, the air
temperatures and cooling requirements predicted will be the highest expected
at each station because the level of train service during MOS-1 (i.e., the
shortest scheduled headway 1s 5 minutes during the peak hour with 4-car

trains) will be substantially less than when the subway system is extended.



The period simulated corresponds to a summer evening rush hour in all
cases. Consistent with current design criteria, an outdoor temperature of

84°P has been used as a basis of design.

The simulations modeling Design Year (DY) operations assume that during
the entire peak hour trains operate on 3k-minute headways, (except an average
peak hour of 4k-minutes for MOS-1, see paragraph 2.4.2), and that none of the

stations are air-conditioned. The output of these simulations includes the

o 4.}-——-«—'%’:«’,-7 — e —
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instantaneous and average air temperatures and velocities in the stations,

tunnels and ventilation shafts throughout the Starter Line.

The simulations modeling Long Range Design Standard (LRDS) operations
assume that during the entire peak hour trains operate on 2-minute headways,
{except an average peak hour of 3-minute headways in MOS-1) and that all the
stations are air-conditioned. A station design point of 85°F and 65 percent
R.H. has been used, consistent with current design criteria. 1In addition to
air temperatures and velocities, these simulations also predict the cooling

required at each station to maintain the above design point.

The UPE system (128,000 cfm) has been operated in all the stations during
each simulation. This system has been assumed to capture 65 percent of the
sensible heat generated by a six-car train. This means that 65 percent of the
heat released beéneath the floor of the train (i.e., propulsion, braking, air
conditioning, and some auxiliaries) is captured while the train is entering,
dwelling, or departing from a station. The heated air which is captured by

the UPE system is discharged to the outside.



The station supply air system delivering 150,000 cfm of outside air was
also operated at each station with the exception of the simulations performed

to examine the impact of deferring its installation.

In the tunnels with mid-tunnel shafts, the fans have not been operated
during the simulations. However, the bypass dampers in all the ventilation
shafts (emergency and mid-tunnel) were open to promote an exchange of tunnel

and outside air.

3oLk Design Year (DY) Operations

3.1.1.1 Station Temperatures - The predicted station air temperatures

with and without supply air system operation are shown in Table 3.1.A for
MOS-1 stations and in Table 3.1.B for all others. The air temperatures

tabulated represent average temperatures occurring over the length of the

platform.

MOS-1 station temperatures (based on 3-minute average headway) vary

between 85°F' and 88°E' with the supply air system and between 86°I-‘ and 90°F
without the supply air system. Thus, it can be seen that the station
environment does not benefit _significantly‘from the provision of supply air
without mechanical cooling. On the average, the benefit is roughly a 1%

cooler station temperature. ©On the other hand, temperature criteria are met

e — S e . ]

in virtually all MOS-1 stations, except Union Station where it is exceeded by

only loE', which is well within the degree of accuracy of simulation results.




TABLE 3.1.A

PREDICTED TEMPERATURES
IN MOS-1 STATIONS
DURING DESIGN YEAR OPERATIONS
. (44-Minute Headway)

Average Platform Air Temperature (°F)

With Supply Wwithout Supply

Station Alr Alr
Union 88 90

Civic Center 85 86
Fifth/Hill 87 88 >
7th/Flower 88 89
Wilshire/Alvarado 87 89

TABLE 3.1.B

PREDICTED TEMPERATURES
OUTSIDE MOS-1
DURING DESIGN YEAR OPERATIONS

(3-% Minute Headway)

. Average Platform Air Temperature (ci’)

With Supply Without Supply
Station Alr Air
Wilshire/Vermont 88 88
Wilshire/Normandie 88 30
Wilshire/Western 87 x

Wilshire/Crenshaw 88 * .
Wilshire/La Brea 88 *
Wilshire/Fairfax 87 *
Fairfax/Beverly 87 *
Fairfax/S. Monica 89 91
La Brea/Sunset - 88 92
Hollywood/Cahuenga 90 91
Hollywood Bowl 86 86
Universal City 84 85
North Hollywood 87 90

* (These stations were not simulated.) U q

¥
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Other station temperatures, outside MOS-1, show a similar trend. With

supply air, the results show that the air temperature can be kept at or below
89°F when the outdoor temperature is 84°F, except in Hollywood/Cahuenga
station, where the air temperature will reach 90°F. Without supply air, the
predicted air temperatures exceed the 89°F criterion in 5 of the 8 stations
examined. 1In these 5 stations, the air temperatures are in the range of 90°F
to 92°F. However, it is a safe assumption that those stations will experience
a reduction in temperature similar to those in MOS-1, as a result of reduced

average traffic density.

3.1.2 Long Range Design Standard (LRDS) Operations

3.1.2.1 Station Cooling Loads - Predicted cooling requirements, to

maintain stations at 85°F at a time when the outside air temperature is 84°F,
are shown in Table 3.2.A for MOS-1 stations and in Table 3.2.B for all other
Starter Line stations. Table 3.2.B also shows the effect on station
temperatures if no station cooling system were to be provided even after the

headway reaches 2 minutes.

MOS-1 cooling loads vary between 95 and 175 tons of refrigeration, and

the average for the five (5) stations is 146 tons each. The difference in
cooling requirements from station to station results primarily from the
variation in the quantity of tunnel. heat infiltrating each station. This
component of the total station heat load is sensitive to the relative
positioning of trains on the opposing trackways. During an SES simulation,
the phasing of trains is kept constant. Thus, if two opposing trains arrive

at a station simultaneously during one headway, they will continue to arrive
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TABLE 3.2.A

RESULTS OF SES COMPUTER ANALYSES

MOS-1 STATION COOLING LOADS
(3-Minute Headway)

feorea]
0 Cooling Load (Tons of Refrigeration)
Equalized
Station + SES OQutput 1704/ or, Load/Station
Union 150 18 ir 5} 146
Civie Center S }',.\/,FS . 95 /82 7 146
Sth/Hill 175 200 i ’?.. 146
7th/Flower Ram- P L 170 %28 =2 146
Wil./Alvarado /&, 140 . 275 B2 146
Total for MOS-1: 730 730
Average for MOS-1: 146 each 146 each
Dhy arme 7‘(4, Ch e X
e &uﬂf ‘e ,7
TABLE 3.2.B
RESULTS OF SES COMPUTER ANALYSES
OTHER STATION COOLING LOADS
. (2- Minute Headway)
Average Platform
Temperature (°P) Cooling Load

Station

Wilshire/Vermont
Wilshire/Normandie
wilshire/Western
Wilshire/Crenshaw
Wilshire/La Brea
Wwilshire/Fairfax
Pairfax/Beverly
Fairfax/S. Monica
La Brea/Sunset
Hollywood/Cahuenga
Hollywood Bowl
Universal City
North Hollywood

Total for 12 Stations:
Average for 12 Stations:

Without Cooling 984 o_(Tfons Refrigeration)
100 28 250
95 bt 225
* 175
* 200
* 325
& 300
* 225
100 425
104 350
96 350
93 —_—
92 350
99 180
3,355
280 each

* (Thegse stations were not simulated.)



simultaneously during each succeeding headway. If the train positioning were
changed, loads would shift from one station to an adjacent station. However,
the total load for all stations would remain constant. This supports a design
approach that uses an average cooling load (i.e., 146 tons of refrigeration in

each of (5) MOS-1 stations) rather than using the individual loads predicted

——— E—

for each station.

Other station cooling loads, outside MOS-1, are based on 2-minute headway

and vary between 175 and 425 tons of refrigeration. The average load is
280 tons per station. With 3-minute headways, it may be assumed that cooling
loads will drop proportionately. Therefore, it can be expected that the

280-ton load in each station will reduce to 187 tons each (2/3 x 280).

3.1.2.2 Station Temperatures Without Cooling - The impact of possibly

deleting the supply air systems altogether, had been assessed by simulating
train operation with 2-minute headway. Results are presented in Table 3.2.B.
During peak train operations, the station temperature would range from 92° to
104°F along the station platforms if the supply air system is not installed.
With 3-minute headways, the average platform air temperatures will probably
not be more than 1° to 2°P higher than those with 3%-minute headways, shown in

Table 3.1.B.

3.1.2.3 Impact of Station Spacing - The addition of Wilshire/Crenshaw

station has the effect of reducing the cooling requirements of the adjacent
stations as shown on Table 3.3. It can be seen that the cooling reguirements
with a 2-minute headway at Wilshire/Western and Wilshire/La RBrea decrease by

75 tons and 110 tons, respectively. The 185-ton decrease in these two (2)



stations is nearly equal to the cooling requirement for Wilshire/Crenshaw
(i.e., 200 tons). This shows that the addition of a station results in a
redistribution of c¢ooling requirements between the added and the adjacent
stations. The effect of providing for the addition of Hollywood Bowl station

is also reflected in Table 3.3 and shows a similar trend.

3.1.2.4 Benefit of Mid-Tunnel Shaft at Sta. 434+85 - The effect of a

mid-tunnel shaft on the cooling requirements of the adjacent stations is shown

on Table 3.4.

The results show that with a 2-minute headway the mid-tunnel shaft
located at Sta. 434485 would produce a 22 percent reduction in cooling 1load,
or 50 and 100 tons of refrigeration at Wilshire/Crenshaw and Wilshire/La Brea,

respectively. With a 3-minute headway, the reduction would be even less;

perhaps a total saving of 100 to 125 tons.

The cooling effect of a mid-tunnel shaft, when the fan is not operating,
results from an exchange of tunnel air with outside air. As a train
approaches the shaft, some of the warmer tunnel air, which would otherwise
infiltrate the downstream station, 1s discharged through the shaft. Likewise,
as the train moves away from the shaft, the suction produced in the wake of
the train will draw cooler outside air in through the shaft. The net effect
of this air exchange is a reduction of heat flow into the adjacent stations.
Continuous ventilation through such a shaft by operating the mid-tunnel
fan(s), generally increases the dquantity of heat removed from the tunnel.
However, the relatively small reduction in station ceoling load effected by

the mid-tunnel shaft at this location does not justify its high cost, unl:na



TABLE 3.3

IMPACT OF STATION SPACING
(2-Minute Headway) .

Cooling Load (Tons Refrigeration)

Station 2 Stations Added No Additions
wilshire/Western 175 250
Wilshire/Crenshaw 200 _—
Wilshire/La Brea 325 435
Hollywood/Cahuenga 300 350
Hollywood Bowl 200 —_—
Universal City ' 250 350

TABLE 3.4

IMPACT OFP DELETING MID-TUNNEI, SHAFT AT STA. 434485
(2-Minute Headway)

Between Crenshaw & La Brea

Cooling Load (Tons Refr igeration)

Station With Shaft Without Shaft
Wilshire/Crenshaw 200 250
Wilshire/La Brea 325 425
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the shaft is required for other than normal train operating conditions. 1Its
effectiveness in methane purging, as discussed elsewhere in this report,

cannot be ignored.

3.1.2.5 Benefit of 2 vs. 1 Mid-Tunnel Shaft in Long Tunnels - The length

of the tunnels between the emergency shafts near Hollywood/Cahuenga and
Universal City is about 16,500 feet, if Hollywood Bowl Station 1s not
constructed. Accordingly, two mid-tunnel shafts are provided at approximately

the third-points of the tunnels.

The effect of 2 vs. 1 mid-tunnel shaft on the station cooling
requirements has been examined by performing two SES simulations which model
ultimate train operations with 2-minute headways. In the case of a single
mid-tunnel shaft, it was assumed to be located at the mid-point of the

tunnels. The results are shown below:

Station Cooling Load (Tons of Refrigeration)

Station With 1 Shaft With 2 Shafts
Hollywood/Cahuenga 375 350
Universal City 625 350

The results clearly show the benefit of providing two mid-tunnel shafts
would@ reduce the station cooling requirements by 275 and 25 tons at Universal

City and Hollywood/Cahuenga, respectively.
The difference in required cooling can be directly attributed to the
reduction in the quantity of tunnel heat entering the stations. At Universal

City Station, a 47-percent reduction 1s predicted. The additional shaft
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allows more of the hot tunnel air transported by train piston-action to escape

to the atmosphere before it impacts on the station.

The smaller cooling 1load reduction predicted for Hollywood/Cahuenga
(25 tons) can be attributed to the pocket track which tends to act as a
"buffer”™ between the long approach tunnels and the station. The large open
area at the ©pocket track allows the heated tunnel air approaching
Hollywood/Cahuenga to turn and be drawn by outbound trains into the opposing
trackway. Thus, the heat load at Hollywood/Cahuenga is reduced at the expense

of Universal City.

Although the reduction in cooling loads with two mid-tunnel shafts are as
indicated above, such resultant cost benefits - of and by themselves - would
not be sufficient to justify two shafts in lieu of one. However, as discussed
under Section 3.2 two mid-tunnel shafts are recommended due to emergency

considerations, discussed elsewhere in this report.

3.1.3 Air Velocities

3.1.3.1 Station Platform Air Velocities - The predicted air velocities

experienced at station platforms, as a train approaches a station, are shown
in Table 3.5.A for MOS-1 stations and in Table 3.5.B for all other stations.
Peak and average values are tabulated for each end of a station platform, and

for varying headways. These air velocities occur at a point approximately 100
feet into the station. At that point, it i3 estimated that the initial "jet"
velocity at the incoming tunnel will have been reduced by about 50 percent as

the air jet expands.
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TABLE 3.5.A

PREDICTED PLATFORM AIR VELOCITIES (FPM)
FOR MOS-1 STATIONS

Inboun<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>