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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 

Coffl1?rise the 18.6 mile long Metro Rail Starter Line. 

1.1 Scope 

The design of the !X:S 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. 

~ince completion of the preliminary design, changes have occurred which 

effect results of analyses and simulations. These include changes in train 

speed and frequency, in the number of stations, station location, station 

configuration, tunnel blockage ratio, tunnel liner 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 ~o verify the adequacy of the ~s, 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) . 

l-1 



• 

• 

• 

To find ways to optimize the utilization of a given ventilation 

system by applying it to serve a multiple purposeJ 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 . 

'l'he main obiecti ves of the analyses performed and described herein were 

to refine stem capacities and check. the ECS performance against criteria. 

Therefore, the ~S concept previously developed has been taken as given input, 

including: the capacities of the station supply air and underplatform exhaust 

systems J the number and location of mid-tunnel and emergency ventilation 

shaftsJ 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 requirements, and station 
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temperatures for MOS-1 stations have been re-evaluated hased 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 hased on the original headways of 3~ and 2 minutes, 

respectively. Rowever, it can be expected that these loads will decrease 

proportionately to the reduction in train frequency. 

1.2 Purpose 

This report summarizes results of the latest Subway Environment 

Simulation (SES} analyses performed to refine the ventilation and cooling 

requirements and fan ca~acities. Load estimates during preliminary design hy 

application of the SES computer program were reported in the ECS Preliminary 

Design Report, dated May 6, 1983 (Reference l}, the Final ECS Report dated 

June 15, 1984 (Reference 16) which is superseded hy 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. Rowever, where differences occur (e.g., station 

temperatures and station cooling requirements), the information contained in 

this report will govern . 
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• 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. aowever, for the final design process (including the 

selection of refrigeration equi'?Jllent), the preliminary estimates had to be 

refined to reflect changes in station geometry, blockage ratio, profile and 

alignment, and station spacing. 

Changes in 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 in length was effected by relocating certain mechanical and 

electrical equipment rooms from the platform to the mezzanine level . 
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c. Relocation of equipment rooms to the mezzanine levels, created a 

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

air velocities and pressure transients. 

d. ~ear Wilshire/Fairfax station profile and alignment were revised to 

e. 

f . 

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/Fairfax station was shifted further west and a mid-tunnel 

ventilation shaft, originally proposed between Wilshire/?airfax and 

Fairfax/Beverly stations, was eliminated. 

g. Installation of the supply air distribution ductwork over the length 

of the platform in stations has been deferred until mechanical 

cooling is installed. 

h. Average headways in the peak hour have increased from 3)s to 4ls 

minutes initially and from 2 to 3 minutes ultimately. 

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

staged. The first section, MOS-1, will be comprised of only five 
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stations, with a temporary sub-surface terminus at Wilshire/Alvarado 

station. 
,-

c ~~., 
j. Ceiling S~e system 4 of 5 MOS-1 stations 

have increased from 60,000 cfm to as much as 186,000 cfm. 

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. 

l. Elimination of the mid-tunnel ventilation shaft between 

Wilshire/Crenshaw and Wilshire/ta qrea 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 . 
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• 2.0 BASIS OP DESIGN 

• 

• 

2.1 Te~perature Criteria 

1. Outdoor dry bulb at 5:00 p.m. based on 
5 percent frequency of occurrence 

2. Station (train room) 

0 

0 

With ventilation only 
With mechanical cooling 

2.2 Station Environmental Control Systems (ECS) 

2.2.1 Supply Air system 

89°F 
85°Fdb/651 R.H. 

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

to simulate several system configurations and operating modes as follows: 

A. 

V 

Ventilation Mode 

(1J c' {~ ·C!l-€Je~ 0~ 
/ 

I 

1. 150,000 cfm of outside air supplied from four (4) units of 

37,500 cfm capacity each to every station. 

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 

underplatform exhaust (UPE) . 

2-1 
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• 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 3-minute -
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. 

2.2.2 Underplatform Exhaust System (UPE) 

• Each 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. 

~ir flow in 

\ 

~ ~ ~~ ~~ ...... ft 
/ .e,t, ) _ - ------ l. 

uc\.-will 0 be in the normal direction of train travel \ 

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

system design and operation for all stations. 

During peak operating periods, coincident with peak outdoor temperatures, 

~ 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 

2-2 



• 

• 

• 

track signals. In an 

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 

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 

ceiling area (roof area less non-public area). /C fL.; ~~ ~rl." 
- c,,-V 1"E'Vtt!J 

y' 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 . 
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• 2.3 Tunnel Ventilation s ystems 

2.3.1 Emergeney Fans 

}l.djacent 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 North 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 
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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. Rowever, 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 is 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, nwnber 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 . 
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• The use of mid-tunnel vent shafts in the long tunnels reduces the lengths and 

increases the number of ventilation zones. 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 zone in an emergency, the effectiveness of 

the ventilation in that zone 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 Inp~t Parameters 

2.4.l Svstem Geometry 

The analyses described in this report are based on final design documents 

• (i.e., at the level of completion reflected as of Februar 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: 

• 

0 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/P'lower has been revised to reflect the latest 

station configuration which has a full mezzanine rather than the two 

end mezzanines shown on preliminary drawings . 
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0 The configuration of the tunnels east of Union Station has been 

updated per the latest Contract A-130 drawings. 

o The system network has been revised to model Wilshire/ Alvarado as a 

terminal station for both emergency ventilation and methane purging 

analyses. liowever, 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 February 

1985 . 

'T.'rain Ope.rations 

The Subway Environment 9imulation (S~S) 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 shafts1 various 

systems of environmental control (including forced air ventilation, station 

air conditioning-, and underplatform exhaust) 1 any desired sequence of train 

operation {including different operating characteristics and schedules)1 a 

variety of train braking and propulsion systems1 various heat sources1 and 

emergency situations with trains stopped in tunnels and with air flow 

controlled by fan operation . 
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For analyses of the MOS-1 segment, the train headway, station dwell 

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

likely to cause a significant reduction in the station cooling requirements. 

These parameters have been updated as follows: 

0 

? 
• 

't'rain Headway : The total quantity of train heat generated in a 

subway system is directly proportional to the frequency of train 

operation. Therefore, during shorter headway periods, when trains 

operate more frequently, more train heat will be liberated. Per -
Design Directive llll-002, the minilllUIII operating headways are liil, ~ 
minutes for Design Year (DY) operation and 2~ minutes for the tong-~ 

Range Design Standard (LRDS). These minimum headways are expected 

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

Headways 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 

(l!'.CS) for a subway. The large quantities 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 II flywheel 11 

effect-tending to resist changes in subway air temperatures. A more 

appropriate approach is to use an average train headway occurring 

over a minimwn 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 

2-8 



• 

• 

• 

effect, air temperatures, ventilation loads and cooling loads for 

the MOS-1 stations. 

o 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: 

0 

Previous Revised 
Station Dwell Time (sec. ) Dwell Time jsec. ) 

Union 180 180 (terminal station) 

Civic Center 30 25 

Fifth/Bill 30 35 

Seventh/Flower 30 35 

Wilshire/Alvarado 30* 35* 

*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 {pr int-out provided by MR.TC) for train operation at 

Performance Level l (full performance). Since train heat gain 

variea 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, {i.e., 

2 l.0-0.9 =0.19) • 
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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 . 
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3.0 ANALYSES AND RESUL'!.'S 

3. 1 Normal O•per at ions 

~tation 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 of 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 air 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 Onion 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 is 5 minutes during the peak hour with 4-car 

trains) will be substantially less than when the subway system is extended . 
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• 
The period simulated corresponds to a summer evening rush hour in all 

cases. Consistent with current design criteria, an outdoor temperature of 

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

'!'.'he simulations modeling Design Year {DY) operations assume that during 

the entire peak hour trains operate on 3~-minute headways, {except an average 

peak hour of 4~-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 

/lTD 
instantaneous and average air and velocities in the stations, 

tunnels and ventilation shafts throughout the Starter Line. 

The simulations modeling Long Range Design Standard (LRDS) operations 

assUl'lle 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 as°F and 65 percent 

R.H. has been used, consistent with current design criteria. In 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 beneath 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 UPB system is discharged to the outside . 
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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. 

3.1.1 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 te--.m:,eratures (based on 3-minute average headway) vary 

0 0 0 0 
between 85 ? and 88 F with the supply air system and between 86 F and 90 F 

without the sup~ly air system. Thus, it can be seen that the station 

environment does not benefit significantly from the provision of supply air 

without mechanical cooling. 

cooler station temperature. 

0 
On the average, the benefit is roughly a 1 F 

On the other hand, temperature criteria are met 

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

0 
only 1 F, which is well within the degree of accuracy of simulation results • 
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Station 

Union 
Civic Center 
Fifth/Hill 
7th/Plower 
~ilshire/Alvarado 

Station 

Wilshire/Vermont 

Wilshire/Normandie 

~ilshire/Western 

Wilshire/Crenshaw 

Wilshire/La Brea 

Wilshire/Fairfax 

Fairfax/Beverly 

Fairfax/S. Monica 

La Brea/Sunset 

Hollywood/Cahuenga 

Hollywood Bowl 

Universal City 

North Hollywood 

TABI:.E 3.1.A 

PREDICTED TEMPERATURES 
IN MOS-1 STATIONS 

DORING DESIGN YEAR OPERATIONS 
(4~-Minute Headway) 

Average Platform Air Temperature (°F) 
With Supply Without Supply 

Air Air 

88 
85 
~ 

88 
87 

TABLE 3.1.B 

PREDICTED TEMPERATURES 
OUTSIDE MJS-1 

DURING DESIGN YEAR OPERATIONS 

(3-~ Minute Headway) 

Average Platform Air 
With Supply 

Air 

88 

88 

87 

88 

88 

87 

87 

89 

88 

90 

86 

84 

87 

90 
86 

J!.~ 
89 
89 

Temperature t 'P) 
Without Supply 

Air 

88 

90 

* 

* 'I 
* 

* 

* 

91 

92 

91 

86 

85 

90 

*(These stations were not simulated.) t..> q 
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• 
Other station te'W)eratures, 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 su-pply air, the 

predicted air temperatures exceed the 89°F criterion in 5 of the 8 stations 

examined. In these 5 stations, the air temperatures are in the range of 90°F 

to 92°~. Bowever, 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 ) 9F!,,rations 

3.1.2.l 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 tine 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-l STATION Cl)QLING LOADS 

(3-Minute Headway) -
(I Cooling toad (TOns of Refrigeration) 

Station 

Union 
Civic Center 
5th/Hill 
7th/Plower 
Wil./Alvarado 

s.1- , 113. , -v· 

~$ ... L. 
~WI 

Total for MOS-l: 
Average for MOS-l: 

SES Output 

150 
95 

175 
170 
140 

730 

TABLE 3.2.B 

RESULTS 01!" SES COMPUTER ANALYSES 
OTHER STATION a:x>LING LOADS 

Station 

Wilshire/Vermont 
Wilshire/Normandie 
Wilshire/Western 
Wilshire/Crenshaw 
Wilshire/La Brea 
~ilshire/Fairfax 
Fairfax/Beverly 
Fairfax/S. Monica 
La Brea/sunset 
Hollywood/Cahuenga 
Hollywood Ba.fl 
Universal City 
North Hollywood 

Total for 12 Stations: 
Average for 12 Stations: 

(2- Minute Headway) 

Average Platform 
Temperature (Op) 

Without Cooling 

100 
95 
* 
* • 
• 
* 

100 
104 

96 
93 
92 
99 

*(These stations were not simulated.) 
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Equalized 
I.oad/Station 

146 
146 
146 
146 
146 

730 
146 each 

~~ ~ 
~t·e _? I 

Cooling toad 
(TOns Refrii eration) 

or 
250 
225 
175 
200 
325 
300 
225 
425 
350 
350 

350 
180 

3,355 
280 each 



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 

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 Wit~out Cooling - The impact of possibly 

• deleting the supply air systems al together, had been assessed by simulating 

train operat-ion with 2-minute headway. Results are presented in Table 3.2.B. 

• 

0 
During peak train operations, the station temperature would range from 92 to 

l04°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 20pt 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 requirements 

with a 2-minute headway at Wilshire/Western and Wilshire/La Brea decrease by 

75 tons and 110 tons, respectively. The 185-ton decrease in these two (2) 
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• 
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 cooling 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. 434+85 would produce a 22 percent reduction in cooling load, -•-~ .. 
or SO 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 

apptoaches the shaft, some of the warmer tunnel air, which would otherwise 

infiltrate the downstream station, is 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 quantity of heat removed from the tunnel. 

However, the ~el tively. ..small re_duc: 011 in 11taUon c;:o,al g load ,ef"!t ct.ed by 

d-t.unnel haft a: t:h:11 lcea:t.iOJ! aoe, no!: j,u1ti 
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Station 

Wilshire/Western 

Wilshire/Crenshaw 

Wilshire/La Brea 

Bollywood/Cahuenga 

Hollywood Bawl 

Universal City 

TABLE 3.3 

IMPACT OF STATION SPACING 
(2-Minute Headway) 

Cooling Load 
2 Stations Added 

175 

200 

325 

300 

200 

250 

TABLE 3.4 

(TOns Refrigeration) 
No Additions 

250 

435 

350 

350 

IMPACT OP DELETING MID-TUNNEL SHAFT AT STA. 434+85 
(2-Minute Headway) 

Station 

Wilshire/Crenshaw 

Wilshire/La Brea 

Between Crenshaw & La Brea 

Cooling LOad (TOns Refrigeration) 
With Shaft Without Shaft 
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200 

325 

250 

425 



• 
the shaft is required for other than normal train operating conditions. Its 

effeative _QI 1n met.han -ill'giR i!ll!I rli:sr;Lll!lll!lad s i1ii'hec- in this repo • 
cannot be ignored. 

3.t.2.S 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 is not 

constructed. ~ccordingly, two mid-tunnel shafts are provided at approximately 

the third-points of the tunnels. 

The effect of 2 vs. l 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 

Hollywood/Cahuenga 
Universal City 

Station Cooling Load (Tons of Refri9eration1 
With l Shaft With 2 Shafts 

375 
625 

350 
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 is 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 load 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 ~tation 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 is estimated that the initial "jet" 

velocity at the incoming tunnel will have been reduced by about SO percent as 

the air jet expands . 
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TABLE 3.5.A 

PREDICTED PLAT.FORM AIR VELOCITIES 

Station 

Union 

Civic Center 

5th/Hill 

7th/Flower 

~ilshsire/Alvarado 

Air Velocity Criteria: 

(i) Peak: 
(ii) Average: 

1000 fI,a 

600 fp!l 

FOR t«>S-1 STATIONS 

Inbound End 

Peak Average 

860 260 

870 430 

1000 340 

600 270 

790 250 
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Outbound Endl 

Peak Average 

860 265 

830 320 

720 280 

990 460 

780 350 



• • • 
TABLE 3.5.B 

PREDICTED PLATFORM AIR VELOCITIES {FPM) 
OUTSIDE MOS-1 

Inbound End Outbound End 
Peak Avera,Je Peak Average 

3-~ Min. 2-Min. 3-\-Min. 2-Min. ]-\ Min. 2-Min. ]-~-Min. 2-Min. 
Station Headway Headway Headway Headway Headway Headway Headway Headway 

Wil ./Vermont 1,300 1,440 560 750 1,320 1,380 500 580 

Wil ./Normandie 1,290 1,230 460 550 1,330 1,150 420 550 

Wil. /Western 1,390 1,400 410 570 1,390 1,330 430 630 

Wil./Ccenshaw 960 930 200 320 1,350 1,310 500 680 
w 
I 

Wil ./La Brea I-' 1,340 1,400 w 540 740 1,340 1,400 540 690 

Wil./Fairfax 600 1,100 430 570 1,360 1,240 440· 580 

Fairfax/Beverly 1,000 1,000 330 500 1,480 1,200 550 730 

Fairfax/s. Monica 1,230 1,360 560 740 1,200 1,380 590 680 

La Brea/Sunset 1,320 1,350 580 780 1,300 1,300 520 700 

Hollywood/Cahuenga 1,170 1,230 470 680 1,050 930 280 325 

Hollywood Bowl 1,290 1,380 450 630 1,450 1,440 600 760 

Universal City 1,270 1,350 590 820 1,540 1,300 620 930 

North Hollywood 1,200 1,000 230 450 



As was the ease with temperature and cooling load analyses discussed in 

• the preceeding section, a distinction is made between predicted velocities in 

MOS-1 stations (Table 3.5.A) and velocities in the other Starter Line ~tations 

(Table 3.5.B). Air velocities ;,redieted for MOS-1 stations are based on 

average 3-minute headways, corresponding to Long Range Design Standard (LRDS) 

operations, whereas velocities for all other stations had been analyzed on1 the 

basis of 335- and 2-minute headways. Moreover, simulations for the MOS-1 

segment are based on the speed-time profile predicted by the RTS model 

(computer printout provided by MRTC), which generally results in slower train 

speeds, than those used previously for the other station velocity simulations. 

For stations outside MOS-1, this new profile was not used. 

The lower train speeds predicted by the RTS model are the result of lower 

train speed restrictions along some sections of the alignment particularly on 

• curves, and a lower braking rate when stopping for a station (i.e., 2 mph/see 

vs. the 3 mph/see previously used). The speed-time profile previously used 

was based on train simulator outputs provided by MRTC on September 23, 1983. 

~hese outputs were designated TOMl through 'l'OM4. 

• 

The slower train speeds in the MOS-1 segment, coupled with decreased 

headways (3 minutes rather than 2 minutes) for the long range design, have a 

diminishing effect on both peak and average platform air velocities. Results 

in Table 3.5.A show that the peak and average velocities in all MOS-1 stations 

are within established criteria of 1,000 and 600 fpm, respectively. 

During the 3½-minute DY headways, the peak air velocity in the majority 

of stations outside MOS-1 ranges between 1050 and 1540 fpm as shown on 
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Table 3.5.B, thus exceeding the criterion of 1000 fpm. These air velocities 

• can be expected to last for 30 to 40 seconds per headway or about 15 to 20 

percent of the time. However, the average air velocities are generally at or 

below the 600 fpm criterion. A value of 620 fpm is predicted in only one 

instance. 

During 2-minute headways, the magnitude of the peak air velocities 

outside MOS-1 will be nearly the same as with 3~-minute headways. This is an 

expected result since the peak air velocity is predominantly a function of 

blockage ratio and train speed, which were the same in both evaluations. 

However, the duration of the air velocity excursions above 1000 fpm will 

increase to about 25 to 33 percent of the time, since trains will be 

approaching a station more frequently. Similarly, the average air velocities 

show an average increase of about 39 percent, thus exceeding the 600 fpm 

• criterion in 10 stations with values ranging from 630 to 930 fpm. 

• 

Air velocities in the range of 1,050 to 1,600 fpm are characterized in 

Reference 15 as a "moderate breeze• with the potential for raising dust and 

loose paper. Thus, exposure to peak air velocities of the magnitude predicted 

outside MOS-1 (i.e., 1,050 to 1,540 fpm) could be perceived as a nuisance by 

some subway patrons. 

However, if train operations outside MOS-1 will be modified to match 

those for the MOS-1 segment (i.e., longer headways and slower train speeds), 

then the air velocities in stations outside MOS-1 may be expected to 

experience a similar reduction, so that they too will fall within the range of 

established criteria. Furthermore, air velocities are affected by the 
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• 

• 

blockage ratio and as a first approximation they are directly proportional to 

the blockage ratio. Thus, the predicted peak and average values reported 

above are the highest expected since a wworst easew blockage ratio (0.527) has 

been used in all the analyses performed. 

3.1.3.2 Station Entranceway ~ir Velocities - The peak and average 

criteria in the outflow direction, (i.e., air leaving the station) are 500 fpm 

and 350 fpm, respectively. In the inflow direction, (i.e., air entering the 

station) the criteria are higher (i.e.; 1000 fpm peak and 600 fpm average). 

Therefore, the outflow condition will govern. 

Air velocities estimated as part of these analyses are based on the 

cross-sectional area of the passages connecting the station mezzanine via the 

escalators/stairways with the outdoors . 

The predicted air velocities for the MOS-1 stations are shown in Table 

3. 6. The peak air veloei ties are below the 500 fpm er i terion in 4 of the S 

stations, while values of 580 and 650 fpm are predicted at the 

Wilshire/Alvarado station entraneeways. These velocity excursions above 500 

fpm are of short duration, lasting between 10 and 20 seconds. The average air 

velocities satisfy the 350 fpm criterion at all MOS-1 stations. 

These latest values are substantially lower than previous predictions in 

which the peak air velocity criterion was exceeded at 4 stations and the 

average velocity criterion was exceeded at 3 of the 5 stations. These air 

velocity reductions can be attributed to the lower train speeds in the MOS-1 

segment which directly affect the magnitude of the piston-generated air flows . 
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Station/ Entrance 

Union 

- East Entrance 
- ~est Entrance 

llii£ 
- Northeast Entrance 
- Southwest Entrance 

5th/Hill 

• - North Entrances 
(Combined) 

- South Entrances 
(Combined) 

7th/Flower 

- East Entrance 
- west Entrance 

- ltlil . / Al var ado 

- NOrth Entrance 
- South Entrance 

Criteria/Outflow 

o Peak: 500 fpa 
o Average: 350 fpm 

• 

TABLE 3.6 

PREDICTED ENTRANCEWAY 

AIR VELOCITIES FOR 

MOS-1 STATIONS 

Air 
Area (Ft2) Peak 

330 330 
300 485 

400 480 
440 480 

620 370 

470 390 

160 380 
350 280 

220 650 
330 580 
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Velocity (f m ) 
Average 

130 
145 

275 
260 

140 

180 

180 
140 

310 
270 



Previous simulations predicted peak air velocities exceeding 500 fpm in 

• 10 of the 13 stations outside MOS-1 with values ranging from 550 to 1160 fpm. 

Likewise, the average air velocities exceeded 350 £pm in 6 stations, with 

values ranging from 380 fpm to 550 £pm. gowever, these results may be expected 

to fall within established criteria based on the air velocity reductions 

experienced at MOS-1 stations, if train speeds are similarly reduced. 

3.2 Emergency Operations 

The emergency ventilation analyses focused on evaluating the magnitude of 

the airflow past a single, six-car train stalled in a tunnel ventilation zone 

during a multiple-car fire. All other trains operating in the system at the 

time of the incident are assumed to have proceeded to the nearest station to 

discharge passengers and await resolution of the emergency. The magnitude of 

• the air velocity in the train annulus indicates whether the spread of smoke 

can be confined downstream of the fire site, thus protecting the upstream 

evacuation route, or whether the potential for smoke spreading contrary to the 

forced ventilation exists (a phenomenon called •back-layering•). To prevent 

baclt-layering, the annular air velocity must be greater than a •critical• 

value whose magnitude depends on the fire heat release rate, the tunnel grade, 

and the annulus area. Por the current study, this critical velocity ranges 

between 525 and 600 feet per minute, depending on the tunnel grade. 

• 

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

predict the tunnel air flows during fire conditions. This computer model 

accounts for the "throttling• effects of a fire (Le., increased pressure 

losses) , the buoyant effects of the hot smoke which tends to flow "uphill", 
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heat transfer to the tunnel walls by convection and radiation, and changes in 

• the exhaust fans' performance while handling hot (i.e., less dense) gases. 

A typical application of the S~~ consists of locating a train and a heat 

source to simulate a fire in a selected tunnel segmentr operating the 

appropriate fans at one upstream and one downstream station in a •push-pu11• 

mode (see Figures 3.1 and 3.2), and performing a simulation with the objective 

of achieving an air velocity in the train annulus in excess of the local 

critical air velocity. 

Thirteen (13) tunnel segments throughout the Starter Line were selected 

for Sl!:S evaluation and they are shown on P'igure 3. 3. The selected locations 

cover all the anticipated situations such as a train fire occurring in a 

•1ong• tunnel segment with and without a mid-tunnel shaftf in a •short• tunnel 

• segnlentr in a tunnel segment with a •steep• grader and in a tunnel segment 

with a crossover or pocket track. 

• 

After it was decided to phase the construction of the Starter Line, the 

emergency simulations for ventilation zones in the MOS-1 segment were rerun, 

mainly to analyze the effect of a temporary terminus of the line at 

Wilshire/Alvarado station. 

Also, the - tunnel emergency simulation between wilshire/LaBrea and 

Wilshire/Crenshaw stations was reassessed to determine the effect of the 

potential elimination of the mid-tunnel shaft MT-1 (Mullen Avenue shaft). 

This emergency situation and results of the SES simulation are shown in Table 

3.8 • 
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A number of emergency ventilation simulations were performed for selected 

• stations representative of the various station types (i.e., central mezzanine, 

with mezzanines at station ends and for a two-level station). The purpose of 

these simulations was to establish the station ventilation rates and the 

airflow patterns in the event of a train fire in a station, by operating the 

emergency fans at the ends of a station and the UP'g system (128,000 cfm) in 

exhaust mode. 

• 

• 

3.2.1 Key Pactors and Ass9!:itions Affecti ng the Results 

o Pire Heat Release Rate: The extent to which a fire can affect the 

air flow past a stalled train in a tunnel depends on the fire heat 

release rate. The combined throttling, buoyant (with downhill 

ventilation) , and fan operating characteristic effects can reduce 

the tunnel air flow by as much as 30 to 40 percent of the rates 

achievable during non-fire conditions in a single-track tunnel. 

The following heat release rates were used: 

Period 

0 -
20 -
40 -

20 min. 
40 min. 
60 min. 

Heat Release Rate Cmillion Btu/br) 

2.4 
53.1 (one car involved) 
85.3 (two cars involved) 

These heat rates are based on a total fire load of 60 million Btu 

per car as stipulated in Paragraph 6.2.5 in Reference 11 . 
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• 

0 

The approach used and the assumptions made in obtaining the above 

values are documented in the attached calculations (Appendix A). 

Blockage Ratio: The air flow resistance produced by a stalled train 

in the tunnel is a function of the blockage ratio -- increasing with 

increasing blockage ratio. As the resistance in the affected tunnel 

segment increases, more of the air flow produced by the emergency 

fans will bypass the affected tunnel and take the path of least 

resistance by flowing through the unobstructed tunnels. 

In this study, a •worst case• blockage ratio of 0.527 was used, per 

Reference 12, corresponding to a vehicle frontal area for a Toronto 

H-5 car (111.3 square feet) and the tunnel cross-sectional area for 

a bored-tunnel with a floating slab (211 square feet) . 

o Open Crosspsssages: Crosspassages connecting the outbound and 

inbound tunnels are provided periodically at spacings of 500 to 

about 800 feet throughout the Starter Line. Bach crosspassage is 

provided with doors which are normally closed. During a tunnel 

emergency, the doors at two (2) upstream crosspassages are open 

while passengers evacuate via the crosspassage to the unaffected 

tunnel. During this period, some air flow will •1eak• through the 

crosspassages, thereby reducing the air flow past the stalled train. 

o Number of Trains in Affected Ventilation Zone: Per Reference 1, a 

"ventilation zone• is defined as a tunnel segment bounded on both 

sides by either an emergency fan shaft, a mid-tunnel fan shaft, or a 
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portal. This study assumes that only one six-car train occupies the 

affected ventilation zone during an emergency. Additional trains in 

the affected ventilation zone would increase the air resistance and 

reduce the tunnel air flow rates, such that required velocities to 

control smoke flow could not be met. 

Should two trains be in the same ventilation zone during an 

emergency, the second train would have to be brought out. 

A subsequent study will examine the magnitude of the reduction in 

airflow caused by a second train entering the affected ventilation 

zone. The results of this study will be reported elsewhere. 

Other Trains in Svstem: The presence of other trains in the system, 

with the exception of the affected ventilation zone, will have a 

beneficial effect on the air flow past the incident train. The air 

flow resistance in the tunnel segments which these other trains 

occupy will be increased. Thus, the quantity of air bypassing the 

affected ventilation zone will be reduced. 

Trains which have stopped in a tunnel will be more effective because 

of the high blockage ratio. The benefit from trains stopped in 

stations, will be less, if not negligible, because of the typically 

large station cross-sectional area which results in a low blockage 

ratio . 
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In this study, no credit has been taken for the presence of other 

trains, with the exception of one (l} simulation which examined this 

effect. 

Pan Shaft Locations and Fan Capacity: The location of the emergency 

and mid-tunnel fan shafts, the number of fans per shaft, and the 

nominal capacity of each fan are given in Table 3.7. For 

convenience, the emergency fan shafts have been arbitrarily 

designated as EM-1 through m-36. Likewise, the mid-tunnel fan 

shafts have been designated as MT-1 through MT-4. 

Direction of Forced Ventilation: During a fire in an inclined 

tunnel, the hot smoke and combustion gases will tend to flow 

•uphill•. Ventilating uphill is preferred, since the forced 

ventilation will be assisted by buoyancy. liowever, under some 

circumstances, downhill ventilation, a less stable condition, may be 

required. Therefore, a •worst case• condition downhill 

ventilation -- was assumed in each of the cases evaluated in this 

study. 

o Train Movement Within the Tunnels: During an emergency requiring 

ventilation, normal train operations will have to cease because the 

piston effect generated by a fast moving train would destabilize the 

established and required air flow pattern in the affected tunnel. 

However, this does not preclude bringing in a slow moving train 

(i.e., about 10 mph) for evacuating patrons through an adjacent 

bore . 
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• TABLE 3.7 

FAN SHAFT LOCATIONS AND PAN CAPACITIES 

Nominal 
Fan Fan Shaft Number Pan Capacity 

Shaft No. Station LOCation of Fans ,ICFM: pa:r Fan) 

EM-1 99+25 3 185,000 
Union 

EM-2 112+47 3 185,000 

EM-3 i.46+63 2 185,000 
Civic Center 

EM-4 152+13 2 185,000 

EM-5 171+18 2 150,000 
5th/Hill 

EM-6 176+68 2 150,000 

EM-7 199+93 2 150,000 
7th/Flower 

EM-8 205+43 2 150,000 

• EM-9 253+92 3 150,000 
Wilshire/Alvarado 

EM-10 264+14 2 150,000 

EM-11 313+61 2 150,000 
Wilshire/Vermont 

EM-12 319+12 2 150,000 

EM-13 345+20 2 150,000 
Wilshire/Normandie 

EM-14 350+70 2 150,000 

EM-15 367+61 2 150,000 
Wilshire/Western 

EM-16 373+11 2 150,000 

EM-17 396+62 3 150,000 
Wilshire/ Crenshaw 

EM-18 405+24 2 150,000 

MT-1 434+95 3 150,000 

EM-19 474+52 2 150,000 
Wilshire/ La Brea 

EM-20 480+02 2 150,000 
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• 
Fan 

Shaft No. 

EM-21 

EM-22 

EM-23 

EM-24 

EM-25 

EM-26 

EM-27 

• EM-28 

EM-29 

EM-30 

EM-31 

EM-32 

MT-2 

MT-3 

EM-33 

EM-34 

MT-4 

.e:H-35 

EM-36 

• 

TABLE 3.7 

FAN SHAFT LOCATIONS AND PAN CAPACITIES 
(Continued) 

Pan Shaft Number 
Station LOcation of Pans 

524+68 2 
Wilshire/Fairfax 

533+37 3 

563+93 3 
Fairfaxl'.Beverl :t: 

573+19 2 

623+95 2 
Fairfax/Santa Monica 

629+45 2 

694+94 2 
La Brea/Sunset 

700+44 2 

749+34 2 
Holl:c!oodLCahuensa 

764+85 3 

798+89 2 
Holl;l!cod Bowl 

804+39 2 

846+05 3 

888+21 3 

929+87 2 
Uni versa! Ci t f 

935+37 2 

1000+00 3 

1044+44 3 
North Holll!:ood 

1057+54 2 
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Nominal 
Pan Capacity 
(CFM per Pan) 

150,000 

150,000 

150,000 

150,000 

150,000 

150,000 

150,000 

150,000 

150,000 

150,000 

150,000 

150,000 

150,000 

150,000 

150,000 

150,000 

185,000 

185,000 

185,000 
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• 

• 

This study assumed that all trains will proceed to the nearest 

station and remain there until the emergency is resolved. 

Tunnel Ventilation - Prediction vs. Criteria 

The results of the SES analyses evaluating the performance of the 

emergency ventilation system during a major tunnel fire are shown on 

Table 3.8. ~xcept where otherwise noted, a heat release rate of 85.3 million 

Btu/hr was used corresponding to the heat generated by two fully involved cars 

during the period from 40 to 60 minutes of the assumed scenario (see 

Appendix A}. Therefore, the predicted results should be valid until a third 

car becomes fully involved. Uso, results for Case Nos. 1 through 5 (except 

cases 4 and S(c)) are based on a temporary terminus of the MOS-1 segment, west 

of Wilshire/Alvarado Station. Case Nos. 4 and 5(c} were simulated assuming 

that the Starter Line had been extended beyond MOS-1 limits. 

The results of simulations for Case Nos. 1 through 5 (b) indicate the 

following: 

o In the single-track, non-revenue tunnels extending to the yard from 

Sta. 84+41 to Sta. 92+09 (Case 1 (a)}, the spread of smoke can be 

controlled during fires with a heat release rate up to 53.1 million 

Btu per hour, corresponding to the burning of a single subway car. 

During a larger fire, smoke spread cannot be contained (Case 1 (b)}. 

~his level of performance is considered acceptable because passenger 

evacuation will not be a requirement in these non-revenue tunnels, 

and because these tunnels are relatively short (768 feet) . 
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Case 
No. 

l(a) 

l(b) 

2. 

3. 

,1. 

5(a) 

5(b) 

5(C) 

• 
Fire Location 

Upstream Front of Downstream 
Station Train Station 

Portal 90-t60 Union 

Portal 90+60 Union 

Portal 96+50 Union 

Civic 126+00 , Union 
Center 

Civic 164+20 5th/Hill 
Center 

7th/Flowe 235+30 Wil/Alv\:lo 

Nil/Alv 1 D0 226+90 7th/Flower 

7th/Flower 220+70 iil/Alv'do 

• 
TABLE 3.8 

RESULTS OF SEG SIMULATIONS 
FOR TUNNEL EMERGENCIES 

Fan Sha.fta Operated 

Supply Exhaust 

- EM-1,2,3,4,5 
&6 

- EM-1,2,3,4,5, 
&6 

- EM-1,2,3,4,5 
&6 

EM-3,4,5,& 6 EM-1 & 2 

EM-1,2,3 & 4 EM-5,6,7 & 8 

EM-5_,6,7,.$ EM-9 & 10 

EM-9 & 10 EM-5,6,7 & 8 

EM-5,6,7 & 8 E11:··9, 10, 11, 12 

• 
Air Velocity in 
Train Annulus 

(fpm) Remarks 

Predicted Required 

555 540 Non-Revenue 
Tunnel (w/53.1 X 

106 Btu/hr) 

440 540 Non-Revenue 
Tunnel (W/85. 3 X 

106 Btu/hr) 

940 500 Non-Revenue 
Tunnel, train 
in·2-track tun 1 l 

615 550 O.K. 

720 600 O.K. 

790 590 0. K., w/Terminus 
at Nil./Alv 1 do 

690 5_90 O.K. W/Terminua 
at ~lil./Alv 1 do 

890 590 0. K. w/ Subway 
Extended Beyond 
\'1iV Alv 'do 



w 
I 

w 
~ 

Case 
No. 

6 (a) 

6(b) 

6(c) 

6 (d) 

6(e) 

7(a) 

7(b) 

• 
F~re Location 

Upstream Front of. Downstream 
Station Train Station 

~·lil/LaBrea 454+95 Wil/ 
Crenshaw 

f,]i 1/La Brei 454+95 t'1il/ 
Crenshaw 

~-Jil/LaRrec 454+95 ~-Jil/ 
Crenshaw 

l'lil/LaBrec 454+95 ~·1il/ 
Crenshaw 

~-iil/LaBre2 454+95 Nil/ 
Crenshaw 

F'Fax/ 554+47 Nil/ 
Beverly F'Fax 

F'Fax/ 
Beverly 554+47 i•lil/ 

F'Fax 

• 
TABLE 3.8 

RESULTS OF SES SIMULATIOUS 
FOR TUNNEL EMERGSNCIES 

(COHTINUED) 

Fan Shafts Operated 

Supply Exhaust 

EM-19,20,&MT-lL EM-17,18&MT-1R 

EM-19,20,21&22 EM-15,16,17&18 

EM··l9, 20, 21&22 EM-15,16,17&18 

EM-19,20,21&22 EM-15,16,17&18 

EM-19,20,21,&22 EM-15,16,17&18 

EM-23,24,25&26 EM-19,20,21&22 

EM-23,24,25&26 EM-19,20,21&22 

-

• 
Air Velocity in 
Train Annulus 

(fpm) Remarks 

Predicted Reauired 

880 530 o. K. I W/Segmented 
Steel Liner & 
Mullen Ave. Shaft 
(MT-1) 

550 530 o. K. I W/Segrnented 
Steel Liner 
But w/o MT-1 

910 530 o. K. , w/o HT-1, 
BUt w/concrete 
li~·r. 

530 530 o. K. I Repeat of 
6(b), w/Fan Failure 
at EM-18 & 53.1x106 
Btu/hr 

475 530 Re!:)eat of 6(di, 
Bllt t'J/85. 3Xl0 
Btu /Hr. 

660 590 O. K. , w. Segmented 
Steel Liher 

610 590 0. K., Repeat of 
7 (a) , But w/fnn 
Failure at 6 EM-22 
& 53.1 x 10 Dtu/hr 
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Case 
No. 

7 (c) 

O(a) 

0(b) 

9 

LO 

• • 
TABL~ 3. 8 

RESULTS OF SES SIMULATIONS 
FOR TUNNEL EMERGENCIES 

(CONTINUED) 

Fire Location , Air Velocity in 
Fan Shafts Operated Train Annulus 

Upstream 
Station 

Front of Downstream 1-----------------+---------'-( f_,"J'T-)m--')'--------1 

F'Fax/ 
Beverly 

F'Fax/ 
Beverly 

F'Fax/ 
Beverly 

La Brea/ 
Sunset 

Train Stat ion 

554+47 Wil/ 
F'Fax 

507+55 Wil/ 
F'Fax 

507+5 5 l•!il/ 
F'Fax 

Supply Exhaust 

EM-· 2 3 , 2 4 , 2 5 & 2 6 Et-':-19 , 2 0 , 21 & 2 2 

EM-23,24,25&26 EM-19,20,21&22 

EM-23,24,25&26 EM-19,20,21&22 

663+35 F'Fax/ EM-27 & 28 
S.Monica 

EM- 25 & 26 

Hollywood, 762+66 P.ollywood EH-29 EM-30,31 & 32 
Cahuenga Bowl 

Predicted ReQuired 

530 590 

860 590 

700 590 

570 560 

090 400 

Ll (a) Hollywood 792+39 Hollywood, EM-31 & 32 EM-29 & 30 400 600 
Bowl Cahuenga 

ll(b) Hollywood 792+39 Hollywood,EM-31,32,MT-2R,EM-27,28,29&30 

L1 (c) 

Bowl Cahuenga & MT-2L 

Universal 
City 

792+39 Hollywood,EM-33,34 
Cahuenga MI'-2R,MI'- 2L 

EM-27,28,29&30 

700 600 

790 600 

• 

Remarks 

Repeat of 7(b) 
with 85.3Xl06 Btu/hi 

o. K., w/ Segmented 
Steel Liner 

O.K., Repeat of 
8(a), but with fan 
failure at EM-22 

O.K . 

O.K., Train 
in pocket track 

With fans at 
only 4 shafts 
operating 

O.K., Repeat of 
ll(a) with more 
fans operating. 

o. K., w /one 
mid-tunnel shaft, 
w/o Holly. Bowl 



w 
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Case 
No. 

tll (d) 

tl.l (e) 

12(a) 

• • 
TABLE 3. 8 

RESULTS OF SES SIMULATIONS 
FOR TutmEL EMERGENCIES 

(CONTINUED) 

Air Velocity in Fire Location 
Fan Shafts Operated Train Annulus 

Front of Downstream 1-------------------+-----(_fJ>.a.r-1m..:...) ___ --1 Upstream 
Station Train Station Supply 

Universal 792+39 
City 

Universal 792+39 
City 

Universal 874+12 
City 

Hollywood/EM-33,34, 
Cahuenga MT-2R, MT-2L 

& MT-3R 

Hollywood1 EM-33,34 
Cahuenga MT-2R,MT-2L 

& MT-3R 

Hollywood EM-33, MT-2L 
Bowl MT-3R & MT-3L 

Exhaust Predicted Required 

EI'i-27,28,29&30 1290 600 

EM-27,28,29&30 1230 600 

EM-32 & MT-2R 1300 550 

• 

Remarks 

0. K., w/'l'wo 
Mid-Tunnel Shafts, 
w/o Holly. Bowl 

O.K., Repeat of 
ll(d), with fan 
failure at EM-30. 

0. K. 

~ tl.2(b) Universal 874+12 Hollywood EM-33,MT-2L EH-32 & MT-2R 1500 550 0. K., Repeat of 12 (, ) 
2nd train in adjace1t 
vent. zone 

rI-3 (a) 

t 3 (b) 

NOTES: 

City &825+20 Bowl MT-3R & MT-3L 

North 
Hollywood 

North 
1ollywood 

1021+00 Universal EM-35,36 & 
City MT-4L 

1021+00 Universal EM-35,36 & 
City MT-4L 

EM-34,MT-4R 1450 

EM-34,MT-4R 1000 

575 

575 

0. IC. 

0. K. •, with fan 
failure at MT-4 

1. For each of the above cases, the UPE system (128,000 cfm) w~s operated at thn downstream station(~). 

2. •rhe results 1:hown an~ for a heat release rate of 05. 3 million Btu/hr, except where otherwise notec 

3. The location of fan ~hafts EM-1 through EM-36 is shown on Figure 3.3. 

4. M'J'-XP. anti ~T-XL, 1"1.ean rd~-tunn~l s~af~ 11 X11 conn3cti~') to th-=- 0uthnnnrl r1nci inbound tunnels. 
resr>ectively. 

5. Ventilation Shaft VS-1 was closed in cases No. 1 through 4. 
--·· ---------- -------------------------------' 



• 

• 

• 

0 The spread of smoke can be controlled in the double-track, non

revenue tunnels east of Union Station, extending from Sta. 92+09 to 

Sta. 99+02 (Case 2), during a fire with a heat release rate of 85.3 

million Btu per hour. This fire magnitude is the revised design 

value, corresponding to the heat release from two fully-involved 

subway cars. 

o Sufficient ventilation for smoke control can be achieved in the 

tunnels between Union and Civic Center stations (Case 3) by 

operating the emergency fans at Union Station in exhaust mode and 

the emergency fans at Civic Center and Fifth/Bill stations in supply 

mode. The combined effect of operating the fans at Fifth/Hill and 

reducing the size of the entranceways at Union Station result in a 

predicted annular air velocity 12 percent above the local criterion . 

o The results for Cases 5 (a) and 5 (b) indicate that an increase in 

emergency fan capacity at WilshirehUvarado will not be required for 

MOS-1 operation. 'l'he currently specified fans, with a nominal 

capacity of 150,000 cfm per fan, can provide sufficient tunnel 

ventilation for smoke control. 

Case Noe. 4 and 5 (c) show that the predicted air velocities in the 

tunnels between ·civic Center and Fifth/Hill stations and Seventh/Plower and 

Wilshire/Alvarado stations, respectively, are above the required values when 

the ~tarter Line is extended beyond the temporary terminus at 

Wilshire/Alvarado. At that time, the results shown for Case Nos. 1 through 3 
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would still apply because those tunnel segments are far enough away from 

• Wilshire/Alvarado station to be affected. 

• 

• 

Case Nos. 6 (a), (b), (c) were set up to examine the effect of possibly 

deleting the Mullen Avenue vent shaft MT-1 (between Crenshaw and La Brea 

stations), and to analyze the impact of segmented steel liners on air 

velocities. Comparison of results for Case Nos. 6 (a) and 6 (b) shows that 

deletion of the mid-tunnel vent shaft, MT-1, causes a significant reduction in 

air velocities. This reduction can, in part, be offset by operating the fans 

in four additional emergency vent shafts, two upstream and two downstream of 

the fire scene. Even though the predicted air velocity drops from 880 fpm to 

550 fpm, emergency ventilation requirements can be met without the mid-tunnel 

fan, because the required air velocity in that ventilation zone is only 530 

fpm . 

Comparison of results for Cases 6(b) and (c) clearly show the detrimental 

effect of segmented steel liners on air velocities. In both cases the mid

tunnel shaft MT-1 had been deleted, and with the same number of emergency fans 

operating, the predicted air velocities were 550 fpm with the steel liner and 

910 fpm with the concrete liner. 

The benefit of activating additional fans is indicated by comparing the 

results of Case Nos. ll(a) and ll(b). In Case No. ll(a) the fans in only four 

shafts (EM-29 through EM-32) were operated, and this resulted in a predicted 

air velocity of 400 fpm vs. a required velocity of 600 fpm. However, when 

additional fans in emergency vent shafts EM-27 and !M-28 and in mid-tunnel 

shaft MT-2 were activated, the predicted velocity increased to 700 fpm . 
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Generally, other trains stopping in an adjacent ventilation zone will 

• have a beneficial effect on the air velocity past the incident train. This is 

illustrated by comparing the results for Case Nos. 12 (a) and 12 (b). The 

incident train is located between mid-tunnel shafts MT-2 and MT-3, and the 

• 

• 

direction of ventilation is toward Hollywood Bowl in both cases. The air 

velocity in the annulus of the incident train is predicted to increase from 

1,300 to 1,500 fpm by locating a second train between EM-32 and MT-2. 

The best results were achieved in the tunnel segments with mid-tunnel 

shafts where air velocities in the train annulus range from 1,290 to 1,500 

feet per minute. 

3.2.2.l Effect of O»en Crosspassages - As previously noted in 

Section 3.2.1, an open crosspassage upstream of a train •stalled• in a tunnel 

reduces the forced ventilation past the train. A series of simulations, 

corresponding to Case No. 9, were performed with the following results: 

No. of Open 1>.nnulus Air Reduction 
Crosspassages velocity (fpn) Factor Remarks 

0 637 closed 
1 605 0.95 501 blocked 
2 570 0.89 501 blocked 

Therefore, the air flow past the train can be expected to decrease by 

about 5 percent for each additional open crosspassage partially obstructed by 

evacuating passengers . 
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3.2.2.2 Effect of Blockage Ratio - The throttling effect of a change in 

• blockage ratio on the air flow past a stalled train was evaluated by 

performing a series of simulations in the outbound tunnel between 

Fairfax/Santa Monica and La Brea/~unset stations. The following results were 

obtained: 

• 

• 

Blockage Ratio 

0.527 
0.500 
0.474 

-5.0 
-10.0 

Annulus Air Velocity 

570 ft/min 
594 ft/min 
616 ft/min 

V(I) 

+4.0 
+8.0 

Therefore, for each 5 percent decrease in the blockage ratio, the results 

shown on Table 3.8 can be expected to increase by about 4 percent. 

3.2.2.3 Ben.efit of Mid-Tunnel Shafts - In an emergency, fans in mid

tunnel shafts supplement the effectiveness of emergency fans. Moreover all 

mid-tunnel shafts are equipped with three (3) fans, 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. 

for long tunnels. 

This feature is deemed desirable 

Emergency ventilation simulations were performed in the 3.1 mile long 

tunnels between · Hollywood/Cahuenga and 1Jniversal City (i.e, with Hollywood 

Bowl Station deferred). The effect of having 2 vs. 1 mid-tunnel shafts on the 

resulting tunnel air flows was examined. The results show (see Table 3.8) 

that the air velocities required to prevent the spread of smoke towards the 
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evacuation path will be exceeded by 32 percent with l mid-tunnel shaft (Case 

ll(c)) and by 115 percent with 2 shafts (Case ll(d)). 

An input assumption which led to the above result was that only a single, 

six-car train would be stalled in a tunnel ventilation zone during a multiple 

car fire (Reference l). Given the length of the tunnel section involved and 

operating conditions at two-minute headways, one or more trains may have to be 

backed (reverse move) out of the tunnel for this assumption to apply. The 

apparently favorable SES quantitative results reported above, with either one 

or two shafts, under the foregoing input assumption, would be marginal at best 

if this reverse move concept of operation were not viable due to procedures, 

communications, loss of power or operator error. 

Evacuation of transit passengers from a tunnel imposes unique risks . 

This time factor in getting people to a place of safe refuge can be very long 

in any tunnel evacuation as compared to most properly designed buildings. The 

problems are compounded when the tunnels are very long. The use of more 

frequent cross passages and the ability to supply fresh air to the parallel 

"safe" tunnel and maintain it under a positive pressure differential, 

sufficient to minimize the infiltration of smoke from the involved tunnel into 

the •safe" tunnel, can mitigate the additional hazards generated by the length 

of the tunnel relating to time of exposure. In addition, the ability of the 

ventilation system to control a fire situation for a sufficient period of 

evacuation time is a function of the assumptions pertaining to the fire 

scenario. In the real world these assumptions are subject to considerable 

variation. The longer the required evacuation time, the greater the chances 

of adverse changes in the fire scenario . 
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Therefore, although both cases can produce theoretically satisfactory air 

• flow results, the 2-shaft configuration is recommended because it has the 

added benefit of dividing the tunnels into three, shorter "ventilation zones•. 

This reduces the likelihood that additional trains will enter the affected 

zone during a fire emergency. An added benefit with two shafts by limiting 

the distance between shafts is to reduce the purge time. If (fresh) air is 

introduced at a velocity of 500 fpm, then a 1,500-ft long tunnel can 

theoretically be purged in 3 minutes, whereas it would take at least 

14 minutes to purge a 7 ,000-ft long tunnel. 

depending on the rate of dilution. 

The actual time may be longer 

3.2.2.4 Effect of LosinQ a Critical Fan - A series of emergency ventilation 

simulations were performed to evaluate the effect of losing a fan, due to a 

malfunction, in the exhaust shaft nearest the incident. The following cases 

• were selected: Case Nos. 6, 7, and 8 which do not have a mid-tunnel shaft, 

and Case Nos. 11 and 13 which have a mid-tunnel shaft. The results are shown 

on Table 3.8. 

• 

An air velocity of 530 fpm is required for smoke control in the tunnels 

between Wilshire/Crenshaw and Wilshire/La Brea stations. With the loss of one 

emergency fan at shaft EM-18, air velocities of 530 fpm (Case 6 (d)) and 475 

fpm (Case 6(e)) are predicted for heat release rates of 53.1 million and 85.3 

million Btu/hr,· respectively, without the Mullen Avenue ventilation shaft. 

Thus, the level of ventilation which can be maintained with the loss of one 

emergency fan would be sufficient to control smoke resulting from a fire with 

a heat release rate up to 53.l million Btu/hr . 
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An incident occurring in the outbound tunnel between Wilshire/Fairfax and 

• Fairfax/Beverly stations produces similar results. With the loss of one of 

the three fans at shaft EM-22, air velocities of 610 fpm (Case 7(b)).and 530 

fpm (Case 7 (c)) are predicted, corresponding to heat release rates of 53. l 

million and 85.3 million Btu/hr, respectively. Thus, the required air 

velocity of 590 fpm can be maintained for heat release rates up to 53 .1 

million Btu/hr. 

Higher air velocities are predicted for the inbound tunnel between 

Wilshire/Fairfax and Fairfax/Beverly (Case 8 (b)) which connects directly to 

the lower level at Wilshire/?airfax station. The additional air flow 

impedance between the lower and upper platform levels reduces the amount of 

air "short-circuiting" through the station entranceways, increasing the air 

flows in the inbound tunnels adjacent to Wilshire/Fairfax station. Hence, the 

• results for this special case are not representative of other tunnel sections. 

• 

With the loss of one emergency fan at ™-22, an air velocity of 700 fpm is 

predicted even with a heat release rate of 85.3 million Btu/hr. This exceeds 

the 590 f-pm required at this location. 

Air velocities of 1230 fpm (Case ll(e)) and 1000 fpm (Case 13(b)) are 

predicted in the tunnel sections having mid-tunnel shafts with heat release 

rates of 85.3 million Btu/hr. In both cases, the required air velocities are 

exceeded (i.e., 600 and 575 fpm, respectively). 

Generally, the following conclusions can be stated regarding the impact 

of losing one critical fan on emergency ventilation, based on the results of 

the cases evaluated: 
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0 In tunnel sections without a mid-tunnel shaft, sufficient airflow 

can be maintained past the incident train to control smoke resulting 

from a fire with a heat release rate up to 53.1 million Btu/hr, 

which is equivalent to the burning rate of one fully-involved 

vehicle. 

o In tunnel sections with a mid-tunnel shaft, sufficient airflow for 

smoke control can be achieved with heat release rates up to 85.3 

million Btu/hr which is equivalent to the burning rate of two fully

involved vehicles. 

3.2.2.5 Conditions along the Evacuation ~oute - During a tunnel 

evacuation, patrons will be directed toward the nearest tunnel crosspassage(s) 

and pass through to the "unaffected tunnel" which will be maintained as an 

area of refuge. 

Fresh air will be supplied directly to the unaffected tunnel by a mid

tuMel fan in sections so equipped. In sections without a mid-tunnel shaft, 

fresh air is provided by the emergency fans at the adjacent stations which are 

operated in a •push-pull• mode. In the simulations performed, air velocities 

in the unaffected tunnel range from 500 to 1,000 fpm. 

The air temperature along the evacuation path, in the affected tuMel, is 

expected to be within a few degrees of the outdoor temperature, since people 

will be evacuating toward the fresh air while the hot smoke will be confined 

downstream of the fire site. Likewise, the temperature in the unaffected 

tunnel will be close to the outdoor temperature. The actual temperature will 
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depend on the distance the air stream has to travel from the point that it is 

introduced into the system. This determines the amount of convection heat 

transfer which can occur between the tunnel structure and the air stream. 

3.2.3 Station Ventilation 

If a fire occurs in a station, the ventilation concept is to d outs.tae 

~s would be • oocmpli ed 

. 
. t.w:td~ of-f t.h s at o:n suppl: air LTI. 

his will exhaust smoke from the station and cause outside 

air to be drawn down through the stairways while patrons evacuate up through 

station exits. At two-level stations (e.g., Wilshire/Fairfax), the emergency 

fans and only the underplatform exhaust system serving the affected level are 

• activated to preclude drawing smoke to the other level. 

• 

~fter a fire, the station smoke exhaust system is used to purge pockets 

of smoke from the mezzanine. Smoke is drawn into ceiling return air registers 

and expelled from the station through exhaust shaft. 

The results of the station ventilation simulations are shown on 

Table 3.9. For the majority of the stations, the number of air changes varies 

from 24 to 30 per hour. At Wilshire/Fairfax Station, which is a two-level 

station, the apparent air change rate is higher (50 and 57, at upper and lower 

train rooms, respectively) only because it is based on the volume per train 

room. These ventilation rates should be adequate for maintaining the 

entranceways clear of smoke . 
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TABLE 3.9 

STATION F.MERGENCY VENTILATION 

Entranceway 
Air Flow Air Changes 

Station (kcfm) Per Hour Reinarks 

Civic Center 306 27 Exhaust @ EM-3 & EM-4 

Fifth/Hill 272 24 Exhaust @ F.M-5 ' F.M-6 

Wilshire/Normandie 270 27 Exhaust @ EM-13 ' EM-14 

Wilshire/Fairfax (Upper) 340 so Exhaust @ EM-21 ' EM-22 

Wilshire/Fairfax (Lawer) 254 57 EXhaust @ F.M-21 ' EM-22 

Fairfax/Santa Monica 253 30 Exhaust @ EM-25 ' EM-26 

Note: At Wilshire/Fairfax Station, only the UPE system serving the affected 
platform level (64,000 cfm) was activated. At the remaining stations, 
the OPE systems serving both trackways were activated (128,000 cfm). 
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3.2.4 P!mergen';Y Ventilation Response Matrix 

The operation of fans and dampers during an emergency situation is a 

complex procedure involvinq the operation of several fans and their associated 

dampers in a complementary manner. Operating the wrong sets of fans could 

conceiveably worsen a situation. Because of these complexities and to avoid 

possible human error, it is strongly recommended that the operation of fans 

and their associated dampers be preprogrammed. The operator would then only 

have to define the location of the disabled train and the direction of 

evacuation. 

~he sugqested method of fan operation is presented on Figure 3.4 in terms 

of a response matrix which defines the mode of fan operation (i.e., supply or 

exhaust) as a function of train location and direction of evacuation . 

The train location is defined by the civil station number and the track 

(i.e., the AR (outbound) or AL ( inbound) track) • In certain cases, the 

direction of evacuation can be predetermined, for example, when an emergency 

occ•1rs at a crossover, evacuation should clearly proceed toward the adjacent 

station. However, in most cases, the direction of evacuation will depend on 

emergency-specific information, such as position of the fire along the train, 

position of adjacent trains, and proximity to subway stations. 

A generic description of damper operation, shown alongside the matrix, 

defines fan/damper interlocks and •fail safe• positions in case of power or 

control signal failure . 
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3.2.S Svstem Resistance for Fan Sizin:g 

The operating pressure for both emergency and mid-tunnel fans is 

calculated as the sum of the shaft losses on the intake and discharge sides of 

the fan plus the residual pressure which must be maintained at the 

shaft/tunnel junction. 

The shaft losses include pressure losses incurred at shaft elbows, area 

expansions and contractions, sound attenuators, fan and track dampers and 

discharge gratings. These losses must be calculated by the Section Designers 

using the final shaft configurations. 

The residual pressure exclusive of pressure drop through dampers and 

ductwork accounts only for the system resistance of the stalled train, the 

tunnels, the tunnel/shaft junction, and the influence of other operating fans. 

With two fans operating in the forward direction (exhaust), the following 

values should be used: 

Residual Pressure (in. !i · ) . 
Nom. Flow Rate (per fan ) Mid-tunnel Emergency 

150,000 cfm 0.9 o.s 
185,000 cfm 1.2 0.9 

*(based on standard air density, 0.075 lbm/ft3) 
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3.3 Methane Purge 

~ spectacular methane gas explosion near the Farmer's Market in the 

Fairfax District on ,,tarch 24, 1985 injured 22 people in a department store. 

This illustrates the potential for disaster in areas where high levels of 

methane concentration build up under pressure and eventually seep to the 

surface or into man-made structures below the surface. The state Division of 

Oil and Gas expressed a growing concern after this latest explosion that old 

oil fields in the Los ~ngeles Basin are beginning to repressure themselves, 

thus causing potentially dangerous situations where there is above- or 

especially below-ground development. 

Results of exploratory drillings have substantiated the existence of gas

bearing formations along certain sections of the Starter tine. Engineering

Science (ES) has quantified the potential problem (Reference 13) by 

undertaking a field testing program for measuring gas field concentrations and 

pressures at several locations along the subway alignment. In the area of 

proposed tunnel alignment between Crenshaw and La Brea stations, methane 

concentrations • -s- high 

detected by one of the probes. 

pr asm:e if 
----

During revenue service, it is anticipated that the piston-generated air 

flows can adequately disperse and dilute any methane present in the tunnels. 

However, during periods of system shut-down, when train operations cease, 

ventilation is being considered as one option to mitigate gas accumulation. 

Ur veloc I: es -r ~t le~st .cl.DO tpm ( Re:fe e-nc , 4) must be 

prevent thl! fonn&t ori 0 • laye= _ -eri:nm of 

. 
t,/.> 



will be equipped with mid-tunnel 

~,t. '/.. ~ ~ ~◄--
ventilation fans, and to al{ other tunnels 

• only in case of fire emergencies. 

• 

• 

3.3.1 MOS-1 Analyses 

None of the tunnels in the MOS-1 section are equipped with a mid-tunnel 

ventilation shaft. Tunnel purging during periods of system shut-down,except 

in a fire emergency, can only be accOJllPlished by operating the ventilation 

systems at adjacent stations. The SES computer program has been used to 

predict the air flow rates in each MOS-1 tunnel segment which can be achieved 

by operating station ventilation systems based on various concepts as 

described below. 

3.3.1.1. Concetrt:s 

0 Supply and Exhaust: This concept consists of ventilating a pair of 

tunnels between adjacent stations by operating the underplatform 

exhaust (UPE) system (128,000 cfm) at one station and operating the 

supply air system (150,000 cfm) at the adjacent station (i.e., in a 

wpush-pu11• lllOde). 

o Auqmented Exhaust cae:acitl,: This is similar to the basic concept, 

except. that the station smoke exhaust system is also operated to 

supplement the UPE system. The total exhaust capacity available at 

each station is shown on Table 3.10 . 
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Union 
Civic Center 
Fifth/Hill 
7th/Flower 
Wilshire/Alvarado 

• 

• 

TABLE 3.10 

STATION EXHAUST SYSTEMS CAPACITIES 
FOR MOS-1 

Flow Rate (cfm) 
UPE Smoke Exhaust 

128,000 168,000 
128,000 133,200 
128,000 186,000 
128,000 129,000 
128,000 77,000 

3-50 

Total 

296,000 
261,200 
314,000 
257,000 
205,000 
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• 

• 

0 

3.3.1.2 

Exhaust Only : Tunnel purging is accomplished by operating both the 

OPE and smoke exhaust systems at a given station. The supply air 

system at the adjacent station is not operated. This condition was 

examined to provide a contingency mode of operation in case the 

current supply air duct configuration proves to be an ineffective 

means for delivering fresh air to the tunnels. 

i. iL, litMI- 'o/ 
I 

Assumptions 

In all cases analyzed, the following assumptions apply: 

o Fan and bypass dampers in the ventilation shafts adjacent to the 

stations at which the ventilation systems are operating, are in the 

closed position . 

o 'l'rain operations have ceased and no trains are present in the tunnel 

sections examined. 

o In the simulations using the station supply air system, the adverse 

effect of discharging the air at a high velocity toward the center 

of the station and away from the tunnels, had to be ignored since 

the program cannot simulate localized effects . 
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3.3.l.3 Results of MOS-1 Tunnel Purq ing Simulations 

The results of the SES simulations for revenue tunnels are summarized on 

Table 3.11 and are also shown schematically on Figures 3. 5 through 3. 8. The 

results for the non-revenue tunnels east of Onion Station are shown on Figures 

3.9 and 3.10. The results indicate the following: 

o Tunnel air flows ranging between 18,700 and 24,900 cfm can be 

generated in the tunnels between Civic Center and Wishire/Alvarado 

and about 10,200 cfm (corresponding to about SCI f~ vel15Ci 

between Onion and Civic Center by operating the UPE systems (128,000 

0 

/J-£fc-

BY operating the station smoke exhaust to supplement the OPE system, 

the tunnel air flow between Union and Civic Center can be increased 

from about 10,200 cfm to about 22,500 cfm. In the other tunnel 

segments, air flows in excess of 30,000 cfm can be achieved. 

o BY using the station exhaust systems only, tunnel air flows range 

from 19,700 cfm between Onion and Civic Center to a high value of 

43,000 cfm between 5th/Hill and 7th/Flower. 

o The non-revenue tunnels east of Onion Station can be purged by 

operating the UP13! and smoke exhaust systems at Onion Station. Air 

flows ranging from 25,440 to 54,400 cfm can be achieved in the 

tunnels leading to the yards with corresponding air velocities in 
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TABLE 3.11 

SUMMARY OF REVENUE TUNNEL PURGING SIMULATIONS 
FOR MOS-1 

Location Air Flow 

Case No. (Between) Rates (cfm) 

A-1 Union 10,200 
A-2 and 22,500 
A-3 Civic Center 19,700 

B-1 Civic Center 18,700 
B-2 and 30,700 
B-3 5th/Hill 23,500 

C-1 5th/Hill 24,900 
C-2 and 32,900 
C-3 7th/Flower 21,700 

O-1 7th/Flower 21,200 
0-2 and 32,500 
D-3 Wil./Alvarado 25,400 

Legend: 

S/A - Supply air System 
UPE - Onderplatform Exhaust System 
S/E - Smoke Exhaust System 

Air 
Velocity Location of Station S!]!tems 

(fpm) S/A UPE 

so Union Civic 
10s✓ Union Civic 
95 Civic 

90 Civic 5th/Hill 
145 ✓ Civic 5th/Hill 
110 5th/Hill 

120 7th/Flower 5th/Hill 
155 ✓ 7th/Flower 5th/Hill 
105 5th/Hill 

100 ✓ Wil./Alv'do 7th/Flower 
155 Wil./Alv'do 7th/Flower 
120 7th/Flower 
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Activated 

S/E 

Civic 
Civic 

5th/Hill 
5th/Hill 

5th/Hill 
5th/Hill 

7th/Flower 
7th/Flower 
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CASE A-1: 

Supply 
Air UPE 

14,800 t 10,200 t 10,500 0 .. 
I 

,. 

i ,XI IX I ~ ... Union .. Civic 5th/Hill 
14,800 10,200 Center 10,500 0 

CASE A-2: 
UPE 

Supply & 
Air Smoke Exhaust 

10,000 

i 
22,500 

1 
30,300 1,000 

~ 
Union 

10,000 

CASE A-3: 

1,400 
~ 

~ Union 
1,400 

Notes --

IX 
22,500 

19,700 

.. 
19,700 

I I 
Civic 

Center 

UPE 
& 

.. 
-

30,300 

Smoke Exhaust 

Civic 
Ce:1ter 

31,200 . 

31,200 

-
I I 
5th/P:ill~ 

1,000 

900 
~ 

5th Hill -
900 

1. Above.numbers represent air flow rates in cfm. 
2. For station exhaust system capacities, refer to Table 3 .10 

Figure 3.5 Results of Tunnel Purging Simulations (Revenue Tunnels} 
for cases A-1 through A~3 
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CASE B-1: 

Supply 
Air 

9,300 i 
I I - Civic 9,300 
Center 

CASE B-2: 

Supply 
Air 

7,000 --
Civ1.c 

---- Center 
7,000 

CASE B-3: 

5-

f--
v 1. Vl.C 

Center 

18,700 

18,70~ 

30,700 

UPE 

I 
t 

I 
5th/Hill 

UPE 
& 

4,600 .. 
~ 

4,600 

Smoke Exhaust 

20,200 

5th Hill 
-----.. -----

30,700 20,200 

23,500 .. 
---

23,500 

UPE 
& 

Smoke Exhaust 

I _21, 700 

--5th/Hill 

21,700 

* Refer to Notes on Figure 3 • ·s 

7th/Flower 

7th/Flowa 

-
-

7th/Flower 

Figure 3. 6 Results of Tunnel Purging Simulations (Revenue Tunnels) 
for Cases B-1 through B-3 
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CASE C-1: 

UPE 

4,600 

Supply 
Air 

i ... 24,900 I 12,900_ 

l I I I 1 i---1 _______., f I ~ 
>--L _ _r---:--:..:;.:;...:;: ...... ~;----l __ .J---::...,:::;:::::=:---L-.J----=~, • 

Civic 4,600 5th/Hill 24,900 7th/Flever 12,900 
Center 

CASE C-2: 

CASE 

Civic 
Center 

C-3: 

j I 
Civ~c 

Center 

22,500 

UPE 
& 

Smoke Exhaust 

22,500,.. 5th Hill 

UPE 
& 

Smoke Exhaust 

23,500 

1 
:a. 

I I 
23,500 

5th/Hill 

* Refer to Notes on Figure 3.5 

,.. 

-. 

32,900 

Supply 
Air 

10,700 

32,900 7th over 10,700 

21,700 

: 
21,700 

7th/Flever 

Figure 3. 7 Results of Twmel Purging Simulations (Revenue Tunnels) 
for Cases C-1 through C-3 
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CASE D-1: 

15,400 --
-_, -5th/Hill 15,400 

CASE D-2: 

40,800 -
~ -S':,J:,/Hi:l 40,800 

C2\SE D-3: 

4J ,900 

--; [ I -5th/Hill 43,900 

UPE 

'" 21,200 .... 

Supply 
Air 

~ 

X .. ... 
7th/Flower 21,200 W~l,/Alva.rado 

UPE 
& Supply 

Snoke Exhaust t..ir 

f 
32,500 

J 
• 

I I XI t ------7th/Flower 32,500 Wil. /;:,J.va.red.o 

UPE 
&: 

Smoke Exhaust 

1 
25,400 -I I XI t -7th/Flower 25,400 Wil. / Al va.r ado 

* Refer to Notes on Figure 3 . 5 

Figure 3.8 Results of Tunnel Purging Simulations (Revenue Tunnels) 
for Cases D-1 through D-3 
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U1 
O'.l 

• 

Portal> 

Shaft 
(Dampers 

28,960(110) 

Ventilation 
Shaft 

(Damper ciosed) 

FM-1 ~ 
Closed) .

1 

54,400(125) 

Flow 

• 
- UNION STATION 

Entrances 

D 

UPE & Smoke Exhaust 
(286,000 cfm) 

• 

/2 Shaft EM-2 V Dampers Closed) 

I 

13 ,110( 62-) 

To ~ 

Civic Center 

Note: 54,400(125) means-an air flow rate of 54,400 cfm with an air velocity of 125 feet per minute. 

Figure 3. 9 Purging Non-Revenue Tunnels Leading to Yards 
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Portal> . 

Shaft 
( Dwnpers 

17 ,650(67) 

EM-1 ~ 
Closed) l 

33,200(77) 

Ventilation 
Shaft 

{Dampers Open) 19,800(86)* 

* See note on Figure 3. 9 

• 
UNION STATION 

UPE & Smoke Exhaust 
{286,000 cfm) 

fir Shaft 
V Dampers 

I 

Figure 3. 10 Purging El Monte Stub Tunnels {Non-Revenue) 

EM-2 
Closed) 

11,620(55) 

To 

• 

Civic Center 



• 
excess of 100 fpm. By opening the ventilation shaft dampers, about 

19,800 cfm with an air velocity of 86 fpm can be expected in each 

bore of the El Monte stub tunnels. The above air flows and 

corresponding air velocities can be increased by 16 percent by also 

operating the station exhaust systems at Civic Center. 

3.3.1.4 Discussion 

For the MOS-1 segment, the highest predicted air flow rates in IDOSt 

tunnel segments are obtained with the •augmented exhaust• concept (Cases A-2 

through D-2) and the lowest flow rates are predicted with the supply/exhaust 

(•push-pull 11) concept (Cases A-1 through D-1). The predictions for both of 

the above concepts, which utilize the supply air system at one station, should 

probably be reduced because the the current supply duct configuration directs 

• an air 11 jet11 into the station away from the tunnels. 

• 

The •exhaust• concept (Cases A-3 through D-3) can produce equal or better 

results in most MOC,-1 tunnel segments without the use of station supply air .... 
fans. Furthermore, this mode of operation can be used to purge multiple 

tunnels simultaneously, as shown on Figure 3.11 by operating the exhaust 

systems at every other station. 

Results of · the latest analyses identify new and additional cost-saving 

opportunities, at least in the MOS-1 phase of the Starter Line. tn previous 

analyses, it had already been determined that installation of the station 

supply air systems could be deferred until mechanical cooling is installed1 

but at that time, it was deemed desirable to retain the supply air systems, so 
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Notes: 

1. Numbers represent air flow rates in cfm. 

2. For station exhaust system capacities, refer to Table 3 .10 

21,400 

UPE 
& 

Smoke Exhaust 

28,700 

..._ _ __..---------i_ __ ..t--: ... _:.::.:::.::----L _ _J 
Union 21,400 Civic 

Center 
28,700 5th/Hill 

42,900 .. 
42,900 

Figure 3.11 Purging multiple tunnels simultaneously 

UPE 
& 

Smoke Exhaust 

7th/Flower 

25,500 .... 

25,500 

• 

Wil ./Alvarado 
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that they could be applied for purging methane gas accumulations from 

connecting tunnels. Now, however~ it is found that nearly equal or better 

methane purging cpabilities exist if smoke exhaust systems at the mezzanine ----ceiling, in lieu of and the station supply air systems, are operated during 

the purge cycle. 

'l'his enhanced purging capability, utilizing exhaust systems only, came 

about as a result of significant increases in station smoke exhaust capacities 

in MOS-1 stations. Previous analyses ·had precluded effective use of smoke 

exhaust systems for tunnel methane purging, because these systems were assumed 

to have a relatively low capacity of 60,000 cfm per station. However, final 

station design reveals capacities ranging between 129,000 cfm and 186,000 cfm 

in four out of five MOS-1 stations . 

3.3.2 Analyses Outside MOS-1 

Three (3) sections have been examined -- the section between Wilshire/La 

Brea and Wilshire/Fairfax: the section between Wilshire/Fairfax and 

Fairfax/Beverly: and the section between Fairfax/Santa Monica and La 

Brea/Sunset. 

The section between Fairfax/Santa Monica and La Brea/Sunset is one of the 

longest tunnel sections without a mid-tunnel shaft and bounded by typical, 

single-level, center platform stations. Renee, the results obtained for this 

case give an indication of the minimum air flow attainable in other, shorter 

tunnel sections which have not been simulated . 
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3.3.2.1 Concepts 

These analyses were carried out prior to the Methane 1?urge study for 

MOS-1 described above, and were not updated to reflect changes in input 

parameters or concept. The most significant of these changes, in terms of its 

adverse effect on methane purging capabilities, would be the pending 

substitution of segmented steel liners for concrete liners in the 

Wilshire/Fairfax area. Even though the steel segments would be impervious to 

methane gas, any infiltration of the gas through liner joints would tend to 

accumulate in pockets formed by the segments. The quantity of air required, 

in terms of minimum velocity, to flush a gas accumulation from such pockets 

has not been determined as yet in any of the analyses for tunnels outside of 

MOS-1. No doubt, it will be far in excess of the 100 fpm velocity criterion 

established for smooth concrete tunnels . 

Results· are based on purging the tunnels with station supply air systems 

and underplatform exhaust systems (wpush-pullw concept). In each case, 

operation of the supply air systems (150,000 cfm) at one (1) station and the 

OPE systems (128,000 cfm) at one (1) adjacent station has been simulated. The 

bypass dampers in the ventilation shafts adjacent to the stations whose 

ventilation systems were operated, have been assumed closed. Also, it has 

been assumed that train operations had ceased and that no trains were present 

in the tunnel sections examined. The adverse effect of discharging the supply 

air at a high velocity toward the center of the station and away from the 

tunnels, as well as the added resistance to tunnel air flow imposed by 

segmented steel liners have not been assessed . 
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3.3.2.2. ~esults of Tunnel Purging Simulation Outside MOS-1 

The results for the three (3) cases simulated are shown schematically on 

Figure 3.12. '!'he air flow rate in cubic feet per minute {cfm) and the air 

velocity in feet per minute (shown in parentheses) are indicated for each 

tunnel section. 

The results show that tunnel air flow rates ranging from 20,100 to 26,900 

cfm can be achieved by operating the station ventilation systems in a "push

pull" mode. These air flow rates correspond to an air velocity range of 95 to 

127 £pm based on a tunnel cross-sectional area of 211 square feet. 

The maximum methane infiltration rates which can be diluted to a methane 

concentration of O. 251 by the predicted tunnel air flow rates are shown on 

Table 3.12. In the tunnel with the lowest predicted air flow rate (i.e., 

20,100 cfm of fresh air), the ventilation can handle up to 50 cfm of methane 

gas infiltration, which is equivalent to 72,000 cubic feet per day. However, 

in tunnels with segmented steel liners and with supply air systems ducted away 

from the tunnels, actual ventilation capacities will be significantly less. 

~en without these retarding influences, the predicted tunnel air 

velocity is marginally below the criterion (95 vs. 100 £pm) in 1 of the 6 

tunnel sections · examined {i.e., in the outbound tunnel between Wilshire/La 

Brea and Wilshire/Fairfax) . 

3-64 



• 

• 

• 

OUTBOUND DIRECTION 
)Ill 

WIL./LA BREA 

12,700 (60) 
> 

22,300 (106) 

12,700 ( 60) 20,100 ( 9 5) 

128,000 cfm 
(UPE) 

WIL./FAIRFAX 
75,000 cfm 

10,400 ( 4 9) . 26,900 (127) 

" ➔ 

,c :,, 

8,100 ( 3 8) 24,4JO (116) 

75,000 cfm 
(S.A.) 

FAIRFAX/S. MON·ICA 

WIL./FAIRFAX 

75,000 cfm 

14,600 (69) 
>-

12,100 ( 5 7) 

75,000 C frn 
(S.A.) 

FAIRFAX/BEVERLY 

11,200 ( 5 3) 

_f 

.... 
11,200 (53) 

128,000 cfm 
{UPE) 

LA BREA/SUNSET 

18,900 (90) 22,600 (107) 11,4()0 

y-+--

I I 
> 

I I ( 
✓ 

18,900 

Note: 

t i > -< 
(90) 22,600 (107) 11,400 

150,000 cfm 128,000 cfm 
{S.A.) (UPE) 

22,600 ( 107) means a tunnel air flow rate of 22,600 cfm at an 
air velocity of 107 feet per minute. 

Figure 3.12 Results of SES Simulations using Station 
Ventilation Systems for Tunnel Purging 
Outside MOS-l 
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TABLE 3.12 

MAXIMUM METHANE INFILTRATION RATES 

HANDLED BY THE PREDICTED VENTILATION RATES 

Tunnel Section 

Wil ./La Brea to Wil ./Fairfax (Outbound) 

Wil-/La Brea to Wil ./Fairfax (Inbound) 

Wil./Fairfax to Fairfax/Beverly (Outbound) 

Wil./Fairfax to Fairfax/Beverly (Inbound) 

Fairfax/S. Monica to La Brea/Sunset (Outbound) 

Fairfax/S. Monica to La Brea/Sunset (Inbound) 

Tunnel 
Length (ft) 

4,550 

4,550 

3,870 

3,870 

6,650 

6,650 

Air 
Predicted 

Flow Rate 

20,100 

22,300 

24,400 

26,900 

22,600 

22,600 

•Computed based on a maximum methane concentration of 0.25\ by volume. 

(cfm) 

• 

Allowable 
Methane Infiltration 

Rate (cfm)* 

50 

56 

61 

67 

57 

57 
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3.4 Pressure Transients 

Pressure changes, or transients, occur when a slug of air in front of or 

in the wake of a moving train is given an abrupt acceleration. 

Large, rapid air pressure changes can cause considerable discomfort to 

subway patrons on-board a train or at a downstream location. They can also 

affect equipment life (e.g., mid-tunnel fans, cross-passage doors, dampers, 

station fixtures and signage, etc.) by placing repetitive, reversing loads on 

the equipment. With regard to human comfort, the Project Criteria (which are 

based on criteria in the Subway Environmental Design Handbook) state that• ... 

when the total change in pressure is greater than 0.10 psi (2.8 in. wg) •.. no 

person, patron or employee, shall be subjected to a rate of pressure change 

greater than 0.06 psi per second (1.7 in. wg per second).• 

The magnitude of train-generated pressure transients on the Starter Line 

has been estimated by applying the SES program to the long tunnel sections 

between North Hollywood and Hollywood Bowl stations. This section of the 

Starter Line is expected to produce the largest pressure transients because of 

the long tunnel lengths (i.e., 2.1 to 2.4 miles), the high train speeds (70 

mph) and the existence of mid-tunnel shafts. 

3.4.1 Estimates vs. Criteria 

The following estimates apply to tunnel sections where trains can operate 

at 70 mph. In tunnel sections where lower train speeds are expected, train

induced pressure transients would be lower because the magnitude of pressure 
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change varies with the square of the train speed and the rate of pressure 

• change varies with the cube of the train speed. For example, if the train 

speed is reduced from 70 to 50 mph, the magnitude of pressure change is 

reduced by a factor of 0.51 (i.e., (50/70)2) and the rate of pressure change 

is reduced by a factor of 0.36(i.e., (50/70)3). 

• 

• 

3.4.1.1 On Board a Moving Train - Passengers will experience an abrupt 

(i.e., at a rate exceeding 1. 7 in. wg per second} pressure increase of 3.6 

in. wg, based on SES analyses, when the front of the train passes a mid-tunnel 

shaft at a speed of 70 mph. This pressure change exceeds the criterion of 2.8 

in. wg This is followed by a gradual pressure rise with a rate of 0. 8 

in. wg per second, until the rear of the train reaches the shaft. Finally, an 

abrupt pressure decrease of 2.2. in. wg occurs as the rear of the train passes 

the shaft. The problem can be alleviated and criteria satisfied if the train 

speed is held below 62 mph. 

Thus, the er i ter ia could be exceeded at only two locations along the 

entire 18.6-mile long Starter Line (i.e., between Universal City and North 

Hollywood, and between Wilshire/Crenshaw and Wilshire/La Brea) . This 

conclusion is based on results of the RTS train-simulator (output provided by 

MR'l"C) which predicts that 62 mph is exceeded at only the above locations. 

3.4.1.2 In Tunnels - Maximum predicted tunnel air pressure of .±.6 to 

8 in. wg will occur with each train passage. These pressures will produce 

cyclical loadings of up to .±42 psf on flush-mounted tunnel fixtures such as 

cross-passage doors and dampers . 
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3.4.1.3 At Station Platforms - Rapid pressure changes of about +2 in. wg 

can be expected, thus satisfying the comfort criteria of 2.8 in. wg. These 

pressure changes will produce cyclical loadings of about ±_10. 4 psf on flush

mounted station appurtenances such as architectural finishes, fixtures, 

advertising panels, etc. 

3.4.2 Effect on Fan Performance 

Performance of mid-tunnel fans is also affected by train operation. 

Normally, under steady-state conditions, a fan operates at the point of 

intersection of the system resistance and the fan performance curves. 

However, in a subway tunnel, when a fast-moving train approaches a ventilation 

shaft, more air flows through the fan, and the operating point shifts down on 

the performance curve to free delivery or below. Conversely, after the train 

• passes and then moves away from the ventilation shaft, the suction created by 

the train tends to shift the fan operating point up on the curve, possibly 

into the stalling range of the fan. 

• 

The magnitude and rate of fan inlet pressure fluctuations must be made 

known to the fan manufacturer(s) at the time of bid. Pigure 3.13 illustrates 

the magnitude of fan inlet pressure fluctuations as a function of time (train 

location). Pigure 3.14 depicts graphically how results of these SES analyses 

have been used to establish the parameters for pressure transient tests in the 

fan procurement specifications . 
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Test for Mid-Tunnel Fans 
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3.5 Air Flow Rates for Sizing Shaft Terminals 

In sizing gratings or alternative air terminal devices at/or above grade, 

section Designers should abide by criteria as reflected in Volume 4, 

Section 17. 

~he required grating area 

discharge air velocity criteria 

is determined by using the appropriate 

in conjunction with the air flow rates 

generated by Emergency, Mid-tunnel, and Underplatform fans and the air flow 

rates generated by train piston action, which, in the context of the criteria, 

pertain to •normal• operation. 

~he fan air flow rates are known and are given on Table 3. 7 of this 

report. The maximum air flow rates generated by train piston action are shown 

on Table 3.13 for each ventilation shaft. 

Each ventilation shaft is designated as being located at either the 

•inbound• or •outbound• end of a station and as connecting to either the •AR• 

or •AL• trackway. The •inbound• end of a station is defined as that end of a 

station closest to Union Station. The •AR• trackway is the trackway leading 

from Onion Station to North Hollywood Station. 

Air terminals must be sized based on the largest area requirement. For 

example, grating size at sidewalk level for an emergency fan with 150,000 cfm 

capacity would be based on 1,500 £pm emergency operation velocity criteria, 

which results in 100 sq ft gross area, exclusive of supports. If the same 

shaft discharges a maximum air flow rate from piston action of 100,000 cfm 
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Station 

Onion 
Onion 

Civic Center 
Civic Center 
Civic Center 
Civic Center 

5th/Bill 
5th/Bill 

• 7th/Flower 
7th/Flower 

W 11 . /Al var ado· 
W il • /Al var ado 
w'il./Alvarado 
w' il • /Al var ado 

Wil. /Vermont 
W il. /Vermont 
Wil ./Vermont 
W il • /Vermont 

Wil ./Normandie 
Wil ./Normandie 
W il . /Normand ie 
wil./Normandie 

Wil ./Western 
w'il .;western 
WU ./Western 
w il . /Western 

Wil./Crenshaw 
Wil ./Crenshaw 
Wil ./Crenshaw 

• Wil ./Crenshaw 

TABLE 3.13 

SCRTD - METRO RAIL STARl'BR LINE 

PISTON-ACTION-GENERATED AIR PLOW RATES 

THROUGH SHAPTS (OUTFLOW) 

Shaft 
Location Trackway 

In.bound AR 6i AL 
Outbound AR 6i AL 

Inbound* AR 
In.bound* AL 
Out.bound* AR 
Out.bound* AL 

In.bound AR 6i AL 

Outbound AR 6i AL 

In.bound AR 6i AL 
Outbound AR ' AL 

Inbound AR 

Inbound AL 
Outbound AR 

Outbound AL 

In.bound* AR 

In.bound* AL 
Outbound AR 
Outbound AL 

Inbound AR 
Inbound AL 
Outbound AR 
Outbound AL 

Inbound AR 
Inbound AL 
Outbound AR 

Outbound AL 

Inbound AR 
In.bound AL 
Outbound* AR 
Outbound* AL 
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Maximum Piston 
Air Flow Rate 

(cfm) 

250,000 
315,000 

100,000 
96,000 
75,000 

100,000 

100,000 
130,000 

110,000 
160,000 

275,000 
175,000 
125,000 
145,000 

100,000 
96,000 
85,000 
95,000 

85,000 
85,000 
90,000 

115,000 

90,000 
75,000 
75,000 
90,000 

190,000 
250,000 
80,000 

100,000 
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Station 

Mid-Tunnel Shaft 
Mid-Tunnel Shaft 

Wil./La Brea 
Wil./La Brea 
"iil./La Brea 
~Ul./La Brea 

Wil./Pairfax 
Wil ./Fairfax 

• Fairfax/Beverly 
Fairfax/Beverly 
Fairfax/Beverly 
Fairfax/Beverly 

Fairfax/S. Monica 
Fairfax/S. Monica 
Fairfax/S. Monica 
Fairfax/S. Monica 

La Brea/Sunset 
La Brea/Sunset 
La Brea/Sunset 
La Brea/Sunset 

Holly./Cahuenga 
Bolly./Cahuenga 
Holly./Cahuenga 
Holly./Cahuenga 

Hollywood Bowl 
Hollywood Bowl 
Hollywood Bowl 
Hollywood Bowl 

• 

TABLE 3.13 

SCRTD - METRO RAIL STARTER LINE 

PISTON-ACTION-GENERATED AIR FLOW RATES 

THROOGB SHAFTS {OUTFLOW) 
{Continued) 

Shaft 
LOcation Trackway 

{434+85) AR 
(434+85) AL 

Inbound* AR 
Inbound* AL 
Outbound AR 
Outbound AL 

Inbound AR Ii AL 
Outbound AR & AL 

Inbound* AR 
Inbound* AL 
Outbound AR 
Outbound AL 

Inbound AR 
Inbound AL 
Outbound* AR 
Outbound* AL 

Inbound AR 
Inbound AL 
Outbound AR 
Outbound AL 

Inbound AR 
Inbound AL 
Outbound AR 
Outbound AL 

Inbound* AR 
Inbound* AL 
Outbound* AR 
Outbound* AL 
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Maximum Piston 
Air Plow Rate 

{cfm) 

275,000 
240,000 

80,000 
75,000 

100,000 
100,000 

100,000 
210,000 

80,000 
150,000 

95,000 
95,000 

110,000 
100,000 
105,000 
115,000 

85,000 
100,000 
100,000 

80,000 

85,000 
80,000 

250,000 
140,000 

85,000 
90,000 

100,000 
125,000 
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Station 

Mid-Tunnel Shaft 
Mid-Tunnel Shaft 
Mid-Tunnel Shaft 
Mid-Tunnel Shaft 

Universal City 
Universal City 
Universal City 
Universal City 

Mid-Tunnel Shaft 
Mid-Tunnel Shaft 

North Hollywood 
North Hollywood 
North Hollywood 

TABLE 3.13 

SCRTD - METRO RAIL STARTER LINE 

PIS'l.'Q1-ACTION-GENERATED AIR FLOW RATES 

THBOUGH SHAFTS (OUTFLOW) 
(Continued) 

Shaft 
Location Trackwa::£ 

(817+50) AR 
(817+50) AL 
(871+00) AR 
(871+00) AL 

Inbound* AR 
Inbound* AL 
Out.bound* AR 
Outbound* AL 

(1000+00) AR 
(1000+00) AL 

In.bound* AR 
Inbound* AL 
Tail-Track** AR Ii AL 

MaximlDD Piston 
Air Plow Rate 

(cfm) 

275,000 
180,000 
250,000 
270,000 

80,000 
90,000 

100,000 
90,000 

260,000 
300,000 

80 ,ooo 
220,000 
150,000 

*The ronfiguration for this shaft haa Changed from two separate terminals at 
grade to one .combined terminal. 

**This shaft now has two separate terminals at grade. 
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then the sidewalk grating area would have to be 200 sq ft gross area; because 

• for normal operation, a maximum velocity criterion of 500 fpm applies. 

Therefore, in this example, normal operating criteria would override e~ergency 

operating criteria for sizing the gratings. 

Mid-tunnel fans and Underplatform fans are to be regarded as systems for 

"normal" operation and air terminals should be sized accordingly. With 

respect to Mid-tunnel shafts, it is noteworthy that the maximum air flow rate 

from piston action (with fans not operating) is greater than the steady-state 

air flow rate generated with fans operating. For example, the Mid-tunnel 

shaft connecting to the outbound trackway adjacent to Hollywood Bowl station, 

• processes a maximum piston-action-generated air flow rate of 275,000 cfm 

compared to a normal steady-state, fan-generated air flow rate of 150,000 cfm. 

Therefore, in this example, the 275,000 cfm flow rate becomes the basis for 

• sizing the air terminal. 

• 

Difficulties may be encountered in at least some locations to find 

adequate space for sidewalk gratings. Where that is the case, the solution 

would be to seek off-street terminal locations, or to locate shaft terminals 

10 ft or more above the sidewalk, where higher velocities and therefore 

smaller terminal areas are permissible. 

Changes in • the shaft/terminal configurations used in the SES analyses 

have occurred at ventilation shafts adjacent to nine (9) stations. The shafts 

which have changed are identified in Table 3.13 by an asterisk. To apply the 

air flows tabulated therein, the following procedure is suggested: 
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l. 

2. 

Where one combined terminal is now two separate terminals, each 

should be sized for the maximum air flow given for the combined 

shaft. 

Where two separate terminals are now combined, the combined grating 

should be sized using the sum of the maximum piston air flows shown 

in Table 3.13 (i.e., AR+ AL air flows} or the maximwa emergency air 

flows, selecting the larger of the two areas. The exception is 

Fairfax/l!everly, where the combined shaft may be sized for the 

maximum CF'il for the AL trackway only, in lieu of the sum of the AR 

and AL air flows, because of space restrictions . 
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4.0 CONCLUSIONS AND RECOMMENDATIONS 

4.1 Normal Operations 

4.1.1 Platform TeffiPE! ratures 

During Design Year (DY) operations with 4~-minute headways and 

150,000 cfm outside air at 84°F distributed over the platform area, 

average temperatures at the platform of MOS-1 stations can be 

maintained at 880p or below. If the supply air system installation 

is deferred, or the system is not operated, station platform 

temperatures between 860p and 9Q0p are predicted . 

Temperatures in all other stations, outside MOS-1, are based on 

trains operating on 3~-minute headways. With supply air, they can 

be kept at or below 890F when the outdoor temperature is 840F, 

except in Hollywood/Cahuenga where the station platform temperature 

may reach 90°F. Without supply air, the predicted air temperatures 

would exceed the 890F criterion in five out of eight stations. In 

these five stations, the temperatures on the platform may range 

between 90°F and 92°F. 

o !NCREASED AVERAGE HEADWAYS RESULT IN REDUCED STATION TEMPERATURES, 

MAKING I'l' FEASIBLl!: TO DEFER SUPPLY AIR SYSTEM INSTALLATION OR 

OPERATIO~ UNTIL TRAP~IC DEN~ITY INCREA.~ES 
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4.1.2 

0 Rl!!SlJLTS P'ROI MOS-1 SIMULATIONS SUGGEST THAT AN INCREASE IN AVERAGE 

HEADWAY PROM 31:s-MINUTE«; TO 41:s-MINO'TES WOULD HAVE 1\ SIMILAR, 

BENEFICIAL EFFECT IN OTHER STATIONS, OUTSIDE MOS-1. 

o IF THE SUPPLY 1\IR SYSTEM OPERATION IS NOT REQUIRED INITIALLY, TR:EN 

ITS INSTALLATION MAY BB DEFERRED. 

Cooling Loads 

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

The average load for the five stations is 146 tons each, based on 

Long Range Design Standard (LROS) operations with 3-minute average 

headway . 

Cooling loads in all other stations, outside MOS-1, range from 175 

tons to 425 tons of refrigeration, and the average load is 280 tons, 

based on 2-minute headways. With 3-minute headways, it can be 

expected that the 280-ton load in each station will reduce to 187 

tons each (2/3x280). 

o WHEN 'l'RAP'l"IC DENSITY INCREASES TO 3-MINUTE HEADWAY, SUPPLY AIR 

DISTRIBUTION AND REFRIGERATION MUST BE INSTALLED TO MAINTAIN A 

REASONABLY M.''l'RACTIW STATION ENVIRONMENT • 
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0 A 101 CONTINGENCY SHOULD BE ADDED TO THE REFRIGERATION LOADS SHOWN 

HEREIN, IN CASE THE OPTIMIZATION OF THE UNDERPLATFORM EXHAUST (OPE) 

IS NOT A'rl'AINABLE TO THE EXTENT ASSUMED IN THESE ANALYSES. 

o EMBEDDED AND CONCEALED CHILLED WATER AND CONDENSER WATER MAINS 

SHOULD BE SIZED TO HANDLE THE FUTURE COOLING LOADS, PLUS THE ABOVE

REFERENCED CONTINGENCY. 

Air Velocities 

The peak and average air velocities on station platforms in all 

MOS-1 stations are within the established criteria of 1000 and 600 

fpm, respectively, as a result of the lower train speeds and longer 

headways in the MOS-1 segment. 

011'l:sid~ MOS- , peak velocities on station platforms range between 

l,100 anr.5 ,500 f.pn, thus exceeding the 1,000 fpu criterion. Air 

velocities of this magnitude could be perceived c11 nuaiance.. 

Average velocities on station platforms, outside MOS-1, meet the 600 

fpm criterion with 3~-minute headways except for one case where 620 

fpm is predicted, but range between 630 and 930 fpm in 10 of the 13 

stations with 2-minute headways. 

Both peak and average velocities are sensitive to blockage ratio. 

Hence, the values predicted are conservatively high, since they are 
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based on the highest expected blockage ratio (0. 527), which may or 

may not materialize. 

In station entrances, on stairways and escalators, peak velocities 

in 4 of the 5 MOS-1 stations are within the 500 fpm criterion. At 

the Wilshire/Alvarado entrances, air velocities briefly exceed the 

criterion with predicted values of 580 and 650 fpm. the average air 

velocities satisfy the 350 fpm criterion at all MOS-1 stations. 

Outside MOS-1, peak entranceway air velocities exceed SQQ fpm in l 

of the l3 s J.oriB • w "Rl u r:anq 1ng f.:r S 5'0 b:> , 60 f . The 

average air velocities exceed the 350 fpm criterion in 6 stations 

with values ranging from 380 to 550 fpm . 

o AIR VELOCITIES IN STATIONS OUTSIDE MOS-1 MAY BE EXPECTED TO FALL 

WITHIN THE RANGE OF ESTABLISHED CRITERIA, IF TRAIN OPERATIONS ARE 

MODIFIED TO MATCH THOSE FOR THE MOS-1 SEQ!ENT (i.e., LONGER HEADWAYS 

AND SLOWER TRAIN SPEEDS) AND/OR IF THE BLOCKAGE RATIO CORRESPONDING 

TO THE ACTUAL VEHICLE SELECTED IS LESS THAN 0.527. 

4.2 Emergenc_y Operations 

With the proposed fan capacities, the revenue sections throughout 

the Starter Line can be adequately ventilated to provide a smoke

free evacuation path in the event of a major train fire involving up 

4-4 



• 

• 

• 

to two fully-involved cars generating about 85.3 million Btu/hr of 

heat. 

In the single-track, non-revenue tunnels leading to the yards (i.e., 

east of Union Station), the spread of smoke can be controlled during 

fires with a heat release rate up to 53.1 million Btu/hr, 

corresponding to the burning of a single subway car. This is 

considered acceptable because passenger evacuation will not be a 

requirement in these short non-revenue tuMels. 

The spread of smoke can be controlled in the double-track, non

revenue tunnels east of Union Station during a fire with a heat 

release rate of 85.3 million Btu/hr . 

Emergency ventilation requirements can be met withouut the Mullen 

Avenue shaft (MT-1), even with the impact of the higher air 

resistance offerred by the segmented steel liner. 

With the loss of one exhaust fan in the shaft nearest an incident, 

sufficient air flow can be maintained past an incident train to 

control SJDOke resulting from a fire with a heat release rate up to 

53.1 million Btu/hr (i.e., one fully-involved vehicle) in tunnel 

sections without a mid-tunnel shaft . 
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In tunnel sections with a mid-tunnel shaft, sufficient air flow for 

smoke control can be achieved during a fire with a heat release rate 

up to 85.3 million Btu/hr, even with the loss of one exhaust fan. 

In tunnel sections without mid-tunnel shafts, it will be necessary 

to operate the emergency fans at four (4) stations, two stations on 

either side of the emergency. In tunnels with mid-tunnel shafts, 

operating the emergency fans at two stations will suffice. 

By operating the emergency fans at the ends of the stations and the 

OPE system in exhaust mode, 24 to 30 air changes per hour can be 

achieved in the stations. This should be adequate to maintain the 

entranceways clear of smok.e in the event of a train fire in a 

station. 

REVISE THE CRITERIA TO ALLOW FOR A LOWER FIRE HEAT RELEASE RATE 

(53.1 MILLION BTU/HR) WITH THE LOSS OF ONE EXHAUST FAN. OTHERWISE, 

PROVISIONS FOR A BACK-UP FAN SHOULD BE MADE AT EACH SHAFT ADJACENT 

TO A TUNNEL SEGMENT WITHOUT A MID-TUNNEL SHAFT. 

o PREPROGRAM FAN AND DAMPER OPERATIONS AS INDICATED ON THE EMERGENCY 

VENTILATION MATRIX TO ELIMINATE HUMAN ERROR IN THE EVENT OF A FIRE 

INCIDENT WITHIN THE STARTER LINE • 
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• 4.3 Methane Purge 

✓-

v 

• i 0 

V 0 

• 

Utilization of the station ventilation systems for purging tunnels 

is feasible. 

Air flow rates of about 20,000 cfm per tunnel with a corresponding 

air velocity of about 100 fpm can be achieved by operating the 

station exhaust systems. 

Methane infiltration rates of about 50 cfm per tunnel or about 

72,000 cu ft/day can be reduced to 0.251 concentration with 

20,000 cfm tunnel ventilation rates achieved by operating the 

station ventilation systems in the proposed manner . 

OPERATION OF THE SUPPLY AIR UNITS IS NOT REQUIRED TO PROVIDE A MEANS 

FOR VENTILATING TUNNELS DURING NON-REVENUE PERIODS, IF UPE AND 

MEZZANINE CEILING EXHAUSTS ARE ACTIVATED IN MOS-1 STATIONS. 

SINCE A SEQmNTED STEEL LINER IS BEING USED FOR THE TUNNEL LINE 

SECTIONS BETWEEN WILSHIRE/CRENSHAW AND FAIFAX/SANTA MONICA STATIONS, 

ANY I'NPILTRATION OF GAS THROUGH THE LINER JOINTS ~ULD TEND TO 

ACCUMULATE IN THE POCKETS FORMED BY THE LINER MAKING TUNNEL PURGING 

MORE DIFFICULT. AS A CONSEQUENCE, FORCED-VENTILATION, OPERATING 

CONTINUOUSLY, MAY HAVE TO BE CONSIDERED IN THESE TUNNEL SECTIONS • 
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✓ 0 THE ABOVI!: CONDITIOW CAN B~ MITIGATED, AT LEAST IN THE AREA WITH 'l'HE 

HIGHEST MEASURED GAS PRESSURE ANO CONCENTRATION (I.E., BETWEEN 

CRENSHAW AND LABREA) BY PROVIDING SOME MEANS FOR CONTINUOUS TUNNEL 

v 
PURGING. ONE APPROACH WOULD '13E TO REPLACE ONE OP 'l'HE TWO EMERGENCY 

FANS IN TRE SRAPTS ADJACENT TO CRENSHAW AND LABREA WITH A MORE 

v 
EFFICIENT MID-TUNNEL-TYPE !"AN FOR TUNNEL PURGING. AN AL"l'ERNATIVE 

APPROACH WOULD BE TO PROVIDE A SCALED-DOWN MID-"t'UNNEL VENTILATION 

STRUCTORE 9'.OUSING TWO FANS (ONE PER TRACXWAY) TO BE USED EXCLUSIVELY 

FOR METHANE PURGING. ~a._ ~ ~ /tu<., ~ . ? 

o OPERA"r'!!: THE MID-'l'ONNEL FANS IN THE TUNNELS SO EQUIPPED, INSTEAD OP 

USING THE VENTILATION SYSTEMS IN THE ADJACENT STATIONS IP GAS 

INFILTRATION IS DE'l'ECi'ED BY '1'HE MONITORING SYSTEM AT THESE 

LOCATIONS. 

4.4 Pressure Transients 

shaft or a crosspassage inadvertently left open, an abrupt pressure 

change (i.e., a pressure change occurring at a rate greater than 1.7 

in. wg per second) of 3.6 in. wg can be expected, thus exceeding the 

criterion of 2.8 in. wg. This condition could occur between 

Wilshire/Crenshaw and Wilshire/La Brea, and between Universal City 

and North Hollywood . 
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At station platforms, abrupt pressure changes of about .:t 2 in. wg 

can be expected, thus satisfying the passenger comfort crit~rion of 

2.8 in. wg. These pressures can produce a loading of± 10.4 psf on 

station finishes, panels, fixtures and appurtenances. 

In tunnels, maximum pressure of about + 8 in. wg can occur, 

producing a loading of about ± 42 psf on fixtures, panels, cross

passage doors, dampers and similar devices. 

I 

o ESTIMATES OF THE AIR PRESSURE CHANGE ON BOARD A TRAIN ARE BASED ON 

THE HIGHEST EXPECTED BLOCKAGE RATIO, WHICH MAY OR MAY NOT 

MATERIALIZE. IF AIR PRESSURES ARE FOUND UNACCEPTABLE TO SUBWAY 

PATRONS WHEN THE SYSTEM IS IN OPERATION, THEN THE PROBLEM CAN BE 

ALLEVIATED THROUGH A REDUCTION IN MAXIMUM TRAIN SPEED FROM 70 MPH TO -
6Z MPH WHEN TRAINS ARE IN THE VICINITY OF A MID-TUNNEL SHAFT. --

o STATION FINISHES, FIXTURES, SIGNS, PANELS AND THEIR MOUNTING AND 

SUPPORTS SHALL BE DESIGNED TO WITHSTAND PRESSURE WAVES RANGING FROM 

+20 PSF TO -20 PSF REPETITIVELY, WITH EACH ARRIVING/DEPARTING TRAIN. 

o BASED ON A SAFETY FACTOR OF 2. 0, TUNNEL FIXTURES AND MOUNTING 

DEVISES, CROSS-PASSAGE DOORS AND DAMPERS SHOULD ACTUALLY BE DESIGNED 

TO WITHSTAND PRESSURE WAVES RANGING FROM +80 PSF TO -80 PSF 

REPETITIVELY, WITH EACH PASSING TRAIN. HOWEVER, CURRENT DESIGN 

CRITERIA OF :t70 PSF SHOULD ALSO BE SATISFACTORY, CONSIDERING THE 

GENEROUS SAFETY FACTOR • 
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0 ONE MIO-TUNNEL FAN OF EACH SIZE ANO CAPACITY SHALL BE SUBJECTED TO A 

PRESSURE TRANSIENT TEST AS PART OF THE FAN PROCUREMENT PROGRAM. 

TEST PARAMETERS, SIMILAR TO THOSE SHOWN ON FIGURE 3. 14, SHALL BE 

INCLUDED IN THE FAN PROCUREMENT SPECIFICATIONS. 

4.5 Mid-Tunnel Shaft by Holl~/Cahuenga (Hollywood Bowl Oeferreg} 

Providing two (2) rather than one (1) mid-tunnel shaft in the 

3.1 mile long tunnels between Bollywood/Cahuenga and Universal City 

can reduce station cooling requirements by 25 and 275 tons of 

refrigeration, respectively. 

During tunnel emergencies, adequate tunnel air flows for smoke 

control can be achieved with either two (2) or one (1) mid-tunne-1 

shaft. 

Two (2) mid-tunnel shafts will reduce the lengths of •ventilation 

zones•. This, in turn, reduces the probability of a second train 

being caught in a disabled-train-segment during an emergency, which 

otherwise would substantially reduce the effectiveness of the 

ventilation in that zone. 

reduced. 

Also, tunnel purge time will be 

o RETAIN THE MID-TUNNEL VENTILATION SHAFT NEAREST HOLLYWOOD/CABUENGA 

STATION TO PROVIDE A MARGIN OF SAFETY DURING EMERGENCY CONDITIONS BY 
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REDUCING THE LENGTH OF A VENTILATION ZONE, AS WELL AS TO REDUCE 

STATION COOLING REQUIREMENTS. 

AS AN ALTERNATIVE TO THE ABOVE RECOMMENDATION, AND IN THE INTEREST 

FURTHER CONSTRUCTION COST REDUCTIONS, A SYSTEM WITH ONLY ONE SHAFT 

COULD BE USED IF THE REQUIRED ADDITIONAL OPERATING CONSTRAINTS AND 

RISKS ARE ACCEPTABLE TO THE SCRTD • 
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APPENDIX A 

ESTIMA'rED FIRE HEAT RELEASE RATE 

BASIS OF COMPUTATIONS: 

The computation method used herein follows the procedure used in the 

following memoranda: 

1. Memo to H.J. Chaliff from W.W. Metseh, April 6, 1983 

2. Memo to W .w. Mets eh from J .w. Guinan, March 7, 1983 

Briefly, the above memoranda assume that a train fire evolves in the 

following manner . 

1. The fire begins under a car and burns at an initial rate, I. The 

fire continues to burn at the initial rate until the car floor is 

penetrated and the fire spreads to the car interior leading1 to 

11 fl as hover • 11 Flashover is an event when the whole interior of the 

car erupts in flame. This period - from the onset of the fire to 

flashover - is estimated to last 20 minutes. 

2. At flashover , the fire bUrns at a higher rate, Fl, for the next 60 

minutes. During this period, all combustibles above and below the 

car floor and one-half of the floor material are burned (less what 

was burned during the initial period) . 
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3. Flashover will be caused in succeeding cars every 20 minutes . 

However, in the second and succeeding cars, only tne combustibles 

above the floor are assumed to burn. Therefore, the second and 

succeeding cars will burn at a rate, F2, for a period of 60 minutes. 

CAR HEAT LOAD DISTRIBUTIOO (Per Reference 17) 

( 1) 

(ii) 

(iii) 

(iv) 

Total Car Heat Load 

Interior Heat LOad (al:X>ve floor) 

Beat LOad of Car Floor 

Exterior heat LOad (below Floor) 

60x106 Btu 

33xlo6 Btu 

17xl06 Btu 

1ox106 Btu 

ASSUME, tne initial burn rate, I, equals 2.4xlo6 Btu/hr. 

Therefore, based on tne assumed fire scenario, Fl and F2 are computed as 
follows: 

20 Min. 
Fl• Interior Load+ Exterior LOad + ~ x Floor Load - Ix 60 mln./hr 

l hour 

Fl s 33 x 106 Btu+ 10 x 106 Btu+~ 17 x 106 Btu - 800,00 Btu 
our 

Fl~ 50.7 x 106 Btu/hr. 

20 Min. 
F2 • Interior LOad. - I* x 60 Min./hr. 

1 hour 

F2 • 32.2 x 106 Btu/hr. 

*Note: In this instance, I, is taken as the initial burn rate for the second 
and succeeding cars and for convenience is also assumed to be 2. 4 x 106 
Btu/hr . 
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Therefore, the total heat generated as a function of time is as follows: 

ELAPSED TIME (MINUTES) 

Car No. 0 20 40 60 
/ 

l 2.4 X 106 50.7 X 106 50.7 X 106 

2 2.4 X 106 / 32.2 X 106 

3 2.4 X 106 

Total (Btu/hr) 2.4 X 106 53.l x 106 85. 3 X 106 

Therefore, the peak heat release rate during the first 60 minutes is 

estimated to be 85. 3 x 106 Btu/hr, during which two cars a.re fully involved 

(i.e., flashover has occurred) . 
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APPENDIX B 

INPTJT PARAMETERS 

The SES analyses used the following principal input parameters: 

B.l Train Physical characteristics: 

Train consist: 6 cars per train 

Train length: 450 feet 

Train frontal area: 111.3 square feet 

Vehicle tare weight: 40 tons 

Regeneration effectiveness: 91 average 

Maximum speed: 70 mptl 

Braking resistor grids: naturally-oonvected 

B.2 Vehicle heat rejection from auxiliaries (sensible): 

Air conditioning: 

Inverter: 

Air compressor: 

B.3 Dwell time in stations: 

0 Terminal stations: 

0 Remaining stations: 

226,800 Btu/hr-car 

61,200 Btu/hr-car 

9,000 Btu/hr-car 

180 seoonds 

varies, 25-35 seconds 
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s.4 Underplatform exhaust heat capture effectiveness 

percentage of sensible propulsion and braking heat captured: 651 

{It was assumed that both propulsion system heat and vehicle air 

conditioning heat is discharged beneath the floor and subject to 

capture by the UPE system.) 

B.5 Single-Track Tunnel Free Area: 

B.6 Steady-State Heat Loads: 

A. Tunnels - Lighting and Third Rail: 

3~-minute headway 

• 2-minute headway 

B. Stations: 

Lighting 

Escalators 

Misc. Equipment: 

- Fare Gates 

- Ticket Vendors 

- Add Fare 

B-2 

211 square feet 

27.4 Btu/hr-ft (60 mph max) 

55.4 Btu/hr-ft (70 mph max) 

45.4 Btu/hr-ft (60 mph max) 

94.4 Btu/hr-ft (70 mph max) 

80 KW per station 

20 Hp per escalator 

600 W (max) per gate 

1200 vi (max) per unit 

600 W {max) per unit 
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- Money Changer 600 W (max) per unit 

- Booth Control Panels 600 W (max) per unit 

People: 

- Sensible 

- Latent 

B.7 Weather Data: 

Ambient barometric pressure: 

Swnmer evening design temperatures: 

Swmner daily temperature range: 

Yearly range of average monthly 

temperature: 

B.8 Heat Sink Properties: 

Twmel Wall 

Thermal conductivity: 

Thermal diffusivity: 

Surrounding SOil 

Thermal conductivity: 

Thermal diffusivity: 

Deep Sink Temperature: 

B-3 

140 Btu/hr-person 

300 Btu/hr-person 

29. 9 in. Hg 

94op db, 68.5°P wb 

200F 

0.700 Btu/ft-hr-Op 

o. 025 ft2/hr 

0.93 Btu/ft-hr-Op 

0.042 ft2jru: 

62.0 Op 


