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Appendix 2: Transportation Technical 
Issues 

This appendix provides the following information to support the transportation analysis and conclusions 
in Part C of the SEIR: 

• Reference to Level of Service calculation details for the SEIR study intersections; 
• Methodology used to calculate vehicle delay at freight/passenger service railway crossings; 
• Summary of available information on freight service rail sidings; and 
• Summary results of commuter rail survey of weekend ridership. 

LEVEL OF SERVICE CALCULATION DETAIL 
Level of service calculation sheets (detail) for each intersection studied for the SEIR are available from 
SMART’s District office. These sheets were not included here, because they take up several hundred pages 
and are of interest to a very limited audience, due to their technical nature. The interested reader should 
contact SMART’s offices at (415) 226-0890 for the best way to obtain this information. 

GRADE CROSSING DELAY CALCULATIONS ASSUMING DETERMINISTIC QUEUES 
This section describes how delay calculations were performed assuming deterministic queues. By deterministic 
queue we mean a queue with steady, non-stochastic arrival and service rates. 

The 2005 DEIR and 2006 FEIR evaluated railroad-highway grade crossing delays using the simple notion 
that, for SMART trains, the crossing would be blocked on average 35 to 40 seconds per train crossing.  
This approach was appropriate, since the impact being considered was for SMART trains of relatively 
similar lengths (one or two cars) and speeds.  Because freight train lengths were assumed to be relatively 
short, and because delays caused by freight trains would occur at different times than delays caused by 
SMART trains, freight delays were not quantified. 

With the more detailed information about freight train lengths in NCRA’s Initial Study, it is possible to 
calculate the average delay caused to individual vehicles by freight.  This performance measure is closer 
to the average delay used in traffic level of service calculations.  In general, the average vehicle delay will 
be less than the blockage time, because all vehicles stopped by a train crossing will not be present from 
the moment that the train blocks the crossing.  Because there are no standard methods of addressing the 
train-caused delays, estimates were derived from queuing theory, as described below. 

The weight and braking characteristics of trains require that they be given priority over vehicular traffic 
(autos, trucks, pedestrians, bicyclists, etc.) at at-grade crossings. California generally follows federal regu-
lations for traffic controls at highway-rail grade crossings included in the federal Manual on Uniform Traffic 
Control Devices (MUTCD). The amount of delay to cross-street vehicles—the effective blockage time—
is the sum of both fixed and variable components. 

Fixed Components: This time is occasioned regardless of the length or speed of the train crossing the 
intersection. When a train is detected, lights will begin to flash at the crossing at least 20 seconds prior to 
the arrival of the train. At a crossing with automatic gates, which includes all or nearly all public streets, 
the automatic gate arms must be in their horizontal (full down) position at least five seconds before the 
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arrival of the train. Of course, vehicles do not stop immediately upon the flashing of lights and ringing of 
bells. When the train completes passage across the intersection, there is a brief delay as the gates rise to 
their vertical position, and drivers react to the clearance to proceed (the loss time referred to earlier). This 
is typically on the order of five to eight seconds. Overall, a fixed delay of 20 seconds per crossing has 
been assumed, because vehicles are unlikely to stop until the gates begin to descend. 

Older equipment used to be set to activate grade crossing warning devices (such as bells, lights, and gates) 
based on the fastest train to use the crossing. This would mean that more than 20 seconds advance warning 
would be given for slower trains. Modern train detection equipment can determine the speeds of the 
approaching train and adjust the warning time appropriately, so that a fixed-warning time is provided. 
When trains of differing speeds (e.g., freight and passenger) share the same track, this can significantly 
reduce delays. Both SMART and NCRA will be utilizing modern train detection devices at crossing gates 
(constant warning time (CWT) track circuits), which significantly reduce the amount of time needed to 
fully activate the crossing mechanisms. 

CWT track circuits not only monitor train movement toward the crossing, but also utilize train position 
and speed information to develop a relatively constant warning time. In essence, they predict when the 
train will arrive at the crossing, allowing the system to provide a relatively uniform warning time for trains 
approaching the crossing at any speed up to the design speed.1 The advantage of CWT track circuits is 
that when trains operate at widely varying speeds—as they would on the shared SMART/NCRA track—
the circuitry will compensate for different speeds of trains. In contrast to CWT, conventional track circuits 
set the warning time based on the fastest train speed allowable—79 mph, in the case of SMART. The prob-
lem with the conventional approach is that when slower trains (e.g., at 40 mph) approach a crossing, they 
will trigger the gates at the same location as a faster (e.g., 79 mph) train, which results in a doubling of the 
advance warning time. CWT allows gates to go up when a train is stopped (e.g., at a station) but with the 
“detection zone” of the grade crossing. 

Variable Component: Some delay time varies depending on the length of the train (e.g., how many cars 
there are), the speed of the train, and the width of the intersection. Clearly, shorter trains operating at 
higher speeds occupy a crossing for less time than longer, slower trains. The variable blockage time is 
simply the length of train divided by its speed, plus the time taken for the end of the last rail car to clear 
the intersection (street width divided by the train speed). As an example, a two-car SMART train (using 
Colorado Railcar heavy DMUs) would be approximately 178 feet long. Traveling 40 mph (59 feet per 
second, or fps) across an arterial street that is 60 feet wide, the variable blockage time would be (178 
feet/59 fps + 60 feet/59 fps) = approximately four seconds. This time, of course, needs to be added to the 
fixed component noted above. This is consistent with the 2006 FEIR’s statement (p. 3-108) that, the 
average “down time” for the gates would be approximately 35-40 seconds. 

The average delay per vehicle at the grade crossing is a function of the time the crossing is effectively blocked 
(i.e., the gates are down) and the traffic volume approaching the crossing (which may be different depending 
on direction). 

In order to calculate vehicle delay, we need to know the following about the train and the gate movement: 
 

                                                 
1 This definition is from the Institute of Transportation Engineers (ITE) publication, Preemption of Traffic Signals 

Near Railroad Grade Crossings, An ITE Recommended Practice.  Washington, DC:  ITE, 2006. 
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 length of an individual car in the train
 length of an individual engine in the train
 number of cars in the train
 number of engines in the train
 train speed through the crossing
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In the following discussion, note that the delay calculations need to be carried out separately for each 
directional approach to the grade crossing. Hence, vehicle flow rates are directional flow rates. 

We need to know the following characteristics of the traffic and roadway: 

 vehicle arrival rate (veh/hr)
 saturation flow rate (veh/hr)

V
S
=
=

 

Figure Ap.2-1 provides a time-space diagram assuming a deterministic queue. The horizontal axis repre-
sents time and the vertical axis represents the total number of vehicles arriving at or departing from the 
grade crossing. The upper inclined line represents the total number of vehicles arriving; the slope of the 
line is V, the vehicle flow at the grade crossing. The saturation flow S is the rate at which vehicles flow 
when the queue is clearing; for most applications a saturation flow rate of 1,800 vehicles per lane per hour 
is appropriate. 

 

 

Figure Ap.2-1.  Queuing Diagram for Grade Crossing 
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We also need to know ct , the time the gate is closed (i.e., the crossing is blocked), and qt , the total time 
the queue exists. 

The following expression gives ct : 
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where the first term is the time required for the train to clear the crossing (consist length divided by speed), 
the second term is the time the gate is down before the train arrives at the crossing, and the third term is 
the time the gate takes to go up after the train clears the crossing. 

To find qt , the total queue time, we require the following condition for the queue to clear: 
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Note that we assume that  V S< , i.e., vehicles arrive at a rate slower than the saturation flow rate. 

Average delay avgD  is the total delay divided by the number of vehicles in the system. The total number 

of vehicles in the system is simply the total number of vehicles that arrive until the queue clears, or cVt . 
Hence, the average delay avgD  is given by: 
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Where tc is the total blockage time (in seconds), and V is the vehicular approach rate (in vehicles per hour 
per lane) for that direction. The 1,800 represents the capacity (in vehicles per hour per lane) of the 
approach. For example, say that the effective blockage time is 30 seconds; in the westbound direction the 
vehicle traffic volume is 900 vehicles/hour/lane, and in the westbound direction 400 vehicles per hour per 
lane. Then the average delay for the eastbound traffic would be 30/[2(1-900/1800)] = 30 seconds per 
vehicle; and in the westbound direction, the average vehicle delay would be 30/[2(1-400/1800)] = 19.3 
seconds/vehicle. 
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The average delay is a linear function of blockage time, but it is a nonlinear function of the ratio of vehicle 
flow on the road (V) to saturation flow (S). In other words, doubling the blockage time doubles the aver-
age delay (because it is linear), but doubling the traffic volume more than doubles the average delay (because 
it is non-linear). The delay calculations must be carried out separately for each approach direction in order 
to estimate total delay. 

The above formula was used to calculate vehicle delays caused by freight trains passing through at-grade 
crossings. To portray the impacts on various streets, three different approach volumes have been pro-
vided: a low-volume street (100 vehicles/hour/lane approach volume); a moderate-volume street (500 
vehicles/hour/lane); and a high-volume street (1,000 vehicles/hour/lane). The tables below show the aver-
age vehicle delay for different freight train lengths and likely operating speeds. 

The total delay to motor vehicles would depend on the traffic volume crossing the tracks, which varies by 
location, time of day, and day of week. Because freight trains would operate outside of peak weekday traffic 
periods, their impact on vehicle delay during the highest traffic volume times of the day would be minimized. 

 
 

 
 

Table Ap.2-1.  Average Vehicle Stopped Delay at a 
Grade Crossing Approach, Low-
Volume Street1,2 

Train Speed (mph) Train 
Length 
(cars) 20 25 30 35 40 

6 20s 18s 17s 16s 16s 
12 27s 24s 22s 21s 20s 
15 31s 27s 25s 23s 21s 
25 43s 37s 33s 30s 27s 
60 87s 72s 1m 2s 55s 49s 

1 - One-way approach volume = 100 vph/lane (m=minutes; s=seconds)
2 - The table assumes that each freight car is 67'7" and a locomotive 

is 62'6" long. All trains use one locomotive, except 60-car trains, 
which require two. Two seconds of loss (startup) time are included 
in delays. 

Table Ap.2-2.  Average Vehicle Stopped Delay at a 
Grade Crossing Approach, Moderate- 
Volume Street* 

Train Speed (mph) Train 
Length 
(cars) 20 25 30 35 40 

6 26s 24s 23s 22s 21s 
12 36s 32s 29s 27s 26s 
15 41s 36s 32s 30s 28s 
25 57s 48s 43s 39s 36s 
60 1m 54s 1m 34s 1m 21s 1m 12s 1m 5s 

*One-way approach volume = 500 vph/lane (m=minutes; s=seconds)

Table Ap.2-3.  Average Vehicle Stopped Delay at a 
Grade Crossing Approach, High-
Volume Street* 

Train Speed (mph) Train 
Length 
(cars) 20 25 30 35 40 

6 43s 39s 37s 35s 34s 
12 58s 52s 47s 44s 41s 
15 1m 6s 58s 52s 48s 45s 
25 1m 32s 78s 70s 1m 3s 58s 
60 3m 5s 2m 33s 2m 12s 1m 54s 1m 45s 

*One-way approach volume = 1,000 vph/lane (m=minutes; s=seconds) 
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Commuter Rail Survey of Weekend Ridership1 

Prepared by Dowling Associates 
 

     No. of Trains2  Average Ridership per Day  
Ratio of Weekend to 

Weekday Riders 
Area Served Name Endpoints 

 Major 
CBD? Website Phone Weekday Sat Sun  Weekday Saturday Sunday  Sat/Wkday Sun/Wkday 

San Diego Coaster San Diego–Oceanside Y (760) 
966-6522 

 22 
(26 Fri.) 

8 No Svc  6,500/ 
5,600 

(winter) 

——— 2,500 ———  41.7% No Svc. 

Southern California Metrolink IEOC  
Line 

Riverside-Irvine N www.MetrolinkTrains.com (213) 
452-0209 

16 6 4  4,590 1,155 711  25.2% 15.5% 

Southern California Metrolink San 
Bernardino Line 

San Bernardino–
Los Angeles 

Y same as above (213) 
452-0209 

34 20 12  11,670 3,290 2,120  28.2% 18.2% 

San Francisco Caltrain San Jose–San Francisco Y  (650) 
508-6238 

96 32 28  33,841 11,164 6,765  33.0% 20.0% 

Dallas–Ft. Worth Trinity Rail 
Express/DART 

Dallas–Ft. Worth Y www.the-T.com (214) 
749-3008 

49 22 No Svc  8,747 4,247 No Svc  48.6% No Svc. 

South Florida Florida Tri-Rail Miami–Ft. Lauderdale–
West Palm Beach 

Y (954) 
788-7946 

50 16 16  10,910 4,333 4,333  39.7% 39.7% 

East Bay– 
Sacramento 

Capitol Corridor 
(AMTRAK) 

San Jose–Oakland-
Sacramento-Roseville 

Y (877) 
974-6992 

40 30 30  4,000 3,000 2,500  75.0% 62.5% 

1 - Survey data compiled in July-August 2007 via telephone interviews and operator websites (for current service levels). 
2 - Total daily, in both directions. 

 


