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APPENDIX A

DRI TUNNEL STUDY LOCATIONS AND RUN DESCRIPTIONS
(written by Alan Gertler, Desert Research Institute)

During the period 1992 through 1999, DRI performed a series of on-road emissions studies in
highway tunnels.  These studies were supported by a number of organizations including API,
AOAQIRP, CRC, Environment Canada, EPA, FHWA, HEI, NREL, SCAQMD, and SOS.
Table A-1 lists the tunnel locations, length of the tunnels, tunnel classification
(urban/interstate), and year the studies were performed.

Table A-1.  Summary of DRI tunnel locations and year measurements performed.
Tunnel Location Length (m) Fleet Year
Fort McHenry Tunnel Baltimore, Maryland 2174 Highway 1992, 1993, 1995
Tuscarora Mountain
Tunnel

Pennsylvania Turnpike,
Pennsylvania

1623 Highway 1992, 1999

Cassiar Connector Vancouver, British Columbia 730 Urban 1993
Callahan Connector Boston, Massachusetts 1545 Urban 1995
Deck Park Tunnel Phoenix, Arizona 804 Urban 1995
Lincoln Tunnel New York/New Jersey 2440 Urban 1995
Sepulveda Tunnel Los Angeles, California 582 Urban 1995, 1996
Van Nuys Tunnel Los Angeles, California 222 Urban 1995

Data for all the studies listed in Table A-1 may be used for comparing observed emissions
with mobile source emission factor model predictions except for the 1995 Fort McHenry study
sponsored by API.  This project focused on measuring dioxin and furan emissions from the in-
use fleet.  Emissions of CO, HC, and NOx were not measured.  Results of the 1993 Fort
McHenry study, sponsored by FHWA, are of limited use for comparing observed and
predicted emissions.  The only pollutant quantified in this study was PM10.  Descriptions of the
tunnels follow.

Fort McHenry Tunnel, Baltimore (1992, 1993, 1995)

The Fort McHenry Tunnel is a four-bore tunnel, two lanes per bore, carrying Interstate 95
east-west under the Baltimore Harbor.  The downgrade reaches −3.76% and the upgrade
reaches +3.76%, with no significant level portion.  Average grade from west portal to bottom
is 1.8% and, from bottom to east portal, +3.3%.  The four tunnel bores are designated 1 and
2 westbound (toward Washington, DC), and 3 and 4 eastbound (toward Philadelphia).  The
1992 study was conducted in Bores 3 and 4, the eastbound bores (length 2174 meters),
measuring in the two bores simultaneously (Table A-2).  LD vehicles are allowed in both
bores; however, trucks are directed into Bore 4, the right-hand bore and all but 3% of them
complied in the June 1992 experiment.  Posted speed was 50 mi/hr in the tunnel, 55 outside.
Traffic flowed freely except for sporadic light braking/slowdown at the exit at rush hour
during a few sampling runs.  The nearest entrance ramps before the tunnel eastbound, and
carrying any significant amount of traffic, range upwards of 2200 meters west of the entrance



July 2002

F:\CRC E-64 M6 eval\Task 1 Report\Final\APPENDIX A.doc 2

portal; all of these ramps connect with arteries, not local streets and DRI concludes that the
vehicles were in hot stabilized operation.

The ventilation system of the Fort McHenry Tunnel comprises two sections.  Ventilation air
from above each end of the tunnel is supplied through ducts beneath the roadway, and tunnel
air is removed through overhead exhaust ducts.  In addition, there is a dividing plane between
the east and west supply ducts 95 meters before the low point of the tunnel.  Thus DRI was
able to measure emissions for the downhill, uphill, and total tunnel.

Descriptions of the 1993 and 1995 experiments are not presented, since they are of limited use
for the current study.  The 1993 study measured only PM emissions and gaseous emission
rates were not determined.  In the 1995 study, DRI focused on dioxin and furan emissions
from HD vehicles.

Table A-2.  Run description, Fort McHenry Tunnel, 1992.
 Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7 Run 8 Run 9 Run 10 Run 11
Bore 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4

Date 18-Jun 19-Jun 19-Jun 20-Jun 21-Jun 21-Jun 22-Jun 23-Jun 23-Jun 24-Jun 24-Jun

Day Thu Fri Fri Sat Sun Sun Mon Tue Tue Wed Wed
Start
Time

1230 1030 1600 1200 1200 1600 1100 300 1300 400 1600

T (°C) 24 21 25 24 20 20 17 17.5 22 20 21
Av. Sp.
(mph)

51 46 52 43 48 53 52 45 53 45 38

Total
Vehicles 356 1809 164 279 2519 2451 954 2052 995 2136 1960 1144 1265 938 102 262 1194 1041 125 257 2826 1836

F LD 0.99 0.79 0.980.32 0.99 0.90 0.99 0.95 0.99 0.96 1.00 0.92 0.99 0.62 0.98 0.28 0.98 0.66 0.98 0.28 0.96 0.88

F HD 0.01 0.21 0.020.69 0.01 0.10 0.01 0.05 0.01 0.04 0.00 0.08 0.01 0.38 0.02 0.73 0.02 0.35 0.02 0.72 0.04 0.12

Tuscarora Mountain Tunnel, Pennsylvania Turnpike (1992, 1999)

The Tuscarora Mountain Tunnel is a two-bore tunnel, two lanes each bore, 1623.2 meters
(5325.4 ft) long, carrying the Pennsylvania Turnpike (Interstate 76) east-west through
Tuscarora Mountain in south-central Pennsylvania at an altitude of ~305 meters.  The tunnel
is flat (grades +0.30% towards the middle from either end) and straight.  Posted speed is 55
mi/hour both in and outside the tunnel.  The nearest interchange west of the tunnel is 10 km
west of the tunnel entrance.  It is very lightly used.  Other accesses from the west are the
Sideling Hill service plaza (22 km to the west), the interchange with Interstate 70 (40 km to
the west, heavily used), and other interchanges and service plazas farther west.  Effectively
the minimum trip length before reaching the tunnel is 15 minutes (much of it following hot
start) and DRI estimates that trips longer than 50 minutes before reaching the tunnel constitute
some 75% of all trips.  Accordingly, cold-start and hot-start operations are inconsequential in
Tuscarora eastbound.  The Tuscarora Mountain Tunnel is ventilated entirely by the traffic
piston effect and the prevailing westerly wind; there is a supply ventilation system but it was
not operated during either the 1992 or 1999 experiments.  Run descriptions for both studies
are summarized in Tables A-3 and A-4.



July 2002

F:\CRC E-64 M6 eval\Task 1 Report\Final\APPENDIX A.doc 3

Table A-3.  Run description, Tuscarora Mountain Tunnel, 1992.
Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7 Run 8 Run 9 Run 10 Run 11

Date 2-Sep 2-Sep 3-Sep 4-Sep 5-Sep 6-Sep 6-Sep 7-Sep 7-Sep 8-Sep 8-Sep
Day Wed Wed Thu Fri Sat Sun Sun Mon Mon Tue Tue
Start Time 300 1500 400 1700 1130 1130 1300 200 1300 800 2101
T (°C) 13 20.5 20.5 24 21 19 19 18.5 20.5 21 19.5
Av. Sp. (mph) 56 55 59 57 58 56 58 58 59 60 58
Total Vehicles 186 530 185 928 661 585 659 79 1329 435 351
F LD 0.242 0.736 0.200 0.909 0.920 0.916 0.921 0.734 0.940 0.703 0.590
F HD 0.758 0.264 0.800 0.091 0.080 0.084 0.079 0.266 0.060 0.297 0.410

Table A-4.  Run Description, Tuscarora Mountain Tunnel, 1999.
Run

1
Run

2
Run

3
Run

4
Run

5
Run

6
Run

7
Run

8
Run

9
Run

10
Run

11
Run

12
Run

13
Run

14
Run

15
Run

16
Run

17
Run

18
Run

19
Run

20

Date
18-

May
18-

May
18-

May
19-

May
19-

May
19-

May
19-

May
19-

May
20-

May
20-

May
21-

May
21-

May
21-

May
21-

May
22-

May
22-

May
22-

May
22-

May
23-

May
23-

May

Day Tue Tue Tue Wed Wed Wed Wed Wed Thur Thur Fri Fri Fri Fri Sat Sat Sat Sat Sun Sun
Start
Time 1200 2000 2200 0000 200 1900 2100 2300 100 1600 500 700 900 1700 1100 1300 1500 1700 1000 1200
Av Spd.
(mph) 54.9 54.8 57 54.9 55.1 57.7 54.4 53.6 55 53.2 58.1 57.5 53.8 56.9 57 56.5 57 59.5 58.1 61.7
Total
Vehicles 529 385 293 206 192 454 359 252 201 730 248 402 473 814 554 539 488 442 529 1681
LD 334 177 104 31 26 240 148 70 43 505 88 208 366 706 490 444 406 377 435 1400
HD
(4-6) 24 11 10 4 10 14 20 4 6 23 9 27 17 16 11 15 12 14 14 29
HD
(7-8) 171 197 179 171 156 200 191 178 152 202 151 167 90 92 53 80 70 51 80 252

F LD 0.631 0.460 0.3550.150 0.135 0.529 0.4120.278 0.214 0.692 0.3550.517 0.774 0.867 0.8840.824 0.832 0.853 0.8220.833
F HD
(7-8) 0.323 0.512 0.611 0.83 0.813 0.441 0.5320.706 0.756 0.277 0.6090.415 0.19 0.113 0.0960.148 0.143 0.115 0.151 0.15

Cassiar Connector, Vancouver (1993)

The Cassiar Connector is an urban two-bore tunnel 730 meters in length, with two lanes of
traffic per bore.  It is situated on the Trans-Canadian Highway, Highway 1, in Vancouver,
BC.  Traffic is generally heavy during the day with an average speed of around 90 km/h.
During this study, hourly traffic counts ranged from around 100 vehicles during the early
morning hours to almost 3000 vehicles during the afternoon rush hours.  The grade varies
from +1.66% at the south end of the tunnel to -1.29% at the north end.  The nearest entrance
ramps before the tunnel are over 1,000 meters to the south and connect with major arteries.
Cold-start operation should therefore be minimal in the tunnel.  Ventilation for the tunnel is
achieved from the piston effect of the vehicles traversing it, and from the fans positioned along
the ceiling throughout the tunnel.  The fans were used only when high levels of CO were
present in the tunnel.  They were never activated throughout the course of this study.  The
area surrounding the tunnel is primarily residential at both the north and south ends of the
tunnel.  There is one major urban street located approximately over the middle of the tunnel.
Descriptions of the sixteen runs are presented in Table A-5.
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Table A-5.  Run description, Cassiar Connector, Vancouver.

 
Run

1
Run

2
Run

3
Run

4
Run

5
Run

6
Run

7
Run

8
Run

9
Run

10
Run

11
Run

12
Run

13
Run

14
Run

15
Run

16

Date
13-

Aug
13-

Aug
13-

Aug
13-

Aug
14-

Aug
15-

Aug
16-

Aug
16-

Aug
16-

Aug
18-

Aug
18-

Aug
18-

Aug
18-

Aug
18-

Aug
18-

Aug
18-

Aug
Start Time 200 600 1000 1500 900 900 200 600 800 200 600 800 1000 1200 1400 1600
T (°F) 56.1 55.9 59.7 62.6 59.5 59.5 57.6 58.3 59.5 55 56.1 62.4 66.9 68 70.3 72.5
Av. Sp
(mph) 57.9 59.1 56.6 57 57.9 57.4 58.8 59.7 57.2 57 60 56.8 55.7 55.9 56.1 55.6
Std. Dev
(mph) 9.1 12.6 12.8 17.2 14 10.1 5.7 22.1 18.8 6.5 9.6 15.4 14.1 16.9 18.3 22
Total
Vehicles 125 1678 1821 2502 1470 948 93 1622 1859 100 1650 2074 1769 1850 1977 2975
LDSI 111 1532 1607 2354 1356 897 75 1434 1605 90 1471 1837 1546 1638 1800 2866
HDSI 4 58 79 81 52 39 4 86 121 2 76 108 110 99 67 66
HDD 10 88 135 67 62 12 14 102 133 8 103 129 113 113 110 43
F LD 0.888 0.913 0.882 0.941 0.922 0.946 0.806 0.884 0.863 0.900 0.892 0.886 0.874 0.885 0.910 0.963
F HD 0.112 0.087 0.118 0.059 0.078 0.054 0.194 0.116 0.137 0.100 0.108 0.114 0.126 0.115 0.090 0.037

Callahan Tunnel, Boston (1995)

The Callahan Tunnel, 1545 m in length, is the eastbound tunnel of a pair of tunnels (Sumner
and Callahan) carrying traffic between North Boston and East Boston and Logan International
Airport.  It is a one-bore tunnel with two lanes in the bore.  There is no toll plaza on the
Callahan Tunnel, which makes the traffic flow slightly smoother; although there was
significant variability in the observed average speed for the ten experimental periods (Table A-
6).  The tunnel ventilation is transverse in design, similar to other underwater tunnels.  The
Callahan ventilation buildings are placed virtually right at the portals, which greatly simplified
the experiment.  Both the Sumner and Callahan tunnels are controlled from a single control
building in East Boston.  Ventilation fans are on virtually all the time although during the
experiment DRI observed several times when the supply air was not on.  Actual airflow was
monitored continuously with anemometers.  The ventilation system in the Callahan Tunnel is
divided into two sections, each with a separate blower (fresh air) and exhaust duct.  With the
addition of the inlet portal and exit portal made a total of six samples per run.

Table A-6.  Run description, Callahan Tunnel, Boston.
Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7 Run 8 Run 9 Run 10

Date 18-Sep 18-Sep 18-Sep 18-Sep 19-Sep 19-Sep 19-Sep 19-Sep 19-Sep 19-Sep
Day Mon Mon Mon Mon Tues Tues Tues Tues Tues Tues
Start Time 1100 1300 1500 1700 600 800 1000 1200 1400 1600
T (oC) 20.0 20.6 18.3 17.2 10.0 13.3 16.1 16.7 17.8 17.2
Avg. Speed (mph) 30.2 27.0 14.1 24.3 30.8 35.3 32.1 30.7 24.0 15.2
Std Dev (mph) 5.2 6.7 4.6 7.4 4.3 5.0 5.5 4.9 5.9 2.3
Total Vehicles 2943 3072 3437 3189 3247 1988 2437 2677 3436 3498
Total LD 2824 2934 3350 3116 3151 1858 2332 2553 3334 3414
Total HD 119 138 87 73 96 130 105 124 102 84
F LD 0.960 0.955 0.975 0.977 0.970 0.935 0.957 0.954 0.970 0.976
F HD 0.040 0.045 0.025 0.023 0.030 0.065 0.043 0.046 0.030 0.024
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Deck Park Tunnel, Phoenix (1995)

The Deck Park Tunnel is a 3-bore, urban freeway tunnel 804 m in length, running east/west
under Deck Park in downtown Phoenix.  The center bore is unused and there are plans to
complete it for use as a bus station.  There are five lanes and two emergency lanes in the south
and north bores.  The tunnel has complex ventilation, with fans at each end that can provide
either supply or exhaust air.  The fans were shut down prior to each run. In both experiments,
samplers were located in the center bore and samples were collected from the north side of the
south bore.  One problem with the Deck Park Tunnel was its large cross section (217 m2 at the
narrowest point).  This complicated the sampler placement.  Sampling proved problematic for
two reasons: air flow inhomogeneities and concentration gradients across the tunnel.  This was
resolved in the summer experiment through the use of a non-reactive tracer (SF6) to
characterize the airflow in the tunnel.  While results of the winter could be corrected, they
have a higher degree of uncertainty than those obtained in the other tunnel studies.
Descriptions of the eight January experimental runs and nine July experimental runs are
presented in Tables A-7 and A-8, respectively.

Table A-7.  Run description, Deck Park Tunnel, Phoenix, January 1995.
 Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7 Run 8

Date 24-Jan 24-Jan 24-Jan 25-Jan 25-Jan 26-Jan 26-Jan 26-Jan
Day Tues Tues Tues Wed Wed Thur Thur Thur
Start Time 600 800 1600 600 800 600 800 1000
T (oC) 12.6 13.2 21.6 18.7 17.8 13.3 14.4 14.7
Avg. Speed (mph) 59.8 58.2 59.8 59.0 56.3 59.3 57.3 60.1
Std Dev (mph) 3.8 3.8 5.2 4.2 4.5 4.7 4.4 4.8
Total Vehicles 7330 5770 7210 7300 7740 6980 6798 4613
Total LD 7132 5650 7052 7094 7400 6752 6488 4344
Total HD 198 120 158 206 340 228 310 269
F LD 0.973 0.979 0.978 0.972 0.956 0.967 0.954 0.942
F HD 0.027 0.021 0.022 0.028 0.044 0.033 0.046 0.058

Table A-8.  Run description, Deck Park Tunnel, Phoenix, July 1995.
Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7 Run 8 Run 9

Date 25-Jul 25-Jul 26-Jul 26-Jul 26-Jul 26-Jul 27-Jul 27-Jul 27-Jul
Day Tues Tues Wed Wed Wed Wed Thur Thur Thur
Start Time 1230 1700 730 1000 1300 1500 600 900 1100
T (°°C) 43.8 46.1 31.1 38.3 43.8 45.5 29.4 36.6 41.6
Av. Speed (mph) 58.8 58.7 58.0 60.7 60.2 59.1 60.4 61.9 59.7
Std Dev (mph) 5.4 5.6 5.5 6.4 5.7 5.7 4.8 6.2 5.7
Total Vehicles 4307 6520 8405 5022 5468 5999 7112 4978 5089
Total LD 3992 6375 8062 4668 5101 5762 6626 4648 4752
Total HD 315 145 343 354 367 237 486 330 337
F LD 0.927 0.978 0.959 0.930 0.933 0.960 0.932 0.934 0.934
F HD 0.073 0.022 0.041 0.070 0.067 0.040 0.068 0.066 0.066
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Lincoln Tunnel, NY/NJ (1995)

The Lincoln Tunnel is a three-bore tunnel with two lanes per bore running under the Hudson
River between Weehawken, New Jersey and Manhattan Island.  The tunnel is the world’s only
three-tube underwater vehicle tunnel and the world’s busiest underwater tunnel.  The Center
tube (2,280 m long) opened December 22, 1937, the North tube (2,504 m long) opened
February 1, 1945, and the South tube (2,440 m long) opened May 25, 1957.  The average
eastbound weekday traffic volume in 1993 was 56,153 vehicles.  The tunnel is operated such
that under normal circumstances the North tube is for westbound traffic, the Center tube is
switched depending on need, and the South tube is for eastbound traffic.  The experiment was
conducted exclusively in the South tube.  The tunnel ventilation is transverse in design, similar
to other underwater tunnels.  The ventilation system in the Lincoln Tunnel is divided into four
sections, each with a separate blower (fresh air) and exhaust duct.  The ventilation sections are
numbered 1 to 4, with 1 being the first 271 m in from New Jersey, 2 and 3 being the center
sections of the tunnel, and 4 being the last 488 m into New York.  Due to the complexity of
the entrance section, DRI decided to begin sampling 271 m into the tunnel, at the New Jersey
ventilation building.  A total of eight sampling stations were required to determine the
emissions from motor vehicles traveling through the tunnel.  Eleven periods were sampled
during this study (Table A-9).

Table A-9.  Run description, Lincoln Tunnel, New York.
Run

1
Run

2
Run

3
Run

4
Run

5
Run

6
Run

7
Run

8
Run

9
Run

10
Run

11
Date 16-

Aug
16-

Aug
16-

Aug
16-

Aug
16-

Aug
17-

Aug
17-

Aug
17-

Aug
18-

Aug
18-

Aug
18-

Aug
Day Wed Wed Wed Wed Wed Thur Thur Thur Fri Fri Fri
Start Time 700 900 1100 1700 1900 800 1000 1300 730 930 1130
T (oC) 26.4 27.5 30.6 30.6 28.6 26.7 28.9 31.9 27.8 29.4 32.8
Av. Spd (mph) 26.5 28.7 26.3 20.4 24.9 25.6 29.7 30.0 26.8 29.6 29.1
Std Dev (mph) 4.3 3.6 5.6 3.4 3.7 3.4 4.6 4.5 5.0 4.0 4.8
Total Vehicles 2749 2316 2133 2215 2804 2912 2003 1733 2689 1899 1750
Total LD 2417 2047 1861 1718 2458 2628 1749 1432 2438 1645 1465
Total HD 332 269 272 497 346 284 254 301 251 254 285
F LD 0.879 0.884 0.872 0.776 0.877 0.902 0.873 0.826 0.907 0.866 0.837
F HD 0.121 0.116 0.128 0.224 0.123 0.098 0.127 0.174 0.093 0.134 0.163

Sepulveda Tunnel, Los Angeles (1995, 1996)

The Sepulveda Tunnel was chosen to represent a more affluent and potentially lower emitting
fraction of the LA fleet than operates in the Van Nuys Tunnel.  The tunnel is a covered
roadway with the top portion being part of the airplane runway and taxiway for the Los
Angeles International Airport (LAX).  The covered portion of the roadway is 582 m long,
straight, and approximately flat in the covered portions, although there is a downgrade
approaching the tunnel and an upgrade leaving it.  There are two bores, three lanes each with
a sidewalk on the right side of each bore.  A concrete wall running most of the length of the
tunnel separates the two bores of the tunnel.  There are 17 openings in this wall, each
approximately 10 ft wide by 12 to 14 ft tall.  In order to obtain mass emission factors in the
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tunnel, DRI needed to seal off these openings so there would be no air transfer between the
two bores.  There is a ventilation system in the tunnel, although it was not in operation when
DRI was sampling.  The 1995 and 1996 experiments were conducted in the west bore, which
carries Sepulveda Boulevard southbound from the LAX terminals.  Immediately after the
tunnel there is a turn lane to allow access to the on-ramps to highway 105 which connects to
the 405.  During some time periods, considerable numbers of the vehicles going through the
tunnel head toward these freeways and if the freeway metering lights are on, these vehicles
occasionally back up into the tunnel.  Congestion in the tunnel was more pronounced during
the 1996 study and additional sampling runs were performed in order to obtain a sufficient
number of runs with an average speed > 40 mph for comparison with the 1995 data (Tables
A-10 and A-11).

Table A-10.  Run description, Sepulveda Tunnel, 1995.
Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7 Run 8

Date 3-Oct 3-Oct 3-Oct 3-Oct 3-Oct 4-Oct 4-Oct 4-Oct
Day Tues Tues Tues Tues Tues Wed Wed Wed
Start Time 700 900 1200 1500 1700 600 800 1100
T (oC) 19.4 25.6 26.7 25.0 23.3 18.3 20.6 27.8
Av. Spd. (mph) 47.5 47.7 44.2 44.4 39.9 49.2 48.6 44.5
Std Dev (mph) 8.3 7.2 8.0 8.7 9.2 6.5 8.8 7.4
Total Vehicles 2650 1998 2908 3371 4167 1495 2654 2807
Total LD 2596 1935 2853 3304 4096 1454 2589 2724
Total HD 54 63 55 67 71 41 65 83
F LD 0.980 0.968 0.981 0.980 0.983 0.973 0.976 0.970
F HD 0.020 0.032 0.019 0.020 0.017 0.027 0.024 0.030

Table A-11.  Run description, Sepulveda Tunnel, 1996.
Run

1
Run

2
Run

3
Run

4
Run

5
Run

6
Run

7
Run

8
Run

9
Run

10
Run

11
Run

12
Run

13
Run

14
Run

15
Run

16
Run

17
Run

18
Date 23-Jul 23-

Jul
23-
Jul

24-
Jul

24-
Jul

24-
Jul

24-
Jul

25-
Jul

25-
Jul

25-
Jul

25-
Jul

26-
Jul

26-
Jul

26-Jul 26-Jul 27-Jul 27-Jul 27-Jul

Day Tues Tues Tues Wed Wed Wed Wed Thur Thur Thur Thur Fri Fri Fri Fri Sat Sat Sat
Start
Time

1100 1500 1700 600 800 1000 1400 700 900 1900 2100 1400 1600 1800 2000 700 830 1000

T (oC) 20.0 20.6 20.6 18.3 18.9 20.6 23.3 20.0 22.8 22.8 22.2 27.8 26.7 25.0 22.2 20.0 22.8 22.8
Avg. Spd
(mph)

41.7 18.8 21.4 48.0 44.5 41.7 26.9 47.3 45.2 42.4 40.7 24.9 21.4 26.1 41.6 50.2 47.9 45.7

Std Dev
(mph)

7.0 8.7 8.3 7.4 7.1 5.9 9.4 8.1 5.6 6.9 8.4 8.5 5.4 8.3 8.2 5.7 5.8 6.4

Model
Year

86.7 87.4 86.7 86.9 85.4 87.8 87.1 86.9 87.5 86.6 88.1 87.5 87.3 86.3 86.5 87.1 87.0 86.6

Total
Vehicles

2888 3459 4131 1864 3875 2402 3578 3007 2237 3393 2631 3718 4157 4186 2786 1953 1622 2785

Total LD 2781 3369 4060 1813 3799 2315 3504 2933 2140 3329 2579 3617 4074 4093 2739 1881 1571 2737
Total
HD

107 90 71 51 76 87 74 74 97 64 52 101 83 93 47 72 51 48

F LD 0.963 0.974 0.983 0.973 0.980 0.964 0.979 0.975 0.957 0.981 0.980 0.973 0.980 0.978 0.983 0.963 0.969 0.983
F HD 0.037 0.026 0.017 0.027 0.020 0.036 0.021 0.025 0.043 0.019 0.020 0.027 0.020 0.022 0.017 0.037 0.031 0.017
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Van Nuys Tunnel, Los Angeles (1996)

The Van Nuys Tunnel is a two-bore, urban tunnel, 222 m in length, running east/west under
the runway of the Van Nuys Airport.  There are three lanes per bore along with a narrow
walkway adjacent to the north and south lanes.  Vent buildings are located on the southeast
and northeast edges of the tunnel and were not in operation during the experiment. There are
nine door-size openings between the bores.  The openings were covered with plywood prior to
the commencement of sampling. Traffic lights are located within a few hundred meters of both
the tunnel exit and entrance.  Because of the lights, vehicles accelerated upon entering the
tunnel and often decelerated at the exit.  A total of nine periods were sampled (Table A-12) in
the North Bore, the same as in the 1987 experiment.

Table A-12.  Run description, Van Nuys Tunnel, 1995.
Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7 Run 8 Run 9

Date 9-Jun 9-Jun 9-Jun 10-Jun 10-Jun 11-Jun 12-Jun 12-Jun 12-Jun
Day Fri Fri Fri Sat Sat Sun Mon Mon Mon
Start Time 700 1000 1800 1100 2100 1900 730 1200 1500
T (oC) 30.1 32.3 29.0 38.9 31.3 37.1 34.8 42.1 42.7
Av. Spd. (mph) 42.6 42.4 43.3 44.7 43.4 45.4 43.2 43.6 44.2
Std Dev (mph) 6.1 5.3 5.4 5.0 4.7 5.3 5.7 5.3 5.5
Total Vehicles 1558 1624 1554 1603 670 1046 2183 2021 1315
Total LD 1489 1559 1530 1581 665 1040 2092 1973 1259
Total HD 69 65 24 22 5 6 91 48 56
F LD 0.956 0.960 0.985 0.986 0.993 0.994 0.958 0.976 0.957
F HD 0.044 0.040 0.015 0.014 0.007 0.006 0.042 0.024 0.043
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APPENDIX B

UC BERKELEY CALDECOTT TUNNEL FIELD STUDY DESCRIPTION
(written by Rob Harley, UC Berkeley)

The Caldecott Tunnel is located in the San Francisco Bay area on state highway 24 between
Alameda and Contra Costa Counties.  The tunnel comprises 3 two-lane traffic bores, with the
direction of traffic in the middle bore switched to accommodate commuter peaks.  Light-duty
vehicle emissions have been measured in the middle bore of the tunnel in summers 1994-97,
1999, and 2001.  Heavy-duty vehicle emission factors for NOx and PM2.5 were inferred from
additional pollutant measurements made in the southernmost bore (bore 1) of the tunnel in
summer 1997.

For each tunnel sampling period in 1997, traffic was counted in three weight categories:  light
(cars plus 2-axle/4-tire trucks), medium (2-axle/6-tire), and heavy (3 or more axles).  Survey
data indicate that about half the medium and almost all the heavy vehicles are diesel-powered.
From 1230-1530 h in bore 1, the fraction of diesel trucks ranged from 3 to 5% of total traffic,
whereas in the middle bore from 1530-1830 h, the diesel truck fraction was much lower.  In
all cases, vehicles were traveling uphill on a 4.0% grade.  Heavy trucks traveled through bore
1 on the uphill grade more slowly (65 ± 11 km/h, N=13) than light-duty vehicles (89 ± 11
km/h, N=8 for 21 July; 70 ± 9 km/h, N=17 for 22-24 July).  A license plate survey indicated
an average model year of 1988 for 156 heavy-duty diesel trucks sampled at random in bore 1.

Diesel trucks were estimated to contribute 3-5% of total CO, 15-19% of total CO2, 38-41% of
total NOx, and 76-79% of total PM2.5 concentrations measured in bore 1 from 1230-1530 h.
Using a carbon balance, HD diesel emission factors for NOx and PM2.5 were estimated to be
42 ± 5 and 2.5 ± 0.2 grams per kg of diesel fuel burned, respectively.  Uncertainties in CO2

apportionment affect both of these emission factors, and uncertainty in the NOX apportionment
is also important.  Uncertainty in PM2.5 apportionment is less important because diesel trucks
were responsible for such a high fraction (>75%) of total PM2.5 emissions in bore 1.




