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Figure 19. Control room (Holland Tunnel). 

--

Figure 20. Standby generators (Pennsylvania Turnpike). 



fan dampers. The Wallace tunnel has a 500-kVA generator 
powered by a natural gas engine (LP gas also can be used) 
that will operate most tunnel facilities; plus, until the gen­

erator starts ( or if it does not start), a battery system 

(Fig. 21) operates one-fourth of the night lighting, the TV 

system, the carbon monoxide (CO) detectors, and the por­

tal traffic signals, which are automatically turned to red. 

A similar system is used at the Eisenhower tunnel. At other 

tunnels, standby equipment includes generators with ca­

pacity to operate complete tunnel facilities (New River 

tunnel) or capacity to operate only lighting in the control 

buildings, the CO monitors, and communications gear 

(Holland tunnel). At all tunnels having standby equipment, 
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that equipment starts automatically on failure of the utility 
source. 

Standby equipment must be tested regularly to assure 
proper operation in an emergency. At the Brooklyn-Battery 
tunnel, standby generators are automatically run for 15 
minutes each week; at the Caldecott tunnel they are tested 
monthly. The standby equipment is run weekly at the 
Wallace tunnel and each month a power failure is simu­
lated and the generator run for an hour. The generators 
at Big Walker tunnel in Virginia are run once a week with­
out a load and once a month with a load. The battery­
powered AC generator at the Baytown-LaPorte tunnel is 
checked for one minute every day and the diesel generator 
is placed in service for a half hour four times every three 
weeks. 

Fig11re 21 . Emergency ballery system for Wallace T11nnel. (Co11rtesy Alabama Highway Dept.) 

CHAPTER FIVE 

VENTILATION 

Artificial ventilation of a tunnel may be one of three types: 
longitudinal, transverse, or semi-transverse (Fig. 22). With 
longitudinal ventilation (Fig. 22a) no ducts are used-air 
is pumped in ( or out) at a single location and the tunnel 
tube itself is used as a duct. Air movement is aided by the 
piston action of one-way traffic flow. In the transverse 

method (Fig. 22b), separate ducts are used for supplying 
fresh air and exhau~tiug vitiated air. The air moves trans­
versely across the tube between fresh air and exhaust open­
ings. For semi-transverse ventilation a single duct is used, 
usually for fresh air supply (Fig. 22c), but there are many 
variations (Figs. 22d, 22e). In each case powerful fans 



20 

(Fig. 23) are used to supply the fresh air and draw out the 
exhaust air. 

Bc1.;ausc scu1i-i.1ausvcusc auU luugii.uUiual vt::uliiatiuu :sy8-
tems are usually designed for one-way movement of traffic, 
ventilation problems may occur if two-way traffic is oper­
ated in the tunnel. Except when traffic is very light, the 
fans may not be able to cope with the turbulence and air 
surges created by two-way traffic. The result at one tunnel 
was extremely high carbon monoxide levels and excessive 
hr.arine ancl shaft wr.ar nn fam ancl clrivr. r.qnipmr.nt. 

a. Longitudinal 

b. Transv.erse 

c. Semi-transverse 

\ - -~--\--\ • • 

d. Semi-transverse 

e. Semi-transverse 

Figure 22. Venlilation types. 

FAN OPERATION 

The flow of fresh air into and exhaust air out of a tunnel is 
controlled by changing the number of fans operating and/ 
or the speed at which they run. Although a few tunnels use 
single-speed fans, most tunnel fans have multispeed capa­
hlllty hP,-.~Uli::P tl,py ~r~ tlr-i"'3M hy m11lt-icpppf'1 mnt/"\TC (turn 

to four speeds are used) or by high- and low-speed motors. 
At many tunnels a minimum level of ventilation is always 

provided and is increased as necessary. In general, fans or 
add1tional tans are turned on as monitoring equipment in­
dicates a buildup of carbon monoxide (CO) in the tunnel. 
The procedure for increasing air flow may be carried out 
automatically or manually by an operator in the control 
room. An automatic sequence of fan operation triggered 
by rising CO levels is given in Table 1. At sequence 5 the 
portal traffic lights are turned red to stop traffic from enter­
ing the tunnel. As CO levels fall the sequence is reversed. 

At several tunnels, the operator increases ventilation 
when he anticipates increased traffic, such as before morn­
ing or evening rush hours, or when a stoppage occurs. In 
these cases, automatic controls may be overridden. At the 
Brooklyn-Battery tunnel a computer is being installed that 
wiil rnrn on fans in anticipation of rush-hour traffic. A 
traffic detector and computer system at the Wallace tunnel 
senses traffic volumes and can increase fan speeds before 
the CO analyzers detect increased CO levels. 

At several tunnels operation of fans is rotated so that 
wear will be uniform. Time meters for each fan motor at 
the Broadway tunnel indicate the number of hours of motor 
operation at each of the two speeds. A transfer switch 
allows the operation sequence of the fans to be interchanged 
to keep the operation time of each motor equal. The com­
puter at the Brooklyn-Battery tunnel is expected to be able 
to keep the hours of operation of fan motors uniform. 

Procedures are available at each tunnel for emergency 
operation of ventilation in case of fire in the tunnel. With 
transverse ventilation, these procedures usually require 
maximum ventilation in the affected section of the tunnel 
to eliminate smoke and gases. With semi-transverse ven­
tilation, methods are used to convert the air supply duct to 
an exhaust duct. At the Fort Pitt tunnel, separate exhaust 
fans (normal ventilation is supply only) are started, special 
dampers are opened and the air supply duct becomes an 
exhaust duct. At the Wallace tunnel, the fans can be re­
versed to create an exhaust, although this will he done only 
at the direction of fire officials. 

TABLE I 

AUTOMATIC SEQUENCING OF FANS AND FAN 
SPEEDS" 

SEQUENCE 

1 
2 
3 
4 
5 

FAN NO. J 

Low speed 
Low speed 
High speed 
High speed 
High speed (alarm) 

a Broadway Tunnel, San Francisco. 

FAN NO. 2 

Off 
Low speed 
Off 
High speed 
High speed 



Figure 23. Ventilation fans . 

At most tunnels the installed capacity of the fans is such 
that loss of a single fan or motor will not affect the capa­
bility to provide maximum designed air flow. 

MONITORING EQUIPMENT 

The condition of the air in a tunnel must be continually 
monitored to avoid carbon monoxide buildup. All tunnels 
have a system to sample, analyze, and record CO levels. 
The most widely used is the hopcalite analyzer (Fig. 24). 
Air is pumped from sampling points in the tunnel to the 
analyzer and the CO level is determined. This system en­
tails a delay of 4 to 10 minutes, depending on the distance 
from sampling point to the analyzer. Placement of the 
analyzer in the tunnel has been used to reduce the delay to 
less than a minute. Infrared analyzers are used in a few 
tunnels. Regardless of the analyzer used, the CO data are 
transmitted to a recorder (Fig. 25) for a permanent record 
of time and CO levels. 

In tunnels with manual ventilation control, an operator 
observes the CO recorder and adjusts air flow to keep CO 
levels within safe limits. Visual indicators (red lights) and 
audible alarms ( bells or horns) are connected to the re­
corder in case the operator fails to respond to rising values 
of CO. 

Where automatic ventilation control is used, the fresh air 
supply is changed automatically in accordance with the ris­
ing and falling values of CO. At several tunnels CO levels 
in excess of some preset maximum value will also turn the 
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Figure 24. Carbon monoxide analyzer. 



22 

••• o••• • - - - -II II "' 
.!_ • • ij " 

tiit .. -.• II • ~ 'La .. 

" • • ' " 

~ t • ,, 

- (i f_ 

-
Figure 25. Control panel with CO recorders. 

portal lights to red, thus stopping vehicles from entering the 
tunnel until the CO drops to a safe level. 

Carbon monoxide analyzers and recorders are checked 
at least weekly and calibrated monthly. Calibration is ac­
complished with the use of certified cylinders of CO-free 
air and air with a known percentage of CO. Portable test­
ers are sometimes used jn tunnel tubes to verify correct 
operation of the CO monitoring system. 

Because of reduced CO emissions from automobiles and 
sizable smoke emissions (but little CO) from diesel en­

gines, smoke detectors have been installed at the Lincoln 

tunnel. When the smoke detector indicates considerable 

smoke in the tunnel, the ventilation is increased even 

though CO levels do not require additional ventilation. The 

smoke detectors work well but require frequent cleaning. 

--



CHAPTER SIX 

COSTS 

Operation and maintenance of a highway tunnel is far more 
expensive than other highway facilities. However, compari­
son of operating and maintenance costs among tunnels is 
difficult. A tunnel that is long, urban, and under water has 
much higher costs than a short, rural, mountain tunnel. 
Differences in operating policies will greatly influence ex­
penses, even for similar tunnels. For example, a policy that 
tolerates longer traffic delays (and thus no towing equip­
ment is stationed at the tunnel) will result in lower costs to 
the tunnel agency although user costs will be higher. 

Costs often are difficult to obtain. Some tunnels are 
maintained and operated by a highway division with other 
maintenance and operating responsibilities, and costs are 
not separated. At other tunnels one or more divisions have 
some responsibility for the tunnel and there is no separate 
cost accounting. Nonetheless, costs were obtained from 17 
tunnel operators. 

For comparison, costs were calculated on the basis of 
vehicle-miles of travel and also on the basis of lane-miles 
of tunnel. Neither of these methods is truly accurate be­
cause some costs, such as lighting, are independent of traffic 
volume and others are partially dependent on traffic . Elec­
tricity costs are given in kilowatt-hours (kWh) because the 
data were readily available and differences in the price of 
electricity are eliminated. An attempt was made to obtain 
labor costs in man-hours but these data were not available. 

TABLE 2 
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The expenses given in the tables are those for labor, parts 
and supplies used for traffic surveillance, operation and 
maintenance of ventilation, relamping, tunnel washing, and 
the like. Costs of toll collection and policing are not 
included. 

The annual tunnel operating and maintenance expenses 
are given in Table 2. This table is based on information 
from 12 multilane tunnels, half of which are mountain tun­
nels and the other half underwater tunnels. Each tube 
operates one-way except when maintenance is being per­
formed . Data from five two-lane tunnels also are given in 
Table 2. 

These are extraordinarily high costs, especially when 
compared to the average costs of maintenance and traffic 
services for highways. Data from "Highway Statistics" * 
on costs (Table SF-4), and on mileage (Table SM-1) in­
dicate a national average cost for maintenance and traffic 
services of about $3,200 per mile ( $2,000/km) for rural 
primary highways and about $5,000 per mile ($3,000/km) 
for municipal extensions of state highway systems. How­
ever, individual states range as high as $43,000 per mile 
($27,000/ km) for municipal extensions. Note that these 
are costs per mile of highway whereas the tunnel costs are 
per lane-mile. 

• "Highway Statistics." FHWA. U.S. Department of Transportation 
(1972) 216 pp. 

ANNUAL OPERATING AND MAINTENANCE EXPENSES FOR TUNNELS" 

PER 1,000 VEH-MI PER LANE-MILE 

ITEM $ 

Range 16 to 7 5 
Average 35 
Median 27 

Range 108 to 187 
Average 148 

• Based on 1973 cost data . 
"Twelve tunnels. 
c Five tunnels. 

KWH $ 

(a) 4- AND 6-LANE TUNNELS" 

123 to 287 44,000 to 434,000 
207 141,000 
228 113,000 

(b) 2-LANE 2-WAY TUNNELS ' 

307 to 553 221,000 to 861,000 
396 494,000 

KWH 

426,000 to 1,438,000 
888,000 
823,000 

944,000 to 2,260,000 
1,543,000 
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CONCLUSIONS AND RECOMMENDATIONS 

A tunnel is the only practical solution for many situations. 
In other situations a tunnel may be one of the alternatives 
being considered. Although there has been concern with 
the initial costs of the various alternates, there has not been 
as much interest in the operating and maintenance costs. 
Yet, when a lunnel is opened to traffic the lights are turned 
on and never again turned off, and ventilation, cleaning, 
and other expenses begin. 

If a tunnel is necessary, it should be designed with opera­
tions and maintenance in mind. Designers should be aware 
of the special equipment required and the problems at exist­
ing tunnels. Designers and operators should coordinate as 
early as possible to assure proper choice of geometrics, 
materials, and equipment that will minimize operating and 
maintenance problems and costs yet provide a design that 
is structurally, mechanically, electncally, and operationally 
efficient. 

Many existing tunnels have significantly reduced traffic 
capacity compared to open highways. To increase capacity 
of future tunnels, lanes should be at least as wide as on 
approach roadways, shoulders should be provided where 
feasible, and vertical clearances should be as great as on 
adjacent highways to eliminate the overheight vehicle 
problem. 

Equipment should be "off-the-shelf" insofar as possible. 
Replacement parts for specially built items become difficult 
to obtain after several years. The initial hardware package 
for a tunnel should include equipment ( or at least pro­
visions) for traffic surveillance and control. 

Provisions for fire fighting are a part of every tunnel 
design. However, the problems of automatic sprinkler sys­
tems in tunnel tubes appear to outweigh the advantages and 

APPENDIX A 

SELECTED BIBLIOGRAPHY 

APPERSON, R. W., "Tunnel Cleaning Method." California 
Department of Transportation (June 1973) 86 pp. 

"Automatic Control of Road Traffic in Tunnels." Tunnels 
and Tunnelling, Vol. 4, No. 4 (Jul.-Aug. 1972) pp. 
348-349. 

CooKE, G. R., "Maintenance and Operation of Tunnels." 

these systems should not be built into tunnels except for 
special applications such as in fan ducts. 

The major concern with maintenance of tunnel lighting 
has been the replacement of burned-out lamps. More em­
phasis should be placed on determining the actual light level 
in the tunnel and then deciding what measures are needed 
to bring the level up to the designed level (including main­
tenance factor). 

Signing is a continuing problem in tunnels. There is little 
space available for standard signs and signals and motorists 
frequently fail to pay attention to the signs and signals that 
are used within tunnels. It is recommended that at least 
standard colors and messages be used in tunnel signs, al­
though more research is warranted on the most effective 
signing methods in tunnels. 

Transportation of hazardous cargo through tunnels is a 
problem. Some agencies have detailed regulations on trans­
portation of hazardous materials through their facilities and 
can exercise tight control. Other agencies have few or no 
restrictions on hazardous cargo and some have no enforce­
ment of their regulations. As a minimum standard, the 
federal Motor Carrier Safety Regulations and Hazardous 
Materials Regulations should be followed. Because of en­
forcement problems and because transportation of hazard­
ous materials on alternate routes may expose the public to 
more danger than in a tunnel, consideration should be given 
to allowing passage through tunnels on a permit basis only 
during specified off-peak hours. 

A tunnel is an expensive facility to construct, operate, 
and maintain. All possible steps should be taken to mini­
mize expenses while providing proper service to the motor­
ing public. 

Proc. American Toll Bridge Association (1947) pp. 
83-87. 

"Documentation Digest-Road Tunnels Committee." 
XIVth World Congress, Permanent International As­
sociation of Road Congresses, Prague ( 1971) 590 pp. 

Eorn, L. C., and FooTE, R. S., "Effect of Shock Waves on 

--



Tunnel Traffic Flow." Proc. HRB, Vol. 39 (1960) 
pp. 492-505. 

FOOTE, R. S., "Development of an Automatic Traffic Flow 
Monitor and Control System." HRB Bull. 291 ( 1961) 
pp. 79-103. 

FooTE, R. S., "Installation of a Tunnel Traffic Surveillance 
and Control System.'.' Traffic Control-Theory and 
Instrumentation, Plenum Press, New York (1965) 
pp. 125-141. 

"Low-Cost Tunnel Renovation." American City, Vol. 86, 
No. 2 (Feb. 1971) p. 14. 

MAY, A. D., JR., "Squirrel Hill Tunnel Operations Study." 
HRB Bull. 324 (1962) pp. 12-37. 

APPENDIX B 

25 

RODGERS, S. J., ET AL., "Tunnel Ventilation and Air Pollu­
tion Treatment." Prepared for FHW A, Office of Re­
search, by Mine Safety Appliance Research Corpora­
tion (June 30, 1970) 251 pp. 

"Tunnel Operations." Texas Transp. Inst., Bibliography 
65-1 ( 1964) 17 pp. 

"The Ventilation of Road Tunnels-Discussion." Tunnels 
and Tunnelling, Vol. 4, No. 4 (Jul.-Aug. 1972) pp. 
329-339. 

"Tunnel Management and Operational Evaluation." Pre­
pared by Michael Baker, Jr., Inc., for Pennsylvania 
Department of Transportation, 3 volumes: "Fort Pitt 
Tunnel" (June 1970), "Squirrel Hill Tunnel" (July 
1970), and "Liberty Tunnel" ( Oct. 1970). 

DATA FOR TUNNELS WITH ARTIFICIAL VENTILATION AND 
LENGTH GREATER THAN 500 FT (150 M) 
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Date 
State Name and Location Operator Opened 

Ala. BANKHEAD. U.S. 90 under Mobile River; Ala. Highway 1941 
Mobile. Department 

WALLACE. I-10 under Mobile River; Ala. Highway 1973 
Mobile. Department 

Cal. BROADWAY. Broadway betw .. Hyde and City of San 1952 
Mason Sts.; San Francisco Francisco 

CALDECOTT. Cal. Route 24 at Contra Calif. Div. of 1937 
Costa-Alameda Cnty. l"ine; Oakla1nd Highways 1965 

COLLIER. U.S. 199 near Oregon sta.te Cal if. Di V • of 1963 
line; Del Norte County Highways 

POSEY. Ca 1. Route 260 under Oakland Calif. Di V. of 1928 
---rs tua ry; Oakland Highways 

WEBSTER ST. Cal. Route ,~60 under Calif. Div. of 1963 
Oakland Estuary (Companion to Posey) Highways 

LAKEWOOD BL VD. Cal. 19 under Long City of Long 1958 
Beach Airport Runway; Lon9 Beach Beach 

SPRING ST. Spring Street under Long City of Long 1958 
Beach Airport Run.way; Lon9 Beach Beach 

SECOND STREET. Second Street between City of Los 1924 
Figueroa and Hill Sts.; Los Angeles Angeles 

SEPULVEDA BLVD. Cal. l under-L. A. City of Los 1953 
Internat'l. Airport runway; L.A. Angeles 

THIRD STREET. Third Street between City of Los 1901 
Flower and Hill Sts., Los Angeles Angeles 

Colo. EISENHOWER. I-70 under Continental Colo. Dept. of 1973 
Divide; 60 mi. W. of Denver Highways 

Conn. WEST ROCK. Wilbur Cross Pkwy . Conn. Dept. of 1949 
(Route 15); New Haven Transportation 

D. C. CENTER LEG. I-95 under the Mall, D. C. Dept. of 1973 
Washington. Transportation 

DUPONT CIRCLE. Connecticut Ave. under D. C. Dept. of 1950 
Dupont Circle; Washin9ton Transportation 

9TH STREET. 9th Street Lmder the Mall; D. C. Dept. of 1971 
Washington Transportation 

12TH STREET. 12th Street under the Mall; D. C. Dept. of 1964 .. 
Transportation 

I I ' I 

Length 
"' Portal to Portal cu 

ft .J::l m ::, 
I-

3109 948 l 

3000 914 2 

1616 493 2 

3610 1100 2 
3371 1027 l 

1835 559 l 

3!545 1081 l 

3350 1021 l 

908 277 2 

1080 329 2 

1502 458 l 

1908 582 2 

1059 323 l 

8941 2725 l 

l ,'.00 366 2 

31(00 1036 2 

!i78 176 2 

1610 491 l 

729 222 l 

....... 
"' QJ- (I.I 
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2 
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3 22.000 
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State Name and Location Operator 

Fla. NEW RIVER. U.S. 1 under New River; Fla. Dept. of 
Fort Lauderdale Transportation 

H.I. WILSON. Kalihi Valley; Honolulu City & County 
of Honolulu 

La. BELLE CHASSE. State Route 31 under Intra La. Dept. of 
coastal ~aterway; Algiers Highways 

HARVEY. Bus . U.S. 90 under Intracoastal La. Dept. of 
-----i;raferway; Harvey Highways 

HOUMA. State Route 3040 under Intra- La. Dept. of 
~astal Waterway; Houma Highways 

Md. BALTIMORE HARBOR. Under Patapsco Md. Dept. of 
River; Baltimore Transportation 

Mass . DEWEY SQUARE. John Fi tzgera 1 d Mass. Dept. of 
Expwy. under Dewey Sq.; Boston Pub 1 i c Works 

CALLAHAN. U.S. 1 under Boston Inner Mass. Turnpike 
Harbor; Boston Authority 

SUMNER. U.S. 1 under Boston Inner Mass. Turnpike 
~or (Companion to Callahan) Authority 

PRUDENTIAL CENTER. Mass. Turnpike Mass. Tumpi ke 
under Prudential Center; Boston Authority 

Mi ch. DETROIT-WINDSOR. Under Detroit Detroit-Canada 
River betw. U.S. and Canada Corpora ti on 

Minn. LOWRY HILL. 1-94 under Lyndale and Minn. Dept. of 
Hennepin Aves.; Minneapolis Highways 

N. J. G. W. BRIDGE APPROACHES. East and West Port Authority of 
tunnels on approaches to G.W. Bridge N.Y. & N.J. 

N. y. BROOKLYN-BATTERY. Under East River Triborough Bridge 
betw. Manhattan & Bklyn.; N.Y.C. & Tunnel Authority 

QUEENS-MIDTOWN. Under East River Tri borough Bridge 
betw. Manhattan & Queens; N.Y.C . & Tunnel Authority 

HOLLAND. Under Hudson Rvr. betw. Port Authority of 
N.Y.C. & Jersey City, N. J. N.Y.&N.J. 

Length 
Date Portal t o Portal "' QI 

Opened ft m ..c 
::, 
I-

1960 800 244 2 

1960 2780 847 2 

1956 800 244 1 

1957 1080 329 2 

1961 960 293 1 

1957 7650 2332 2 

1958 2400 732 2 

1962 5070 1545 1 

1934 5657 1724 1 

1964 1980 604 2 

1930 5130 1564 1 

1971 1496 456 2 

1962 631 192 1 
547 167 

1950 9117 2779 2 

1940 6272 1912 1 
1940 6414 1955 1 

1927 8558 2608 1 
1927 8371 2551 1 

........ 
"' QI QI 
C: ..c ADT "'::, 

....I I-

2 44,000 

2 35,000 

2 

2 

2 

2 65,500 

3 125,000 

2 65,000 

2 65,000 

4 

2 

3 32,000 
(c) 

2 
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2 } 60,000 
2 

2 
} 60,000 

2 
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Date 
State Name and Location Operator Opened 

N. y. LINCOLN. Under Hudson Rvr. betw. Port Authority of 1937 
(Cont.) N.Y.C. & Weehawken, N.J. N.Y. &N.J. 1945 

1957 

BATTERY PARK. Under Battery Park in 
Manhattan; New York C·i ty 

New York City 1951 

FIRST AVENUE. 1st Avenue under U.N. New York City 1953 
Plaza; New York City 

HUGH GRANT CIRCLE. I-95 under Hugh Grant New York City 1955 
Grant Circle, Bronx; N.Y.C. 

PARK AVENUE. Park Avenue between New York City (b) 
33rd & 40th Streets; N.Y.C. 

Ohio LYTLE PARK. I-71 under Lytle Park; City of 1970 
Cincinnati Ci nci nna ti 

Pa. FORT PITT. I-79 under Mount Pa. Dept. of 1960 
Washington; Pittsburgh Transportation 

LIBERTY. Under Mt. Washington betw. Pa. Dept. of 1924 
W. Liberty Ave. & Li b,e rty B ri dge; Transportation 
Pittsburgh 

SQUIRREL HILL. I-376 under Squirrel Pa. Dept. of 1953 
Hill; Pittsburgh Transportation 

ALLEGHENY. Pa. Turnpike und,~r Pa. Turnpike 1940 
All egheny Mt.; Somerset Co. Corrmission 1965 

BLUE MOUNTAIN. Pa. Turnpike under Pa. Turnpike 1940 
Blue Mt.; Franklin Co. Commission 1968 

LEHIGH. Pa. Turnpike, N.E. ,:!xtension; Pa. Turnpike 1957 
Lehigh Co. Commission 

KITTATINNY. Pa. Turnpike under Pa. Turnpike 1940 
Kittatinny Mt.; Franklin Co. Commission 1968 

TUSCARORA. Pa. Turnpike under Pa. Turnpike 1940 
Tuscarora Mt.; Franklin Co. Corrmission 1968 

I 1 1 I i 

Length 
Portal to Portal "' ~., 

ft m .Cl =, 
t--· 

8216 2504 1 
7482 2281 1 
8006 2440 l 

2400 732 2 

1378 420 2 

700 213 2 

1392 424 1 

850 259 2 
1 

3600 1097 2 

5690 1734 2 

4225 1288 2 

6070 1850 1 
6070 1850 1 

4339 1323 1 
4339 1323 1 

4380 1335 1 

4727 1441 l 
4727 1441 1 

E1326 1623 1 
~1326 1623 1 

-..... 
"' (I) (I) 
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...JI-

2 
} 95,000 2 

2 
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State 

Tex. 

Va. 

Va. & 
W. Va. 

Wash. 

W. Va. 

Date 
Name and Location Operator Opened 

BAYTOWN-LA PORTE . SH 146 under Houston Texas Dept. of 1953 
Shi p Channel betw. Baytown & LaPorte Highways 

WASHBURN. Federal Rd. under Houston Ship City of Houston 1950 
Cnannel betw. Pasadena and Galena Park 

BIG WALKER. 1-77 under Big Walker Mt.; Va. Dept. of 1972 
near Wythevi 11 e Highways & Transp. 

HAMPTON ROADS. I-64 under Hampton Roads Va. Dept. of 1957 
Harbor betw. Norfolk & Hampton Highways & Transp. 

DOWNTOWN. U.S. 460A under Elizabeth Va. Dept. of 1952 
Rvr. betw. Norfolk & Portsmouth Highways & Transp. 

MIDTOWN. U.S. 58 under Elizabeth Rvr. Va. Dept. of 1962 
betw. Norfolk & Portsmouth Highways & Transp. 

BAL TI MORE CHANNEL. Under north ship Chesapeake Bay 1964 
channel; Chesapeake Bay Brdge. & Tun. Dist. 

THIMBLE SHOAL CHANNEL. Under south Chesapeake Bay 1964 
ship channel; Chesapeake Bay Brdge. & Tun. Dist. 

EAST RIVER MOUNTAIN. I-77 under East Va. Dept. of 1974 
River Mt. on Va.-W.Va. border Highways & Transp. 

BATTERY ST. Beneath Battery Street Wash. Dept. of 1954 
betw. 1st & 7th Aves.; Seattle Highways 

WHEELING. I-70; Wheeling W. Va. Dept. of 1966 
Highways 

MEMORIAL. West Virginia Turnpike; W. Va. Turnpike 1954 
Kanawha County Commission 

NOTES: 

(a) Ventilation Type: 
T = Transverse 

(b) Rehabilitated in 1973; original 
opening date unknown. 

S = Semi-transverse 
L = Longitudinal 

Length ........ 
"' "' Portal to Portal Q) Q) Q) 
.a C: .a 

ft ::, re,::, ADT m I- __JI-

3009 917 l 2 20,000 

2936 895 l 2 

4230 1289 2 2 1,600 
(c) 

7479 2280 l 2 22,400 

3350 1021 l 2 25,000 

4194 1278 l 2 16,000 

5450 1661 l 2 4,000 

5738 1749 l 2 4,000 

5400 1646 2 2 

2140 652 2 2 23,500 

1490 454 2 2 29,000 

2669 814 l 2 

(c) Connecting roadways not completed. 
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