
Man-made tunnels have existed 
for thousands of years, and 
nearly all of them have used 

some sort of water handling system.   In 
the early days, steam pumps were used to 
keep mine sha� s dry.  Today, membranes 
are usually used to keep water from 
entering these below-grade passageways 
in the � rst place.

Tunnel waterproo� ng is 
one of the most demanding and 
challenging sectors of the industry. 
“� ere are all di� erent types of 
tunnels, both in construction and 
use,” explains Stacy Byrd, National 
Products Manager at Cetco, “and that 
a� ects the waterproo� ng methodology 
you’re going to use.”

“For example, a shallow tunnel 
will typically be built using cut-and-
cover construction techniques,” he 
says. “Deep tunnels, on the other hand, 
o� en use giant tunnel boring machines, 
and may require a completely di� erent 
waterproo� ng system.”

Excavation depth, the soil type, 
elevation of the water table, and site 
access are also issues.

“� ere are so many di� erent 
methods of constructing a tunnel that 
the waterproo� ng solution should 
be designed to � t that particular 
project design and expected jobsite 

conditions.” Byrd states, “To determine 
the best waterproo� ng solution one 
must consider how the tunnel will be 
constructed. Will it be constructed with 
cast-in-place concrete, precast, shotcrete, 
or a combination such as a precast 
tunnel roof placed onto cast-in-place 
walls? Access is also a de� ning factor in 
product selection. Will the waterproofer 
have the space to install the membrane 

from the exterior or will it be blindside 
construction?”  

Dave Polk, owner of Epro Services, 
has been involved with a number of 
complex tunnel projects, including the 
underpass tunnel leading to the San Jose 
Airport.

Site conditions were di�  cult, to say 
the least.  Spilled jet fuel had 
contaminated the soil and water 
in the area, and the water table 
was only six feet below grade.  
� at meant that even the top of 
the tunnel would be below the 
water table.  

“� e � rst thing that needed to be 
done was the installation of construction 
wells and pumps—a site dewatering 
system,” says Polk.   “� ey built the top 
of the tunnel � rst.  � ey drove pilings 
in, then poured corbels and reinforced 
concrete beams on that.  Once that was 
is place, we could waterproof the top.”  
By � nishing the top � rst, surface roads 
could be opened sooner and minimize 
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the tra�  c disturbance.  
“We used our spray membrane with 

a HDPE [high-density polyethylene] 
� lm over the top,” says Polk. “We knew 
it would be covered by paving, so we just 
used strip drains for drainage.”

� en they began excavating under 
the roof, installing post-tensioned 
tiebacks as the work progressed to keep 
the pilings stable.  � e contaminated soil 
was removed and a base of structural, 
permeable � ll was brought it.  � is 
was covered by the waterproo� ng 
membrane, which Polk describes as 
a “� eld composite laminated barrier.” 
Basically, it’s a seamless, spray-applied 
membrane sandwiched between two 
layers of HDPE. � e tunnel bottom has to 
withstand 20 feet or more of hydrostatic 
pressure, so the waterproo� ng system 
here was absolutely critical.

� e wall waterproo� ng was done 
blindside.  Polk’s crew � rst applied 
a dimple drain sheet, then carefully 
sealed around the tiebacks and other 
penetrations.  � ey tied this into the top 
and bottom waterproo� ng systems, then 
sprayed a � nal layer of waterproo� ng 
on the walls.  � en it was enclosed in 
shotcrete. 

“We waterproofed all the way 
around the tunnel, plus the three sides 
of the entry and exit ramps,” said Polk.  
� e job was completed several years 
ago, and so far, hasn’t su� ered any water 
penetration.

Byrd, at Cetco, was involved with 
a massive project in China a few years 
ago.  � e excavation was done with 
an enormous tunnel boring machine 
(TBM). 

“� e subway tunnel was 
waterproofed with a bentonite-geotextile 
membrane around the circumference 
of the tunnel,” he said.  “� e reinforced 
concrete tunnel lining was then cast-in-
place using slip forms.” 

Typically TBM tunnels are 
demanding construction projects.  Byrd 
says it’s not unusual for TBM tunnels 
to reach depths of 160 feet below the 
surface.

� ermoplastic membranes are 
commonly used with TBM construction,” 
he continues.  “Usually the thermoplastic 
membrane is a PVC [poly-vinyl chloride] 
or polyethylene sheet with all the overlap 
seams welded.”

Working that deep, the tunnel is 
almost always carved into bedrock.  � at 
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Occasionally, waterproofers use thermoplastic membranes in tunnel work, 
such as the top of this mine shaft in Canada.  All seams and overlaps are 
welded to ensure a continuous, unbroken layer of waterproofi ng. Rigid PVC 
waterstops are often added at the seams and fused to the membrane to confi ne 
any leaks that may occur.
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presents a challenge for waterproo� ng 
installers, since the sharp edges of the 
broken rock can easily puncture the 
membrane.  “� ey typically solve the 
substrate problem by spraying shotcrete 
onto the angular rocks to smooth out 
the excavated surface,” says Byrd.  “� e 
waterproo� ng system is installed over the 
prepared substrate.  � en the reinforced 
tunnel wall —typically constructed with 
shotcrete or cast-in-place concrete is 
placed.”

According to Byrd, drainage layers 
are typically absent in deep tunnels, as 
the pressures are so great that engineers 
shy away from anything compressible 
outside the tunnel walls.  Instead, some 
tunnel designs incorporate a PVC 
waterstop welded to the interior surface 
of the thermoplastic membrane in a grid 
pattern, which limits the distance water 
can migrate behind the membrane. 
An alternate thermoplastic membrane 
product incorporates an active polymer 
core layer that self-seals at installation 
defects in the thermoplastic membrane 

to stop water ingress.   
“Many deep tunnel designs still 

allow for a certain amount of leakage,” 
notes Byrd.  “� e project speci� cations 
will spell out how much leakage is 
permissible over a de� ned length of the 

tunnel for a given period of time.  � is 
seepage water is collected into interior 
drainage and then channeled to sumps 
for discharge.”

� is system of drains and pumps 
is o� en used when the sheer scale of 
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Over one million sq. ft. of waterproofi ng was used on the subway stations of 
Vancouver, B.C.'s Canada Line, which runs for nearly 35 miles below the city.
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the project prohibits lining the entire 
tunnel.  For instance, Dave Polk was 
tapped to waterproof the Canada Line, 
a series of subway tunnels around 
Vancouver, B.C., that extend for nearly 
35 miles. “Obviously, they didn’t have 
the budget to waterproof the entire 
35 miles of tunnels,” says Polk.  “We 
only waterproofed the stations, and the 
tunnels immediately adjacent to them.”  
Still, just that portion came to over a 
million sq. � . of waterproo� ng.

“� e soils at most of the sites has 
strata water, like little springs that come 
out of  excavated walls.  � e tunnels were 
trenched and shored with soil nails and 
shotcrete slurry coats.   We installed 
a drainage composite on walls, and a 
spray membrane on the roof.  � e only 
waterproo� ng on the underslab was 
in about a third of the locations, where 
there was strata water,” explains Polk.   
On this job, they installed the underslab 
barrier � rst, then waterproofed the walls, 
and � nished with the ceiling.  

“With a lot of the cut-and-cover 

tunnels and shallow earth tunnels you 
will get into situations where you want 
drainage,” agrees Byrd.  

Cetco was involved with 

waterproo� ng the Washington D.C. 
subway “Blue Line.”  

“It was cast-in-place, cut-and-cover 
construction,” he explains. “Because it 

The  Washington D.C. Blue Line tunnel is an excellent example of cut-and-
cover construction. More than 1.3 million sq. ft. of Voltex DS, a bentonite 
sheet membrane, was applied to the walls and fl oor, the top was sealed with 
rubberized asphalt.
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was going through residential sections 
of the community, they couldn’t 
overexcavate and had to pour the tunnel 
walls directly onto the soil retention 
system.  We provided a bentonite-
geotextile membrane that was installed 
to the soil retention wall prior to the 
concrete placement.  � e bentonite 
geotextile membrane was also used 
underslab over the gravel substrate.”  

In St. Louis, on another cut-and-
cover job, they also used a bentonite 
sheet on the walls and underslab, which 
was constructed with cast-in-place 

concrete. � e lid of this tunnel, however, 
used pre-cast sections.  � e arched 
precast tunnel roof was waterproofed 
with an adhered bentonite-butyl rubber 
membrane that tied to the bentonite-
geotextile membrane used on the wall. 

Byrd notes that precast concrete 
is becoming more common in tunnel 
construction.  Many small shallow 
tunnels like utility corridors are 
constructed using craned-in-place 
precast sections.  One of the primary 
challenges with waterproo� ng these 
precast tunnels, claims Byrd, is ensuring 

the membrane is not damaged and stays 
in direct contact with the bottom of the 
precast section when they are set into 
place.  

Whether it’s a precast utility tunnel, 
a cut-and–cover rail line, or a gaping 
passageway bored deep beneath a 
mountain, all tunnels need some sort of 
dewatering system.

And that’s helping keep companies 
a� oat in a troubled economy.  “We’ve 
found that because residential has gone 
down to nothing, the waterproofers 
that have survived have branched into 
commercial, usually some type of 
specialty commercial,” says Polk. 

The St. Louis Metro-Link used a bentonite membrane on walls and a butyl 
rubber on precast roof sections (left and center). Entire pre-cast tunnels like 
this one in Stamford, Conn. (right) are becoming increasingly common.
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