The interception capabilities
of slotted drains as pavement
surface drainage systems
B Jansen van Vuuren, M van Dijk, W J vdM Steyn

The following two slotted drain installation scenarios were reviewed in this paper: a slotted
drain operating individually without a median barrier and a slotted drain operating with an
adjacent barrier installed along the longitudinal length of the drain. The interception capability
of the two installation scenarios was experimentally reviewed and compared while imitating
various conditions typically expected on South African pavements. The applied sheet flow,
slotted inlet sizes and pavement slopes (longitudinal and cross slopes) were varied throughout
the experiment. Interception efficiencies of the slotted inlets were experimentally calculated as
a ratio of total intercepted sheet flow to the total sheet flow applied to the pavement layouts.
The sheet flow applied during the experiment was analysed to estimate the rainfall intensities
and flow depths that can typically occur on the different pavements for which the interception
capability of the slotted inlets was reviewed. It was estimated that rainfall intensities of more
than 1 000 mm/hr and flow depths higher than 10 mm were imitated during the experiment.
More than 98% of the maximum applied sheet flow of approximately 3.0 ℓ/s/m was intercepted
by the 30 mm slotted inlets regardless of the pavement slope values and type of slotted
drain layout. The conclusion reached was that both these slotted drain installation scenarios
operating in practice for the conditions tested would have the capability to sufficiently remove
the surface water to promote road safety during wet pavement conditions.

INTRODUCTION
One of the most common hydraulic risks
on a pavement surface is the accumulation
of surface runoff caused by insufficient surface drainage. Hydroplaning and splash and
spray, the two phenomena associated with
insufficient surface drainage and ponding
water on a pavement surface, are directly
proportional to the water film depth on
a pavement surface. Three techniques to
reduce the water depth on a pavement
surface are:
QQ regulating the pavement geometry
QQ utilising different pavement surface
textures
QQ implementing efficient surface drainage
systems.
The placement of slotted drains between
adjacent lanes on wider pavements with
three to four carriageways is a recommended drainage technique to enhance
surface drainage (Anderson et al 1998).
Slotted drains are normally identified
as pipe segments cut along the longitudinal length to form an opening and are
often spaced with bars perpendicular to
the pipe opening to form slotted inlets.
Slotted drains are installed within a pavement structure to intercept sheet flow by

functioning individually, or are installed
to operate with a concrete barrier placed
along the slotted drain’s longitudinal length.
The decision whether to implement a
median barrier with a slotted drain usually
depends on the geometric design and the
total width of the pavement. Various slotted drain installations are implemented on
South African pavements (for example on
the Gauteng Freeway Improvement Project
(GFIP) and on airport runways) to improve
surface drainage. However, for numerous
pavement designers the implementation of
slotted drains as surface drainage systems
in South Africa is still a questionable drainage solution due to uncertainty around the
drainage capabilities and maintenance possibilities of these drains.
The operation of slotted drains on pavements has potential disadvantages. Slotted
drains are highly susceptible to clogging
(Figure 1) and the implementation of slotted drains in environments where significant sediment and debris are presented is
not recommended, as severe ponding can
develop on the pavement surface, creating
safety hazards for pavement users (Brown
et al 2009). Slotted drains, subjected to
traffic loads within trafficking areas, are
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likely to deteriorate and cause unevenness
on the roadway surface. The location, spacing and the inlet size of the slotted drains
installed on pavement surfaces should thus
be kept in mind when designing for these
pavement drainage systems.
The cleaning of slotted inlets can be
relatively easy but should be maintained
on a regular basis in high-sediment areas.
Special equipment is used, such as cleaning
paddles or cleaning brushes which match
the shape and the profile of the bottom
of the drain for cleaning smaller slotted
drains. A water compressor can also be
used to clean more significant drains where
a high force of water and air is blown
into the slotted inlets to remove clogging
materials. Debris is then manually removed
from the catch basin. The clogging of
debris can become problematic, as heavy
stormwater can easily transport sediments
and debris over a large pavement area,
causing clogging of the slotted inlets.
Slotted drains functioning as pavement
surface drainage systems can be evaluated
on their capability to intercept and remove
surface water, as well as their ability to
dispatch debris. The primary objective of
this paper was to evaluate slotted drain
performance by experimentally reviewing
the interception efficiencies of two different slotted drain layouts. Various factors
affecting the interception efficiencies of
slotted drains were imitated during the
experiment to evaluate whether these
drains are able to sufficiently remove surface water from a pavement.

Hydroplaning and splash and spray
Hydroplaning, also defined as aquaplaning,
is the partial or full separation between the
wheels of a vehicle and the pavement surface, caused by the excessive water pressure
accumulated between the vehicle’s wheels
and the pavement surface. An increase
in the water pressure (which is initially
equal to the forces exerted by the wheels)
causes a reduction in skid resistance, which
ultimately leads to non-existent steering
ability. Hydroplaning is directly proportional to the depth of the water film on the
pavement surface and is highly influenced
by fundamental factors such as the driving
characteristics, vehicle dynamics, pavement
conditions (geometric design, drainage
design and maintenance) and several
environmental factors (Chaithoo & Allopi
2012). According to Brown et al (2009),
hydroplaning can occur at travelling
speeds from 89 km/hr with water depths
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Figure 1 Clogging of slotted inlets
starting at 2 mm. NAASRA (1974) states
that water depths ranging between 2.5 mm
and 5 mm can cause friction loss between
tyres and the pavement surface without
actual aquaplaning occurring. However, the
critical water film depth for aquaplaning
to initiate may vary between 4 mm and
10 mm depending on other characteristics
of the pavement surface (NAASRA 1974).
The South African Road Agency Limited
(SANRAL 2013) recommends that the
water film thickness on the pavement
surface during a 1:5-year storm should not
exceed 6 mm to reduce aquaplaning risks
to within acceptable limits.
Another safety concern associated with
wet pavement conditions is the “splash and
spray” effect. When a vehicle travels on a
wet pavement surface, the tyres of the vehicle accumulate the water from the pavement
surface and spread clouds of small droplets
into the air, resulting in poor visibility and
unsafe driving conditions for road users.

Water film depths
A review of relevant literature has shown
that the water film depth (WFD) on a pavement surface can accurately be predicated
with a variety of empirical or analytical
methods. These methods apply influencing
variables such as drainage flow path slopes,
drainage flow path lengths, rainfall intensities, Manning n-values, time of concentration and texture depths.
The RRL (Road Research Laboratory)
method (Russam & Ross 1968) is an
approved method to determine the water
film depth on pavements in South Africa.
Volume 62 Number 4 December 2020

This method is defined by two concepts,
namely the gradient (slope) and distance
(length) of the drainage flow on the pavement surface. The drainage flow path
length is the minimum distance that the
water must flow from the point at which
it falls on the surface to the edge of the
pavement and is measured along its flow
path slope which depends on a combination of the pavement width, cross slope and
longitudinal slope. The following equations
are used and adapted from the SANRAL
drainage manual (SANRAL 2013) to estimate the water film depth on a pavement
surface according to the RRL method:
To calculate the slope of the flow path
(laminar flow conditions are assumed):
Sf = √n12 + n22(1)
Sf = flow path slope (%)
n1 = pavement cross fall (%)
n2 = pavement gradient (%)
(The flow path slope is determined
assuming a planar road surface, without
super-elevation.)
To calculate the length of the flow path
(laminar flow conditions are assumed):
Lf = W *

Sf
n1

=W*

n
1 + ⎫⎪ 2 ⎫⎪ (2)
⎭ n1 ⎭
2

Lf = length of flow path (m)
W = pavement width (m)
The water flow depth can consequently be
determined as:
Journal of the South African Institution of Civil Engineering

Pavement cross fall (%)

No median concrete barrier

Carriageway for incoming traffic
Carriageway for passing traffic
A

Slotted drain installation

Median concrete barrier
Pavement cross fall (%)
Carriageway for incoming traffic
Carriageway for passing traffic
B

Slotted drain installation

Figure 2 C
 ross-section of the installation scenarios of slotted drains: (A) with no median barrier, (B) with median barrier
d = 4.6 * 10 –2 * (Lf * I)0.5 * Sf–0.2(3)
d = water flow depth (mm)
I = rainfall intensity (mm/h)
Gallaway et al (1979) developed a different empirical method for the United
States Department of Transportation in
cooperation with the Federal Highway
Administration (FHWA) to accurately
predict the water film depth (WFD) on a
pavement surface. This method, detailed in
the Texas Department of Transportation’s
(TxDOT) hydraulic design manual
(Bohuslav 2004) is an empirical relationship between the drainage flow path
length, the pavement slope, the rainfall
intensity and the mean texture depth of
the pavement surface. Gallaway (1979) and
Oakden (1977) both recommended that
the WFD on a pavement surface should be
limited to a maximum depth of 4 mm.
WFD = z *

TXD 0.11 * L0.43 * I0.59
S0.42

– TXD(4)

WFD =	water film depth above the top of
the surface asperities (mm)
z = constant (0.01485)
TXD =	mean pavement texture depth
(mm, 0.5 mm for design)
L = length of drainage path (m)
I =	
rainfall intensity (mm/h, with a
minimum of 50 mm/hr)
S = slope of drainage path (%)
(The values for the variables provided were
obtained from TxDOT’s hydraulic design
manual (Bohuslav 2004)).
Chaithoo and Allopi (2012) developed an
independent software tool to determine
flow depths on pavement surfaces by

considering various hydraulic factors. The
calculations confirmed that the flow depth
of surface water will increase when the
width of the road increases or the road gradient increases. Conversely, the flow depth
will decrease if the road cross fall increases.
Anderson et al (1998) have studied and
identified three different techniques to
control water film thickness on pavement
structures:
QQ Controlling the pavement geometry
QQ Implementing textured pavement surfaces (asphalt, grooved concrete, ultrathin friction course (UTFC))
QQ Installing effective drainage
appurtenances.
The surface drainage systems implemented
to reduce water film depths on pavements
should have the capability to intercept
surface water efficiently with a minimum
susceptibility to clog.

E=

Q
Qi

* 100

(5)

E = interception efficiency (%)
Q = total flow (m3/s)
Qi = intercepted flow (m3/s)
Some slotted inlets are installed in the
centre of highways or multi-carriageway
pavements to operate individually or with
a type of barrier placed along the longitudinal length of the drain. This barrier
can improve the road safety during wet
pavement conditions, as the surface water
which is not intercepted by the inlets accumulates against the barrier without flowing
to the opposite side of the roadway. These
two installation scenarios were experimentally evaluated in this paper.

METHODS

Interception efficiency
of slotted inlets

Description of test facility

The interception efficiency (E) of an
inlet is the ratio between the total
amount of water flow intercepted and
the total amount of flow approaching the
inlet, expressed as a percentage. This is
dependent on a number of influencing
factors, such as the inlet characteristics
(length, width, curb opening, etc), the
pavement slopes (longitudinal and cross
slopes), the velocity, and the flow depth
of the approaching flow. The interception efficiency of an inlet decreases as
the approaching flow velocity increases
towards the inlet, as well as when the flow
width of the approaching flow is greater
than the inlet width (Brown et al 2009).
The interception efficiency of an inlet is
expressed by the following equation:

Two different experimental layouts were
designed and constructed to simulate slotted drains operating under two different
installation scenarios in practice (Figure 2).
Layout 1 (A) was built to simulate the
operation of a slotted drain functioning
individually without an adjacent median
barrier, which in practice is installed with
the same gradient as the cross slope of
the pavement. Layout 2 (B) was built to
simulate the operation of a slotted drain
functioning with an adjacent median barrier, which in practice is installed with the
same gradient as the median barrier (horizontally to the cross slope of the pavement
with a zero per cent slope).
The layouts were designed and constructed with similar full-scale dimensions
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Figure 3 Slotted drain installation
as the precast concrete slotted drains manufactured by Salberg Concrete Products (Pty)
Ltd in South Africa. The inlet sizes of the
proprietary slotted drains reviewed in the
experiment were 20 mm, 40 mm and 60 mm
wide. Figure 3 shows the proprietary slotted drain installation in practice, followed
by Figure 4 that shows the cross-sectional
slotted drain design, with the respective
dimensions summarised in Table 1. The
test procedures and results discussed in this
paper were only for the two layouts with the
20 mm slotted inlet width.
Each layout was constructed from
1.22 m × 2.44 m shutter wood representing
a pavement section, a slotted inlet and a
fixed catchment drainage area underneath
the slotted inlet of the layout to capture
intercepted surface water for flow measurements. The surface of the pavement sections
was treated with bitumen paint and sieved
sand particles (between 1 mm and 2 mm)
to obtain an asphalt-like surface texture. An
average surface texture depth of 0.628 mm
was achieved by the sand patch test
method (CSRA 1984). The different layouts
were placed individually on portable and

D

H

Hm

W

Figure 4 C
 ross-sectional design of proprietary slotted drain

Model width (Wm)
Width (W)

Flow
direction
Length (L)

Table 1 Proprietary slotted drain dimensions
Dimensions

Type of slotted drain
Slotted
drain
Ø150

Slotted
drain
Ø300

Slotted
drain
Ø450

D (mm)

150

300

450

H (mm)

260

410

600

W (mm)

255

410

600

Plan view

L (mm)

1 250

1 250

1 250

Width (W)

Wx (mm)

97.5 (98)

165

250

Wy (mm)

97.5 (98)

165

250

Wz (mm)

60

80

100

Sd (mm)

55

55

75

Sw (mm)

20

40

60

Hm (mm)

130

205

300

Mass (kg)

163

312

720

14

Model
length
(Lm)

A-A

A-A

W1

Wz

W2

Sw
Sd
PVC gutter fixed underneath
slotted inlet
Section A-A

Figure 5 Layout 1 design
Volume 62 Number 4 December 2020
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Table 2 Layout 1 and Layout 2 dimensions
Model width (Wm)
400 mm

Width (W)

Flow
direction

Model
length
(Lm)

Length (L)

A-A

A-A

Plan view

Waterproof
membrane
stitchbond
functioning as
a hinge

Width (W)

Wx

Wz

Simulating a
concrete barrier

Wy

Sw

95 mm
Sd
PVC gutter fixed underneath
slotted inlet

Section A-A

Figure 6 Layout 2 design

Water supply system

B

Pump supply
water from the
sump

Bypass
way

A

Valve 1
C

Main supply
way

Goose neck flow outlet
Water drainage system

Valve 2
B-B
Heliflex hose
pipe

M
A-A

Sensus IPERL flow meter 2
L

Constructed
pavement
section

D

Gutter outlet 2

Flow
direction

1 600 mm

K

Water catchment area

Gutter outlet 1
J
4 × adjustable
footings for model
support and
changing slopes

Senus
IPERL flow
meter 1

B-B

A-A

Figure 7 Plan layout of experimental setup
Journal of the South African Institution of Civil Engineering Volume 62 Number 4 December 2020

Dimensions (mm)

Layout 1

Layout 2

Lm

2 740

2740

Wm

1 500

980

L

2 440

2 440

W

1 220

255

W1

480

n.a

W2

680

n.a

Wx

n.a

98

Wy

n.a

98

Wz

60

Sw

20

Sd

55

adjustable support footings to achieve different pavement slope configurations during
the experiment. The pavement section and
the slotted inlet of Layout 1 were fixed to
adjust as a unit on the support footings,
while the pavement section of Layout 2
was partially fixed to the slotted inlet with
a stitchbond fabric membrane. The membrane performed as a hinge which allowed
the pavement section to adjust independently from the slotted inlet system on the support footings for different slope configurations. More additions were made to Layout 2
imitating the operation of a median barrier.
A small piece of shutter board with a height
of 95 mm was fixed to the end of the slotted inlet, which in practice represents the
bottom part of the median barrier. Figures 5
and 6 are schematic illustrations of Layout 1
and Layout 2 respectively, followed by the
layout dimensions as specified in Table 2.
The experiment was conducted in the
hydraulic laboratory of the University of
Pretoria next to a large sump which served
as a water reservoir for the experiment. The
experimental setup consisted of a water
supply system, a water catchment area, the
constructed pavement section and a water
drainage system. The experimental setup is
illustrated schematically in Figures 7, 8 and
9 with the components listed in Table 3.
In Figure 7 a submersible pump (A) was
used to deliver water from the sump through
a network of pipes, filling a self-constructed
catchment area (PVC gutter). Two PVC ball
valves were used to control the volume of
water applied to the system. Valve 1 (B),
was manually operated to bypass the excess
volume of water to discharge back into the
sump, while Valve 2 (C) was used to control
the flow rate delivered through the pipe

15

Water catchment area
2 100 mm
F
Shade netting

Perforated pipe
outlet inside
PVC gutter

G

Insertation rubber
strip fixed to the front
side of the gutter

E

Water supplied
from pump
into PVC gutter

J

Adjustable support
footings for water
catchment area

H

Adjustable support
footings for
changing the slopes
of the layouts

Section A-A

Figure 8 C
 omponents of the water catchment area

Water drainage system
1 100 mm

Gutter outlet 1

1 500 mm

Gutter outlet 2

Fixed gutter underneath
the model inlets to capture
intercepted flow
L
Sensus IPERL flow meter 2

Goose neck outlet
installed in drainage
pipe system
M

Section B-B

Figure 9 C
 omponents of the water drainage system
network into the water catchment area. A
Sensus IPERL flow meter (D) was used to
measure the applied flow rate.
In Figure 8 the self-constructed water
catchment area was a 2.1 m long gutter
section fixed to two adjustable footings
for support (H). The catchment area was
located just above the pavement section
of the layout and was elevated as required
for the different slope setups of the layouts. Water settled in the gutter before
discharging uniformly over the side onto
the pavement section of the layouts. An

to overflow. Another Sensus IPERL flow
meter (L) was connected to a pipe on
the drainage system to measure the total
volume of water intercepted by the slotted
inlet. Any water not intercepted by the
slotted inlet flowed directly into the sump
below the installation. A gooseneck flow
outlet (M) was installed at the end of the
drainpipe, ensuring that the drainpipe was
constantly full to conduct accurate flow
measurements.
Figure 10 shows the experimental setup
with the water flow direction and slopes.

insertion rubber strip (G) was sealed to the
frontal side of the gutter to prevent water
leakage underneath the gutter. Shade netting (E), was fixed to the front side of the
gutter to enhance sheet flow conditions by
reducing the water turbulence when exiting
the gutter.
In Figure 9 the sheet flow intercepted
by the slotted inlet was captured in the
gutter fixed underneath the slotted inlets
of the layouts. A drainage system was connected to two gutter outlets to drain the
intercepted water, preventing the gutter

Table 3 Components of the experimental setup
Layout section

Water supply system

Pavement section

16

Component description

Position

Submersible pump

A

Valve 1 (bypass valve)

B

Valve 2 (control valve)

C

Flow meter 1

D

Adjustable support footings

J

Treated pavement surface

K

Layout section

Water catchment
area

Water drainage
system

Component description

Position

Shade netting

E

Perforated pipe outlet

F

Rubber insertion

G

Adjustable support footings

H

Flow meter 2

L

Goose neck flow outlet

M

Volume 62 Number 4 December 2020
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n2

n1
Cross slope

2

Longitudinal slope

Reference point for
slope measurements
0

Figure 10 Layout setup

Test procedures and measurements
Different flow rates were reviewed in the
experiment. The flow rates were regulated
by opening or closing the two valves (B and
C in Figure 7). Flows were recorded after
a few minutes when a smooth sheet flow
runoff had been obtained on the pavement
surface. Flow measurements were manually
logged every 180 seconds for four consecutive periods at a constant discharge. Flow
depths were measured with a digital point
gauge across the width of the sheet flow at
three different positions – left, middle and
right. The pavement slope was altered by
adjusting the heights of the support footings individually. Once the specific slope of
the pavement layout had been obtained, the
test procedure was repeated for different
flows. A droplet of liquid dye was applied
to the sheet flow to obtain a visual illustration of the flow path for different slopes.
Data obtained from the flow measuring
devices (with a calibrated accuracy of 2%)
was used to determine inlet interception
efficiencies for each test configuration as
the ratio between the total intercepted flow
and the total applied sheet.

Layout components
and test variables
Table 4 reflects the characteristics and test
values of the layouts.

DATA ANALYSIS AND
RESULTS DISCUSSION
Six different slope combinations were
tested for the five different flow rates that

4

Table 4 Layout characteristics and dimensions
Layout characteristics

Unit

Value

Roadbed width for
approaching flow

m

0.5

Roadbed length

m

2.44

Slotted drain length

m

2.44

Slotted drain inlet widths

mm

20; 40; 60

Calculated mean
texture depth (MTD) of
pavement surface

mm

0.628

Longitudinal slope

%

0–6

Cross slope

%

2–6

mm

95

Approaching flow width

m

0.5 – 1.6

Approximate sheet flow
supply capacity

ℓ/s

3.0

Bottom height of the
barrier

6

2

4

were applied to the layouts. Longitudinal
and cross slopes were varied up to 6%
as flow measurements were taken three
times per constant applied sheet flow. The
applied flow rates were measured with the
flow meter connected to the water supply
system, and intercepted flow rates were
measured with the flow meter connected
to the drainage system of the experimental
setup. The interception efficiency (%)
was determined by dividing the average
intercepted flow rate by the average applied
flow rate (see Equation 5). These results are
summarised in Tables 5 and 6.
Both layouts with a 20 mm wide slotted
inlet intercepted more than 98% of the
applied sheet flow up to approximately
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6

6

Interception
efficiency (%)

Sf

Flow path slope

Average flow
rates (ℓ/s)
Intercepted

Flow direction

Slope
configuration
(%)

Applied

Where:
Sf	– Flow path slope
n1 – Cross slope
n2 – Longitudinal slope

Cross slope

Sf = n12 + n22

Table 5 Interception efficiency test results,
Layout 1 with a 20 mm wide slotted inlet

Longitudinal
slope

Calculate flow path slope:

0.650

0.644

99.15

1.159

1.148

99.04

1.881

1.856

98.62

2.300

2.263

98.39

2.922

2.872

98.29

0.420

0.419

99.56

1.111

1.100

99.00

1.559

1.546

99.17

2.172

2.148

98.89

2.987

2.952

98.82

0.617

0.613

99.40

1.224

1.211

98.94

1.611

1.594

98.97

2.437

2.407

98.78

2.993

2.950

98.58

0.570

0.567

99.35

1.307

1.300

99.43

1.907

1.887

98.93

2.494

2.463

98.74

2.970

2.917

98.19

0.691

0.685

99.20

1.137

1.128

99.19

1.633

1.617

98.98

2.702

2.669

98.77

3.002

2.961

98.64

0.698

0.693

99.20

1.117

1.111

99.50

1.802

1.789

99.28

2.304

2.280

98.96

3.011

2.961

98.34

3.0 ℓ/s. It was found that the median barrier of Layout 2 did not have any effect on
the interception efficiency of the inlet, as
the sheet flow was intercepted without
overflowing the inlet before the barrier
could be in function.
Additionally, the applied flow rate per
square metre was analysed to estimate
the rainfall intensities (I) and water flow
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Table 6 Interception efficiency test results,
Layout 2 with a 20 mm wide slotted inlet

6

2

4

6

6

0.656

0.652

99.44

1.298

1.283

98.86

1.739

1.715

98.62

2.169

2.137

98.55

3.037

2.993

98.54

0.531

0.526

98.96

1.139

1.130

99.19

1.743

1.724

98.94

2.428

2.391

98.47

3.024

2.972

98.29

0.578

0.576

99.68

0.965

0.954

98.85

1.674

1.652

98.67

2.487

2.454

98.66

2.965

2.920

98.50

0.715

0.709

99.22

1.369

1.354

98.92

1.930

1.896

98.27

2.306

2.278

98.80

3.002

2.967

98.83

0.756

0.750

99.27

1.437

1.419

98.71

1.830

1.806

98.68

2.415

2.385

98.77

3.026

2.987

98.72

0.624

0.619

99.11

1.559

1.550

99.41

1.898

1.883

99.22

2.519

2.494

99.04

2.972

2.933

98.69

depths (d) that can typically occur on
different pavement widths, for which the
interception capability of the slotted inlets
was reviewed. Calculations were made for
pavement widths up to four carriageways,
assuming that each carriage way is 3.6 m
wide. The variables used in the calculations
are shown in Figure 11.
The rational method was used to
convert the applied sheet flow to rainfall
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Figure 11 Variables of calculations
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Figure 12 C
 alculated rainfall intensities and path lengths
intensity for a specific flow area (SANRAL
2013):
Q=

C*I*A
3.6

(6)
Volume 62 Number 4 December 2020

Q = peak flow (m3/s)
C =	run-off coefficient (C = 1 for this
study) (dimensionless)
I =	average rainfall intensity over a
catchment (mm/hr)
Journal of the South African Institution of Civil Engineering

Table 7 Flow depth results
Road width
(m)

Estimated flow depths (mm)
RRL equation

Broad-crested weir equation

Gallaway equation

3.6

13.6

7.2

12.1

10.8

10.5

13.7

14.4

11.3
10.8

is concluded to be a safe and efficient
method to remove surface water from
pavement surfaces.
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