



































sibility, however, can only be confirmed when the
edge drain is repaired. Because of this suspected
blockage or kink, the effective length of the cusp
edge drain is reduced to approximately 454 ft.
The maximum discharge, discharge volume, and
lag times from the cusp edge drain were affected
by an unknown amount.

Another possible problem that may have
affected the data is a sag in the conventional edge
drain about 15 ft from the lowest observation port.
The low point of the perforated pipe in this sag
appeared to be full of water but was not obstructed
during an inspection. Depending on the event and
the conditions before the event, this sag could have
affected some of the discharge characteristics. It is
not known whether the sag drained during dry peri-
ods, so the amount of the effect could have been
recurring. If the sag did not drain during dry peri-
ods or become obstructed, then the effects were
minimal for all events. If the sag drained during
dry periods, however, the sag would affect the dis-
charge by an unknown amount for each rainfall
event. The water would initially fill the sag and
then flow as if the sag did not exist. Large and
small discharge events would be affected by this
sag, however, the percentage of error for the larger
events would be less.

DISCHARGE CHARACTERISTICS OF
HIGHWAY DRAINAGE SYSTEMS

Discharge characteristics presented for the four
edge drains were the maximum discharges mea-
sured in cubic feet per hour, discharge volumes in
cubic feet, and lag times in minutes between sev-
eral event characteristics for each edge drain from
selected events. In general, the conventional edge
drain was the most closely matched by the oblong-
pipe edge drain. Most of the event characteristics
for the conventional and oblong-pipe edge drain
were similar for every event. The events ranged in
total rainfall from less than 0.05 in. to approxi-
mately 2.10 in. and are assumed to have covered
the entire drainage area uniformly for each edge
drain. (The drainage area of each edge drain as
shown in figure 3 was surveyed and computed as
the area enclosed by a rectangle from the sawn cut
to the crown or center line of the highway surface.)

Event durations ranged from about 1 hour to

20 hours. Only data for those rainfall events during
which all gages were functioning properly and
accurately with respect to the characteristic being
compared were used in this analysis. For several
events, a small discharge was recorded but no
bucket tips registered for the rainfall tipping-
bucket gage; total rainfall was less than 0.05 in.
for these events. Although lag times could not be
computed for these events, maximum discharges
and volumes for these events were still used in
the analysis.

Five-minute-increment rainfall totals for the
events ranged from less than 0.05 in. to approxi-
mately 0.30 in. The long-duration, low-intensity
rainfall events produced some of the highest maxi-
mum discharges and volumes. For most of the
events with high maximum discharges and vol-
umes, the intensity remained at 0.05 or 0.10 in.
(one or two tips) per 5-minute interval for several
consecutive intervals. For the high-intensity rain-
fall events, 0.15 to 0.30 in. (three to six tips) per
S-minute interval, the increase in the rate of dis-
charge from the edge drains was not significant.
The low-intensity events allowed more water to
infiltrate into the subbase than the high-intensity
events. For the high-intensity events, most of the
water probably flowed over the sawn cut and over
the shoulder, bypassing the edge drains.

Maximum Discharge

The maximum discharges of the four edge
drains were presented only if all four edge drain
gages were operating properly during an event.
The comparison of the maximum discharges for
the edge drains was based on 72 events. Several
events consisted of multiple discharge peaks; in
such cases, only the maximum discharges for each
of the events were used in the comparison. During
some of the events, for example, the maximum dis-
charges occurred shortly after the onset of the rain.
As additional rain fell, second peaks occurred, but
they were usually not as high as the initial peaks.
If, however, the discharges during an event from
all the edge drains decreased to about 0.73 3 /hr
(one tip in 5 minutes) and then peaked again, the
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discharge peaks were separated and analyzed indi-
vidually. Maximum-discharge data for each edge
drain are summarized in figure 6 and table 1.

Table 1. Statistics for maximum discharges for each edge
drain for 72 events, 1991-93 for State Route 16 near
Granville, Ohio

[All units are in cubic feet per hour and rounded to 3 significant digits;
CV is the coefficient of vanation; IQR is the interquartile range; Range is
the maximum value minus the minimum value; Midrange is the value
midway between the maximum and minimum values]

Edge drain type
Conven- Oblong

* Statistic tional Post pipe Cusp’
Mean 8.00 3.38 7.99 336
Standard

deviation 6.03 331 5.81 221
Ccv 55 980 726 657
Minimum 730 730 730 730
Maximum 319 18.1 294 894
Median 6.20 2.55 7.11 2.55
IQrR 6.38 3.65 456 3.65
25th percentile  4.38 730 438 1.64
75th percentile 10.8 438 8.94 5.29
Range 311 173 , 287 8.21
Midrange 163 9.40 15.1 4.84

! Al edge drains were installed under nearly equal geological and
environmental conditions; however, a hole in the embankment was dis-
covered approximately 41 feet from the upper observation port of the
cusp edge drain (fig. 3). Some water flowing from the edge drain may
have escaped laterally instead of flowing out the outlet pipe and through
the gage. .

The mean maximum discharges of the conven-
tional and oblong-pipe edge drains were approxi-
mately equal, and both were higher than the means of
the post and cusp edge drains. For almost every
event, the maximum discharges of the conventional
and oblong-pipe edge drains were either equal to or
higher than those from the post and cusp edge drains.
The smallest maximum discharge for all the edge
drains was 0.73 f/hr. A few of the large events pro-
duced maximum discharges from the conventional
and oblong-pipe edge drains that were larger than the
capacity of the orifice of the tipping-bucket gages
and flowed over the weir. The post and cusp edge
drains did not produce enough flow to overtop the
weir during any of the events used in the analysis.
The laggest maximum discharges ranged from
8.94 ft°/hr for the cusp edge drain to 31.9 £/hr for
the conventional edge drain.

10

The mean maximum discharges for all the edge
drains were computed to give a general idea of the
discharge characteristics of the four edge drains.
The standard deviation and coefficient of variation
also were computed to measure the variability of
the four edge drain data sets. The variability of the
maximum discharge for each of the edge drains is a
function of the amount of rain falling over the
drainage areas and the effectiveness of the edge
drains in channeling the water out of the subbase.
Although the standard deviations relative to the
means for the edge drains are nearly equal, the
maximum discharges were usually much greater
for the conventional and oblong-pipe edge drains
than for the post and cusp edge drains.

Although the mean maximum discharge for the
conventional edge drain was the highest among all
the edge drains, the median maximum discharge
for the oblong-pipe edge drain was the highest
median among the four edge drains. The medians
also were used for comparison because of the vari-
ability of the data sets and some extremely high
discharges from the conventional and oblong-pipe
edge drains. Extreme values do not affect the medi-
ans as much as they will affect the means of the
maximum discharges. The median maximum dis-
charges for the post and cusp edge drains were
much smaller than the median maximum dis-
charges for the conventional and the oblong-pipe
edge drains. Median maximum discharges for the
conventional and oblong-pipe edge drains were at
least two times the median maximum discharges
for the post and cusp edge drains.

Volumes

The volumes were computed from the dis-
charge data for all four edge drains and presented
for 55 events. The volumes were computed as the
summation of all discharges from the beginning of
an event to the end of the event. The mean and
median volumes of the oblong-pipe edge drain
were the largest among the four edge drains. The
oblong-pipe edge drain also had the lowest coeffi-
cient of variation among the four edge drain data
sets. The volumes of all four edge drains ranged
from 0.06 ft> for the post edge drain to 67.6 ft>
for the conventional edge drain. Discharge vol-
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Figure 6. Distribution of maximum discharges for each edge drain for 72 events, 1991-93 for State
Route 16 near Granville, Ohio. (All edge drains were installed under nearly equal geological and
environmental conditions; however, a hole in the embankment was discovered approximately 41
feet from the upper observation port of the cusp edge drain (fig. 3). Some water flowing from the
edge drain may have escaped laterally instead of flowing out the outlet pipe and through the gage.)

— % %x

| R X %

1

1

= -
CONVENTIONAL POST OBLONG PIPE cusp
EDGE DRAIN TYPE
EXPLANATION

S

Data point is greater than
1.5 times the interquartile
range from the box.

Largest data point less
than or equal to the upper
quartile plus 1.5 times the
interquartile range.

75t Percentile
Median

25" Percentile

Smallest data point
greater than or equal to
the lower quartile minus
1.5 times the interquartile

range.

Discharge Characteristics of Highway Drainage Systems

"



ume data for each edge drain are summarized in
figure 7 and table 2.

Table 2. Statistics for volumes for each edge drain
for 55 events, 1991-93 for State Route 16 near
Granville, Ohio

Table 3. Statistics for discharge volumes as a percent-
age of rainfall volume for each edge drain for 55 events,
1991-93 for State Route 16 near Granville, Ohio

[All units are dimensionless and rounded to 3 significant digits; CV is
the coefficient of variation; IQR is the interquartile range; Range is the
maximum value minus the minimum value; Midrange is the value
midway between the maximum and minimum values]

[All units are in cubic feet and rounded to 3 significant digits; CV is Edge drain type
the coefficient of variation; IQR is the interquartile range; Range is the
maximum value minus the minimum value; Midrange is the value Conven- Oblong
midway between the maximum and minimum values] Statistic tional Post pipe Cusp!
. Mean 150 3.49 19.0 11.1
Edge drain type Standard
Conven- Oblong deviation 11.6 298 122 884
" . Ccv 772 .855 641 794
Statisti tional Post Cusp'!
ste  Tom © Pipe *P" Minimum 1.46 210 3.8 430
Mean 16.1 5.75 18.9 12.1 Maximum 517 12.3 64.0 44.0
deviation 155 8.65 13.4 115 IQR 155 397 122 11.8
Minimum 620 060 1.89 120 75th percentile 224 533 225 16.2
Maximum ~ 67.6 38.6 63.0 57.6 Range 302 12.1 60.8 43.6
Median 112 281 15.1 8.53 Midrange 26.6 626 336 222
IQR 16.7 7.10 18.4 12.2
25th percentile  5.53 67 7.63 4.15 g ]_All edg::w‘1 drainsdwere inlsltalled undir x;earl}t/h equal mieﬂ
. and environme conditions; however, a hole in the em ent
75th percentile 222 1.77 26.0 164 was discovered appmxil:nately 41 feet from the upper observation
Range 67.0 385 61.1 575 port of the cusp edge drain (fig. 3). Some water flowing from the
Midrange 341 19.3 324 28.9 edge drain may have escaped laterally instead of flowing out the

1Al edge drains were installed under nearly equal geological
and environmental conditions; however, a hole in the embankment
was discovered garoximately 41 feet from the upper observation
port of the cusp edge drain (fig. 3). Some water flowing from the -
edge drain may have escaped laterally instead of flowing out the
outlet pipe and through the gage.

Runoff volumes for each edge drain were also
presented as a ratio of the total rain falling over the
contributing drainage areas. The rainfall volumes
were computed as rainfall multiplied by the con-
tributing drainage area for each edge drain. Of
course, not all the water falling onto the highway
surface infiltrated into the edge drains; most of the
water flowed over the sawn cut, across the shoulder
surface and down the embankment, bypassing the
edge drains altogether. The highest percentage of
discharge volume to rainfall volume was 64.0 per-
cent for the oblong-pipe edge drain. The means and
medians for this characteristic were all less than
20 percent for all four edge drains. The ratio of dis-
charge volumes to rainfall volumes is summarized
in figure 8 and in table 3 to highlight the relation of
the water exiting the edge drain to the amount of
water entering the systems.

outlet pipe and through the gage.

Threshold-based volumes also were computed
for the comparison of the four edge drains. A
threshold-based volume is defined as the quantity
of water from the beginning of the selected event to
the time when the discharge falls below 20 percent
of the maximum discharge of the hydrograph of
each edge drain. The threshold for most of the
small events occurred when the discharge for an
interval equaled zero. The threshold-based vol-
umes were computed to analyze the volumes of
the edge drains without the long, flat recession
discharge included in the hydrographs. The
threshold-based volumes were smaller than the
regular volumes for each edge drain, but the com-
parison of the threshold-based volumes was similar
to the comparison of the regular volumes. There-
fore, the results of the threshold-based volumes are
not presented in this report.
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Figure 7. Distribution of volumes for each edge drain for 55 events, 1991-93 for State Route 16 near
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Granville, Ohio. (All edge drains were installed under nearly equal geological and environmental

conditions; however, a hole in the embankment was discovered approximately 41 feet from the upper
observation pott of the cusp edge drain (fig. 3). Some water flowing from the edge drain may have

escaped laterally instead of flowing out the outlet pipe and through the gage.)
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Figure 8. Distribution of the ratios of discharge volumes to rainfall volumes for each edge drain for 55
events, 1991-93 for State Route 16 near Granville, Ohio. (All edge drains were installed under nearly
equal geological and environmental conditions; however, a hole in the embankment was discovered
approximately 41 feet from the upper observation port of the cusp edge drain (fig. 3). Some water
flfc:wing frc;m the edge drain may escaped laterally instead of flowing out the outlet pipe and through
the gage.
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Lag Times

Events used to calculate lag times for this anal-
ysis were carefully selected on the assumption that
all edge drain gages and the rainfall gage were
functioning properly and that a clear beginning and
ending of the event could be determined. Some
event characteristics were avoided. In particular,
multiple peaks, where the recession of the hydro-
graph falls below the threshold and then increases
again during an event, were discarded unless the
peaks could be analyzed separately. A total of
51 events were used for the analysis of lag times.
The centroid of each discharge hydrograph and the
centroid of each rainfall hyetograph were calcu-
lated for each event for all four edge drains. The
threshold-based hydrograph centroids were also
calculated for each edge drain. Lag times were
computed for the following event characteristics:
(1) the time from the centroid of the rainfall hyeto-
graph to the centroid of the discharge hydrograph
for each edge drain, (2) the time from the centroid
of the rainfall hyetograph to the centroid of the
threshold-based discharge hydrograph for each
edge drain, (3) the time from the rainfall onset to
the maximum discharge for each edge drain,

(4) the time from the rainfall onset to the centroid
of the discharge hydrograph for each edge drain,
(5) the time from the rainfall onset to the threshold-
based centroid of the discharge hydrograph for
each edge drain, (6) the time from each hydrograph
rise to its own maximum peak discharge, and

(7) the time from each hydrograph rise to its own
threshold. The lag times for the seven different
event characteristics are illustrated in figure 9.

Because of the similarity of the data sets, only
the lag times between rainfall centroid and hydro-
graph centroid (number 1) and the rainfall onset
and hydrograph maximum (number 3) are dis-
cussed in this report. Most of the other lag times
produced similar results to the centroid to centroid
lag time (number 1). The only exception to the
similarity is the lag time between rainfall onset and
maximum discharge (number 3). All the lag times
were calculated to provide a detailed analysis of
the event characteristics, but other than the two lag
times presented, the additional 1ag time analyses do
not contribute much additional information.

The existing conditions before each rainfall-
runoff event were carefully examined. For many of
the events, discharge registered on or before the
same time interval as the rainfall. If the rainfall tip-
ping bucket was empty and the discharge tipping
bucket was nearly full, then the discharge bucket
probably tipped on or before the interval in which
the rain registered. Also, the sawn cut in the high-
way surface and the reflective cracks increased the
infiltration rate of the water to the edge drains. For
events in which discharge registered in the interval
before the rainfall registered, the lag times were
computed as if the discharge and the rainfall
occurred in the same time interval.

The lag times between the rainfall centroid and
the discharge hydrograph centroid (number 1)
were similar for the conventional and oblong-
pipe edge drains. The post edge drain had the
shortest mean lag time between the centroid of the
rainfall hyetograph and the centroid of each edge
drain hydrograph (table 4).

Table 4. Statistics for lag times between hydrograph
centroid and hyetograph centroid for each edge drain for
?;h_events, 1991-93 for State Route 16 near Granville,

o
[All units are in minutes and rounded to 3 significant digits;
CV is the coefficient of variation; IQR is the interquartile range;
Range is the maximum value minus the minimum value; Midrange
is the value midway between the maximum and minimum values]

Edge drain type
Conven- Oblong
Statistic tional Post plipe Cusp'’
Mean 639 374 783 119
Standard
deviation 332 20.8 31.0 549

cv 520 557 395 462
Minimum 5 -10 30 -5
Maximum 160 85 175 310
Median 65 40 70 105
IQR 50 25 40 65
25th percentile 35 30 55 85
75th percentile 85 55 95 150
Range 155 95 145 315
Midrange 82.5 37.5 102 152

1All edge drains were installed under nearly equal geological
and environmental conditions; however, a hole in the embankment
was discovered approximately 41 feet from the upper observation
port of the cusp edge drain (fig. 3). Some water flowing from the
edge drain may have escaped laterally instead of flowing out the
outlet pipe and through the gage.
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Figure 9. Diagram showing calculated lag times.
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Figure 10. Distribution of lag time between hydrograph centroid and hyetograph centroide for each
edge drain for 51 events, 1991-93 for State Route 16 near Granville, Ohio. (All edge drains

were installed under nearly equal geological and environmental conditions; however, a hole in the
embankment was discovered approximately 41 feet from the upper observation rort of the cusp
edge drain (fig: 3). Some water tlowing from the edge drain may have escaped laterally instead of
flowing out the outlet pipe and through the gage.)
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Figure 11. Distribution of lag time between rainfall and maximum discharge for each edge drain for
51 events, 1991-93 for State Route 16 near Granville, Ohio. (All edge drains were installed under
nearly equal geological and environmental conditions; however, a hole in the embankment was
discovered approximately 41 feet from the upper observation port of the cusp edge drain (fig. 3).
Some water flowing from the edge drain may have escaped laterally instead of flowing out the
outlet pipe and through the gage.)
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The coefficients of variation among the edge drains
were approximately the same. The differences in
the ranges of data for the lag times were notable, as
shown in the box plots for the centroid to centroid
lag time (fig. 10). The median and the interquartile
range are smaller for the post edge drain than all
the other edge drains, however, this lag time could
be misleading. The discharge volumes were
smaller for the post edge drain than for the other
edge drains. There usually was not a long recession
curve for the discharge hydrograph of the post edge
drain. The small volumes and short recession curve
were a significant reason for the shorter lag times
and lower range of lag times for the post edge
drain.

The other lag time used for the comparison of
the four edge drains was the time from the rainfall
onset to maximum discharge for each edge drain.
These lag times demonstrate the short response
time and indicate how quickly water was infiltrat-
ing into the edge drains. The oblong-pipe edge
drain had the shortest mean lag time for this event
characteristic among the four edge drains (table 5).

Table 5. Statistics for lag times between rainfall onset
and discharge maximum for each edge drain for 51
events, 1991-93 for State Route 16 near Granville, Ohio

[All units are in minutes and rounded to 3 significant digits; CV is
the coefficient of variation; IQR is the interquartile range; Range is
the maximum value minus the minimum value; Midrange is the
value midway between the maximum and minimum values]

Edge drain type
Conven- Oblong ]

Statistic tional Post pipe Cusp!
Mean 60.9 53.5 424 71.2
Standard

deviation 67.7 58.7 21.7 66.1
Ccv 1.11 1.10 .654 928
Minimum 0 0 0 0
Maximum 355 275 125 370
Median 45 30 40 50
IQR 65 85 35 85
25th percentile 15 5 20 20
75th percentile 80 90 55 105
Range 355 275 125 370
Midrange 178 138 62.5 185

1 All edge drains were installed under nearly equal geological
and environmental conditions; however, a hole in the embankment
was discovered approximately 41 feet from the upper observation
port of the cusp edge drain (fig. 3). Some water flowing from the
edge drain may have escaped laterally instead of flowing out the
outlet pipe and through the gage.

It also had the smallest coefficient of variation.
The edge drains generally produced their maxi-
mum discharge shortly after the onset of rain.
During some events, however, the maximum dis-
charge did not occur at the initial peak but much
later in the event. These delayed maximum dis-
charges increased the variability of the data.
Because of these longer lag times, the medians
for this event characteristic are more appropriate
for comparison than the means. The post edge
drain had the lowest median among the four edge
drains. A box plot (fig. 11) illustrates the differ-
ences in the data sets of the four edge drains.

SUMMARY

The presentation of three geocomposite edge
drains and a conventional edge drain on State
Route 16 near Granville, Ohio, were based on their
performance in the field. All geological and envi-
ronmental conditions were as similar as possible
for these comparisons. The cusp edge drain,
however, might have been kinked near the upper
observation port during installation. This kink
reduced the discharge characteristics by an
unknown amount. In addition, a sag in the con-
ventional edge drain had an unknown effect on
the discharge characteristics.

The rainfall-runoff events chosen for the analy-
sis were carefully selected on the assumption that
all gages were functioning properly for the event
characteristics being compared. The comparisons
of the maximum discharges for the edge drains
were based on 72 events. The volumes were com-
puted from the discharge data and compared for
55 events. For the analysis of the lag times,

51 events were used.

In general, the conventional edge drain was the
most closely matched by the oblong-pipe edge
drain. Most of the event characteristics for the con-
ventional and oblong-pipe edge drain were similar
for every event. The maximum discharges for the
conventional and oblong-pipe edge drains were
significantly higher than those for the post and cusp
edge drains. The means of the maximum discharge
data sets of the conventional and oblong-pipe edge
drains were almost equal, and both were more than
two times the means of the post and cusp edge
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drains. The median for the oblong-pipe, how-
ever, was higher than that of the conventional
edge drain.

The resuits of the volumes comparison were
similar to the results of the maximum-discharge
comparison. The conventional and oblong-pipe
edge drains produced the highest volumes and
highest percentages of rain volumes among the
four edge drains. The mean and median for the
oblong-pipe, however, were slightly higher than
those of the conventional edge drain. The means of
the discharge volumes as a percentage of the rain-
fall volumes were all relatively low (less than
20 percent) because most of the rain falling on the
highway was assumed to have bypassed the edge
drains. The post edge drain had the smallest vol-
umes and percentages of rain volume among all
four edge drains.

The lag times for the conventional and oblong-
pipe edge drains were also similar for most of the
event characteristics compared. The mean and
median of the conventional edge drain were
slightly shorter than those of the oblong-pipe edge
drain for most of the lag times computed;

however, the post edge drain usually had the short-
est lag time for most of the selected event charac-
teristics. This finding could be attributed to the
small amount of discharge from the post edge
drain. The only lag time that does not follow this
general pattern is the rainfall onset to maximum
discharge lag time. The oblong-pipe edge drain
usually had the shortest lag time for this event
characteristic.
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