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ABSTRACT

Stormwater management is a vital component on roadwastremtion and site
development projects. Stormwater detention pondsfaae otilized to protect
neighborhoods against flooding and streams from envirorah@egradation. Detention
systems are located underground where land is expensiveeoe there are other concerns
such as safety or mosquitoes. Pipes, pipe arches aogtmwaults are typically installed in
underground systems. Geosynthetic materials are utihzaeshew underground stormwater
detention system which offers advantages over traditisystems. Essentially, a geotextile
or geomembrane liner system is installed within an ex@avaAround the perimeter of the
excavation, walls are constructed with geosynthetidarement and open graded stone
creating a large underground chamber. Inlet and outlet pipesdethrough the perimeter
liner system and wall face into the chamber. A recd#drconcrete roof is installed above the
open chamber and supported by the perimeter abutments/Wwauddly, the liner system is
installed over the stone surface before the covebsails the site to grade. A large open
chamber is constructed with reinforced stone having agogbsity that contributes to the
storage capacity. This geosynthetic based underground dateysitem (GDS) has among
other attributes the advantage of low cost, well estlabdl AASHTO design standards, small
footprint and ease of inspection and maintenance.
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INTRODUCTION

Detention systems release stormwater through an atitéetontrolled rate.
Retention, or recharge, systems percolate the staenwio the water table. Flood control
is the primary design objective for both systems wdtileam bank erosion protection is an
additional consideration. The standard of practice iedure that the post-development flow
from a site does not exceed the pre-development flow fpven storm event. From a
practical standpoint, many urban and suburban neighborhcerésdeveloped along water
bodies and expanded outward. The streams, creeks ares ghdit pass through these
neighborhoods see greater flows as development expandsams The most fundamental
role of stormwater management is to protect these \aldleecommunities from flooding.

Another key concern is the quality of the stormwaiawihg into receiving water
bodies. The Environmental Protection Agency (EPA)drascted the National Pollution
Discharge Elimination Stormwater (NPDES) Progranefgutate the discharge of
stormwater. Many states are in the process of emggletyslation to protect local waterways
from stormwater pollution. At a minimum these regiolas will limit the turbidity of
stormwater discharge on construction sites to 280 NTUZ04y (2011 for sites greater than
20 acres).

TRADITIONAL UNDERGROUND DETENTION SYSTEMS

Concrete vaults have a long history in stormwaterndiete These modified box
culverts are simple, structurally sound and easy to adsp®l maintain. They can be precast
or formed and poured on site. Concrete vaults are tis¢ expensive underground
stormwater detention system.

High density polyethylene (HDPE) pipes dominate the sniatheter pipe market
but are not manufactured above 60 inch (152.4 cm) diameters.

Corrugated steel pipe (CSP) is manufactured up to 144 36&h§ cm) diameters.
Pipe volumes increase exponentially with diametet soeéconomical to design with large
diameter pipes giving some consideration to permitting sskureoversized freight.

CSP and HDPE pipes are flexible pipes that transfessaseto the surrounding soil.
Design standards are based on structural backfill piepemd compaction efforts. As a
result, State Department of Transportation (DOT) $ppations set specific gradation and
compaction requirements for flexible pipes. In most msta imported structural backfill is
required which increases overall project costs.

Half round plastic pipe arches are fairly new to tioerswater detention market. By
eliminating the need to backfill below the haunchesahd pipe these pipe arches can be
more tightly spaced. Also, the open bottom eliminttedlow restrictions and accelerated
degradation associated with perforations in round pipestention applications. These pipe
arch systems are designed with an open graded stone lbathél 40% stone porosity
increases the system’s storage capacity and makei plgst arches cost effective at low
profiles.

GEOSYNTHETIC BASED UNDERGROUND STORMWATER
DETENTION/RETENTION SYSTEM (GDS)
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In traditional detention systems the storage chamksemanufactured product
designed to withstand sidewall and overburden pressuresnaliire of the GDS system is
to create a storage chamber with stabilized stone sidevepable of supporting a roof.
Given the application, water forces are an importi@sign consideration. If water drains
from the chamber faster than it drains from the b#ickiie perimeter walls will experience a
rapid draw down condition. The use of angular, open gr&ded., %2 inch (19-38 mm),
washed stone eliminates pore pressures and has the addétidiancreasing storage
capacity with a 40% void ratio. It is the combinatiornha large chamber and the porosity
of the stone utilized to construct the chamber that ;akeDS system cost effective.

Reinforced Concrete 5
RoofSlab _. o~

Nonwoven Geotextile
G S AR Geomembrane
Reinforced Stone Berm Bl < Nonwoven Geotextile

Stormwater Inlet Pipe

Drainage Rock

Geosynthetic based underground detention system (GDS).
DESIGN STANDARDS

Innovation in the civil engineering market, particulghg transportation segment,
can be challenging. The scrutiny applied to new techneda@iflects the replacement costs
and safety issues that might result from a failurehil®\still innovative, the GDS system is
comprised of components with well established design aridrpgnce histories.

LINER SYSTEM

The GDS starts with a liner system, critical to keepdiwrounding native soil from
piping into the perimeter stone. In detention appliceti a geomembrane is installed with
appropriate geotextile layers for protection against tigellan stone. In retention
applications, a geotextile is installed to allow for pdation. In the past, detention systems
were the standard of practice. In recent years manysiten practitioners have focused on
maintaining the pre-development water balance by recigtbe water table. However, the
percolation rate of the native soil and in certainaregithe presence of karst limits the use of
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recharge systems. More importantly, long term cloggisgeis present the biggest challenge
to underground stormwater recharge systems.

GDS liner system
PERIMETER WALLS

The perimeter walls are designed as mechanically stdbiéarth (MSE) structures
based on the design procedures outlined in AASHTO (1999a)ydér to maintain optimum
flow a wrap facing is utilized at the wall face. Whilé&SH structures have been used for
years along river channels and more recently to staliiie walls around surface detention
ponds, it was considered prudent not to underestimate watesf Geogrid reinforcement
was selected to positively confine the stone aggregatemimdize flow. Another early
design decision proved to be fortuitous. The geogrids smaeed at 9 inch (22.8 mm) lifts
to further confine the stone and to insure compactioach éft.
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GDS perimeter walls
GEOSYNTHETIC-REINFORCED SOIL TECHNOLOGY

The number of bridges in the United States requiring repagplacement is
daunting. The Federal Highway Administration (FHWA} leeveloped the Bridge of the
Future Program to address this issue. One of the progratidsives is the Geosynthetic-
reinforced soil (GRS) integrated bridge system (1). Tda gf this bridge system is to
simplify the design and reduce the cost of simple siggén bridges 70-90 feet (21-27m)
long. GRS design methodology is based on the performmaigeveral full-scale
experiments and production abutments as well as an imgydess of real world applications.
This methodology is distinctly different from welltablished MSE design standards. The
differences can most readily be seen in the reinfoecématerial’'s properties and spacing.
GRS structures are characterized by tightly spaced gdnesignlayers with much less
consideration paid to the long term strength of the seteiment. By definition the 9 inch
(22.8 mm) spacing selected for the GDS wallls allows tleebe tclassified as GRS structures
which also meet MSE design standards.

While the GRS classification helps quantify an extrgrele of conservatism in the
design, the big benefit is much more practical. Claspéction of the FHWA GRS
integrated bridge cross section reveals that the badpgerstructure rests directly on the
GRS abutment wall. The GRS bridge abutment designriidesclude a bearing pad.
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BEARING SILLS

The original GDS system design had a concrete beaunig Eowever, it was
apparent that the self weight of the roof and the awedn soils locked the deck in place.
The bearing curb, while a standard feature to structuraieeig, might be considered
extraneous to geotechnical engineers.

GRS bridge abutment test results demonstrated thabtieeete bearing curb was not
necessary. Bearing sills on the GRS structures wadket to 13 Tons/SF (1,244 kPa), the
maximum load of the equipment, without failure. Sroedicks were observed in the
concrete wall facing at 4 Tons/SF (382.8 kPa) which setsvaceability limit for design
purposes (2). The field performance of the bridge abutnsepisorts the test data.

Another beneficial feature of the GRS bridge designtivagpavement performance
at the interface of the roadway and the bridge abutriié@ettypical “bump” at the approach
interface is almost undetectable with equally impressivi®peance in the areas of cracking
and settlement.

Recognizing that relative lengths of bridge spans are veg/and that the decks are
at grade, the placement of the roof deck directly ompénaneter walls of a GDS
underground stormwater system is a natural applicatiothéoGRS technology.

The typical sill area for the concrete deck atop therd®n system perimeter walls is
limited to 2 Tons/SF. Immediately below the bearitiglge stone size is reduced and
additional reinforcement layers are included. A gedeewtrap is added to the wall face in
this area to prevent raveling of the smaller stotgon placement of the concrete roof and
cover soil it has been observed that there is noemewt whatsoever in the area of the
bearing sill.

GDS bearing sill
ROOF DECK

The roof deck for the GDS system is designed to AASHTi@brstandards (Section
3.24.12, “Distribution of loads and design of concrete 8JabBhe roof deck can be installed
flush with the surface but this requires the roof toamat sloping surface precisely. Pipe
plumbing and aesthetic issues generally favor burying tHe fidte roof deck can be cast in
place but precast panels simplify and speed construcfidme precast panels are sized to
optimize freight and enable an excavator to pick anceptae slabs on site. The elevation of
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the roof deck is typically set such that the minimunai@eace allows for a road base and
asphalt overlay. The bottom elevation of the decktrals® be checked to make sure it does
not rise above the lowest upstream manhole cover/ghkdéehole access is provided in the
roof deck to enable inspection and maintenance of thelmram

GDS roof deck installation
System Features

The storage volume of the chamber combined with the pormisihe stone utilized
to construct the chamber allow for a much smaller Gaaffprint than pipes or pipe arches.

Much like pipes, GDS systems become more efficiert datpth. As mentioned
earlier, pipe volumes increase exponentially with @enwhile costs rise at a linear rate
making large diameter pipes more efficient. Given thatrdlof is the most expensive
component of the GDS system, unit costs also decretseepth.

A single chamber GDS system can be extended to storg@mywater volume.
However, site constraints might limit the lengthaodEDS system. In these instances interior
piers, or two sided walls, may be constructed withincti@mber to increase the chamber
width.

DETENTION APPLICATIONS
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In detention applications the most cost effectiveitsoh involves locating the roof of
the detention system as high as the surface grades aneampshanholes permit while
lowering the floor as low as the outfall elevationlailow. An overflow device is needed to
protect against upstream flooding on storms that exceeghélximum design storm event.
Typically overflow is provided in a manhole immediatdlywnstream of the detention
system. Within the manhole, a weir is installed betvigerinlet and outlet pipes with a top
elevation set at the high water elevation in therd&ie system. Orifices within the weir are
sized and located to insure that smaller design stormt ewtflows do not exceed
preconstruction rates.

RETENTION APPLICATIONS

Retention applications allow for deep systems with ic@nation for soil permeability
and the elevation of the water table. Retentionesgstrequire an overflow device similar to
the detention system weir described above. Howewemngjor concern in
recharge/retention systems is clogging of the geotdkide.

Traditional leach pads are comprised of a stone layerabgeotextile filter. This
Cross section creates a “gap graded” condition. Iniadd#tormwater flow carries a
sediment load, much of it suspended, on a regular basithmieach pad. Lastly, the planar
geotextile concentrates sediment on a “sheet”. Enelobthese issues is a red flag for
clogging. While Best Management Practices (BMP’s) upstref the leach pad can limit
the sediment load and the percentage of suspended sodidsscumulation of a critical
clogging load is a function of time. In these circuanses, engineers need to consider two
factors; risk and accessibility. The overflow weiofgrcts the upstream development from
flooding. However, the geotextile is inaccessible. mpair cost for clogging is the
replacement cost for the entire system. The mowéimem detention systems to
recharge/retention systems will largely depend on biléyato address the issue of clogging.

ECONOMICS

Site conditions, local regulations and regional comitgyqatices influence the relative
cost of all detention systems. However, some geratiains regarding the cost
effectiveness of the GDS system can be made. Tieete roof and stone comprise the
major material cost items. Given the stone poystontribution to storage capacity, the
concrete roof cost becomes even more significantdefsths of 6-8 feet (1.83-2.44 m) GDS
material costs are roughly 60 percent of pipe and pipesystems, before accounting for
excavation and installation costs. As the availakidlpron a project increases the relative
cost advantage of the GDS system improves.

On tight sites, on sites where off site hauling gumeed, on sites where rock is
present or where stormwater treatment is required, &B®ms can offer additional savings.
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GDS system installed and partially covered.
INSPECTION AND MAINTENANCE

Detention systems collect sediment. Backhoes caovesediment from above
ground ponds. With the exception of concrete vaults ange Idiameter pipes, most
underground detention systems are inaccessible. Manmtemavolves backwashing and
localized removal from outside the system. The lapgdGDS chamber allows for easy
inspection and maintenance. In retention applicatibimsthe only system that enables the
inspection and, where needed, replacement of a cloggedtjeotéds the stormwater
quality regulations evolve the ability to inspect andntan detention systems will increase
in importance.

STORMWATER QUALITY

Sand filters are a time proven pollutant remover. H&wnew underground
applications the cost of the concrete vault requiredtsé the sand filter is expensive. As a
result, many new technologies are entering the marketpdameet regulatory pollutant
removal requirements. These technologies include veohambers and filter cartridge
systems housed in smaller concrete vaults.

The GDS system enables the construction of a traditsand filter by lining the
chamber walls. Interior piers may be constructed witienchamber to provide the required
sand surface area. The performance of the systentaihat of a concrete vault sand filter
but at a much lower cost.
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GDS stormwater treatment and detention system.
GREEN SOLUTION

Stormwater volumes are typically stored in a prodik&,pipe, manufactured in a plant and
shipped to a jobsite. This traditional solution entdiipging the entire storage volume on a
series of trucks. Flexible pipe, the most common dietesystem, also requires a structural
backfill imported from the local quarry. The GDS stgggahamber is constructed on site
with geosynthetics which can easily fit on a singlek. The porosity and weight of the
stone used to form the chamber results in far fewektioops from the local quarry. The
precast roof panels can be manufactured locally andegllire a fraction of the trucks
needed to ship pipe. Combined with a reduced excavationatigaatages make GDS a
“green” solution where underground stormwater detentioadgsaired.

CONCLUSION

GDS systems offer a cost effective alternativedditional underground stormwater
detention and retention systems. A smaller footprititprovide engineers with more design
flexibility. As stormwater quality regulations are enactkose responsible for compliance
will appreciate the accessibility of the large open Gib&mber. No other retention system
enables the inspection and replacement of clogged geesextibstly, the chamber enables
the construction of an efficient underground sand filtkere regulations require stromwater
treatment.

The liner, reinforced walls and concrete deck comprising @38 ms are designed
to AASHTO standards. While the system is novel the compis have been thoroughly
vetted by the engineering community.

The nation’s infrastructure needs are great and stormwatieagement requires a
growing percentage of construction budgets. GDS systdersamigineers an innovative tool
to accomplish more with less.
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