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1. Master Plan. Most proposed landscape elements
function to filter and distribute runoff to the detention
pond.
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Abstract ...

Texas, USA is undergoing critical water challenges due to
immense groundwater deficiencies. Alternative methods to
integrating design with Low Impact Development need to
be explored to stymie this condition. This projectapplies an
approach to design whose concept / program is reinforced
by projected environmental and economic performance
measures of proposed stormwater infrastructure. The
focus is to maximize the relationship between cultural and

hydrological systems.
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Conventional design. Concrete pavement without
detention facilities directly moves stormwater to the
lower level of the site during stormwater events.
LID-based design. The detention pond functions as a
temporary storage space to increase infiltration rates.
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Background
In an effort to minimize the impact of imper-
vious land cover, land planning strategies
emphasizing stormwater management, such
as Low Impact Development (LID) have
become increasingly utilized in the design
fields. LID employs site design technologies
such as “preserving and recreating natural
landscape features, minimizing effective
imperviousness to create functional and
appealing site drainage that treat stormwater
as a resource rather than a waste product!.”
Applied on a broad scale, LID is also a land
planning practice that can maintain or restore
a watershed’s hydrologic and ecological
functions™.

While several design guidelines /
manuals exist which infer potentialities

of LID applications and differentiate the

Filter Strip i

[31~[5]

distinctive features of LID facilities , not
many approaches evaluate the performance
of LID based designs. Furthermore, while
state agencies such as the Texas Department
of Transportation have shown efforts to
develop engineering techniques in reducing
urban runoff under the Clean Water Act of
197297 small-scale water management
infrastructure systems (for example, bio-
swales, detention ponds, etc.) need farther
examination to gauge impact.

Lone Star Groundwater Conservation
District (LSGCD) office in Conroe, Texas,
USA is charged with monitoring and
conserving water in groundwater-dependent
Montgomery County (Fig. 2). The City
of Conroe has experienced many water
challenges due to excessive groundwater

withdrawal from the Gulf Coast aquifer'™.

Rain Barrelf

The conservation district faces a daunting task
of weaning the area’s fast-growing population
off of groundwater, targeting by 2016 a 30
percent reduction in groundwater pumping
from 2009 levels™. In the meantime, the
county’s municipal water districts are racing
to acquire rights and build infrastructure
needed to provide water from alternative
sources, such as the 20,100-acre Lake Conroe.
Because of its duties, the agency supplants
itself as a potential educational facility
for demonstrating the latest groundwater
conservation techniques.

The purpose of the master plan project
for the LSGCD office is to transform the
district’s headquarters to become a site where
people learn about groundwater and see that
conservation solutions can be aesthetically

pleasing. Additionally the project included
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performance evaluation of the proposed LID
techniques as part of the design process.
The master plan evaluated in this article is
currently beginning the process of phased

implementation.

Issues and Challenges

Texas is undergoing critical water
challenges due to immense groundwater
deficiencies, rapidly increasing the
significance of hydrologically sensitive
design. Statewide, Texas is faced with
dwindling water supplies while demand is
growing rapidly. A 10% drop in the statewide
water supply is projected between 2010 and
2060, while water demand is expected to rise
22%, due mostly to a projected population
increase to 46 million people!”.Should a

drought similar to the dry spell occurring

between 1947 and 1957 occur, the demand for
Texas water will exceed the supply'"'’.

With a growing frequency and
increased intensity of extreme drought,
Texas has experienced severe reduction in
groundwater recharge and surface water
supplementation””. Montgomery County,
Texas projections suggest as the population
forecasts to double, groundwater use by
humans will exceed the capacity of Gulf
Coast aquifer recharge by 2040!"”/(Fig.
3). Montgomery County’s water supply
comes almost exclusively from freshwater
aquifers that are being depleted faster than
they can recharge. Excessive withdrawals
of groundwater consequently have caused
deficit-pumping and land subsidence. For
instance, it is estimated that some ground

levels in the Houston-Galveston Metropolitan

DITION
SATION

Statistical Area, couldsink as much as ten
feet in the next century due to excessive
groundwater use, also increasing vulnerability
to flood events.

In response to this challenge, LID serves
as a salient design solution by increasing
on-site infiltration of stormwater. In an
effort to minimize the impact of impervious
land cover, LID technology emphasizes
stormwater runoff management by integrating
hard and soft engineering'*. The result is a
new form of design which bases its program
upon quantitative measures exposing the
environmental and economic performance
of stormwater infrastructure, thereby
maximizing the relationship between cultural
and hydrological systems. Projected impacts
can then become a decision making tool for

design programming.
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7. Rainwater harvesting facilities. The facilities were
proposed to collect and store large amounts of rainwater.
8.  Runoff reduction measurement. The design annually
reduced 1.9 million gallons of stormwater from the
surface by increasing on-site infiltration. Reduction rates
were high (44.5%) because the design successfully
minimized total impervious land cover and modified the
initial drainage flow pattern, increasing runoff travel time.

Design Strategy and Schematics

In this project, design decisions are made
based primarily on their ability to assist in
groundwater recharge and respond favorably
to the existing stormwater issues. Natural
groundwater droughts originate from reduced
recharge over a prolonged period of time and
these droughts are often enhanced by human

activities!”

. The master plan developed
for the site includes numerous schemes to
strategically guide stormwater in an effort to
allow it to infiltrate the ground rather than be
forced off the property (Fig. 1). Developers
have traditionally attempted to deal with
rain by allowing it to run off the property, to

the detriment of recharging the groundwater

on site. The design strategy emphasized on-
site infiltration and groundwater recharge
through the application of LID practices. The
design program consisted of 17 LID facilities
which were categorized into three typologies
depending on their hydrological function:
capture, convey, and / or clean. The facilities
were then divided into two groups based on
the materials composing them. While hard
engineering facilities were mainly comprised
of structural components requiring engineered
construction, soft engineering facilities were
reliant upon non-structural components such
as phyto-remediation processes, maximizing
the use of vegetation in mitigating pollutants

and dissipating the energy of water flow.

For example, the design called for a
detention pond to hold overflow rainwater
collected from the site and tangential
properties for subsequent infiltration; parking
areas constructed from permeable materials
that allow rainwater to pass through; a tiered
system of gardens to filter water as it traveled
across the site; and rooftops outfitted to route
rain into cisterns where it is held for irrigation
purposes (Fig. 4). Other water-saving features
in the design program included:

* Slightly elevated walkways (rather than
ground level sidewalks)

* Impervious paving and curb cuts

* Large scale cisterns and residential-style

rain barrels
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9. Green terrace. The open terraced landform maximized
on-site infiltration of stormwater runoff by shifting intense
runoff into a sheet flow.

10. Xeriscaping. The site not only decreased the need for

irrigation water use but also became resilient to extreme

drought events and required low maintenance.

 Informational kiosks equipped with
green roofs and living walls

* A greenhouse and garden using
harvested rainwater

* An air conditioning condensation
collection system

* A plant palette emphasizing drought
tolerance and low maintenance

Plant selection was chosen using
xeriscape and phyto-remediation specimen,
based on drought tolerance and water
treatment capacity. While xeriscape plants
functioned to reduce the water demand of
irrigation, phyto-remediation plants served
as natural filters in cleansing contaminated
runoff. Two typologies of phyto-remediation
plants were specifically used: phyto-extraction

and rhizo-filtration. Phyto-extraction plants

L4 »
0 8 3

’ A
*FLOODABLE®
"GARDEN " 7

o ERE
~

play a significant role in heavy metal uptake;

19 thizo-filtration plants are capable

similarly
of taking in metals and hydrophobic organics
from soil water or from water flowing through

the root zone!'”.

Design Performance

To verify the potential of groundwater
recharge, the rate of stormwater infiltration
out of total rainfall for each facility was
measured by integrating monthly rainfall
data, monthly evapotranspiration data,
plant coefficients, and post-design runoff
coefficients of surface material. While
conventional design calls for predominantly
concrete-covered infrastructure which
shortens the travel time of runoff and reduces

groundwater recharge by channeling runoff,

2T ELEVATED
¥ WALKWAY
7 s mi

each LID facility made high contributions

to increase on-site infiltration of runoff (Fig.
5, 6). Furthermore, the relationship and
strategic placement of facilities based on their
hydrological function (capture, convey, and/
or clean) allowed contaminated runoff to be
cleansed by natural processes.

The design was evaluated according
to its hydrological impact and overall
performance. Variables include 1) rainwater
collection and reuse, 2) runoff reduction, 3)
water demand reduction, and 4) stormwater
quality improvement. Monthly rainfall, roof
size, and roof coefficient data were used to
calculate the volume of rainwater collection
and reuse, while annual rainfall, property
size, and composite runoff coefficients

comparing conventional design and LID

=WigitS  Landscape Architecture Frontiers

design computed the rate of runoff reduction.
Also, xeriscape plant cover, annual reference
evapotranspiration, crop coefficients,
and irrigation efficiency were employed
to estimate the volume of reduced water
demand. Finally, pollutant concentration in
soils, phyto-extraction coefficients, plant
densities, and plant cover were used as
measures to determine the extent of water
quality improvement.

On the basis of the condition of existing
buildings, the site could capture 330,000
gallons of rainwater annually”® through
rooftop harvesting (enough to fill roughly half
of an Olympic-sized swimming pool) (Fig.
7). This collected water resulted in outdoor
irrigation savings through reuse strategies.

The total collection rate of rainwater from the

total rainfall was only around 5%. Although

the rate was low, much of the remaining water
was collected in a proposed detention pond
resulting in runoff volume reduction and high
infiltration.

Under the assumption that the typical
runoff coefficient of conventional design is
0.65 (light industrial area), the LID based
design annually reduced 1.9 million gallons
of stormwater from the land surface through
increasing on-site infiltration (Fig. 8). The
reduction rate was high (44.5%) as the
design not only successfully minimized total
impervious area but also modified the initial
drainage flow pattern to increase the travel
time of runoft (Fig. 9).

To calculate water demand reduction
through xeriscaping (compared to
conventional gardens), it was assumed

conventional gardens had a medium value of
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plant coefficients and the irrigation efficiency
of a xeriscape garden was 95%. The result
suggested that xeriscaping reduced irrigation
needs by 160,000 gallons, saving 50% ~ 83%
of irrigation water and alleviating the strain
on the city water supply. Since 70% of
withdrawn groundwater is used for outdoor

19]~[21 . .
(o1 xeriscaping

irrigation in the U.S.
can contribute greatly to solving the lack of
groundwater supply (Fig. 10).

To encourage removal of heavy metals
from the soil through phyto-remediation,
Brassica juncea (Indian Mustard), one of
the most effective phyto-extraction plants
found in previous studies””, were selected
as a primary plant specimen (3 tons dry
weight per acre). With an assumption that the
pollutant concentration in the existing soil

is below the U.S. Environmental Protection
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Agencystandard, a maximum 160 kg of
metals could be taken up on site'"**(Fig.
11).

Based on the hydrological performance
measurement of rainwater harvesting
amounts, specimen drought tolerance, and
increased on-site infiltration, the result was
a direct cost savings of water use and water
quality. The project generated an annual profit
of USD 7,300 in savings based on current
city water supply and water treatment costs
(Fig. 12). The City of Conroe had a higher
water rate for non-residential land than
other surrounding cities, due to the issue of
groundwater depletion”. The design helped
avoid excess economic charges compared to
other cities for the same amounts of water

supply and treatment reduction.

Conclusions

This project emphasized the significance

fEE AN
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of LID based design and its projected
performance evaluation post-development.
Results of the environmental and economic
assessment implied significant contributions
of LID techniques to water conservation and
groundwater recharge. However, indirect
factors such as reduced flooding risk needed
to be quantified in dollar values to assess the
avoided environmental damage cost, thus
preventing underestimated cost savings.
The process of performance measurement
accompanied by cost analysis will also
help determine the impacts of project
implementation.

LID based design could be an effective
tool in the decision making process for
holistic design and planning based on the
utilized quantitative measurements, producing
more objective designs. The approach could
be applied not only to micro scaled projects

such as residential / commercial design but

/A

ALKWAY
hIHEE

.
/FH@

Co

ponding storage area F/K 77X
e—— compost amended sand % R &SR A 407
“u#—— gravel subbase and under-drain b5t = AR

LN

/VT"W

I\,
AT & QU/V
Opp

also to macro scaled plans and environmental
policies such as regional impact assessments
and would bring a wide range of benefits to
property owners, developers, and municipal
governments. By further developing the
aforementioned structure into detailed
indicators with varied weights, the system
would be strengthened and the framework
could be applied to multiple case studies and

designs in the future.
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11. Phyto-remediation process. High densities of phyto-
remediation plants were widely placed near major
sources of pollution (such as parking lot and adjacent
industrial area). Walkways are slightly elevated not to
interrupt this process and water flow.

12. Cost saving. An annual profit of USD 7,300 can be
generated in saving city water supply and water
treatment costs. Conroe had a higher water rate for non-
residential land than surrounding cities and the design
helped avoid excess economic charges.
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