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Water Reuse Through
Subsurface Drip

[rrigation Systems

By Elson C. Gushilen

he continuing effort to
conserve and preserve
potable water resources
emphasizes using alter-
native waler sources for irriga-
tion. Agriculture, golf courses,
highways, parks, playgrounds and
cemeteries are among the heaviest
users of irrigation water due to
the large areas requiring irriga-
tion, Potable water is less available
for such nonpatable activities as irri-
zation and is being replaced with
alternative sources such as non-
potable fresh water, brackish
sources, or treated wastewater
elfluent.

In Hawaii, with approximately
80 percent of the state’s population
residing on Oahu, compelition for
water use has become a major
planning issue. Reclaimed water is
considered a great potential resource
lor various nonpotable applica-
tions such as irrigation, imdustrial
processes, construction activities,
dust control, efe. However, migation
is construed to be the primary com-

Water reuse in Hawaii has been
primarily relegated to
agricultural irrigation and
irrigation of golf courses and
other large landscaped areas.

ponent for water reuse and is the
focus of Hawaii’s reuse guidelines,

Water reuse in Hawaii has been
primarily relegated to agricultural
irrigation and irrigation of golf
courses and other large landscaped
areas, However, the Hawaii
Department of Health’s new
*“Guidelines for the Treatment and
Feuse of Reclaimed Water™ limits
reclaimed water applications
through overhead sprinkler irri-
gation systems. Restricled use of
secondary disintected effluent
through conventional sprinkler
systems has forced reuse in Hawaii
“underground.” As a result, the
concept of subsurface drip irriga-
tion has moved into the forelront
as a viahle alternative irrigation
technology,

The Laie water reclamation project in Hawaii includes a

drip-irrigated rughby field. Fhotos courtesy: Elson Gushiken.

Water reuse through a subsur-
face o burted drip nrigation system
is a unique concept that speaks
directly to the issues of accepi-
able wastewaler disposal, water
reuse and water conservation.
Howewver, public perception of
wastewater has made reclaimed
water the least desirable alternative
for irrigation. Consideration of
treated effluent for reuse is the
last resort only when other water
sources are unavailable and/or
unsuitable. However, when water
conservation is a significant issue,
or when primary options for effloent
disposal preclude conventional
disposal methods, then irrigation,
and more so, subsurface drip irmi-
gation, becomes a very attractive
conservation andior effluent disposal
component.

Using reclaimed water for irri-
gation requires closer examina-
tion of current irrigation design
practices and ewrrent irrigation
technologies for landscape and
agricultural applications, Conven-
tional potable water sprinkler irri-
gation systems are generally
designed to complement aperator
skill levels for operations and
maintenance. However, reuse imi-
aation systems must be designed,
built and managed in accordance
with reuse regulations that require
higher operating and management
skills. Subsurface drip irrigation
witler reuse necessitates even higher
skill levels in design, construc-
tion, operations and management.

Hawaii Reuse Guidelines

The Hawaii Sate Department of
Health released the “Guidelines
for the Treatment and Use of
Reclaimed Water™ in November
1993, These puidelines promote
wirler reuse and supplement, clanfy
and provide further puidance in pro-
mulgating existing rules that refer
to wastewater effluent disposal
svstems, The reuse guidelines
set the framework for the pro-
mulgation of administrative rles
m the future. The guidelines pro-
vide more specifics in evaluating
reuse projects to safeguard public
health and preclude environmental
degradation of aguifers and/or
surlace waters while secking to
maximize the potential of this
relatively new resource.

The guidelines deline reclamed
water as that which, as a resull of
domestic wastewater treatment,
15 suitable for a direct beneticial use
or a controlled use that would not
otherwise ocour, Hawaii reclaimed
water is classified and identified as:

« R-1, significant reduction in

viral and bacterial pathogens

« R-2, disinfected secondary

reclaimed water

+ B-3, secondary reclaimed

waler without disinfectant

R-1 water, which is the highest
quality, may be used in any form
of irgation served by lixed -
galion svstems supplicd by buried
piping Tor turf and landscape
irrigation of goll’ courses, parks,
elementary schools, athletic felds,
roadsides and medians, and
residential property where managesd
by an irrigation supervisor, Spray
irrigation of B- 1 water does not have
restricted times of operation.
Only subsurface irrigation of turf
and landscape in preschool vards



and playvgrounds for preschool children is
permitted. In Hawaii, wastewater treatment
facilities do not yet produce R-1 water.

R-2 water may be used for subsurlace -
cation of landscape and trf on golf courses,
parks, elementary schools and residential
properties that are managed by an imigation
supervisor. B-2 water may be used in any
form of irrigation for landscape on ceme-
teries and around freeways. Spray irrigation of
R-2 water is limited such that the outer
periphery ol the imigated area must not be within
A0 Tt of o residential property or a place where
public exposure could be similar to that al a park,
elementary school or athletic field,

Crverspray or runolTof -2 water must be
confined 1o the approved use area and is not
permitted to come in contact with the public
or equipment, facilities and arcas with frequent
human contact. Spray irrigation of R-2 water
can only ocewr when the area is closed to the
public and must end at least one hour before
the area 15 open to the public, B-3 water is nol
permitted for landscape and tuet irmigation.

Subsurface Drip Irrigation

Deap irvigation, the slow, precise applica-
tion of water to a plant’s rootzone, has been used
for more than 30 years. In Hawaii, more than
[00,000 acres of sugar cane and pineapple are
drip-irrigated, A high percentage of the drip
irrigation development worls in Hawail was done
i sugar cane through the Hawalian Sugar
Planters’ Assoctation and the University
of Hawaii. In recent vears, subsurface
drip irrigation sysiems have gained greater
acceptance in landscape and commercial
terl applications.

Conventional effluent disposal in Hawaii
senerally has been via ocean outlalls, injection
wells, leach fields, sprinkler irrigation, surface
dlrip irrigation and various other land-application
methods, A properly engincercd and man-
aped subsurface drip irrigation system using
reclaimed water offers many advantages over
conventional disposal methods:
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Minimizes health risks associated with
exposure 1o reclaimed water:
Minimizes liability exposure associated
with overspray and aerosol drifl [rom
conventional sprinkler systems, espe-
cially near residential properties;
Paychologically and politically a very
acceptable method of disposal and
reuse;

Eliminates odor, ponding and runoff
problems;

Extends and conserves petable water
TESOUTCES;

[Mrect applications into plant root-
zones achieve more manageable, bal-
anced water distribution throughout a
relatively shallow soil profile, thereby
minimizing potential groundwater
depletion;

Unrestricted irmgatien scheduling;
Low pressure requirements, 20 to 35
p&1 average OPerating range;

Yirtual elimination of vandalism and
damage compared to conventional
sprinkler systems; and

Favorable cost vs. benefit compared to
other disposal methods.

The central
irrigation

filter and
distribution
station at the
Kukuiula
reclamation
project provides
water to turf
and landscape
plantings.

The primary challenges of long-term sub-
surface drip irrigation svstems have been
internal plugging potential of drip emitters
and external rool mirusion inta the drip mbing.
[nternal plugging ol emitters is caused primarily
by sediment, algae and bacterial slime. This
problem has been virmally eliminated with
proper filoeation, chlorine disinfecting and
drip-emitter designs incorporating large flow
paths and larger discharge orifices, External root
intrusion has been prevented with the devel-
opment of friflluralin-impregnated drip emit-
ters. Trifluraling as incorporated into the drip
emitter, 15 a chemical root barrier that 18 reg-
stered and approved by the ULS. Envirommenial
Protection Agency for use in landscape and crop
application.

[ Havaeatii, the Laie and Kukuula water recla-
mation projects bath ulilize automated reuse
subsurface drip irrigation systems that incor-
porate the lollowing primary components:
central irrgation computer, weather station,
filter system, booster pumps, chlorination
ayster, flow meters, monitoring sensors, main
contrel valve, main lines, submains and block
contral valves and polvethvlene drip ihe
with emitters.

The central filter station receives reclaimed
water from the wastewater treatment facility.
The central irrigation computer and weather
stutton located at the wastewater treatment
facility provide overall management of the reuse
irrigation svstem by initiating and monitoring
water distribution and usage activily al the cen-
tral filter station. The filter stalion consists of
filters, hooster pumps, a chlorination system.
flow meters, various sensors, valves and con-
trols. [t is the central point for distributing and
monitoring reclaimed water for the irrigation
systerm. Main lines distribute reclaimed water
from the Glter station to individual rrigation
blocks controlled by automatic valves. The auto-
matic irrigation block valves deliver water
through PV submains o individual buried drip
tube laterals. The buried drip tube laterals
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uniformly distribute and emit reclaimed water
into the soil matrix for distribution within the
plant rootzones.

The reuse irmigation systems at both Hawan
projects are flow-based managed programs and
are not operated on @ conventional rigation
time-clock basis. Weather stations at both
project sites provide daily evapotranspiration
(ETYy data for determining application mtes and
updating irrigation scheduling. ET information
15 provided o the central irmgation computer
by the weather station. The central irmigation
computer, programimed with specific crop
lators, automatically caleulates water reguine-
ments of the various imigation blocks and
retersd waler s provided accordingly, Water
demand for selected crops is equal o or
shightly greater than pan evaporation, based on
rformation from the Universily of Hawali Water

Resources Research Center and the College of
Tropical Agriculiure of the University of

Hawaii. Phone modem hook-ups [rom cach pro-

qect allow additional daily monitonng ol each

reuse project from the reuse nrigation con-
sultant’s office.

Laic Water Reclamation Project
The Late Water Reclamation Project

Hawanan Reserves Ine, (HED and Brigham
Young University-Hawail (BYUH). The
LWRP will eventually accommodate up to
900,000 gallons of reclaimed water per day.
Reclaimed water for the LWRP is gencrated
by the Laie community, which is currently served
by the Laie Water Reclamation Facility (Lae
WEREF), The Laie WRF iz privaiely owned
ancl aperated by HRL Reclaimed water produced
by the Lale WRE is classified as R-2 water,

The drip-irrigated turf at the Kukuiula
water reclamation site is maintained
by outside contractors.

althouzh provisions are under way to upgrade
the Laie WRF 1o B-1 status, Only domestic
wastewater from residences, commercial enter-
prises and imstitutions enters the Laie collec-
tion system. Mo andustrial water is treated by
the Laie WEF,

Approximately 37 acres of land owned by
HEI and BYUH is being subsurface-drip
irtigated with reclaimed water. The total
subsurface-drip irrigated site consists of
approximately 115 acres of BY UH campus,
nine acres of baseball field and rughy ficld, a
live-acre plot of ropical Sowernng rees, 11 seres
of bananas, 17 acres of diversified crops,
and four acres of other experimental turf and
pasture prass plots.

The water reclamation project anticipales
nsing hetween 3000000 to 350,000 gallons of
reclaimed water per day for irrigation. The
average application rate [or the project area 1s
approximately 0,22 inches per day,

Approximately 1.3 million feet of drip
tubing was used on this project. The subsur-
Fage pelyethylens drip tubing bad a 0.040-inch
wall thickness with 0,53 GPH trifluralin-
impregnated emitters spaced 24 inches in the
tubing. The drip tubing was injected sis inches
cdeep and spaced 15 mebhes from each side of
the banana rows, 24 inches to one side of the
papaya rows, 24 inches apart in the experimental
turf plots and 48 inches apart in the pasture plot.

On the BY U campus and baseball and
rizzby fields, the drip tbing was injected ten
to 12 inches deep and spaced 24 inches apart.
I the tropical flowering tree plot, emitter
spacing i3 36 inches on center in the whing, The
crip tabing is buried ten to 12 inches deep and
spaced 43 inches apart. Future expansion of water
reuse wiilizing subsurface drip irrigation is
anticipated for HET and BY UL,

Kukuinla Development, Phase 1

The Kukula Development, Phase | res-
idential community and golf course project on
the 1sland of Kauai is addressing turf’ and
landscape irrigation needs by reclaiming
domestic wastewater through a subsurface
dripr irrigation system, Initially, 54 acres out of
the proposed 1.000-acre development are
being subsurface-drip irrigated. Currently,
the reuse irrigation system is designed o
accommoodate an average effluent Plow rate of
422 000 gullons per day of secondary-disinleeted
effluent (R-2 water) from the new lagoon
type wastewater treatment facility (WWTF).
The tutere Phase 2 of this project will accom-
midate an average flow of 1.1 million gallons
per day of reclaimed water,

[his project utilizes two fully computerized
nonpotable subsurface-drip irrigation systems
fexr the turf and landscape application. One irri-
gation system blends R-2 water [rom the
W TF with nompetable reservair freshwater,
The second irrigation system uses only non-
potable freshwater [rom the reservorr source.
Reclaimed water from the WWTE will be the

primary source for irrigating landscape arens
arcund the WWITF and adjacent roads, When
reclaimed water Nows are msufficient to mee
irrigalion reguirements, as expected during ini-
tial construction of the Phase 1 development,
portions of the irrigation system will be sup-
plemented by the nonpotahle freshwater reser-
VOIr SOUrCe.

Approximately 1.2 million feet of drip
tibing was installed on the project, The sub-
surlace polvethylene drp tubing had 2 0.04-
ineh wall thickness with 0.65 GPH trifluralin-
mmpregnated emitters spaced 24 inches in the
tubing,

Underlying basallic bedrock throughou
the project site precluded injecting the drop
tubing. When blasting and mass grading of the
site was comploted, screcned soil was imported
and spread over the entire rocky site desiznated
to be subsurface-drip irrigated, Netting mate-
rial was unrolled an the spread soil. The drip
tubing was placed 24 mnches apart on the net-
ting and secured o the netting to prevent
tuhing movement during the soil covering
process, Imported screened soil was spread over
the drip tubing to an average depth of six
inches, The area was then grassed with hydro-
milched Sceashore Paspalum stolons.

Supplemental slow-release granular fer-
tilizer is broadcast throughout the turf areas on
a regular basis, However, the absence of a con-
ventional sprinkler system that would nor-
mially provide overhead watering appears to have
resulted in slower fertilizer dissolution, thereby
lengthening the intervals between applica-
tioms. The slower fertilizer dissolution prob-
ably results in less leaching of fertilizer beyond
the turf rootzones, This lower fertilizer usage
provided an extra cost savings to the project.

The Foukuiula wastewater treatment facility
and the reuse irrigation system are each man-
aged by outside contractors who are respon-
sible [or operating, maintaining and man-
aging the svstems m accordunce with Chapler
&2 of Title 11 Hawaii Administrative Bules and
the Reuse Guidelines.

YWater rense needs fo be included in the water-
planning process, IUis a concept that addresses
the challenges of managing and extending
our limited potable water resounces and the sale
and proper disposal of our wastowater effluent.
The subsurface-drip irigation concept presents
avery viahle and attractive alterativi technology
te conventional eflluent disposal methods
while simultancously addressing the ssues
of water conservation and the imigation needs
of landscape and agriculre, L

Fison O Gusditken s the vice president of
ITC Water Maragement in Haleowa, HIL This
article {5 reprinted with permission jrom
Journal AWWA Annual -Conference
Proceedings, Fol [ Water Cualivy, Cogriphi
FRUS, American Water Works Associaiion,



