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Reef

runway is first
in airport
design

Something had to be done to
improve congditions at Honoluly
international Airport, where
gircraft traftic patterns created a
ot of noise for people on the
ground. The answer was an
oftshore runway built on a reef,
Environmenta! conditions played
a big part in the design and
construction of this $81 million
project.

BECAUSE OF THE TAKECOFF and landing
patterns in exisience at Hawali's biggest
airport in Honolulu, sircrafl flew directly
over heavily populated land areas, ere-
ating a fot of unwanied noise. And with
the adveni of the jumbo-jet age, 3t
became apparent that something had to
be done. That something was the design
and construction of a new runway, hewn
from a coral reef adjacent to the existing
air complex. The $8) million praject,
completed last foll, was the world’s first
major runway built entirely offshore, and
is 3 contender for the Outstanding Chvil
Engineering Achievement of 1978, In
addition to the massive job of dredging
coral f1) and constructing the runway
itself, the project is a landmark of sorts in
the care it took to minimize the environ-
mental impact it would have on the
surrounding area. As a result, water qual-
ity was improved and provision made for
the bird population indigenous to the
AYEA.

Begun 11 years Bge
Planning began in earnest in 1967 for s

_-pew renway parallel 1o the existing one,

But 6,700 {1 {2000 m) toward the ocean.
This placed the vunway offshore on an
underwaier {ringing coral reef. The Reef
Runway, &5 it came to be known, was
planned as a preferential takeofl vonway
for heavy three- and four-engine airerafi;
its location insured that it would reduce
moise levels pround populnted areas {as
well ns increasing safety for downtown
and surburban areas of Honolulu). Also,
the new runway would bring a long.
pesded increase in capacity for the aire
port—insuring sdequate landing facilities
for the next 20 years,

Firnt of @ Kind

Because it would be the frst major
facility of its kind built entirely offshore,
the environmental ifmplications were
carcfully studied early in the game. (Oth-
er cities had anmounced plans for similar
offshore facilities—even to Chicago's
building &n entire airport entirely sur-
rounded by water in Lake Michigan—but
pothing concrete has so far been accom-

plished.) Studies for the project involved
the wse of three-dimensional hydrody-
namic models 1o determine the runway's
overall effect on girculation patterns in
the Keehi Lagoon, as well as wave forces
on the structure itself, Tests were also
made to determine design criteria for the
structures that would protect the runway
on its seaward side.

Final plans for the runway determined
that it would be constructed on coval il
for » length of 14,700 f1 (4480 m)}, with
gssociated taxiways and 2 protective
structure. By the fime it was fnished
more than 19 million yd® (15 X 10° m%)
of dredged material had been wused,
pumped by three hydranlic suction
gredges from four offshore borrow areas,
to form the land mass. In addition, some
800,000 tons {730 X 10° kg) of guarried
stone and 18,100 four- and siz-ton (3600
and 5400 kg) dolosse concrete armor
units comprise the protective structure
separating the runway from the ocean.

Bradging and Biling

Fill material for the runway was the
goral dredged from the lagoon. Much of
it was placed in formerly dredged sea-
plane channels that had become partially
filled with mud sedimems. A small
dredge was wsed to remove mud from
areas that would lie below future pave-
ment {it was then pumped 1o confined
areas outsidle the strociural sections of
the runway). Dredgers used in the project
were the 36-in. (910-mm) dredge Hydro
Pacific, the 30-in. (760-mm) dredge San
Driego, and the 14-in. (410-mm) dredge
Explorer.

The structural ilf was placed by equal-
ly spacing three 36-in. pipes across the
300-ft {61-m) wide runway. Coarser moa-
ferials tended to settle out within the
limits of the strucwural-filf paved aveas,
while finer materials washed laterally into
common-fll areas ousside paved sections,
Similarly, two 36-in. pipes were used to
place structural fill in the tariways. Trur-
ing placement of dredged fili in areas
where mud removal was required, the
contracior kept the top of the dredge il
at water level—and advanced the il in as
narrow g width as possible to prevent silt-
ing up of the dredged muod trenches.
Although this method proved highly suc-
eessful, it was necessary to resnter some
areas again to dredge out finer materials,
which fiowed into the mud trenches from
dredging operations. Extensive drilling
explorations slso took place in order to
assure the compliance of dredged fili with
requirements of structural-fll materials.

The dredged structural fill was gener-
ally piaced Bt an elevation slightly above
the fnish grade of compacted &lL the
material was then removed down o EL




L

+3.0 1 (+1.0m) by rubber-tired scrap-
15 {the area under compaction at any one
time was generally imited to an gverage
Iength of about 1,000 ft or 300 m). The
fill was proof-rotied with & 60-ton (54 X
FE kg) rubber-tired roler; soft areas
which developed {under proof-rolling or
during excavation by rubber-tired scrap-
ers and other construction equipment)
were corrected by removing the soft ma-
terial, adding structural U, end proof
rofling once more. Aller that, the &) was
placed in 8 in. (200-mm) loose layers and
compacied 10 83% of maximum density
using sheepsfoot and vibratory rotlers.
{Extensive field testing indicated that
lesser compacting was required if the
coral materials used were first rolled with
two 10 three passes of @ heavy sheepioot
roller; this tended to compact the bottom
portion of the Jayer more effectively).
The surface of the layer was then
smoothed off with 2 blade and the com-
pactive effort completed with three 10
four passes of a vibratory rolier (the
compactive effort needed was less if suffi-
cient sea water was applied 10 the highiy
permeable material to maintain water

content on the high side of optimum),
The maximum density of the dredged
coral varied from 106 Ib/f1® (1700 kg/
m*j—al an optimum moisture content of
E8%-to 116 Ib/T? {1860 kg/m?) at an
optimurn moisture content of 14%. In-
place densitics were determined by the
combined use of Troxler Nuclear Density
Meters and the sand-cone method (exten-
give comparative research proved the nu-
clear meter to be most reliable for use in
this type of material).

Bettlements were negligible, in large
measure due 1o the careful placement of
coratfill (described earlier), which virtualiy
eliminated any large pockets of fine com-
pressible material below the paved areas.

The runway pavement itsslf consists of
® in. (230 mm) of crushed rock, 7 in.
{180 mum) of asphalt treated base, and 5

A (130 mm} of asphaltic contrete; it was

designed o meet existing civil and mili-
tary load eriteria.

Reducing siltstion

During runway construction strict
measures were taken (o reduce and elimi-
nate siitation outside project limits. The

econtractor bad o enclose the entire work
area within dikes in order to protect the
surrounding coral reef. Floating sillation
curtains (similar 10 those used to control
oil spills} were used 1o prevent turbidity
from flowing ouiside the project’s limits.
The monitoring program was initiated
before construciion began and main-
tlained throughout; when standards were
violated ouiside the runway area, work

- was stopped and corrective action taken.

Construction of the manway (and con-
necting taxiways) resulted in a large 240
acre (970,000 m*) marine pond sur-
rounded on all sides. To maintain water
circelation, eleven 7-in. {1800-mam) di.
ameter pipes were installed; one was
placed under the runway to the ocean and
10 were placed below the access taxiway.
They provide an approximate 20% daily
exchange of water with gach tide.

Delosse used for protection

In building the protective structure it
was decided to use dolosse (see phoio),
supplied by the Hawaiian Dredging Com-
pany---¢ost being a major factor infivenc-
ing the decision. (J1 was the first instance




of dolosse bring used in a U.B. project,
other than those designed and built by the
Corps of Engineers.) The structure also
vsed Bler cloth (Plyfilier X from Cincin-
rai’s Carthage Mills) to reduce the
wmount of stone required; it was placed
directly on the underlayers in sections
where an underwater rock berm was con-
structed. Coral Bl then was placed on top
of 1he plastic filier cloth. In other areas,
ihe plastic filter ¢loth was placed atop a
coral berm and shore protection rock
piaced on top of it

It was noted early in the planning stage
thai such g large physical structure would
effcct the flow of currents plong the
island’s coastline—and in the lagoon ad-
jacent o the airport. Because earlier
seaplane rupways had been dredged in the
coral {(with poor connaction into the open
oeean), sediments had been trapped over
the years; thus water guality had been
diminished. It was decided that water
quality might be enhanced through con-
struction of a channel sloping downward
o the sea, ground the eastern end of the

Placing aulosse or i protective Biructire o

-

sanwerd sige of furway.

runway. This, combined with prevailing
wind forces, would permit water to flow
out, thereby providing 2 more complete
exchange within 1he lagoon. {More recem
studies have shown thai the channe! is
performing as intended. Even during
Hood-tide conditions, water in the sircu-
lation channe! ebbs, indicating that the
goal of exchanping water within the
lagoon is being accomplished. Tests have
also shown that water around the runway
is now better than it was before.)

Swving the sl

Another environmental consideration
taken inlo account was the preservation of
ceriain avians, prominent among which
was the Hawaiian Stilt, considered a rare
and endangered species. In order 10 mini-
mize the impact of the ranway's con-
struction on them, small islands were
built in the lagoon so that the birds could
rest. In addition, two large bird sanctu-
anies designed for their nesting were con-
structed in nearby Pear! Harbor, And,
eithough not specifically planned that

way, the shore protection siructures
themnselves have become a major fish
habitat, Since the comstruerion, large
numbers of fish have been seen in the
vicinity of the reel protective structures.
One reason the fish congrepate there is
that they are protecied from more preda-
tory Hish and other animals.

Landrmark FiS cose

One stumbling block that hadn’y been
anticipated (and that eventually added 1o
construction time and cost) was the litiga-
tion aimed at preventing the runway's
consiruction that went all the way to the
Supreme Court of the United Seates.
Althouph the runway was planned before
passage of the National Environmental
Policy Ast of 1969, the proiect was
caught in the bind of being one of the
first airport facilities having 1o file an
Environmental Impact Statement {which
was subsequently completed and ap-
proved early in 1972). Later that year, a
preliminary injunction was requested by
various environmental groups and 2 tem-
porary restraining order was issued by the
LLS, Diistrict Court. After going through
three different courts, and ending up on
the doorstep of the Supreme Court, the
rusway EIS was ruled adequate, affirm-
ing the action of a lower court, Intersst-
ingly, the court decided that it was not a
confiict of interest for 2 consultant 1o
participate in the development of an EIS
which may result in future work, as did
the consultami on the runway with the
Siate of Hawaii and the Federal Aviation
Administration. Alse, as a result of work
stoppages caused by the legal action, the
stale awarded the contractor $830,000
for damages incurred and extended the
gontract time by 112 days.

Costs, seope incresse

Originally, the Reef Runway had been
expecied o cost about $20 million. How
did that figure grow to the eventpal $81
million pricetag? Reasons: gl first, jus: 2
minimum facility was envisioned, encom-
passing only civilian requirements. Since
then, both civilian and military paving
designs, safety requirements and grading
eriteria changed significantly. The corn-
pletedt project includes a much stronger
runway built on & graded area over 2,400
£t (730 1} wide, two bypass taxiways, two
high-speed exits, a complete paraliel taxi-
way (only aboutl ome-half of the parallsl
taxiway was originally proposed) and
wider shouiders. Also, numerous support
facilities were incorporated into the pro-
fect to insore is success; these include:
reconsiruction of taxiways at the thresh-
old of one of the existing runways; con-
steuction of 3,500 ft (1100 m} of taxiway
parallel 10 another major runway; ex-
tended safety areas; a crash fire vescue
building; relocation of maval recreational
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facilities; » sewer system; other building  channel, the protective stracture, and the
relocations; relocation of bird habitats, bird relocstion.

and others. Thus, slthough the total cost The project has won local preise for the
mere than quadrupled, the scope of work  lessening of sireraft aoise in the everyday
also incressed significantly. Not every-  lives of Honolulu citizens {the most noise
thing proceeded smoothly, however, In  noticed these days is generated by inter-
addition 10 the brouhaha over the FI8, island eireraft which had gone virtually
there were smaller difficulties with some  unnoticed before). Constructing 8 project
aspeets of such things s the circulation  such a8 the Reef Runway points out once

feet the authors

Three ASCE members closely con-
nected to the Reel Runway Project
contributed in large part the informa-
tion on which this article s based.
They are: Wayne L. Rickerd, projeci
manager for the design and construc-
tion of the Recl Runway, who wrote
one of the manuscripts; Frank V. Her-
mang, senior airporl engineer for The
Katph M. Parsons Company, and
Owen Mivamoto, chief of Hawaii
DO s air {ransporiation facilities di-
vision, who collaborated on 2 manu-
seript accompanying the nomination
of the project as OCEA for 1978,
Here's & bit about gach of them:

After compleiing his work on the
Reef Runway Project, Wayne L.
Rickerd became field manager for the
construction of the Missouri Basin
Electric Power Project’s Laramie Riv-
er Station, a 1.5 million-kw coal-fired
steam-electric generating plant pow
being constructed in Wyoming,

Rickerd is o graduate of Oklahoma
AdM (now Okiahoma Staie 1).) with
a BSCE, and the University of South-
ern California, where he was awarded
his MSCE.

A Ralph M. Parsons employes is
Frank Y. Hermana. He bas been
involved in planning, engineering de-
sign and construction management on
the Reel Runway since 1968, He also
worked en airports in Taipel, Guam,
The Trust Territory of the Pacific
kstands and other projects throughout
the Pacific Basin. With two degrees
{one of them In civil enpineering)
from Lalayette College, he later
earned & master’s in city planning at
the University of Pennsylvania.

Owen Miysmoto has been with the
girporis division of Hawaii's Depart-
ment of Transportation since 1962
and in his current job singe 1969,
Under his direction the planning, en-
gineering and construction of the Reef
Rumway was earried out (his responsi-
bility encompasses all airport projects
in the state). A civil engineering grad.
uate of the University of Hawaii, he
slso holds 2 master’s degree from the
University of Hlineis.

again the sbility of engineers to construct
& factlity in & bostile environment, mak-
ing it rather an environmental enhance.
ment. Although the single cost may ape
pentr high, it could be considered small
when compared to such alternatives as
purchasing nearby land, relocating an en-
tire sirpori, or restricting flight activi-
ties. v

Rapriﬂteﬁ from Givit Engineering—ASCE  June 1078



