Barriers to Protect Hilo from Lava Flows!

GORDON A. MACDONALD?

THE ciTY OF HiLo, on the island of Hawaii,
lies on the flank of one of the world’s most
active volcanoes, Mauna Loa. For more than
a century the danger of destruction of the city
by lava flows has been recognized. Old docu-
ments recount the apprehension with which
Hilo residents watched the advance of the
lava flows of 1852 and 1855. In 1881 concern
was even greater, as the flow front crawled
within a mile of the shore of Hilo Bay. Early
in his studies of Hawaiian volcanoes, the late
Dr. Thomas A. Jaggar recognized the threat
to Hilo, and for many years the safety of the
city and methods by which it might be in-
sured were among his principal concerns
(Jaggar, 1931, 1949).

In 1937, following preliminary studies by
the staff of the Hawaiian Volcano Observa-
tory, Jaggar proposed the building of a bar-
rier, or barriers, on the lower slopes of Mauna
Loa to deflect lava flows from Hilo harbor and
its immediate vicinity. Such a barrier would
consist essentially of a great wall stretching
diagonally across the slope. The purpose of
the barrier would not be to hold back the
flow, like a dam, but to turn the flow and di-
rect it away from the vital area. In 1938 a study
of the project was begun by the U. S. Engi-
neer Department (now U. S. Army, Corps of
Engineers). A route and design for the barrier
were chosen, and the entire proposal was sub-
jected to careful study. It was found in the
estimate of the Engineer Department to be
entirely feasible. The official report, in January
1940, stated: ““The District Engineer believes
it is possible to protect the harbor and city by
a properly located and constructed barrier.”
The construction of the barrier was not carried

! Publication authorized by the Director, U. S.
Geological Sutvey. Manuscript received Feb. 8, 1957.

2 Present address, Department of Geology and Geo-

physics, University of Hawaii. Contribution No. 6,
Hawaii Institute of Geophysics.

out because it was considered not to be a
justified function of the War Department
(Jaggar, 1945: 340-341).

It is the purpose of this paper to review the
need of protection for Hilo, and the methods
by which it might be accomplished. When I
first heard of the proposal to protect Hilo from
lava by means of walls to deflect the flows, I
was very doubtful whether the method could
be successful. However, the study of active
flows during 7 eruptions and of many older
flows, in the course of 17 years of experience
with Hawaiian volcanoes, has convinced me
that such walls have an excellent probability
of succeeding. Attempts to build diversion
barriers during the 1955 eruption of Kilauea
have not weakened that conviction, though
they have shown that the walls must be care-
fully planned, and properly placed and

constructed.

Whether barriers are likely to be needed,
and whether successful barriers can be built,
are questions properly falling within the field
of the volcanologist. Answers to only those
questions are attempted herein. The question
of whether a barrier should be built involves
complex considerations of relative values of
the area to be protected, income to be ex-
pected from the area, effects of loss of the
area upon the economy of surrounding areas,
effects of displacement of population as a
result of loss of the area and influence on ad-
jacent areas, cost of construction of the bar-
rier plus interest on the cost, the ability of the
community (either locally or at large) to pay
this cost, and no doubt other factors. There
are also the legal questions arising from diver-
sion of lava onto land that otherwise might
not have been covered during that eruption.
These questions fall outside the province of
the volcanologist and must be decided by
economists, sociologists, and lawyers.
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NEED FOR PROTECTION

Hilo Bay lies at the junction of the slope of
Mauna Loa volcano with that of Mauna Kea
to the north (Fig. 1). Most of the city of Hilo,
south of the Wailuku River, is built on geo-
logically recent lava flows from Mauna Loa.
The very existence of Hilo Bay is the result of
these flows, which constitute all of the broad
promontory that extends eastward to Leleiwi
Point. These flows cannot now be dated in
years, but probably most of them are less than
2,000 years old.

Since about 1820, when our real knowledge
of Hawaiian volcanoes begins, Mauna Loa
has been among the most active volcanoes in
the world. During that period it has erupted
on an average once every 3.6 years, and the
total lava poured out has been more than 4
billion cubic yards. Nothing in the geological
record indicates that this degree of activity is
abnormal in the history of the volcano, nor is
there reason to expect that the degree of activ-
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ity in coming centuries will differ appreciably
from that of the last.

The vents of flank eruptions of Mauna Loa
are concentrated along two zones of fractur-
ing, known as rift zones, that extend re-
spectively east-northeastward and southwest-
ward from the summit of the mountain. The
northeast rift zone averages about a mile in
width, and trends almost directly toward Hilo.
It is marked at the surface by innumerable
fissures in the ground, and lines of cinder and
spatter cones built at the sites of eruptions.
The three small cinder cones known as the
Halai Hills, within the city of Hilo itself, ap-
pear to lie on the prolongation of the north-
east rift zone; but fortunately the portion of
the rift zone below an altitude of 6,000 feet
has been inactive for many hundreds of years.
Eruption along the northeast rift zone has
built a broad, rounded ridge trending toward
Hilo. The north slope of this ridge intersects
the south slope of Mauna Kea, producing a
broad valley through which the Wailuku River
and its tributaries flow eastward into Hilo Bay
(Fig. 1). Because of this topographic configu-
ration, all lava flows erupted from the northern
part of the rift zone below approximately
11,500 feet altitude are directed toward Hilo
within a belt about 6 miles wide. Whether or
not they reach Hilo depends largely on the
volume of lava released during the eruption,
and whether it is concentrated into a single
flow or spread as several flows over the upper
slope of the mountain.

It is the restriction of flows approaching
Hilo to this relatively narrow (6 miles wide)
belt just south of the Wailuku River that
makes feasible the protection of the city by
diversion barriers.

Flows issuing at points on the northeast
rift zone above 12,000 feet altitude probably
will turn westward in the Humuula Saddle (as
did the flow of 1843), and consequently do
not constitute a threat to Hilo.

Since 1850 there have been 6 major erup-
tions in the northeast rift zone, producing 8
major lava flows with an aggregate volume of
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F1G. 1. Map of the island of Hawali, showing the location of the city of Hilo, and of barriers proposed to protect
it from lava flows originating on the northeast rift zone of Mauna Loa.

more than 1,000,000,000 cubic yards. Of these,
7 flows have advanced toward Hilo, and in
1881 lava actually invaded part of the present
city. The volume of the 1881 flow toward
Hilo was approximately 250,000,000 cubic
yards. In 1942, a flow with a volume of ap-
proximately 100,000,000 cubic yards started

from a vent at 9,200 feet altitude and ad-
vanced northeastward 16 miles, coming to a
halt 12 miles from the shore of Hilo Bay. As
compated with these flows from the northeast
rift zone, the 1859 flow on the northwest
slope of the mountain and the 1950 flows
from the southwest rift zone each had a vol-
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ume of approximately 600,000,000 cubic yards.
This latter volume is more than twice that of
the 1881 flow, and 6 times that of the flow of
1942. The distance from the source of the
1859 flow to the point where it entered the
ocean is 32 miles. The vents of the 1942 and
1881 flows are 28 and 30 miles, respectively,
from the shore at Hilo. If either the 1881 or
the 1942 flows had had a volume equal to that
of the 1859 or 1950 flows, the lava almost
certainly would have entered Hilo Bay, and
doubtless would have overrun much of the
city.

In the vicinity of Hilo, lava flows of geolog-
ically recent age rest on a bed of yellow ash
(Stearns and Macdonald, 1946: 63-78), and
early flows of this group buried charcoal that
has been shown by radio-carbon dating to
have been formed about 2,000 years ago
(Macdonald and Eaton, in preparation). It is
estimated that during the interval since then
about 20 or 25 lava flows have entered the
Hilo area. Thus, based on these crude statistics
as well as on the historic record, an average of
about one flow per century can be expected to
enter the city of Hilo. Probably about one of
every three such flows will enter the bay. The
last flow to enter the present city was that of
1881, and no flow has entered the bay since
sometime previous to 1800. Obviously, these
figures are inadequate for the determination
of the mathematical probability of the en-
trance of lava into the city or harbor within
any given length of time; but within their
limits they suggest that a flow may be ex-
pected to enter the city within the next 25
years, and to enter the harbor within the next
century. No one can predict when this may
happen—whether within the next 5 years or a
century or two hence—but the threat is ap-
parent and the implications to the economy of
the island demand consideration of protective
or palliative measures.

The volume of water in Hilo harbor, and
especially that in the deep ship channel, is
comparatively small. The total volume east of
a line connecting the end of the breakwater
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with the mouth of the Wailuku River is ap-
proximately 45,000,000 cubic yards, and in
the same area the central channel below a
depth of 5 fathoms has a volume of only about
3,000,000 cubic yards. Part of any flow enter-
ing the harbor would project above sea level,
of course, and part would occupy the shallow
margin of the bay, but the topography of the
bay floor would guide the advancing flow di-
rectly into the most important part of the
harbor—the ship channel. Once in this sub-
merged valley the lava would tend to spread
along it. Both the natural valley wall north of
the channel, and the breakwater, would serve
as barriers to confine the flow to the harbor.
Thus 100,000,000 cubic yards of lava entering
the harbor almost certainly would make it un-
usable, and half that volume probably would
have the same result. Indeed, a very much
smaller volume entering the ship channel, as
it very probably would do, would cause
serious damage.

The loss of Hilo harbor would be disas-
trous to the present economy of much of the
island of Hawaii, for there is no other harbor
in that part of the island capable of handling
the cargo that moves through the port of Hilo.
Furthermore, the loss might well be perma-
nent. The congealed lava in the bay could not
to any large extent be removed by simple
dredging, and a difficult and very costly
blasting operation would be necessary to clear
the harbor.

It should be noted that in time of eruption
the supply of fresh water for Hilo may present
a serious problem. Most of the city’s water
now comes from the Wailuku River. A lava
flow entering the Wailuku drainage basin
might greatly reduce the volume of available
water and render the remainder unusable with-
out special treatment. During the 1855 erup-
tion the river water became much discolored
by organic matter from burned vegetation,
but at that time it caused no trouble because
the city’s water was obtained from springs.
The possibility of lava flows seriously damag-
ing Hilo’s water supply was pointed out sev-
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eral years ago (Stearns and Macdonald, 1946:
258) and the construction of wells to provide
an alternative or supplementary water supply
was suggested. Such wells should be kept
within the line of the proposed lava diversion
barrier, protected as far as possible from
lava flows.

INADEQUACY OF AERIAL BOMBING

The use of explosives to alter the course of
lava flows was first suggested by the late
Lorrin A. Thurston in the early 1920’s, and
was elaborated and made specific by Jaggar
(1931, 1936). The idea of emplacing the ex-
plosive by means of aerial bombs was sug-
gested by the late Guido Giacometti at the
time of the 1935 eruption.

There are three general ways in which bomb-
ing can divert lava flows: (1) by breaching a
lava tube in a pahoehoe flow, (2) by breaching
an open channel in an aa flow, or (3) by
breaking down thewalls of the coneat the vent
(Finch and Macdonald, 1949; 1951: 128-132).
(For a discussion of the characteristics of aa
and pahoehoe flows, see Macdonald, 1953.)

(1) At first the main feeding streams of all
flows are in open channels, but after the first
few hours or days of activity the main stream
of a pahoehoe flow crusts over and develops a
roof. Thereafter it flows through a tube, from
a few feet to as much as 50 feet in diameter,
resembling a great pipe or subway. Bombs
dropped on this tube may break it open,
clogging the tube partly with debris from the
shattered roof and partly with viscous aa lava
resulting from the violent agitation of the
fluid lava in the tube. The clogging may
cause an overflow from the tube at that point
and a consequent diversion of the main feed-
ing stream of the flow. If the diversion is sev-
eral miles upstream from the former advancing
flow front, several days may pass before the
front of the new flow reaches as great a dis-
tance from the ventas had the earlier flow front.

(2) The main feeding river of an aa flow re-
mains largely open, but repeated overflows
gradually build up natural levees on each side
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of the stream, and after the first few days the
stream commonly is flowing at a level several
feet higher than the adjacent land surface.
Breaking down the levee by bombing permits
the liquid to escape from the old channel and
start a new flow. The removal of part or all of
the supply of liquid lava from the old channel
causes the advance of the old front to slow
greatly or stop altogether, and it may be sev-
eral days before the new front reaches a point
as far from the vent as that reached by the old
one. At that time bombing can be repeated
if necessary.

(3) Commonly the pool of liquid lava in the
cone, which feeds the flow, is at a level several
feet above the ground surface adjacent to the
cone. As with the aa levees, breaking down
of the walls of the cone allows the lava to
spill out laterally, starting a new flow and
depleting the supply of lava feeding the
previous flow.

The last method, suggested independently
by Finch (1942) and the writer (Macdonald,
1943), has not yet been tried, although the
natural breakdown of the cone walls during
the 1942 eruption produced essentially the
same effect that would be brought about by
bombing. The first method was employed un-
der the direction of Jaggar in 1935, and the
second under the direction of Finch in 1942.
In neither case did the bombing wholly divert
the flow, but in both it was demonstrated that
the methods can be successful under favorable
circumstances. However, bombing methods
can be used only where topography is favor-
ableand at times when thelava flow has formed
well-developed tubes or channels between
elevated levees, or when a large cone of ap-
propriate shape has been built at the vent.
Furthermore, the bombs must be very ac-
curately placed to produce the desired effects,
and this in turn requires good visibility of the
targets from the air. During times of eruption
visibility is often very poor over the flows in
any area because of the clouds of volcanic
fume and smoke from burning forests. In the
area southwest of Hilo visibility is apt to be
















































