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FIELD SURVEY OF THE AVIFAUNA AND FERAL MAMMALS
AT KALAUPAPA, MOLOKAI: PHASE I REPORT

INTRODUCTION

The purpose of this Phase I report is to summarize the
findings of the first of two separate three day bird and mammal
field surveys conducted on 17«19 March 1989 for the Kalaupapa
Airport Master Plan at Kalaupapa, Molokai (Fig.1). Also included
are references to pertinent literature and unpublished observations
of faunal activity at this site. Finally, the report discusses
some possible changes that might occur in the faunal community
given the scope of the proposed development. A second shorter
report will be made of the observations obtained on the second
field survey.to be conducted in Tate May 1983. This latter report
will help to provide a more complete picture of bird activity at
this site,

The objectives of the field survey were to:

1-  Document what bird and mammal species occur on the property
or may 1ikely occur given the type of habitats available.
2-  Provide some baseline data on the relative abundance of

each species,



3- Assess the possible changes in the faunal communities that
might occur as a result of habitat alteration following the
proposed development. In the event that special or critical
habitat resources exist on the property identify these sites
and make recommendations regarding their protection or what

mitigating measures should be considered,

GENERAL SITE DESCRIPTION

The project site is located at Kalaupapa, Molokai (see Fig.1).
The area surveyed included not only the present Kalaupapa Airport
but the surrounding lands and the Access Road to Kalaupapa town.

The dominant trees in the area include; Kiawe (Prosopis pallida),

Iron Wood {Casuarina spp.), Cook Pine (Araucaria columnaris) and

Tree Heliotrope (Messerschmidia argentea). The lands immediately

surrounding the airport are covered by Beach Naupaka {Scaevola
taccada) and a variety of grasses and native coastal plants.

Weather during the field survey was variable with cool cloudy
mornings and afternoons and clear mid-day periods. Winds were
unusually light and from the west rather than the typically strong
NE trades that normally prevail along this coastal section of

Molokai.
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i STUDY METHODS

Field observations were made with the aid of binoculars and

by listening for vocalizations. Attention was also paid to the

Gk e

presence of tracks and scats as indicators of bird and mammal
activity. A total of eleven census stations (Fig. 1) were

established and eight minute counts were made during early morning

R

and late afternoon periods of all birds seen or heard at these

stations. - These counts provide the basis for the population

R
S

estimates given in this report. Between these count stations

ey

additional observations of birds were also kept. Literature

uol

‘resources and reports of bird observations made at Kalaupapa by

b
Yo

other competent ornithologists were consulted in order to acquire
a more complete picture of the faunal community at this site

(Berger 1572, Hawaii Audubon Society 1984, Pratt et al. 1987,

Robert Pyle - ornithologist with the Bishop Museum, Honolulu).
i Observations of feral mammals were limited to visual sightings
and evidence in the form of scats and tracks. No attempts were

made to trap mammals in order to obtain data on their relative

abundance and distribution.

Scientific names used herein follow those given in the most
recent American Ornithologist's Union Checklist (A.0.U. 1983),
Hawaii's Birds (Hawaii Audubon Society 1984), A Field Guide to the
Birds of Hawaii and the Tropical Pacific {Pratt et al. 1987) and
Mammal Species of the World (Honacki et al. 1982).



RESULTS AND DISCUSSION

Resident Endemic (Native) Birds:

No endemic birds were recorded during the actual survey.

The Short-eared Owl (Asio flammeus sandwichensis) might occasionally

be found at this site as they forage over open lowlands as well as
at higher elevation (Prait et al. 1987). No other endemic species
would be expected given the present condition of the habitat.

The wetlands located on the town side of the airport are almost

completely overgrown. If open water spaces were available then

native endemic wetland birds such as Black-necked Stilt (Himantopus

mexicanus knudseni), and American Coot (Fulica americana alai)

as well as migratory waterfowl might be expected to take advantage

of this wetland.

Migratory Indigenous (Native) Birds:

Pacific Golden Plover {Pluvialis fulva) -

Plovers prefer open areas for foraging such as mud flats, lawns

and fields with short grasses, Prey items primarily include

insects, crustaceans, and a wide variety of other small invertebrates.
An average of 82 plover were recorded for each day of this first
field survey, These birds were observed along the roadside, on

the grassy margins of the airstrip and on other small Tawns and

open spaces scattered throughout the area surveyed. Johnson et al.

(1981), Bruner (1983). and Johnson et al. (1983) have shown
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plover are extremely site-faithful on their wintering grounds
(returning each day to the same spot and maintaining this behavior
thro#gbout their life time). Plover also establish foraging
territories which they defend vigorously. Such behavior makes it
possible to.acquire a fairly good estimate of the abundance of
plover in any one area. These populations likewise remain
relatively stable over many years. {Johnson et al. 1989).

Ruddy Turnstone (Arenaria interpres) -

Ruddy Turnstone forage on lawns as well as in the intertidal zone.
They typically occur in small flocks and are not known to be
territorial but may exhibit some site-faithfulness tendencies
(Fleisher 1985). Turnstone also compete with plover for many

of the same types of prey. An average of 32 Ruddy Turnstone

were recorded for each day of this first field survey,

Wandering Tattler (Heteroscelus incanus) -

Wandering Tattler spend their non breeding season in Hawaii
foraging along rocky coastlines, in mudflats and intertidal
habitats as well as beside mountain streams. No site-faithful

or territorial studies have been conducted on tattler in Hawaii,
Typically they forage alone rather than in flocks Tike Ruddy
Turnstone. An average of two Wandering Tattler were seen on each

day of this  first survey., The Siberian Tattler (Heteroscelus

brewiges) has been recorded only rarely in Hawaii, the most
recent record s from Kona, Hawaii (Pratt pers. comm.}, This
species is much more common in the western Pacific (Pratt et al.

1987). No Siberian Tattler were recorded on this survey.



Two other species of migratory shorebirds Sanderling

(Calidris alba) and Bristle-thighed Curlew (Numenius tahitiensis)

may at times occur on the property although they were not recorded
on this first survey. Sanderling commonly forage along wave

swept beaches but will also utilize lawns and intertidal habitats.
Bristle-thighed Curlew are usually seen only when they pass
through Hawaii in the early fall as they migrate further south

to the central and southeastern Pacific. There they forage along

exposed reefs on atolls and in high elevation grass1énds on the

volvanic high islands of the Society and Marquesas archipelagos

(Bruner 1972, Pratt et al. 1987).

Seabirds:
No seabirds were observed on the ground but three species:

Great Frigatebird (Fregata minor), Red-footed Booby (Sula sula)

and Wedge-tailed Shearwater(Puffinus pacificus) were seen flying %%

overhead or off shore. R. Pyle {pers. comm.) reports Laysan

e

Albatross (Diomedea immutabilis), White-tailed Tropicbird

(Phaethon lepturus) as well as Great Frigatebird from Kalaupapa.

SATIR

Laysan Albatross have only in the last ten years begun to visit
the main Hawaiian Islands. This may be due to space limitations
on the breeding sites within the NW Hawaiian Island National

Wildlife Refuge.



R

s

S

o
=

o
4

i

&

i

S

%

Resident Indigenous (Native) Birds:

No resident indigenous species were recorded. Black-crowned

Night Heron (Nycticorai nycticorax) might occasionally forage in

and around the wetland habitat, however, none were observed on this

first survey,

Exotic (Introduced) Birds:

A total of 16 species of exotic birds were recorded during
the field survey. Table One shows the relative abindance of these
species, The most numerous during the three day survey were

Common Myna (Acridotheres tristis), Japanese White-eye (Zosterops

Japonicus), House Finch (Carpodacus mexicanus) and Zebra Dove

(Geopelia striata). - R. Pyle (pers. comm., an Ornithologist with

the Bishop Museum} visited Kalaupapa on 5 March 1989 and found
House Finch to be the most common species in the eastern sector
of the peninsula.

Four species recorded in similar habitat elsewhere on Molokai
(Hawaii Audubon Society 1984, Pratt et al, 1987). were not recorded
on this survey but potentially could occur on the property or
adjacent lands. They include: Common Barn-Owl (Tyto alba),

Melodious Laughing-Thrush (Barrulax canorus), Eurasian Skylark

(Alauda arvensis}), and Northern Mockingbird (Mimus polyglottos).

Feral Mammals:

Feral cats and dogs were seen during all days of the survey.

Rats and mice were not observed but undoubtedly occur on the



property. A total of seven Small Indian Mongoose (Herpestes

auropunctatus) were also recorded. Feral goats were both seen

and heard as well as feral pigs. Axis Deer (Axis axis)

are reported from Kalaupapa but none were found on this survey.

Without a trapping program it is difficult to conclude much

about the relative abundance of rats, mice, cats and mongoose,

however, their numbers are probably not dramatically different

from what one would find elsewhere on Molokai in similar habitats,
Records of the endemic and endangered Hawaiian Hoary Bat

{(Lasiurus cinerus semotus) are sketchy but the species likely

occurs on ~ Molokai (Tomich 1986), Little is known of their natural
history, distribution and ecological requirements. No bats were

recorded on this project site despite two nights of observation.

CONCLUSION AND RECOMMENDATIONS

A brief survey can at best provide a limited perspective of
the wildlife present in any given area. Not all species will G

necessarily be observed and information on their use of the site

must be sketched together from brief observations and the available
literature, The number of species and the relative abundance of
gach species may vary throughout the year due to available
resourcés and reproductive success. Species which are migratory
will quite obviously be a part of the faunal community only at
certain times during the year, Exotic species sometimes prosper

for a time only to later disappear or become a less significant
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part of the ecosystem (Williams 1987). Thus long term studies
can provide the insights necasgary to acquire both a broad view
as well as a more definitive perspective of the bird and mammal
populations in a particular area., However, when brief studies
are coupled with data gathered from other similar habitats the
velue of the conclusions which are drawn 1§ significantly
increased.
In terms of broad conclusions related to bird and mammal
activity on the project site the following are offered:
1~ The present environment in the area surveyed provides a
diverse range of habitats which are utilized by the typical
array of exotic birds one would expect in these types of
environments on Molokai. The proposed development will
reduce habitat for species which rely on brush covered
habjtats fbr foraging and shelter, such species include:

Northern Cardinal (Cardind?ié cakdin&?ié), and game bird

species such as Gray Francolin {Francolinus pondicerianus).

Black Francolin (F%énconnus'%&aébe?inaﬁ) and Ring-necked

Pheasant (Phasianus colchicus).

2~  Migrant species particularly Pacific Golden Plover and to
a lesser degree Ruddy Turnstone are usually benefited by
the kind of development that creates open spaces such as
lawns., The proposed development should add more habitat
for plover while at the same time it reduces living spaces

for species which require brush or trees.
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Laysan Albatross are not necessarily overly attracted to air-
strips but they do frequent open habitat which affords access
to prevailing winds. Because of their large body size they
must run into the wind in order to get enough 1ift to become
airborne. It remains to be seen what will become of

recent attempts at reinvasion of the main islands by this
species. Predators such as dogs and man may severely limit
the success of this venture. Although no albatross were
observed on the survey they never-the-less have been recorded
at Kalaupapa. If albatross begin to make greater use of the
airstrip there may be some reason for concern about possible
airstrikes between aircraft and albatross. This situation
should be watched carefully.

No significant changes in the feral mammal population should
occur as a result of the proposed development.

The wetland habitat that lies on the town side of the present
airfield could become a valuable resource for resident and
migratory waterbirds. What is needed is some clearing to

make open water habitat and thé creation of some small islands
which would reduce the effects predators would have on nesting
birds. Fencing of the wetland to restrict dogs from entering
would also be a positive step towards improvement. Eventually
this site could become again a useful wetland as well as an

added attraction to the beauty of the Kalaupapa peninsula.
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?@ KEY TO TABLE 1
i
£
Retative Abundance = Determined by frequency on eight minute counts
a5 in appropriate habitat.
o Number which follows is average of all counts
for that species in appropriate habitat.

-3
1

Abundant (ave. 10+)

[
it

Common {(ave, 5-10)

Uncommon (ave. less than 5)

= e
it

Rare or recorded only once (number which follow is total individuals
recorded during the field survey)
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FIELD SURVEY OF THE AVIFAUNA AND FERAL MAMMALS
AT KALAUPAPA, MOLOKAI: PHASE II REPORT

INTRODUCTION

The purpose of this Phase Il report is to summarize the
findings of the second bird and mammal field survey
conducted on 22-24 May 1989 for the Kalaupapa Airport Master
Plan at Kalaupapa, Molokai. Also included are additional
personal communications regarding wildlife observations at
Kalaupapa which were not recorded in the Phase I report.

The objectives of this second field survey were to:
1~  Document what species occur on the property during the

summer months.

2-  Provide some additional baseline data on the relative
abundance of each species.

3- Assess the importance and quality of the wetland habitat
in the Ka Laea area.

4-  Conduct a brief faunal survey of Kauhako Crater and

Puu Uao.



GENERAL SITE DESCRIPTION

Two abundant plants inadvertently left of the original
1ist in the first report were: Christmas Berry {(Schinus

terebinthifolius) and 'Ilima (Sida fallax).

Weather during this second field survey was variable with
clear periods and occasional passing showers. Winds were

strong (20-30 mph) from the east.

METHODS

This second field survey followed the same methods that
were used in the 17-19 March survey. The identical census
stations shown in Figure One of the Phase I Report were also

sampled in this survey. In addition a walk through of the

wetland at Ka Laea was made to evaluate this resource for
waterbirds as well as two visits to the interior and surrounding

Tlands of Kauhako Crater and Puu Uao.

RESULTS AND DISCUSSION

Endemic (Native) Birds:

No endemic birds were recorded during this second survey.
The wetlands located on the town side of the airport contain
sufficient water and food resources to support a small number

of waterbirds. This wetland could be used by Black-necked
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Stilt (Himantopus mexicanus knudseni), American Coot (Fulica

americana alai) and Common Moorhen (Gallinula chloropus

sandvicensis).

Migratory Indigenous (Native) Birds:

Pacific Golden Plover (Pluvialis fulva) -

Only one plover was seen during the course of this second survey.
The bird was a juvenile with no signs of breeding plumage.

Ruddy Turnstone {Arenaria iﬁterprés) -

Several flocks of turnstone were recorded along the grassy
margins of the airstrip and in the region of the lighthouse on
all three days of the survey. The largest flock contained 16
birds about half of which had some breeding plumage. These
turnstone are over-summering birds which did not migrate,

This phenomenon is typical of many juvenile shorebirds
{(Johnson, O.W. M.L. Morton, P.L. Bruner and P,M, Johnson.
1989, .Fat cyclicity, predicted migratory flight ranges, and
features of wintering behavior in Pacific Golden-Plovers.
Condor 91:156-177). No other species of migratory shorebirds

were recorded on this survey.

Seabirds:
Two additional seabird species were recorded on this

survey: Red-tailed Tropicbird (Phaethon rubricauda) and

the White-tailed Tropicbird (Phaethon lepturus). Both species




were observed flying over the peninsula.

Resident Indigenous (Native) Birds:

"No resident indigenous species were recorded,

Exotic (Introduced) Birds:

A total of 12 species of exotic birds were recorded during
this second field survey. Table One shows the relative abundance
of these species. The most numerous during the three day survey

were Common Myna (Acridotheres tristis), House Finch (Carpodacus

mexicanus) and Nutmeg Mannikin (Lonchura punctulata). The

decrease in counts of Japanese White-eye (Zosterops japonicus)

may have been in part the result of the high wind conditions
which made detection difficult. The lower numbers of Zebra

Dove (Geopelia striata) is less clear. Several residents of

Kalaupapa reported the presence of California Quail (Callipepla
galifornica) along the road between Kalawao and Kalaupapa.
Other species of gamebirds wer2 less vocal on this summer survey
than in March., Four species recorded on the March survey were
not found on this census they include: Japanese Bush-Warbler

{Cettia diphone), Cattle Egret {Bubu!cué'ibés), Warbling-Silver-

bi1l (Lonchura maYabariéé) and Rock Dove (CGEUmbé'1?via)g

Bush-Warbler were not singing and thus were impossible to detect.
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The other three unaccounted for species were rare on the first
survey and hence easily missed on this census.

A survey of Kauhako Crater and the Puu Uao area did not
add any new species to the list in Table One. Table Two shows
the relative abundance of each species. Japanese White-eye was
abundant in the crater. The protection from the wind afforded
by the crater walls made for calmer conditions and a better
ability to hear and see this species. The dense lush vegetation
of the crater is in stark contrast to the barren wind swept
habitat which characterizes the majority of the unhabitated
portions of the peninsula. The lake in the crater might be
capable of supporting some waterbirds such as coot or moorhen.
However, the lake's depth and poor water quality may be a
drawback to extensive use of this site. No waterbirds were

found on this body of water during either survey.

Feral Mammals:

Feral cats were seen during all days of the survey. Rats
and mice were not observed but undoubtedly occur on the property.

A total of eleven Small Indian Mongoose (Herpestes'aﬂropﬂnctatus)

were also recorded. Feral pigs and Axis Deer (Axis axis) were
abundant on the peninsula. Tracks and scats attest to their
numbers, These two species do great damage to the habitat by
eating and up-rooting native plants and creating erosion. The

Ka Laea wetland and Kauhako Crater showed abundant sians of deer and



pig activity.

CONCLUSIONS AND RECOMMENDATIONS

The conclusions for this second faunal survey are as follows:
1-  Activity and numbers of exotic birds were typical of the
summey months,
2. The increased seabird activity over the peninsula was
probably due to the high wind conditions.

3~ Feral mammals on the peninsula are numerous, particularly

pigs and deer.

4~ The wetland habitat at Ka Laea and the Kauhako Crater area
are two locations that either are or could become important
sites for wildlife,

5- The proposed development at the airstrip will have little

impact on the populations of wildlife at Kalaupapa.

RECOMMENDATIONS

b
e
[
2
oo

1- The Ka Laea wetland although relatively small in size could
be made useful to waterbirds if water levels could be
controlled and intruders such as man, deer, dogs and pigs
could be kept out by fencing. The creation of small islands
would discourage predation on nesting birds by cats and

mongoose.

2.  The Kauhako Crater is one of the best forested areas on the
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peninsula and should be protected. Feral pigs and Axis Deer
destroy the understory vegetation and should be removed from

this site,
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KEY TO TABLE 1

Relative Abundance = Determined by frequency on eight minute
counts in appropriate habitat.

Number which follows is average of all
counts for that species in appropriate habitat,

Abundant (ave. 10+)

Common (ave. 5-10)

Uncommon (ave, less than 5)

i

~ [ v o o
i

H

v Rare or recorded only once (number which follows is the total
e number of individuals recorded during
‘ the survey)
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INTRODUCTION
Purpose

Part of the planned Kalaupapa Airport Master Plan calls for a 1000 foot extension off the.
southwestern end of the existing runway. Location of the airport is at mean sea level on the most .
seaward part of the Kalaupapa perinsula. Runway construction may result in modification of the
shoreline in a manner that may cause effects to the marine environment {primarily by increased
runoff and siltation). In order to evaluate the potential effects on water quality and marine biological
commuanity structure resulting from construction of the runpway extension, a baseline marine
environmental survey of the area was conducted in July of 1989, The purpose of this reportisto
present the results and conclusions of the baseline survey. The evaluation includes qualitative and
quantitative descriptions of the environments that are directly offshore of the existing and expanded
runway, as well as neighboring areas that may be influenced by water quality changes caused by
comstruction. The baseline survey can also serve as the preliminary phase of any monitoring programs.
that may be required to mect all requirements for permit approval by county, state and federal
government agencies,

Specific Objectives

1) to characterize, in both qualitative and quantitative terms, the existing water quality in the vicinity
of the existing runway, and at a control station that will not be affected by the construction of the
project. Chemical composition of the environment will be evaluated by analysis of all parameters
specified by State of Hawaii, Department of Health water quality standards (Chapter 11-34 §11-54-06
(3)), aswell as several other parameters that are not listed by DOH, but provide important
information. Of particular importance will be potential changes that may result from sediment
created by construction and its related short term impact on turbidity;

2) to establish a comprehensive quantitative and descriptive baseline of biotic communities in the
vicinity of the existing and proposed runway and at the control site. All methods used to assemble the
baseline will incorporate criteria listed in DOH water quality standards (S11-54-07 (3)(D));

3} to evaluate the degree of natural stresses (sedimentation, wave scour, freshwater input, etc.) that
influence the nearshore marine environment in the vicinity of the proposed project. Typically, the
composition of reef communities is intimately associated with the magnitude and frequency of these
stresses, and any impacts caused by the proposed project may be mitigated in large part by natural
environmentalfactors. Therefore, evaluating therange of naturalstressisa prerequisitefor
assessing the potential for additional change to the marine environment owing to shoreline
modification;

4) based on results of objectives 1-3, to evaluate the potential impacts to the marine environment
owing to runway expansion, and to offer recommendations or mitigating measures that will lessen, or
eliminate, such impacts.



METHODS
Water Quality

Figure 1 is a map showing the Kalaupapa Peninsula and Airport along with the locations of 3
survey sites. Sites are located off the center of the existing runway (#1), off the southwestern end of
the runway directly offshore of the extension location (#2), and approximately 1 kilometer south of
the airport (#3). Site #3 serves as a control site, and should delineate if any observed environmental
changes are caused by inherent natural variability or construction related activities. It was originally
planned to include a fourth site off the northeastern end of the runway. During the period of field
survey, however, extremely rough sea conditions prevented access to this'area. All site focations
were recorded by compass bearings on prominent landmarks.

All field work was conducted on July 21-22, 1989 using a 30 foot boat. At each of the three
ocean sampling sites a series of chemical sampling transects were established. On each transect
samples were collected at two distances, 10 meters (m) and 100 m from the shoreline. At each
sampling site two samples were collected; a surface sample from within 10 centimeters (cm) of the
air-sea interface, and a deep sample approximately 1 m from the sea floor.

Water quality parameters that were evaluated included the 10 specific criteria designated for
open coastal watersin Chapter 11-54, Section 06 (Open Coastal waters) of the Water Quality
Standards, Department of Health, State of Hawaii. These criteria include: total nitrogen, nitrate +
nitrite nitrogen (NO43"+NO, ), ammonia (NH, *3, total phosphorus, Chlorophylla (Chla),
turbidity, dissolved oxygen, temperature, pH and salinity. In addition, orthophosphate phosphorus
(P04'3) and silica (S1) were also reported because these parameters are sensitive indicators of
biological activity and degree of groundwater mixing, respectively.

Water samples were collected in 1-liter polyethylene bottles. Subsamplesfornutrient
analyses were filtered through glass-fiber filters into 125 milliliter (ml) acid-washed, triple rinsed,
polyethylene bottles in the ficld and immediately placed
on ice. Analysis for NH4+ , PO4”", and NO4y ™+ NO,” and Siwere performed using manual techniques
on a Brinkman colorimeter. Total nitrogen and total phosphorus were analyzed in a similar fashion
following ultra-violetdigestion. Dissolvedinorganicaitrogen (DON)anddissolvedinorganic
phosphorus (DOP) were calculated as the difference between total dissolved and dissolved inorganic
Nand P.

Water for other analyses was subsampled from 1-liter polycthylene bottles and kept chilled
until analysis. Turbidity was determined on 60-ml subsamples fixed with HgCl to terminate biological
activity. Fixed samples were kept refrigerated until turbidity was measured using a Monitek Model 21
nephelometer, and reported in nephelometric turbidity units (NTU) . Chlorophyll a3 was measured by
filtering 300 ml of water through glassfiber filters; pigments on filters were extracted and assessed
fluorometrically. Salinity was determined using a AGE Model 2100 laboratory salinometer with a
readability of 0.0001 %/c0.

In-situ field measurements included dissolved oxygen and water temperature (YSI Model 58
meter with a readability of 0.01 milligrams per liter (mg/1) and 0.1 0 c., respectively). pH was
determined in the field with a Cole-Parmer Digisense millivolt meter with a readability of 0.01 pH
units.

i
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Biological Community Structare

Prior to quantitative transect sampling, qualitative reconnaissance surveys were conducted
throughout the area fronting the existing runway. These surveys were useful in making relative
comparisons between areas, identifying any unique or unusual biotic resources, and providing a
general picture of the physiographic structure and benthic assemblages occurring throughout the
region of study.

Following the preliminary survey, 6 quantitative transect sites were selected along the 3
off shore stations sampled for water chemistry, Each transect site was selected to represent the typical
zonation pattern of the particular station. Transects were 50 m long, and were oriented parallel to the
shoreline so that they bisected a cross-section of a reef zone. Ends of transects were marked by
weighted floats, Quantitative benthic surveys were conducted by stretching a surveying tape over the
reef surface between the marker floats. An aluminum quadrat frame, with dimensions of 1 m by 0.66
m, was sequentially placed over 10 random marks on the transect tape so that the tape bisected the
long axis of the frame. At each quadrat location a color photograph recorded the segment of reef area
eanclosed by the quadrat frame. In addition, a diver knowledgeable of the taxonomy of resident
species visually estimated the percent cover and occurrence of organisms and substrata types within
the quadrat frame. Only macrofaunal species greater than approximately 2 cm were noted; no
attempt was made to identify and enumerate cryptic species dwelling within the reef framework.
Following the period of field work, quadrat photographs were projected onto a grid and units of
bottom cover for each benthic faunal species were calculated. The photo-quadrat transect method is
a modification of the technique described in Kinzie and Snider (1978), and has been employed in
numerous field studies of Hawaiian reef communities (¢.g. Dollar 1979, Grigg and Maragos 1974,
Grigg 1983).

Quantitative assessment of reef fish community structure was conducted in conjunction with
the benthic surveys, As the transect tape was being laid along the bottom, all fishes observed within a
band approximately 2 m wide along the transect path were identified to species and enumerated. Care
was taken toconduct thefish surveys sothat the minimum disturbance by diverswascreated,
ensuring the least possible dispersal of fish. Only readily visible individuals were included in the
census. No attempt was made to seek out cryptic species or individuals sheltered within coral. This
transect method is an adaptation of techniques described in Hobson (1974).

RESULTS
Physical Stracture

The entire area off the existing Kalaupapaairportrunway is homogeneous. A basaltic
shoreline drops sharply from the shoreline in a vertical cliff face down to depths of 5-15 m. At the
foot of the cliff, and extending offshore for distances of at least 500 m, and to water depths of at least
30 m, bottom topography is composed of large basaltic boulders. Interspersed in the boulders are
areas of flat basaltic pavement, Surfaces of the boulders, as well as the shoreline cliff face, are
relatively devoid of attached benthic organisms, owing to extreme turbulence during the months when
wianter shore impacts the north shores of the Hawaiian Islands. The boulders do form, however, a
complex of interstitial spaces that provide shelter for fish.

Off transect 3, located to the south of the runway, physical structure of the marine
environment is somewhat different. The shoreline is composed of narrow white sand beaches, and
the shoreline cliff is absent. Rather, seaward of the shoreline, there is a relatively flat basaltic
platform approximately 3-5 m deep that extends approximately 200 m offshore. The platformis



devoid of relief other than a scattering of small rocks. Seaward of 200 m, water depth extends to
approximately 10 m and bottom topography consists of large boulders, similar to off the runway.

Water Quality

Table 1 shows results of water quality sampling off the Kalaupapa Airport. Also shown in
Table 1 are geometric means of all samples for each parameter, as well as the most stringent State of
Hawaii Water Quality Standard limits. Inaddition, the meanvalues of weekly measurements
collected for the past 3 years from the warm seawater intake at the National Energy Laboratory of
Hawaii (NELH) at Keahole Pt. on the Island of Hawaii, are also listed. As the waters off NELH are
considered to represent pristine coastal oceanic condition, these data provide agood basisof
comparison.

It can be seen that in ali cases, the geometric mean of the Kalaupapa samples is below the
most stringent of the Hawaii Water Quality Standards. With the exception of total dissolved nitrogen
and dissolved organic nitrogen, means of parameters from the Kalaupapa samples are also below the
means of NELH measurements, These comparisons indicate that at present the waters off
Kalaupapa can be considered unimpacted by any extraneous inputs, and represent pristine oceanic
conditions.

Examination of the data in Table 1 indicates that there is a very slight indication of vertical
stratification with respect to salinity; surface samples were slightly less saline than deep samples,
Dissolved silica, a constituent of groundwater was slightly higher at station 3 compared to stations 1
and 2, and also was elevated in surface relative to deep samples. This pattern for silica concentration
appears to indicate a slight input of groundwater off station 3.

Concentrations of PG33' and NO,", showed slightly higher concentrations in the nearshore
samples relative to the offshore samples, but did not display any indications of vertical stratification.
N§{4+, DON, DOP and Chl. g did not display any pattern of distribution, and were uniformly low.
Oxygen, pH and temperature were essentially uniform throughout the sampling scheme.

Benthic Commaunity Structure

Table 2 shows percent coral cover, number of coral species, and species diversity for corals
encountered on transects. Coral cover on all transects is extremely low, ranging from 3% to 6%.
While 7 species of corals were encountered, species per transect ranged from 2 to 4, and two species

{Porites lobata and Pocillopora meandrina) comprised 89% of all coral cover.

Coral cover is uniformly low throughout the offshore area of Kalaupapa owing to the intense
forces associated with breaking waves that impact the coastline every winter scason. Such wave
action is sufficient in magnitude to prevent planular settlement, and growth of adult colonies. The
corals that were encountered were ali small flat encrustations that presented no exposed surfaces
above the boulder substratum. Pocillopora meapdrina, considered a "pioneering species” in that it is
normally found in areas that are physically too harsh for other species, occurred predominantly as
small colonies that can be considered new recruits, less than a year in age.

Other forms of benthos were extremely rare off the entire Kalaupapa area. The only sea
urchins that were observed were Echinometra matheai and Echinostrephus agiculatus. These urchins
hore into rock surfaces, and were observed in small numbers on boulder surfaces. QOther urchins that
are normally found on the reef surface were not present, likely owing to the inability to withstand the
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turbulent motion associated with high surf conditions.

No benthic macroalgae were observed, except at transect KAR3-10’. At this locale, mats of
the spiny seaweed Turbinaria opnata were abundant.

Reef Fish Community Structare

In contrast with the poorly developed coral community noted off the Kalaupapa Airport, the
fish community was observed to be both diverse and abundant. A total of 64 species representing 17
families was observed on the 6 transects (Table 3). Oun individual transects, the number of species
noted ranged from 24 to 39 and the number of individuals ranged from 208 to 436. Species diversity
values ranged from 2.3t 3.2. : ' :

Herbivorous surgeonfishes were the single largest component of the fish community. The
predominant species were the goldring surgeonfish (kole, Ctenochaetus strigosus), the brown
surgeonfish (ma’i’v'i, Acanthurus nigrofuscus), the whitebar surgeonfish (maikoiko, A, leycopareius),
the convict tang {(manini, A, {rigstegus), and the orangespine unicornfish (umaumalei, Naso
lituratus): '

Other other common kerbivorous fishes included the brown chub {nenue, Kyphosus bigibbys)
and two parrotfish species (uhu, igamngrgg'lgiilatgaand&mbxmi). Planktivorous
damselfishes were also animportant constituent of the fish community. In particular, large
aggregations of the oval chromis (Chromis ovalis) and the smaller blackfin chromis (. vanderbilti)
were seen feeding several meters off the bottom. Also noted were the hawaijan sargeant {mamag,
Abudefduf abdominalis) and the threespot chromis {C.yeratory. Inaddition to the fishes cited
above, numerous other species were observed. Principle representatives came from the wrasse
family (Labridae), the butterflyfish family {Chaetodontidae), and the goatfish family (Mullidae).

Both the behavior and composition of the fish community indicated that relatively little
fishing pressure has been exerted on this site. Large nenue swarmed about divers in apparent
curiosity, and large parrotfish were very easily approached. Cursory inspection of holes under
boulders revealed large numbers of squirrelfish (u'u, menpachi, Myripristis spp.). Further, large
male yellowstripe coris (hilu, Coris flavovitta) such as those observed during the study are usually
absent from well-fished sites. The apparent scarcity of fishing activity is a result of the remote
location and rough sea conditions associated with the site.

Threatened or Endangered Species

Three species of marine animals that occurin Hawaiian waters have been declared
threatened or endangered by Federal jurisdiction. The threatened green sea turtle (Chelonia mydas)
occurs commonly along the shoreline of the major Hawaiian Islands and is known to feed on selected
species of macroalgae. Restinghabitatof greenseaturtlesis commonlydeeperreefareas
characterized by uadercut ledges and other topographical features. The endangered hawksbill turtie
(Eretmochelys imbricata) is found infrequently in waters off Hawaii. Several green sea turtles were
observed near the Kalaupapa pier during the course of the present survey, although it is likely that
turtles frequent the entire study area on occasion.



Populations of the endangered humpback whale (Megaptera novaeangliac) spend the winter
months in the Hawaiian Islands. No whales were sighted during the course of the present survey in
July, yet it is likely that whales frequent the offshore area between November and April.

DISCUSSION AND CONCLUSIONS
Project Construction

Implementing the proposed project will require the removal of solid material from behind the
shoreline; it is not anticipated that there will be modification of the intertidal zone or any regions of
the coastal zone. Thus, there is no potential for direct impacts from construction (i.e, removal) of
organisms that inhabit the reef zones described in the previous sections of this report.

Potential alteration to water quality and biotic structure during construction could occur as a
result of increased sedimentation and turbidity generated by on-land activities. These parameters
may increase temporarily during the construction process, and the length of time of decreased water
quality will depend on the length of the construction period. Following completion of the runway
expansion, it is likely that there will be no permanent or residual effects to the marine environment as
a result of airport expansion.

A substantial literature exists on the effects of sediments to coral reefs, as well as numerous
case studies that report effects owing to construction-generated sediment on marine environments.
The effects of sediment stress to corals has been extensively reviewed by Johannes (1975), Dodge and
Vaisnys (1977), Bak (1978), Brown and Howard (1985) and Grigg and Dollar (1989). In summary,
while it is clear that increased sedimentation can have deleterious effects on corals, especially when
buried, increased sedimentation does not necessarily result in negative impacts. Because sediments
are suspended by natural processes in many reef environments (including Hawaii), most corals can
withstand a certain level of sediment supply to the living surface, especially when the level of increase
is for a short duration. Many species have the ability to remove sediment from their tissues by
distension of the coenosarc withwater, orciliaryactionwhichcannullifylethaleffects of
sedimentation (Yonge 1931, Marshall and Orr 1931, Hubbard and Pocock 1972).

In case studies of the effects of sedimentation, the range of environmental effects varies
through the entire spectrum of stress. In general, situations where sediment stress causes negative
impacts are characterized by chronic input, rather than episodic sediment addition. Cases where
effects of dredging have caused mortality have been generally limited to areas of confined circulation
such as Castle Harbor, Bermuda (Dodge and Vaisays 1977), and Kaneohe Bay, Hawaii (Banner,
1974).

In areas of unrestricted circulation such as off Kalaupapa, however, there have been instances
of increased sedimentation reported that have not caused negative effects to neighboring reefs.
Sheppard (1980) reported that following dredging and blasting a military Harbor in Diego Garcia
Lagoon, coral cover appeared to show no effects from increased siltation. Based on observations
following construction of Honokohau Harbor in North Kona, Hawaii, there was also no indication
that increased suspended sediment levels remained elevated beyond the period of construction (U.S.
Army Corps of Engineers 1983},

While the Kawaibae Deep Draft Harbor located in South Kohala, Hawaii, was created by
extensive blasting (Day et al. 1975) surveys of coral communities located just outside the harbor
breakwater, as well as inside the barbor, indicated that coral and reef fish communities are
flourishing (ORCA 1978). Before-and-after monitoring of the marine benthic communities in the
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vicinity of the Barbers Point Deep Draft Harbor on the leeward coast of Oahu indicated no impacts
to corals beyond the edge of the dredged channel (AECOS 1985, 1986),

Monitoring of beach construction at the shoreline of a shallow, semi-enclosed inlet on the
west coast of the Island of Hawaii (Makaiwa Bay), characterized by very high coral cover and fish
population densities, showed that while substantial sediment plumes were created by excavation of
the shoreline, there werenotemporary or permanentnegative effectstobenthosand fish
communities. Rapid flushing of the bay by normal current exchange, and the ability of live corals to.
exercise sediment removal behavior appeared to prevent measurable changes in community structure
parameters. The monitoring survey also showed that water quality parameters were not permanently
affected by temporary sediment loads, and quickly returned to. preconstruction levels after the new
beach was completed (Dollar 1987, Daxboeck 1987). :

Several other scenarios around the Hawaiian Islands can also be drawn upon to substantiate
that increased sedimentation does not necessarily result in substantial, or irreversible damage to -
neighboring marine environments. Studies conducted at Princeville, Kauai (Grigg and Dollar, 1980),
French Frigate Shoals (Dollar and Grigg 1981), and Hilo Bay (Dollar 1985}, all investigated the
impacts to reef coral communities subjected to high levels of sediment stress. Results of these
studies indicate that Hawaiian reef communities possess the adaptive ability to maintain community
integrity under conditions of substantial, but temporary, sediment stress. The common theme in ali of
these casestudiesisthataslongasconstruction (sedimentgenerating)activities occurin
environments with unrestricted circulation, and that the sediment stress is episodie, rather than
chronic in nature, there appears to be no negative impact (either temporary or permanent) to coral
reef communities. At the Kalaupapa site, it is expected that sediment suspension and removal by
current action will prevent build-up of material on the sea floor, and allow organisms to maintain
functional cleaning mechanisms.

The literature review presented above provides good documentation that impacts associated
with short-term sediment producing events can be minimal or non-existent. At Kalaupapa, itis
expected that activities on the shoreline associated with runway expansion will have no impacts to
water quality or biota, Results of the present survey indicate that water quality presently shows very
little effects from land. Mixing forces are so intense owing to wind and sea conditions that materials
are rapidly dispersed in the nearshore zone. Airborne sediment created by excavation would have
little or no chance of accumulating in the water column or on the sea floor during the period of
construction,

_ As benthic communities must either tolerate the surrounding environmental conditions (as
opposed to motile species which can leave an area with undesirable characteristics), they represent a
good indicator for stress. Results of the survey indicate that the benthic communities off Kalaupapa
are severely restricted owing to natural stresses associated with rough wind, sea and swell conditions.
As such, if any small increases in environmental rigor associated with the airport expansion occur, it
would likely be indistingnishable from the natural conditions that characterize the region.

Potential Impact from Cignatera

A concern associated with excavation of the shoreline is a potential increase in incidence of
toxic fish poisoning, termed ciguatera. Ciguatera is a circumtropical disease caused by the ingestion
of a wide variety of coral reef fishes that contain toxins accumulated via the marine food chain. The
microscopic organism implicated as the source of the eiguateratoxinisa photosynthetic benthic
dinoflagellate, Gambierdiscus toxicys. Ciguatera poisoning is not a recent phenomenon; reports of



the poisoning in the Pacific date back to 1606, when Spanish sailors suffered from ciguatera in the
New Hebrides {Withers 1982). ' :

Toxic outbreaks of ciguatera are sporadic and unpredictable, with patchy distribution in both
space and time. When a benthic dinoflagellate was identified as the source, an early hypothesis was
developed that any disruption of the marine environment which caused new surfaces to be exposed
would trigger ciguatera outbreaks. While there is circumstantial evidence that there may be a
connection is a relationship between dredging and ciguatera, definitive cause and effect relationships
between environmental alteration and toxic outbreaks have not been verified. Infact, if the theory
holds that newly cleared substratum triggers outbreaks, substantially increased incidences following
hurricanes or severe storms would be expected. These events result in massive removal of live coral
and clearing of substrata on a far greater areal extent than localized dredging (Dollar 1982).

As the Kalaupapa Airport Runway expansion will not involve any clearing of substrata below
the water line, there is virtually no potential for increased incidences of ciguatera stemming from the
project.

SUMMARY AND RECOMMENDATIONS

1) The marine environment offshore of the existing Kalaupapa Airport is characterized by a single
bis-geomorphological zone. A steep basaltic shoreline cliff drops from the shoreline to depths of 5-15
m. From the base of the shoreline cliff to approximately to 500 m offshore, the bottom consists of a
relativelyflatreef terrace thatispredominantly covered withbasalticboulders. Interspersed
between the boulders are areas of flat basalt. No pockets of loose sediment are present.

2) Water quality off Kalaupapa can be considered typical of class AA, open coastal areas. Geometric
means of all water quality parameters were below the most stringent DOH limits, and most
concentrations of dissolved materials was lower than in waters off the Natural Energy Laboratory of
Hawaii--a site where ocean waters are considered pristine. Off the Kalaupapa runway, there is very
little, if any, influence from land on water quality, and only avery slight vertical stratification of
salinity.

3) Corals, and associated coral reef organisms are very rare in abundance anywhere in the offshore
area, comprising only 3%-6% of bottom cover on transects. Low coral cover is a result of predictable
seasonal stressfrom winter surf whichfocusesenergy onthe north-facing side of Kalaupapa
peninsula. Coral colonies that were observed were all small, flat encrustations that are best able to
withstand the rigors of wave-induced turbulence. Motile macrobenthic invertebrates were extremely
rare throughout the area. :

4) Reef fish communities off the Kalaupapa airport were observed to be both diverse and abundant.
Optimal shelter from the interstitial spaces created by the bounlder substratum, and lack of substantial
fishing pressure appear to be the predominant factors accounting for the robust fish communities,

5) None of the biotic assemblages observed in and near the area of the runway expansion constitutes
rare, endangered or commercially valuable resources. Because the excavated area will not impinge on
the shoreline, or areas seaward of the shoreline, there isno potentialfordirectly altering, or
removing, any components of the marine ecosystem.

6) Expansion of the runway may cause temporary increases in suspended sediment that reaches the
nearshore zone, Turbulent mixing conditions resulting from wind, seas and waves that impact the
Kalaupapa Peninsula will likely disperse these material with no impacts to the marine ccosystem.
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Shoreline modification projects in other areas characterized by unrestricted circulation in the
Hawaiian Islands have illusirated that suspended material generated by excavation can be dispersed
by normal circulation before substantial settlement on the bottom. Marine communities appear to be
able to withstand sediment stress by employing natural mechanisms such as cleaning behaviors, In
addition, benthic marine communities off the Kalaupapa Airport are extremely scanty owing to the
natural rigors of the area--thus there is very little potentialfor additional impact. Reef fish
inhabiting the area are transients and are capable of leaving the area if environmental conditions
become temporarily unfavorable.

7) Shoreline construction of the expanded airport does not appear to have the potential for impacts to
protected and endangered marine species.

8) While outbreaksof ciguatera poisoning have beencircumstantially linked to shoreline
construction, there is no verifiable proof of such a connection. No underwater areas will be cleared
during runway expansion, so there is no potential for shoreline construction at Kalaupapa to result in
ciguatera outbreaks. ' '

9) The present survey serves as a baseline for any required monitoring programs that might be
required to meet county, state or federal permit requirements. Monitoring programs could identify
any impacts to the environment resulting from the project, as well as mitigating measures to eliminate
such impacts. :

10} All of the conclusions presented above are predicated on utilizing the best and most relevant
planning procedures, that place environmental considerations at the f orefront of the project. If such
planning practices are utilized, it appearsfrom all available information that construction and
operation of the expanded Kalaupapa Airport runway should not result in any degradation of the
marine environment.
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SYNOPSIS

Archaeoclogical Inventory Survey,
Kalaupapa Airport Improvement Project

Surface Features: 38 in west parcel
1l in east parcel

Sites: 29 in west parcel
il in easat parcel

Mitigation Phase: mapping, detailed description, and subsurface
testing

Subsurface test units and sq. meters: 23 units in 21 features,
11 square meters

Yolume of excavated sediment: 2.440607% cubic meters
volume of sorted sediment: 2.0753474 cubic meters

Radiocarbon dates (adiusted for isotopic fractionation; not cal.):

510 + 80 B8.P., (Feature 8}

170 + 120 B.P. (Feature 12}

170 + 50 B.P. (Feature 13)

100.4 + 0.5% modern (Feature 18)

100.4 *+ 0.9% modern (Feature 23}

70 + 50 B.P. (Feature 28)

60 + 50 B.P. (Feature 31)

Interpretive comments:

The archaeclogical features in the west parcel are the remains
of a residential and agricultural complex, Within the
functional classification of residential features there ig
morphological diversity. The weat parcel containa a high
density of shelters and agricultural alignments. Excavations
ravealed at least two subsurface agricultural alignments.
Mogt of the features contain a single-component cultural
deposit. Several lines of evidence suggest that the majority
of the features were used during the historic era. The
archaenlogical features in the east parcel are not nearly as
well preserved, and are probably the remains of an
agricultural complex.
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INTRODUCTION

This report concerns an intensive archaeological survey of two
parcels adjacent to the Kalaupapa airport on the Kalaupapa peninsula
of Moloka’'il (Figs. 1, 2, and 3). Edward X. Noda & Associates of
Honolulu contracted International Archaeological Research Institute,
Inc., (IARII) to ceonduct the survey as part of the Kalaupapa Rirport
Improvement Project. The study area includes one parcel of land at
the west end of the runway, and a second parcel at the east end.

This project is the second phase of an inventory-level
archaeological survey. The first phasé involved a reconnaissance
gurvey of the west end of the study area conducted on November 9 and
10, 1988 by two IARII archaeologists (Atherns 1989). The cobjectives
of Phase I were to systematically locate all or most archaeclogical
features and obtain information useful for planning more detailed
investigationa. The researchers conducted no subsurface testing,
and prepared no site or feature maps.

Four IARII archaeologists conducted the second phase of field
work from July 11 to August 12, 1985. The ochigctives of the field
work included 1) locating and inventorying all the archaeological
remains in the study area, 2) clearing the features of vegetation,
3) obtaining accurate written descriptions, photographs, and maps of
the features, and 4) conducting limited subsurface testing to
further evaluate the archaeological significance of a sample of the
features. During the 100 man days the archaeclegical crew gpent in
the field, 49 archaeological features containing 126 architectural
components were recorded. Plan maps of 33 features were drawn, and
23 test pits totalling 11 square meters were excavated in 21
features.

The data from the fieldwork addresses research questions
focusing on agricultural intensification in the region. The
archaeological features in the wesat end of the study area are the
remaing of a residential and agricultural complex. The morphology
of the features exhibits a range of diversity within a functional
classification. Thig diversity in conjunction with the results of
the limited subsurface testing suggests that while pecple have lived
and farmed the area for at least five centuries, their mode of
existence has changed. Purthermore the results of the project
exemplify the diversity of archaeological features found throughout
the peninsula.

Fieldwork for the first phase of the project was conducted by
J. Stephen Athens, Ph.D., and Michael W. Kaschko, M.A.. Project
personnel for the second phase included J. Stephen Athens, Ph.D., as
prinecipal investigator, Thegn N. Ladefoged, M.A., as project
directer, and Sarina R. Peafson, B.A., James Adams, B.A., and Pennie
Moble, M.A., as assistant archasologists. Other project personnel
included Sarina R. Pearson, B.A., Steve Wickler, M.A., and Tove
Wickler, B.A., for midden analysis; Sarina R, Pearson, B.A., Mark
Smith, and Judy McNeill, M.A. for drafting; Alan Zieglier, Ph.D., for
faunal identification; Gail Murakami, M.A., for wood species
identification of c¢harcocal; Christopher Stevenson, Ph.D., for
volcanic glass analysis; Marshall Weisler, M.A., for basalt
analysis; and Beta Analytic Ine. for radiocarbon dating.
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Figure 1. U.$.G.S. map of Kalaupapa peningsula showing location
of airfield and project area. Grid sguares are 1

kilometer.
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Enviroament

The project area is located on the northeast corner of the
Kalaupapa peninsula of Moloka'i. The peninsula itself was formed
during the late Pleistocene when Kauhako Crater was voleanically
active. Athens (1989:4) provides the following description:

The towering cliffs on the south side of the peninsula, which
extend along much of the north shore of Moloka'i were probably
formed as a result of wave erosion, though ancther theory
suggests that the cause was a giant landslide (Simon
1983:327). They were clearly formed at a much earlier tinme.
The cliffs provide a dramatic geographical boundary to the
south end of the peninsula, effectively restricting land
access to the hardier and more intrepid individuals capable of
the foot or mule-back journey over the 2,000 ft pali or cliff.

The project area includes two parcels. The west parcel is
bounded by the shoreline slope on the north and west sides. The
terrain in the north half of the west parcel is reélatively flat in
contrast to the terrain in the south half which is relatively broken
and dissected. The flatness of the northern half of the west parcel
is probably due to the impact of cccasgional high surf. The large
waves apparently level the area and deposit large amounts of water
worn shell and coral. The sediment of Features 2, 5B, 6, 8 and 10
were composed solely of this wmatrix. The examination of a set of
aerial photographs indicates that the area north of an imaginary
iine connecting ¥Features 2 and 8 is subjected to the occagional
action of waves. In the areas south of this line, the sediment does
not include water worn shell and coral and the ground surface
consists of soil with areas of exposed and eroded pahgehpe outcrops.
The east parcel of the project area consists of soil with areds of
exposed and eroded pahoehoe outcrops with small amounts of wave
washad sediments. The project area az a whole is classified as
"Rock Land" on a soil map of the peninsula (Foote et al. 1972y,

Murakami (1989:10) describes the vegetation within the project
area:

The area is dominated by Lantana camara {lantana) with
scattered Schings terebinthifolius (christmas berry) and
Leucszena leucocephala (koa hagie) shrubs. This assemblage of
alien species or recent introductions contrasts with the
vegetation of the eastern side of the Kalaupapa Peninsula.

Canfield (1989) describes the vegetation near the nertheastern
end of the Kalaupapa Airport runway as a strand community
composed of localized plant asscciations including the
following woody native species: Scaevela taccada (naupaka),
Sida fallax ('ilima), and Chamaesvce degeneri ('akoko) which
was referred to as Eurphorbia degeneri in the report. OCther
woody species in the c¢oastal portion of the nearby Ralaupapa
Hational Park include another 'akoko {Chamasgvce celagtroides
= Euphorbia celastroides var. amplectans), Acacia farnesiana
(klu), Lantana camars {lantana), Schinus terebinthifoliug
{(christmas berry), and Proscopig pallida tkiawe). Except for
the Kiawe which was rare in the interior grassland, the woody
vegetation consisted of scattered shrubs.

The climate on Kalaupapa is determined primarily by diresct
exposure to the prevailing northeasterly tradewinds. The mean wind
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speed at Kalaupapa is 20.7 mph (Armstrong 1983). More persistent
winds occur during the summer months (Armstrong 1983y, Arnnual
rainfall at the Kalaupapa settlement is 1,152 mm (Giambelluca et al.
1986:220). The rainy season is between November and April.
Temperature is falrly constant, varying from an average of 22

degrees celsius in January to 25 degrees celsivg in July {(Armstrong
1983). ' _

tand Units and Ownership

In 1980 the Kalaupapa peninsula and adjacent valleys to the
east were established as a National Historical Park. Land owhership
of the peninsula is divided between the State of Hawai'i, the
Hawailian Homes Commission, the Coast Guard, and the National Park
Service. I+ is administratad by the National Park Service in
conjunhction with the State Department of Health. The alrport is
under the control of the Department of Transportation. The Coast
Guard owns 0.75 acres around the lighthouse, and the National Park
Service owns 22.13 acreé around the lighthouse. The west parcel of
the project drea is State of Hawai'i land. Portions of the east

parcel are State of Hawai'i land, and other sections belong to the

National Park Service.

The Kalaupapa peninsula is divided into three traditional land
units or ahupua'a: Kalawao, Makanalua, and Kalaupapa (see Figure 1}.
All of these belong to the Ko'olau district or meku, one of the two
traditional polities or chiefdoms of Moloka'i. '

The project area is situated within Makanalua ahupua a3, wnich
contains a large mid-19th century Land Commission Award. The award
ig listed as no. 11216 to Xekauonohi, a granddaughter of Xamehameha
1, and one of the wives of Kamehameha II. Apparently the award
never received a Royal Patent and was never surveyed. The Tax Map
and a 1905 survey map by Wall (in Greene 1985:253) do not show the
boundaries of it.

Historical Backgrouad

Although Kalaupapa is best known for the Hansen's digease
{i.e. leprosy) colony established in 1866, the peningula has an
extansive prehistory and history. Somers {1985), Greene (1985}, and
Fortunato de Loach (1975) review the pertinent literature and their
findings are not reiterated here in toto. This section focuses on
the written records that mention the immediate project area, and the
accounts which discuss the agricultural intensification and
subsequent agricultural demise of the Kalaupapa peninsula. The
review is chronological, spanning from the 1830°s to the 1940'3.

fn 1839 the missionary Hitchcock estimated that 1,000 people
lived on the peninsula and in 1841 the population was egtimated to
be 700 persons (American Board of Commisasioners for Foreign Missions
1937, p. 4~6). Jules Remy visited Kalaupapa in 1854 and noted that
the fields surrounding the villages were primarily planted in sweet
potatces {Remy 18%3:20,22). In 1857 M.L., MNapihelua wrote the
following description of the agricultural practices at Kalaupapa:

These sweet potatoes from ancient times....There are nineteen
varieties....The likolehua and halonaipu [sSweat potato

B

.
B
£
i

4

b
8




é.”.‘
:

e,

Sy
BEL

- T -

varieties] when ready to be sold are heaped at the seaport
like bruised mountain apples on the beach, their purplish
color lying against the pahoehoe lava. The eyes scan them up
and down with desire for the tubers raised by the farmers....

Kalaupapa is a good land because the crops planted are
successful and the gain i3 large...

Many gsweet potatoes are being planted now, four or five
patches to each man. Most of the crops are watermelons, and
gome small and big beans and onicns. Be on the watch you
traders, for Kalaupapa is the best in all the islands for good
prices and fast work. Ail the cCalifornia sghips come to
Kalaupapa. (Ka Hae Hawaii, March 4, 1857, quoted in Handy and
Handy 1972:518).

King Kamehameha IV visited Kalaupapa sometime during his reign
from 1855 to 1863 (Somers 1985:22). When he tried to buy sweet
potatoes from the natives they insisted on giving them to him. He
said "I was glad that those men, by their hard work, had plenty of
potatoes, and I was glad that from their abundance they wanted to
give (Curtis 1966:174 quoted in Somers 1985:22}.

By the 1850's it appears that the residents of Kalaupapa were
producing a surplus of sweet potatoes. Most of this surplus was
probably grown for exportation to California. Fortunato de Loach
(1975:77) mentions that occasionally ships would come directly to
Kalaupapa from California and that the trade in sweet. potatoes
lasted until 1867 when the Hansen's disease colony was established.

In 1865 Kalawao and Makanalua aghupua'a were purchased by the
Hawaiian government to establish the Hansen's disease coleony, and in
1873 Kalaupapa ahupua’'a was acquired {Fortunato de Loach 1875:82).
When Kalawao and Makanalua ahupua'a were purchased residents were
given an option to "dispose of their birthright if they chose to do
80, or they could remain; for there was abundant room for all...®
(Steoddard 1893:21, quoted in Fortunato de Loach 1975:82). According
to Fortunato de Loach (1975:82) "about forty persons chose to remain
and formed a community that lasted about twenty-nine years." Not
until 1895 were all non-patients evicted from the peninsula.

By the 1870's, the superintendent of the Hansen's disease
settlement, R. W. Meyer, noted that the majority of the food
consumed by the settlement came from the neighboring valleys of
Wailau, Pelekunu and Halawa {Hawai'i Board of Health 1888, p.
exxviii, quoted in Fortunato de Loach 1975:84). Meyer maintained
that most of the residents were not interested in growing their own
food. He stated that "It was often difficult to supply the
settlement with food, especially during the winter seascn, when the
landings are bad” (Hawai'l Board of Health 1886, . cxxv =~ oxxvi,
quoted in Fortunato de Loach 1975:84).

In a 1873 letter o Queen Emma, Peter Kaeo mentioned the
numerous abandoned sweet potato patches at Kalaupapa (Korn 1976:7,
17, 35, gquoted in Somers 1985:16). Similarly, Charles Nordoff who
visited Kalaupapa in the 1870's reported:

here lived, not very many vyears age, a considerable
population, who have left the marks of an almost incredible
industry in numercus fields enclosed between walls of lava
rock well laid up; and in what is yet stranger, long rows of
stone, like the windrows of hay in a grass fleld at home,
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evidently piled there in order to secure room in the long,
narrow beds thus partly cleared of lava which lay betweéen, to
plant sweet-potatoes. Yet on this apparently desert space,
within a gquarter of a century more than a thousand people
lived contentedly and prosperously...(Nordoff 1974:100, quoted
in Somers 1985:16-17).

Thege passages are significant because they imply that the
agricultural productivity of Kalaupapa peaked in the 1850's or 60's,
and by the 1870's, many of the fields were lying fallow and food
supplies were imported from other parts of Moloka'i. This inference
has important implications for interpreting the archaedlogical
remains of the project area.

The occupation of Kalaupapa from the late nineteenth century
to the early twentieth century is well documented by Greene (1985).
During this time there appear to be no specific references to the
project area. 5 map drawn in 1895 by Monsarrat depicta no
structures or roadsg in the area. Similarly, no structures or roads
are shown on a map drawn by Wall in 1905. A 1921~1922 U.S5.G.S.
topographic¢ survey map shows at least four structures (presumably

houses} and a read in the general vicinity, but when thia map was

compared with the modern U.$.G.S. map it was clear that none were
within the project area (Athens 1989:7). Therefore, it appears that
the abandoned house and the cement foundations (Features 37 and 38)
found in the study area were not occupied until after the early
1920*a.

Harry Franck who visited Kalaupapa in the 1930's wrote "The
beach beyond it (the lighthcuse) is fringed with little houses
belonging to and in scme cases built by the lepers” (Franck
1937:191, quoted in Dean 1989:149). Franck was returning to
Kalaupapa from Kalawao and thus "the beach beyond" might refer to
the west parcel of the study area, and the "little houses" to the
abandcned house and cement foundations in the project area. A final
description of the area comes from Fred Robins who was the
lighthouse keeper from 1940 to 1964. He witnessed the April 1, 1946
tsunami from the safety of the lighthouse and wrote "One minute the
houses were there, and the next they were washing away in the wave"
{Robing 1948, gquoted in Dean 1989:153). Obviously it is unclear
which houses Robins was referring to, but it is entirely possible
that they were the structures in the study area,

Previcus Archaeological Investigations

‘Recent reports by Somers (1985) and Athens (1989) review the
previous archaeclogical Linvestigaticns conducted at Kalaupapa
peninsila. Somers (1983:37) notes:

In 1909 John F. . Stokes {190%i) made a site survey of heiay
on the island of Moloka'i, including Kalaupapa peninsula. In
1966 and 1967 Richard Pearson led a small crew of students
from the University of Hawail in test excavations in Kaupikiwa
Cave (Site 312, Figure 2) near the northern coast of the
peninsula (Pearson et al. 1974, in addition gsee Hirata and
Potts 1967). Catherine C. Summers 1971 publication, Mglokais
A Site Survey, was an overview of the recorded archaeoclogical
sites of the island of Moloka'i and included a discussion of
previously recorded archasological sites of Kalaupapa. A
Bishop Museum survey team, as part of the State-wide inventory
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of historic places, attempted in 1974 to relocate previcusly
recorded archaeological sites on Kalaupapa peninsula. In 1978
William Barrera, Jr., conducted archaeological excavations at
Site 50~60-03-515 in the settlement of Kalaupapa prior to the
congstruction of a new hospital facility (Barrera n.d.).

These studies documented a wide range of archaeological gites
including several heiau, a holua slide, a cave site, numerous
residential features, and a plethora of agricultural walls.

Other archaeclogical studies include reconnaissance surveys of
portions of the peninsula done in the 1930's by Southwick Phelps
(1937) and H. L. McHenry (n.d.a, n.d.b, n.d.c). McHenry's work is
especially pertinent, since he recorded an archaeological site which
might be Features 10 and 11 which are discussed in a later section
of this report. Unfortunately, McHenry's manugcript {n.d.b,), notas
(n.d.c), and map (n.d.a) are incomplete and it is impessible to
determine the precise archaecological sites and features that he
recorded. His map of the peninsula clearly shows unnumbered
archaeological sites in what would be the west parcel of the project
area (Fig. 4). Several sketch maps of sites are included in hisa
notes and one of these mapa is labeled "Site Ba at Kahili, Makanalua
Peninsula, Moloka'i" (Fig. 5). It can be inferred that "Site S8a"
is the archaeological site depicted on his overall peninsula map.
that is in the project area. The sketch map of the site looks
remarkably like Features 10 and ll1. The site in the sketch map has
an additional wall, but this could easily have been disturbed at a
later date, perhaps during the 1946 tsunami.

To further complicate the matter, a map in Summers* (1971)
report indicates that Site 298 should be in the praject area. It
seems that Summers' Site 298 should be McHenry's Site 8a.
Unfortunately the descriptions de not match up. Summers (19711194}
writes:

Site 298. Ko'a at Ka Laea, Makanalua.

This is an enclosure measuring 30 by 40 ft; the walls are 6 to
8 ft wide. HeHenry, who recorded and measured the site,
called this place Kahilli (McHenry, n.d.a,b).

There 4re two possgibilities, The first ia that Summers had a
complete copy of McHenry's notes, manuscript, and map, and .is
describing a different site. The second alternative is that she
consulted HeHenry's sketch map, which does not contain a scale or
key, and derived an errcnecus written description.

Somers (1985) systematically surveyed and mapped the
archaeclogical features found in a 142 hectare study area located in
the south part of the peninsula. The project area was densely
packed with features, and in places there was virtually a solid
cover of stone structures. The features consisted of terraces, flat
areas, cleared areas, circular enclosures, modified boulder fields,
and artificial pits in boulder areas. They were functionally
classified as religious, residential and agricultural features.

Athens (198%9:12) noted significant differences between the
archaeclogical resources found in the south part of the peninsula
and these found in the northern Airport Improvement Project gtudy
area. The northern features appear more or Less spatially distinct
whereas the features in the south are often continuous.
Furthermore, shelter features are common in the north part of the
peninsula and relatively rare in the south. Finally, the
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agricultural features in the north are predominately parallel
alignments which are virtually absent on the south side of
peningula. These differences probably reflect adaptations to
specific microenvironments and perhaps different periods of
cccoupation.

Additional archaeological research includes Somers' (1987)
intensive survey of a portion ¢f Waihanau Valley, and the excavation
of two human burials from the sandy beach that is northeast of
Moloka'i Lighthouse and southeast of Kahi'u Point ($omers in press).

Before the Airport Improvement Project, only two sites on the
peninaula had been dated (see Weisler 1989:137). Charcoal samples
from Pearson's excavations at Kaupikiawa Cave yielded radiocarbon
dates of 880 + 70 years B.P., (Beta-9%276), 490 + 180 years B.P.
(Beta~9962, small sample with extended counting), and less than 120
years B.P. (Beta-9275), (dates are calibrated according to Stuiver
and Reimer 1%86). The samples were from 9-12, 12-15, and 14 inches
below the surface and were separated by over 4 meters horizontally.
Athens (1%89:7) notes that despitda the wide range of the dates in
the shallow deposits, which implies some degree of disturbance or
mixing, the results are significant in that they indicate a time
depth since at least A.D. 1000 for occupation of the Kalaupapa
peninsula. Weisler (1989:137) notes that the Beta-9276 date is the
gsecond oldeat from Moloka'i. Sarrera (n.d.:29) reports the
following basaltic glass hydration-rind dates: 1850 # 50; 1772 + 15;
1755 + 26; 1753+ 27; 1773 *+ 34. '

Piald Methodology

The intensive survey of the archaeoclogical resources was
conducted in several distinect phases, Initially the archaeclogical
features were identified and cleared of vegetation. Next, a sample
of the resources were accurately mapped, and an even more exclusive
sample were tested for subsurface deposits. Materials recovered
during +the excavations were analyzed in the laboratory. The
inventory of archaeological remains included Dboth written
degcriptions and photographs.

The archaeoclogical resources were inventoried accerding to an
explicit clasgification system. Feature numbers were agsigned to
spatially distinct architectural structures. Any centiguocus or
subsurface components were classified as part of the numbersad
feature. There were two excepticns to thisg system. The numercus
agricultural walls in the study area were not assigned individual
numbers. O©On the basis of their spatial distribution, these walls
were grouped together and then each group was assigned a feature
number. The majority of these walls were inventoried off of an
aerial photograph. The second exception pertains to large
enclogures and alignments emanating off of other features. Thase
were assigned their own feature number. The features at the east
end of the runway were assigned numbers suffixed with "E.”
Features were grouped into sites for managerial purposgses. These
gite designations are discussed in the last gection of this report.

The map shown in Figure 2 ig based on field observations and
a set of aerial photographs taken July 1, 1%83. <Cattle were grazing
throughout the proiect area in 1983 and therefore the vegetation was
extremely asparse. This made it peossible to identify the
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archaeoiogical features on the aerial photograph and draw an
accurate map.

in order to determine the precise morphology of the features,
vegetation had to be cleared. Cane knives, clippers, and a chain
saw were uged to remove dense lantana, grass and koa-haole growth.
Once cleared, tape and compass maps were drawn of all of the
architectural features except for agricultural walls and large
agricultural complexes.

Standard archaeclogical recording and excavation procedures
were employed throughout the subsurface testing phase. Excavations
were conducted according to the natural stratigraphy of a unit.
Within a unit, a layer was designated as a homogenecus deposit. If
layers were thicker than 10 cm, they were divided into levels. The
depths of layers and levels were recorded ag the minimum and maximum
depth below datum at the top of a level, and the minimum and maximum
depth at the bottom of the level. Thus the vertical distribution of
a level reported as 12/16 to 18/21 cm BD had a minimum top depth of
12 cm BD, a maximum top depth of 16 cm 8D, a minimum bottom depth of
18 ¢m BD, and a maximum bottom depth of 21 em BD. At each of the
features a vertical datum was established 1¢ cm above ground
surface,

The entire volume of excavated material was gifted through 1/8
inch mesh screen with two axceptions. Only a sample of some layers
in Feature 5B test pit 1 and Feature 8 test pit 1 were screened.
The other exception was that some unscreened bulk samples were kept
for further analysis, All deposits were screened and bulk residues
were bagged in their entirety for laboratory sorting. Prior to
gcreening, the volume of excavated sediments was recorded in
buckets. This was dona to accurately determine the artifact and
midden densities. Because of the exceptions just mentioned, the
total volume of the excavated sediment does not necesggarily equal
the total volume of the processed sediment.

Sediments were described using Munsell soil color charts and
in accordance with the Soil Conservation Service format. The
Munsell color was taken on dry sediment samples under field
conditions. The term "boundary" in the profile descriptions refers
to the distinctiveness and topography of the lower boundary of a
layer. The distinctiveness of the boundary is described by the
first term, and the topography by the term in parentheses. A field
catalogue wag maintained for all collected archaeological samples.
Each layer/level within an excavation unit was recorded on
standardized forms, and at least one face of all excavation units
wag profiled. At the end of the excavation phase all test pits were
backfilled with sterile sand.

During laboratory analysis all bulk residue samples were
sorted into general midden categories, artifacts, and other samples.
Botanical samples from 5 units, shell from 3 units, and bone from
all unites were identified. A total of 7 radiccarbon dating
determinations were made, and 10 samples of volcanic glass underwent
specialized analysis. Results of these various investigations are
presented in later sections of thisg report.
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FEATURE DESCRIPTIONS

There are 38 archaeclogical features in the west end of the
study area, and 1l features in the east end (see Figures 2 and 3).
Table 1 is a listing of the functiocnal classification of each
archaeological feature, and a morphological classification of each
feature's individual architectural components. Table 2 presents a
summary of the types of features found in each section of the study
area, and Table 3 is a summary of the architectural components in
@ach section of the study area. The 49 archaeclogical features
contain 559 architectural components.

Most of the terms used in the functional and morphological
classification are self-explanatory. However, the following guide
should dispel any potential ambiguity. Terms with semicolons in the
descriptions include both types of features. Therefore, a "shelter;
boundary alignment" feature is a small shelter connected to a
boundary alignment. An additional more serious problem pertaing to
the classification and quantification of agricultural alignments and
mounds. There are so many small walls that it is impractical to
agsign individual feature numbers to each. Therefore, walls have
been classified according to their spatial distribution and assigned
numbers as groups. Feature 3 and Feature 30 are large enclosuraes
containing agricultural alignments. Feature 4 is a group of 3
alignments, and Feature 2% consists aof 2 large alignments. Feature
21 contains all the other alignments in the study area.

in the following gections archaeological features are
individually described. Attention is given to the feature's
dimensions, its construction style and technique, the presence of
surface midden, and its possible function. Figure 6 is the gymbol
key for the feature maps and profiles.

Peature 1

Feature 1 is a well preserved C-shape with a small contiguous
platform (Fig. 7). It is located ca. 10 meters northeast of Feature
2 (see Figure 8). The large enclosure (Feature 3) which surrounds
Feature 2, also incorporates Feature 1. Feature 1 ig a =small
gshelter agsccliated with the main residential area (FPeature 2).

The overall dimensions of Feature i1 are 9 by 5.5 m. The ends
of the C-shape are rounded, so as to almost form an enclosure. The
windward east wall of the C-shape is 6 courses of stacked stone and
faced on the interior. It is 1.28 m high and 1.75 m wide. The west
lee wall is also faced on the interior iz 30 cm high and 1.8 m wide
and consists of a single course of rock. The north and south walls
are each 3 courses high. The interior of the C-shape is 2.25 by 1.5
m and is paved with rough cobbles. No surface artifacts were
observed, however small amounts of pipipi and gpihi shell were
present. The small platform adjacent to the C~shape is 2.5 by 2.28
m, is faced with large boulders and filled in with smaller rocks.
Its maximum heidght is 72 cm. The surface of the platform ig not
evenly paved, rather it is quite rough. There is a concentration of
smail rocks (3-8 cm) just to the south of the platform. Subsurface
testing was not conducted at this feature,
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Table 1. Archaeological featurss and components in the study ares.
FEATURE FUNCTIONAL QUANTITY AND
NUMBER CLASSIFICATION MORPHOLOGICAL
QOF FEATURE CLASSIFICATION
OF ARCHITECTURAL
COMPONENTS
1 shelter 1 C-shape
1 platform-
2 residential & pavings
2 platforms
2 aligrments
1 enclosure
3 boundary enclosure 1 enclosure
4 agricuitural 3 aligrments
SA agricultural 1 enclosures
17 atignments
58 agricul tural 1 enciosure
178 aligrments
& regidential 1 enclosure
1 aligrment
1 siablined hearth
7 shelter 1 C-shape
1 cupboard
8 gheiter t akigrment
g cupboards & cupboards
10 regidential 1 platform
3 pavings
1 enclosure
1 slablined hearth
1 siablined pit
11 sheiter 1 L-shape
1 paving
1 stiablined hearth
12 animal enclosure 1 enclosure
13 possible shrine 1 enclosure
2 terrace
14 shelter 1 enciosure
15 bourdiary aligrment 1 aligrment
16 shelter ' 1 U-shape
17 shelter; agricultural 1 C-shape
1 cupboard
13 shelter 1 C-shape

—

siabl ined hearth
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FEATURE FUNCTIONAL QUANTITY AND
NUMBER CLASSIFICATION MORPHOLOGICAL
OF FEATURE CLASSIFICATION
OF ARCHITECTURAL
COMPORENTS
) shelter; agriculturat 3 c-shapes
2 terraces
2 atignments
20 shelter 1 C-shape
1 slablined hearth
21 agricul tural 204 alignments
22 shelter 1 £-shape
23 shelter 2 C-shape
1 terrace
24 shel ter 1 C-shape
25 agricul tural 2 alignments
26 shelter 1 C-shape
27 shelter 1 U~shape
1 terrace
28 residential 1 enclosure
2 terraces
1 siablined hearth
1 al ignment
9 shetter 1 C-shape
1 paving
1 siablined hearth
30 agricultural 1 enclosure
24 aligrments
3 sheiter 1 C-shape
1 paving
1 slablined hearth
32 shelter 1 C-shape
33 shelter; boundary T C-shape
aligrment 1 atignment
34 sheiter 1 enclosure
35 shetter 2 C-shape
1 terrace
1 aligrment
1 stablined hearth
35 sheltar 1 C-shape
1 crypt
37 regidentiat 1 concrete

foundation



Table 1. {cont.)

- 17

FEATURE FUNCTIONAL QUANTITY AND
NUMBER CLASSIFICATION MORPHOLGGICAL
OF FEATURE CLASSIFICATION
OF ARCHITECTURAL
COMPONENTS
38 regidentiat 1 concrete
foundation
1E agricultural 1 aligrment
2K agricultural 1 mourxd
3 shelter 1 ©-shape
1 platform
4E agricul tural 1 mound
miltiple aligmets
SE shelter 2 C-shapes
13 shelter; agricultural 2 enclosures
1 terrace
1 aligrment
TE fourdation 1 ptatferm
- agricultural 1 aligrment
€ shel ter 2 C-shapes
1 platform
2 aligrments
10€ sheiter; agricultural 11 C-shapes
2 enclosures
2 alignments
118 cupboard 1 cupboard

g
§
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Table 2. Summary of archaeoiogicat features in study area.

WEST SIDE OF STUDY AREA

Functional classification of feature

Animai encliosure 1
Agricultural 5
Soundary enclosure 1
Boundary aligrment t
Cupboards 1
Possible shrine 1
Residential L]
Shelter 19
shelter; bourdary alignment 1
Shelter; agricultural 2
TOTAL 38
EAST SIDE OF STUDY AREA
Functional classification of faature
Agricul tural 4
Cupboards 1
Foundation H
Shelter 3
Shelter; agricuitural 2
TOTAL 11
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Tatsle 3. Summary of archasclogical components in stuxdy ares.

WEST SIDE OF STUDY AREA

Morphologicat classification of architectural components

Atigrment 446
¢-shape 20 "
Concrete foundation 2
Crypt 1
Cupboard & :
Enclosure 12 4
{.~shape 1
Paving 12 )
Platform 4
Slablined pit 1 H
Siabiined hearth ¢
Terrace @
U-shape 2

Total 525
EAST SIDE OF STUDY AREA
Morphoiogical classification of architectural components
Al igrement 7 i’
C-shape 16
Cupboard 1
Enclosure [A
Mounds F4
platform 3
Terraca 1

Total 34
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Feaature 2

Feature 2 is a large residential platform with a number of
internal architectural components {[see Figure 8), It is located
near the west end of the current airport runway, and has been
partially disturbed by bulldozing. The overall dimensions of
Feature 2 are 22 by 20 m. The main platform ceontains at least &
pavings, 1 platform, 2 alignments, and 1 enclosure. There might be
additional architectural components to the north of the feature
between Feature 1 and Feature 2. Many of the pavings of Feature 2
were probably used as activity areasa within the houssehold. The
ravings near the center of the platform might have been the main
residential area, and the 2 pavings on the east side, an open lanai.
Similarly, the paving adjacent to the small enclosure in the
southeast corner of the platform might also have been a lanai. On
the surface of a low platform near the southwest corner of the main
platform there was a concentration of coral. Because this low
platform might have been a burial, a 1 by 1 m test pit was
excavated. Unfortunately, as discussed in the excavation section of
this report, the results of the excavation were inconclusive.
Another test pit to the west of the main platform yielded a number
of historic artifacts, strongly suggesting that the feature was
oecupied during the historic era. Additional pieces of historic
bottle giass and small amounts of shell midden are spread liberally
throughout the surface of the platform and the adjacent area.

Feature 3

Feature 3 1s a low enclosure surrounding Feature 2 and
incorporating Feature 1 (see Figure 2). It is the enclosing wall of
the residential complex. In comparison to the other features in
the study area it is not as well made or preserved. Currently, a
barbed wire fence which is not part of the original enclosure cuts
across the feature. The wall is ca. 83.5 m long and 80 cm wide, and
encloses an area of ca. 78 square meters. The construction of the
wall wvaries Dbetween core-filled, stacked stene, and upright
boulders. It is 1 te 3 courses high, and varies in height between
15 and 7C cm. The maximum width of the wall is ca. 80 cm.
Subgsurface testing waa not conducted at this feature.

Feature 4

Feature 4 is a series of 3 roughly linear alignments (Fig. 9).
They were probably used for agricultural purposes. The eastern
alignment is 10.5 m long and 2 m wide, the middle alignment is 13.9
m long and 2 m wide, and the west allgnment is 7.8 m long and 3.5 m
wide. All of the alignments are single course, with a maximum
height of ca. 50 cm, The alignments are made ocut of porous basalt
boulders that range in size from a few centimeters up to 70 com.
There are two concentrations of coral and small cobbles at the south
end of the alignments. The first concentration has ca. 12 pieces of
10 to 15 cm coral, and the second concentration ca. § pieces. There
is wave washed shell and coral spread throughout the feature.
Subsurface testing was not conducted at this feature. .
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Featurs 5

Features 5A and 5B are two connected agricultural complexes
(see Figure 2 and Photo 31). The eastern enclosure is designated 5A,
while the western is S5B. 5A is roughly rectangular in shape,
measuring 33 by 27 m. The massive enclosure wall is constructed of
up-right boulders and stacked gtones to a height of 1.15 m. Inaside
of the enclosure there are numerous walls aligned perpendicular to
thea northeast trade winds. Approximately 17 of these ware
inventoried from an aerial photograph. The linear aligrnments are
ca. 2 m apart, have a maximum height of 90 c¢m, and an average height
of 50 cm.

Although the Feature 5B enclosure is much larger than Feature
A, it appears to have had an essentially similar agricultural
function., It measures approximately 93 by 59 m. The enclosure wall
averages over 1 m in height. As with 3A, linear alignments are
present in the interior. These are 50 to 80 cm high and separated
from one another by 1.5 to 3 m, Toward the south and west side of
the enclosure, the alignments become less well defined, appearing to
have a less orderly arrangemert and increased interspersion with
planting mounds. Approximately 178 interior alignments were
inventoried from an aerial photograph.

Feature 8 is a small shelter located within the Feature 5B
enclosure. Feature 10 is a large historic residential platform
connected to the western wall of the esnclosure. The morphology and
congtruction methed of the two features suggests that the platform
might be contemporanecus with Feature 5B. Furthermore, the southern
enclosure wall of 5B connects with a concrete foundation of what was
probably a modern house (Feature 37). As with Features 5B and 10,
this suggests that the enclosure may have been used during the same
time period as the house. However, there is a difference in the way
that the enclosure connects with Feature 10 and the way it connects
with Feature 37. The wall of 5B neatly abuts feature 10, whereas it
looks as if it haa been heavily disturbed around Feature 37. This
might suggest that the enclosure was built first, possibly at the
same time as Feature 10, and then at a later date when Feature 37
wag built Feature 5B was disturbed. Another concrete foundation
{Peature 38) is located near the southwest corner of cthe enclosure.
A 3/4 inch metal pipe runs from the abandoned house at the and of
+the two-track road through encleosures 5A and 5B to the concrete
foundation (feature 37), and then continues gsouth.

The chronology of the use of Features SA, 5B, 8, 10, 37, 38,
and the abandoned house at the end of the two~track road is unclear.
It geems likely that portions of agricultural enclosures Feature 5A
and 5B were used when residential Feature 10 was occupied. The
agricultural enclosures might also have been used during a later
period when Features 37, 38, and the abandoned house were accupied.
Further excavation and a detailed inspection of the construction
phases of the walls and features is required to clarify the matter.

Feature 5

Feature 6 consists of a rectangular enclosure, an open area
behind a windbreak, and a circular slablined hearth (Fig. 10 and
Photo $5). It was probably built and used in several stages. The
feature's eastern windward wall is the most massive. It ig a 6.7 m
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long, 1.1 m wide, 75 cm high, core-filled wall. This wall serves as
the windbreak of the rectangular enclosure. The overall size of the
enclosure is 6 by 3.75 m, and its interior measures 4.5 by 2 m. The
other 3 walls of the enclosure are core-filled and range in width
between ca. 60 ¢m and 1 m, and are ca. 60 cm high. These walls are
not a8 massive as the windward wall., Some stones appear to have
been removed from the walls. Currently only the larger foundation
stones are present. The south wall which is aligned SW-NE abuts the
more massive windward wall. This indicates that the enclosure may
have been built during a later construction phase. The break in the
enclosure's north wall was probably the entrance of the structure.
‘A circular slablined hearth was built close to the south wall of the
enclosure. The construction chronclogy of these two components isg
unclear, but it is assumed that they are not contemporanecus. It is
possible that the hearth is associated with the open area behind the
masgive windward wall, and the enclosure was bullt at a later date.
wWave action has dispersed waterworn shell and coral throughout the
feature. A 50 by 50 cm test pit was excavated at the feature.

Feature 7

Feature 7 is an ca. 5 by 3 o C-shape shelter (Fig. 1l). The
core~filled wall of the C-shape incorporates large 45 cm boulders.
The wall has a maximum width of 1.5 m and height of 1.2 m. The
interior of the C-shape measures ca. 2.3 by 2 m and is filled with
20 to 30 locse stones. The stones do not appear to be a paving.
They probably originated from the wall. In the south wall of the C-
shape there is a small circular alignment. This might be a
cupboard, but its location on the exterior, exposed, side of the
atructura is not an ideal location for storage. Subsurface testing
wag not conducted at this feature.

Feature 38

Feature 8 is a section of a core~filled wall ca. 9 m long, 1.5
m wide and 850 com high (Fig. 12}. It is part of the field system
surrounded by Feature 58. Smaller stacked stone agricultural walls
and enclosures extend off of the feature. Feature 8 is
distinguished from these alignments by its core-filled congtruction
style, its relatively massive height and width, and the presence of
shell and bone midden in its lee. The feature may have functicned
as a temporary shelter. A 100 by 50 cm test pit was excavated at
the feature.

Feaature 9

Feature 9 is a series of 4 free standing cupbocards (Fig. 13
and Phote 7). They are located near the edge of the beach berm.
Three of the cupboards have cap stones, the fourth has collapsed.
The exact dimensions of tha cupboards vary, but their interior
diameters are c¢a. L m with interior heights of 30 cm. The sides of
the cupboards are either a single course of large boulders or
smaller stones stacked 2 courses high. Large flat stones have been
placed on top of the walls to form the roof of the cupbcard. Wave
action has deposited a considerable amount of waterworn shell and
coral throughout the area. The cupboards were void of material
other than water worn shell. Subsurface testing was not conducted
at this feature.
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Feature 10

Feature 10 i3 a large residential platform with a number of
internal architectural components (Fig. 14 and Photo 8). The
overall dimensions of the feature are 17 by 14.5 m. The main
platform contains 3 pavings, 1 slablined hearth, and 1 slablined
pit. One of the pavings is an ili ili paving of coral and basalt
pebbles. 1t ia 6 by 3 m, and is more or less level at a height of
70 cm above ground surface. On its north side there are sateps
leading up to the paving. Contained in the jili ili paving is a
glablined hearth and a slablined pit. This paving appears to be the
main residential activity area of the feature. A considerable
amount of lithic material and a few pieces of historic glass are on
the surface of the paving. At the northwest end of the ili ili
paving there is a smaller paving of basalt stones. A third paving
is made out of large flat inter-~locking boulders, forming a lanai
off to the west of the main paving. The south side of the platform
iam heavily disturbed and might have been a continuation of the third
paving at one time.

The walls of Feature 5B connect with the northeast and
southeast corners of the platform. The wall extending to the south
ig massive. A small enclosure 8 formed by it and the side of the
platform. A 50 by 50 cm test pit was dug in the middle of the
enclosure. Concentrations of bottle glass and ceramic sherds were
obgserved on the surface and on the walls of the enclosure.

The feature appears to be a historic house site. As indicated
in the section concerning previocus archaeological studieg at
Kalaupapa, Feature 10 might have been recorded by Mchenry {(n.d.a) in
1937. The feature is currently used as a shrine, indicated by the
offerings wrapped in ti leaves that are located on various parts of
the platform. Since the platform is integrated into the
agricultural enclosure wall of Feature 5B, it is probable that the
two features are contemporaneous and functionally interrelated.

Feature 11

Feature 11 is & disturbed L-shape with an interior paving
(Fig. 153). The windward wall of the L-shape ig ca. 8.7 m long, 1 m
high, and has a maximum height of 1.1 m. A portion of the wall is
core-filled and the rest of it is gtacked stone. The currently
disturbed portion that is stacked stone might have been core~filled
at one time. The side wall is stacked stone. The interior of the
feature consists of 30 to 70 cm boulders intermixed with coral
paving and £ii ill stones, There is a possible slablined hearth in
the paving. Two fragments of historic dark green glass, 2 fragments
of violet glass, and several pottery sherds are on the surface of
the paving. The violet glass is similar to pieces found in the
enclosure next to Feature 10. Feature 1l probably functioned as a
shelter or residence. Subsurface testing was not conducted at this
feature.
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Faature 12

Feature 12 is a rectangular enclosure 13 by 8.5 m on the
exterior and 6.5 by 6 m on the interior (Fig. 16 and Photo i),
There appear to be ateps into the enclosure in the northwest corner.
The massive walls of the enclosure lock as if they might have been
built in several phases. The maximum exterior height of the walls
is 1 m, and the maximum interior height is 1.85 m. All four walls
are core~filled, but the north, east, and south walls are much more
massive than the west. The maximum width of any of the walls is
2.20 m, and the minimum width is 80 cm. The northeast corner of the
enclosure has been built up to such an extent, that it virtually
forms a terrace with the protruding bedrock. The foundation stones
of the north, east, and south walls are large 110 by 80 c¢m rocks.
The upper stones are much smaller, being 30 to 40 cm long. The
north, east, and south walls are two tiered. It appears that the
original wall was core-filled, and that the upper section of stacked
stone was a later addition. Furthermore, the west wall appears to
have been built after the other three walls. Although all the
walls are core-filled, the west wall isg significantly thinner and
appears to be of a different constriaction style than the othera.
The west wall also appears to abut both the north and south walls,
covering their respective faces, Thick vegetation obscured the
interior of the enclosure, but a few pieces of shell midden, and 1
piece of bottle glass were noted. An discoidal ula maika or pecking
stone was recovered from the interior of the socuthern wall
approximately 70 cm above the ground surface. It is made out of
porous basalt and has a diameter of 6.7 com and a width of 4.3 cm.
The precise functieon of  Feature 12 1is unknown, but several
hypotheses are presented in the excavation section of this report.
A 100 by 50 om test pit was excavated at the feature.

Faeature 13

Feature 13 is a hill-top enclosure with 7 interior terraces
and a small, faced depression {Figs. 17 and 18, and Photos 12 and
13y. From the flcor of the feature to the base of the outcrop is
ca. 5 m. The south wall is 8 m leng and the west wall 6.1 m long.
The east wall is approximately 4.25 m, and the north wall is
somewhat irregular in shape. An entrance step approximately 80 cm
high is located in the northeast corner. The interior wall height
is 90 to 140 om and the exterior has a vertical drop ¢f 1 to 3 m.
The enclosure wall is stacked stone and incorporates a number of
bedrock outcrops. There is a roughly paved terrace in the southwest
corner of the unit, It is 4.2 by 2.8 m, and the height of the
terrace face is 30 cm. The paving cobbles range in size from 10 to
40 em. A 1 by l m test pit was excavated at the northeast corner of
this terrace. The test pit uncovered a cultural depogit containing
quantities of Sus scrofa (Pig), other mammal, figh, and bird bone.
A second terrace is located in the southeast corner. It is not
nearly as well constructed. A small, walled depression waa
incorporated into the north wall of the encleosure. It may have
functioned as a storage area. Just outside of the enclosure there
was a small man-made depression built into the bedrock sutcrop. In
between Feature 13 and Feature 12 there was a small terrace. It is
6 m long, 2.6 m wide, and the height af the terrace face is 1.5 m.
The precise function of feature 13 is unknown, but several
hypotheses are presented in the excavation gection of this report.
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Feature 14

Feature 14 is an elliptical enclcsure ca. 4.45 m leng and 3.8
m wide (Fig. 19). It has a maximum height of 1.2 m and a minimum of
75 cm. Portions of the enclosure are core-filled while others are
stacked stone. The rocks used to construct the enclosure range in
size from 10 to 35 om and are stacked 6 courses high. The enclosure
has no open entry, however the leeward northwest corner is
significantly lower. There are several pieces of branch coral and
some small pieces of unidentified shell in the interior of the
enclogure. A 50 by 50 om test pit was excavated at the feature.

Feature 15

Feature 15 is a 65 m long wall that rune along a ridge between
Feature 13 and Feature 16 (see Figure 2). Portions of the wall
congist of large, 60 cm to 1 m, boulders placed upright adjacent to-
each other, while others are constructed of stacked stone. The
height of the wall ranges between 40 ¢m to 1.1 m. In segments the
bedrock which is about 2 m away from the wall has been modified to
form a narrow passage. It is possible that the modified bedrock and
the wall are borders of a trail. Subsurface testing was not
conducted at this feature.

Feature 16

Feature 16 jig a 7.53 m long, 5.25 m wide U-shape (Fig. 20).
It is leocated on top of a knoll which is part of the ridge upon
which Feature 15 runs along. The interior of the feature is ca.
4.25 by 2.1 m. The walls of Feature 16 are core~filled with the
larger facing boulders measuring ca. 70 cm and the fill cobbles
measuring ¢a. 5 to 15 cm. The windward wall is relatively massive
with a maximum width of 2.1 m. The height of the walls range
between 35 om and 1.45 m. A 100 by 50 cm test pPit was excavated at
the feature.

Feature 17

Feature 17 is a § by 3.1 m C~shape (Fig. 21}. The interior of
the feature is 2.5 by 1 m. The core~filled walls are faced on “he
interior. They have a maximum width of 1.5 m and range in height
between 37 cm to 1.12 m. A cupboard is built into the interior of
the windward wall. It is open on both ends and is ca. 30 em long,
25 cm wide, and 37 cm high. Surrounding Feature 17 are ca. 7 rough
C~shapes and enclosures, and numerous walls. These features are
disturbed and are morphologically similar to the agricultural walls
and enclosures surrounding Feature 8. Subsurface testing was not
conducted at this feature.
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Feature 138

Feature 18 is a 4.73 by 4.3 m C-shape shelter built against a
low bedrock outcrop (Fig. 22). The interior of the feature is 3,35
by 1.75 m. Interior and exterior portiong of the wall are faced.
It is core-filled with facing stones ranging in size from 30 to 25
cm, and fill stones ranging in size from 15 to 10 cm. The height of
the wall ranges between 1 m and 20 em. It has a maximum width of
2.1 m. A small amount of surface shell midden was noted. There is
a circular slab-lined hearth in the lee of the C~shape. & 1 by 1l m
test pit was excavated at the feature.

Feature 19

Feature 19 includes a series of 3 C~shapes, 2 terraces, and 2
walls (Fig. 23). There are alsc 3 small platforms located to the
northweat of the feature. Subsurface testing was not conducted at
any of these structures. The C-shapes of Feature 19 are part of a
single wall which extends along the gide of a small knoll. The
elevation difference between the floor of the northern upper C-ghape
and the base of the southern lower terrace is ca. 3 m. The northern
C-shape is the most substantial. Its overall dimensions are 4.5 by
3 m, and its interior measures 2.5 by 2 m. It is core-filled and
faced. It has a maximum wall width of 1.2 m and a height of ca. 1.1
m There is a low sgingle course alignment extending across the
interior of the C-shape.

The other two C-ghapes extend off of the northern C-shape and
are not as gubstantial. The amount of their curvature is less. The
middle C-shape ia ca. 3 m long, has a maximum width of 80 cm and a
maximum height of 95 cm. The southern C-shape ig 2.7 m long, has a
maximum width of 60 om, and maximum height of 1.2 m.

. The northern terrace extends along the edge of a bedrock
outcrop. It is faced with large 30 to 60 cm boulders and filled in
behind with smaller 5 to 15 cm rocks. It has a maximum height of
1.05 m. Extending off of the western end of the terrace is a low
wall. This wall follows zhe adge of the ocutcrop all the way to
Feature 3%, Another wall extends off of the terrace to the
northwest. This is one of the many low agricultural walls in the
area. The southern terrace of Feature 19 connects with the end of
the southern C-shape. It is faced with iarge boulders and has a
maximum height of 80 cm.

Approximately 10 m to the northwest of Feature 19 are 3 small
core~filled platforms. They are ca. 1.5 oy 1 m, and 40 cm tall.
The facing stones of these features are 50 to 40 om long, and the
fill rocks are 10 to 15 cm leng. The function of these features has
not been determined. It is possible that they are clearing mounds,
but their construction seems too formalized. It is possible that
they are burials, but this should be determined through excavation.
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Feature 20

Feature 20 is a8 10 by 2 m C~3shape situated on the leeward edge
of a small knoll (Fig. 24). The interior dimensions of the C-ghape
are 2 by 1.5 m. The wall is core filled and portions of it are well
facad on both the interior and exterior. The height of the wall
rangea between 30 and 105 cm, and has maximum width of 2.5 m. There
is a low wall extending off of the north edge of the C-shape. There
are many similar walls in the area, which were probably used for
agricultural purposes. A 50 by 50 cm test pit was excavated at the
feature. '

Fasaturs 21

Feature 21 consists of all the small agricultural alignmenta
and mounds in the srudy area that are not contained in the
agricultural enclosures, and that are not part of Features 4 and 25
{see Figure 2}. This is a blanket designation for the walls spread
throughout the study area. These walls were undoubtedly part of an
agricultural complex. They denerally range in height from 20 to 40
cm, and are made ap of 1 or 2 courses of rock. Some of the walls
are slightly larger. Subsurface testing was not conducted at this
feature.

Feature 22

Featurea 22 is a 10.9 m by 3 m C-ghape situated on top of a
small knoll (¥Fig. 25}). The windward wall is core~filled with a
maximum width of 1.6 m, and height ranging between 95 and 70 cm.
Portions of the interior and exterior of the wall are well faced.
In the gsouth side of the feature there is a rubble area. This could
be the remains of a low dividing wall or pogsibly the remains cf a
rough paving. Purther excavation is needed zo determine its shape
and function. At the north end of the feature is a small 30 by 385
cm area delineated by a single course alignment. There wag midden
and hasalt flakes inside of the area, perhaps indicating a storage
function. A 100 by 50 c¢m test pit was excavated at the featurse.

Ffeature 23

Feature 23 includes 2 C-shapes, and a terrace (Figs. 26 and
27, and Photo 18). The components of the feature were used as a
gshelter. The larger C-shape is to the sast of the terrace, and to
the north of the smallier C-shape. The overall dimensions of the
larger C~shape are 5.5 by 1 m, and its interior measures 4.75 by 60
m. It is core~filled with a maximum wall width of 1.75 m. Its
interior wall is faced by 25 to 40 om stones and the fill atones are
10 to 15 om. A large boulder hag Dbeen incorporated into the
interior face. This divides the C-shape in half, almost forming 2
joined C-shapes. Two agricultural walls join the C~-shape on the
north side. There wag an extensive scatter of gshell midden, coral,
and lithics on the interior surface of the shelter.




P

s

o
7
[58%

Figure 24.

- 46 -

KALAUPAPA AIRPORT
FEATURE 20

O —
i METER

Map of Feature 20.




Figure 25,

- 47 -

MIDDEN & BASALY FLAKES

/ " KALAUPAPA AIRPORT
- FEATURE 22

RUBBLE ON BEDROCK

—

! METER N

Map of Feature 22.




F
Lo
e

Fneny

R
1
{1
o

- 48 =

FEATURE 23A

o S
o) Sas
5 P
ang LiTHICS

0

KALAUPAPA AIRPORT %
)

X

MIDDEN

e T e

PMETER

Figure 26. Map of Feature 23A.



10

¢ 3EDROCK

KALAUPAPA AIRPORT
FEATURE 238

I METER

Figure 27. Map of Feature 23B.




5

A

g

- 50 -

The second C-shape is ca. 1 m south of the first, and is
connected to the larger C-shape by a pile of rubble. The overall
dimenaions of the smaller C-shape are 2.38 by 0.5 m, and its
interior measures 2.25 by 0.5 m. The smaller C~shape is not nearly
ag substantial as the larger structure.

The down slope face of the terrace is ca. 5 m west of the
larger C-shape. Because of the terrace, the flat area behind the C-
shape is larger. The terrace is 8.25 m long, and has a maximum
height of 80 cm. It was formed by stacking large 50 to 100 om rocks
next to each other, and chinking them with asmall rocks. At the
north end of the terrace there is a concentration of gmaller rocks.
A 100 by 50 cm test pit was excavated at the Ffeature.

Feature 24

Feature 24 is a small C-shape located 12 to 15 m east of the
downed airplane (Fig. 28). It is built upon a boulder-lava outcrop.
Its overall dimensiocons are 4.25 by 0.7 m, and itas interior measures
1.75 by 0.75 m. The wall abuts a large 1.5 m° boulder. The wall is
poorly constructed and consists of stacked 10 to 35 cm boulders.
The upper part of the wall consists of small cobbles precariously
stacked in a single row. The height of the wall ranges between 20
and 89 cm. Because of the relatively flimsy construction it is
posgible that the feature dates to a later time periocd and/or had a
different function than the other C-shapes in the study area. & 50
by 50 cm test pit was excavated at the feature.

Feature 25

Feature 25 is a series of 2 parallel core~filled walls located
in a small swale (see Figure 2). They are perpendicular to the
prevailing wind and are part of the field gystem located throughout
the study area. Their size and formal construction distinguish them
from many of the less substantial walls in the study area. The
longest wall is 39 m. The walls are faced on both sides, but the
eagtern side is generally higher. The maximum height of the walls
is ca. 1 m, although many portions of the walls are much lower.
They have a maximum width of 90 e¢m. The eastern most wall of the
series runs between, and almost abuts Feature 26 and Feature 22.
Subsurface testing was not conducted at thig feature.

Feature 26

Feature 26 is a C~ghape shelter built at the base of a knoll
and into the side of the hill gslope (Fig. 29). Its overall
dimensions are 8 by 3 m, and its interior dimensions are 2.5 by 1.5
m. Much of the feature is stacked stone. The interior leeward
portion of the C-shape is core~filled. The stacked stone cobbles
range in size from 3 to 15 cm. The rocks that make up the core-
filled section are considerably larger, ranging up to 70 cm. The
maximum width of the feature is 1.8 cm, and its height ranges
between 30 and 90 cm. The windward wall ia 3 courses nigh and the
side walls are 1 to 2 courses high. Feature 25, an agricultural
wall, begins ca. 75 cm from the south side of Feature 26. A 100 by
50 om test pit was excavated at the feature.
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Faature 27

Feature 27 is a magsive U-shaped shelter built into the side
of a hill-slope just below the top of a knoll (Fig. 30, and Photo
18). Below the U-shape to the south, is a rcughly paved terrace
connected to one of the (Feature 2%) walls. The U~shape i3 6 by 4.2
m, and its interior measures 5 Dy 2 m. The walls are well
constructed. They are core~filled and double faced. The maximum
width of the wall is 1.6 m, its interior height ranges between 25
and 145 com, and its exterior height ranges between 60 and 70 cm.
The interior face ig ca. 6 courses high and the exterior face ranges
between 2 and 6 courses high. The south edge of the U-ghape is a
low terrace. Below the terrace there is a 4 by 3 m rubble pile. It
is roughly paved. The rubble pile has a maximum height of ca. 50
cm. It is the beginning of a wall which is part of Feature 25. A
100 by 530 cm test pit was excavated at the feature.

Feature 28

Feature 28 is a large irregularly shaped residential enclosure
situated on top of a knoill (Fig. 31). Its overall dimensions are 13
by 4.5 m. The enclosure wall is relatively massive on both the
windward side and part of the leeward side. However on the
gouthwest leeward side, the enclosure wall is a single course
alignment which forms two interior spaces or "rooms”, and a more
exposed interior lanai. The massive segment of the enclosure is a
double faced core~filled wall with a maximum height of 83 cm and a
width of 2.2 m. The two interior rooms contain terraces. A 100 x
50 cm test pit was excavated in the eastern terrace. The results of
the excavation indicate that the terrace was probably paved. The
northern terrace evidence of a rough paving on the surface. The
lanai iz formed by the core~filled wall to its windward side and the
gingle course alignment to its leeward side. It does not appear to
be paved, but there is a substantial amount of rubble on the surface
indicating that a paving is a possibility. There 1is a small
circular alignment in the middle of the lanai that might bhe a
slablined hearth. It was not excavated. An alignment extending off
of the southeast end of the feature parallels the edge of the knoll.
There was shell midden and lithic material digpersed throughout the
surface of the feature. A 100 by 50 cm test pit was excavated at
the feature.

Feaature 29

Feature 29 is a 8.5 by 3.5 m C-shape located near the top of
a small knoll (Fig. 323. It is located on the windward side of the
knoll and part of the feature extends down slope. The interior of
the C-shape measures 3 by 3 m. Portionsg of the feature are core-
filled. There are, however, geveral additional faces throughout the
feature. The maximum width of the main wall is 3.5 m. Heights of
the feature range between 70 and 90 m. In the interior of the C-
shape there iz a rough paving made out of 20 to 40 cm cobbles. A
100 by 50 cm test pit was excavated at the feature.
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Feature 30

Feature 30 consiasts of a large enclosure built around a gwale
or low lying area (see Figure 2). The majority of the wall is core-
filled, although there are sections of stacked stone. Ita height
reaches 2 m above the interior base, while the exterior wall height
is 60 to 70 em. It has a maximum width of ca. 80 cm. The interior
of the wall is relatively flat. A C~shape shelter is located inside
the enclosure at jti southwest corner {Feature 2l1), and a large rock
pile and C-ghape are situated near the center of the enclosure
(Feature 32). Thirty-four additional interior walls were
inventoried from the aerial photograph. Subsurface testing was not
conducted at this feature.

Feature 31

Feature 31 is a C-shape that is almost the shape of an
enclosure (Fig. 33). It is integrated intc Feature 30, a large
agricultural enclosure. Soth the agricultural feature, and Feature
31, are located in s small swale. The C-shape ig 5.5 by 1.5 m, with
an interior of 3.25 by 2.75 m. The interior of the feature is paved
with cobblea. The walls of the feature are core~filled. They have
a maximum width of 1.5 om, and range in height from 23 to 100 cm.
The facing boulders of the wall measure 40 to 75 cm, and the fill
cobbles measgure 5 to 15 cm. There are several small pieces of coral
and basalt flakea on top of the wall. It is possible that the
enclosure wall of Feature 30 abuts Feature 31. This would indicate
that Feature 31 was built before the agricultural enclosure.
However, this is a tentative interpretation that could be tested
through excavation of the relevant wall segments. A 50 by S50 om
test pit was excavated at the feature.

Feature 32

Feature 32 includes a small C-shape, a large rubble mound, and
several low walls (Fig. 34). The feature ia situated inside of
Feature 30, an agricultural enclosure. The C-shape is ca. 3.1 by
2.5 m, with an interior measuring 2.6 by 0.9 m. It is a stacked
stone C-ghape with a maximum wall width of 30 cm and height of 100
em. The C~shape probably functioned as an agricultural windbreak.
The rubble mound attached to the north end of the C-shape is core-
filled. The rocks on the edge of the mound are ca 30 by 80 om,
whereas the fill is smaller 5 to 40 cm cobbles. It is irregularly
shaped and has no formal facing. It is poesgible that it is a
clearing mound. There are at least 4 other walls that connect with
the mound. These are part of the agricultural system inside of the
large agricultural enclosure. Several small pieces of coral were
noted throughout the feature. Subsurface testing was not conducted
at this feature.
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Feature 33

Feature 33 is a curved core-filled wall remnant with a small
C-shape built into it (see Figure 2). The wall extends underneath
the fill used to construct the airfield. The wall might have formed
part of an enclosure that was destroyed when the airfield was built.
The wall surrounds a small swale and incorporates portions of the
badrock ocutcrop. It is ca. 34 m long, has a maximum width of 1 m,
and a height ranging between 60 to 130 cm. The facing stones of the
wall range between 20 and 55 ¢m, and the f£ill stones between 7 and
20 cm. The swale area to the southeast of the wall was aexamined for
additional archaeoclogical Features but none were noted. A small 2
by 2 m C-shape is incorporated into a portion of the wall. It ia
ca. 80 cm wide and 70 ¢m high. Subsurface testing was not conducted
at this feature. in the future the surrounding area should be
intensively surveyed to make sure that all archaeological components
have been recorded.

Feature 34

Feature 34 is a small oblong enclosure {Fig. 35). It ig built
near the base, up against the windward side of a small knoll. The
feature's overall size is 4.5 by 1.8 m, and its interior dimensions
are 1.5 by 0.9 m. The windward, east portion of the enclosure ia
core~filled with large (50 cm) boulders forming the exterior and
interior facing, and small (5 to 20 cm) rocks forming the £ill. The
leeward west wall is a single course of large boulders. The maximum
wall width is 50 cm. Several pieces of coral were noted on the
surface of the feature. Subsurface testing was not conducted at
this feature.

Feature 35

Feature 35 contains two C-ghapes, a terrace, and a low wall
(Fig. 36). All of the structures are located on the leeward side of
a small knoll. The northern most C-shape ig 5.3 by 3 m, with an
interior dimension of 1.7 by 1.4 m. It is stacked gtona with an
interior face. It has a maximum wall width of 2 m, and it ranges in
height between 95 cm to 35 cm. A subsurface slablined hearth was
uncovered during the test excavations.

The terrace is ca. 1 m to the south of the northern most Cw
shape. The terrace is 4 by 1 m. The maximum height of the face is
65 c¢m. The terrace is roughly paved with small rocks.

The southern C-shape consists of roughly stacked rocks. It is
ca. 4.4 by 1 m, with an interior measurement of 3 by 1.4 m. It does
not contain any formal facings. Extending off of the east side of
the feature is a low stacked stone wall, ca. 60 cm wide and 40 cm
high. It extends around the edge of the cutcrop to Feature 19. The
feature was probably used for agricultural purposes.
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Feature 36

Feature 16 is a C-shape with an interior crypt (Fig. 37). It
is located on the same ridge as Feature 15. Feature 13 extends
along the ridge and connects with Feature 36. Feature 36 is 4 by
3.5 m, with an interior measuring 2.3 by 1.2 m. For most of its
length and especially the northern wall, it is a double faced core-
filled wall. The northern wall is the most formal portion. The
‘windward eastern wall is somewhat disturbed. The southern partion
of the wall is stacked stone. The feature has a maximum width of
3.5 m, and heights that range between 26 and 140 cm. Three 5 to 10
cm pieces of coral are on top of the wall.

The interior of the C-shape ia a crypt. It is 1 by 0.3 m, and
ia defined on the east gide by the windward wall and on the west by
its edge. The top of the crypt is ca. 50 cm above ground surface.
It was formed by laying large rocks on top of other rocks to form a
cavity. At the south end of the crypt is a cupbecard, made by
implanting large boulders upright and covering them with capstones.
It is ca. 1 m deep, 40 cm wide, and 60 ¢m high and incorporates part
of the eastern wall of the C-shape. The function of the feature has
not been determined. There is a possibility that it is a burial,
but alternatively it could just be a storage area. The feature
would have to be dismantled to determine if it is a burial.
Subsurface testing was not conducted at this feature.

Peaature 37

Feature 37 is a 5.% by 4.4 m concrete foundation. It is
surrounded by a large amount of historic debris including pieces of
metal and lumber. The feature L3 probably the foundation of a
higtoric house. The enclosure walls of Feature SB appear to run
into the disturbed area suggesting that the two features might be
contemporaneous. However, a large amount of rock rubble near the
wast side of the break in the enclogsure might indicate that the
enclosure wae built first and later modified to incorporate the new
house. Thig is in contrast to Feature 10, where the enclosure wall
neatly abuts the feature. Subsurface testing was not conducted at
this feature.

Feaature 38

Feature 38 ig another concrete foundation near the west
entrance of enclosure Feature S58. It is 4.4 by 3.3 m. In
comparison to Feature 37, there is less associated historic
material, however there are a few pieces of metal and wocd. The
feature appears to be the foundation of a historic structure
associated with the historic house site designated Feature 37.
Subgsurface testing was not conducted at this feature.
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Feature ! East

Feature 1E is a rough linear alignment situated on a level
plane south of the runway. This area might have been bulldozed at
one tima. The alignment ig ca. 45 m long, 50 cm wide, and 5 to 20
em high. It is mada out of small 10 to 15 cm cobbles stacked 1 to
2 courses high. There do not appear to be any other walls in the
immediate area. The function of the wall is unclear, but it was
possibly used for agricultural purpeses or is of modern origin.
Subsurface testing wag not conducted at this feature.

Featurs 2 East

Feature 2E is & 2 by 1.7 m rubble mound. Its height ranges
between 14 and 40 cm. The feature is not well conatructed.
Constituent rocks appear to be piled up in a random manner. About
50 cm from the feature there is a 3 inch metal pipe. The pipe runs
along a southwest to northeast axis. It is unclear weather the
rubble mound is associated with the metal pipe, or served scme other
unrelated function. Subsurface testing was not conducted at this
feature.

Feature 3 East

Feature 3E is a C-shape with an adjacent platform. It is
probable that the feature is located outside of the study area. It
is a stacked stone feature which incorporates part of a bedrock
outcrop. The overall dimenaions of the feature are 3.6 by 2.7 m.
Its height ranges between 25 to 50 cm. The wall is 1 to 2 courses
high. A possible slablined hearth is located in the middle of the
C-shape. Subsurface testing was not conducted at this feature.

Feature 4 East

Feature 4E consists of a low rubble mound and several low
walla located in a small swale just to the south of the road. The
mound is 3.2 by 1.8 m, and ranges in neight between 15 to 20 cm. It
has no facings, rather is constructed ocut of stacked stone. The
wallg are also stacked stone. They are ca. 40 om wide and 30 cm
high. It is probable that the features throughout the swale are
part of an agricultural complex. Subsurface testing was not
conducted at this feature.

Peature 5 HZast

Feature 5E consists of two adjoined C-shapes near the east end
of the swale that contains Feature 4E. Their overall dimensions are
3.2 by 1,8 m and 4.5 by 2 m, and their height ranges between 18 and
40 cm. They are not formally constructad. The walls are low
gstacked stone rubble alignments., It is probable that they are part
of the same agricultural complex as Feature 4E. Subsurface testing
was not conducted at this feature.

L

e

s

£

S




s

SR

.
[
£
2l

e

[ ———

- 56 -

Feature 6 East

Feature 68 includes 2 enclosures, a wall and a terrace. They
are situated on the lee side of the relatively large hill upon which
the lighthouse is located. The structures are probably located just
outside (south) of the study area. They are covered by extensive
vegetation making a precise description impossible at this time.
The wall is quite massive. It is ca. 25 m long, up to 3 m wide, 2
m high, and is constructed out of boulders up to 1.5 m in diameter.
Some of the boulders are part of a bedrock cutcrop. The terrace and
the enclosures extend off of the wall. They are somewhat disturbed.
Subsurface testing was not conducted at this feature.

Feature 7 East

Feature 7E is a heavily disturbed platform situated 1} m south
of the road that parallels the runway (Fig. 38 and Photo 20). It is
5.25 by 4 m, with a maximum height of 50 cm. All four sides of the
platform are faced with rocks ranging in size from 10 to 60 cm. The
fill of the platform is small 10 to 30 cm rocks. A limited amount
of marine shell was noted in the area. Its precise function is
unknown. At one time it could have been the foundation for a small
structure or water tank, or alternatively it could be a historic
grave. Subsurface testing would be regquired to detsrmine its
function. Subsurface testing was not conducted at this feature.

Feature 8 East

Feature 8E is a 8.5 m long, 30 om wide, 15 to 30 om high,
wall. It is situated on the lee slope of the lighthouse hill., It
is a 1 to 2 course high stacked stone wall, with rocks ranging in
size from 10 to 25 om. It was probably used for agricultural
purposes. Subsurface testing was not conducted at this feature.

Feature 9 Bast

Feature 9E consists of 2 C-shapes, a platform, and 2
alignments (Fig. 3% and Photo 22). All of the structures are
situated on a gentle slope ca. 20 m from the ccastal berm. The
@astern most C~shape is disturbed and might have been an enclosure
at one time. Presently the "opening" of the structure is on the
windward side, and the most massive wall is on the lee side. This
might suggest that the northern portion of the feature has been
digturbed. Its overall dimensions are 5.2 by 1.5 m, with the
interior measuring 1.5 by 0.75 m. The maximum wall width is 80 cm,
and the maximum height is 70 em. A few pieces of modern looking
metal were noted on the surface. This feature might have been uged
for residential or agricultural purposes.
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The middle C-shape is 5.3 by 5 m, with an interior measuring
3 by 1.5 m. It is made out of stacked stone, with the interior
facing. At the north end of the feature there is a rough 1.25 by 1
m platform. This feature might have been sume sort of field
shelter. The western most alignments are made out of stacked stone
and incorporate some large boulders which might be part of a bedrock
ocutcrop. The northern most of these alignments is faced on its
eastern side. These two alignments were probably used for
agricultural purposes. Subsurface testing was not conducted at this
feature.

Feature 10 East

Feature 10E is a complex of at least 11 C-shapes, 2 walls, and
2 enclosures (Fig. 40 and Photo 21). More intensive clearing and
mapping of the area might reveal additicnal structures. The
gtructures are not well constructed, and scme of them look
disturbed. Most of them are stacked dtone with interior faces. The
walls of the structures are ca. 50 to 70 cm wide and their maximum
height is ca. 30 cm. There are a few fragments of ceramics, glass,
and metal, on the surface of one of the enclosures. Despite these
artifacta, the features were probably used as a agricultural
complex. Subsurface testing was not conducted at this feature.

Faature 11 East

Feature 11E ias a cupbcard formed by two large bouiders and
saveral stacked stones (Fig. 41). Its overall dimensions are 2.27
by 1.9 m, with the interior measuring 1.6 by 1 m. Its maximum
interior height is 90 cm. Several small rocks have been placed on
top of two large adjacent boulders to form the cupboard. There is
a low stacked gtone wall extending between the leeward ends of the
boulders. Several lithic f£flakes were noted inside of the cupboard.
Subsurface testing was not conducted at this feature.
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EXCAVATIONS

A total of 23 controlled test pits (TP) totalling 11.0 square
meters were excavated at 21 different features., In the following
sections, the gubsurface testing of each feature is discussed
separately. Primary attention is given to 1) the midden and
artifact contents of each layer and level, 2} the number of cultural
deposits and subsurface components found within the test unit, 3)
the relative and absolute chronology of the archaeclogical remains,
and 4) the possible function or use of the feature. The tast units
are discussed in the numerical order of their associated feature.
The concentration indices reported in the tables were calculated by
dividing the total weight or count of a material by the total volume
of the processed deposit. Concentration indices are thus cited as
the amount of a unit (whether it be grams oy a count) per cubic
meter.

Featiure 2, TP«1

Feature 2 TP~] is a 50 x 50 ¢m unit located ca. 1.5 m down
wind of a residential structure (see Figure 8). The test pit was
placed away from the actual rock feature sc that the sediment
deposits surrounding the feature could be tested. The purpose of
the test pit was to investigate the existende of any subsurface
cultural deposits and to determine the function and chronology of
the associated residential feature. Table 4 is a list of the layers
and levels in the test pit, their voluma, and their depth below
datum. Figure 42 is a stratigraphic profile of TP-1. Table 5 is a
iist of the materials recovered during the excavation, and the
concentration indices for those materials. Table & is a list of the
shell midden from the feature. The entire deposit of the unit
contained wave washed shell and coral. This undoubtedly skews the
guantity of crab, sea urchin, and shell midden reported in Tables 5
and 6,

There was lantana, grass, decomposing vegetation, and wave
washed shell on the surface of the test pit. Layer 1 was a loose
deposit of wave washed shell and decomposing vegetation containing
some pieces of shell midden. Layer 2 was a cultural deposit with a
pebble paving. The paving was ca. 10 cm thick and made out of smail
2 to 5 cm pebbles.  The layer yielded small amounts of charcoal and
kukui nut, 1 piece of basalt, 1 piece of volcanic glass, and 8
historic artifacts. The artifactg included 2 pieces of clear glass,
2 small {3 to 4 mm) glasa beads, 3 pieces of chert, and ! small
piece of metal (1 cm by 5 mm). Alsc faunal material from Scarid and
some other unidentified figh were recovered.

Layer 3 wag a dark brown depcsit containing far fewer pebbles.
The layer yielded small amocunts of charcoal, 1 small plece of fiah
borne, and 1 small piece of indeterminate bone. In Layer 3, Levels
2 and 3, 30% of the unit was filled by loose cobbles ranging in size
Erom 15 to 25 cm. The cultural asaocciation of the cobbles is
unclear, but they do not appear to be part of a paving. Beneath
Layer 3 Level 3 the deposit appeared sterile.
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FEATURE 2 Test Pit 1

North Face :
Ay DATUM
;, Qam
et e ! —— SURFACE

3
Q O
; ; s
’//,.f/ f:; r'.l // //’ [/ /_f /;'/ /,' Y ! Foi f‘/
LA ; ;’" LA 4
Layer Mungell Soundary Desgcription
Color
1 - abrupt gilt loam, with wave washed shell
{gmaoth) and coral, lots of roots and
vagetation
2 10¥R 2/2 abrupt gilt loam, with wave washed shell
{very dark {smooth) and coral; basalt pebblea
brown)
3 10YR 3/3 - silit loam, with wave washed shell
{dark and coral
brown)

Figure 42. Profile and gediment degcripticon of Feature 2, TP-1l.
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Table 4. The depth and volume of
excavated materials of each
layer and level from Feature 2,
TP-1.

Layer Level Depth Vol ume
{cm below Excavated
datum} (cubic

meters)

surf, 8/9 0.0000000

1 1 8/9 to 8/10 G.0028274

2 1 8/10 to 18 0.0340650

2 2 18 to 23 0.0125000

3 1 23 to 33 0.0255487

’ 3 2 33 to 43 0.0127744

3 3 43 to 53 (.G250000

*n% Topgl e
0.1127155

The results of the excavation indicate that the area
immediately adjacent to Feature 2 was occupied during the historic
era. Since a subsurface paving was contained in the cultural
depogit, further excavations should focus on clearly defining the
subsurface architectural components and the existence of further
buried deposits.

Feature 2, TP-2

Feature 2 TP~2 is a 1 x 1 m unit in a low platform which is
one of the internal architectural components of Feature 2 (see
Figure 8, and Photos 1, 2). There was a 50 by 45 cm concentration
of coral on top of the platform. The purpose of the test pit was to
determine if the platform was a burial. Unfortunately, the results
of the excavation were inconclusive. A vertical datum was
established 10 cm above the surface of the platform, which was ca.
60 cm above the ground surface. Table 7 is a list of the layers and
levels in the test pit, their volume, and their depth below datum.
Flgure 43 is a stratigraphic profile of TP~2. Tables 8 and 9 are
lista of the materials recovered during the excavation, and the
concentration indices for those materials,



FEATURE 2 Test Pit 2
West Face A oaTUM

0em

A A A Iy / 4 ;
LSS ISy S
/ ' s "/ LSS SISV ys ;o

SSLS S

Layer Mungell Boundary Description
Color

b - - pebble, cobble, boulder fill

5

Figure 43. Profile and sediment description of Feature 2, TPp-2.
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Table 7. the depth and volume of
excavated materials of each
Llayer arcd level from Feature 2,

P2,

Layer Lavel Jepth Volune
{cm below Excavated
datum) {cubic

meters)

surf. 1734 .0000060

1 1 1 to 63 9.,0170325

*ak Total wew

§.0170325

Rocks and a small amounta of vegetation covered the surface of
the platform. Rocks ranging in gize from $§ cm to 50 cm were neatly
chinked into a paving. Layvetr 1 extends from 1 to 63 cm BD. Because
there wag very little gediment, Layver 1 consists primarily of the
rocks removed from the unit. The layer yielded small amounts of
kukui nut, sea urchin, and shell, as well as 1 piece of basalt and
3 pieces of green bottle glass. The bottle glaas came from depths
of 35, 40, and 47 cm BD. At 36 cm BD a 40 by 40 com rock was
encountered in the center of the test pit. Other rocks extending in
from the side walls made it impossible to remcve the 40 cm rock. In
places it was possible to excavate down to 63 om BD, but without
expanding the test pit it became Lmpossible to remove the lower
rocks. This is unfortunate gince the ground surface was estimated
to be ca. 70 em BD, thus the excavation did not really extend into
any subsurface deposits.

The results of the excavation indicate that the platform was
uged during the historic era. However, the platform does not appear
te be a crypt, and no skeletal remains were encountered,.
Unfortunately the inability to excavate into the subsurface deposit
renders the test pit inconclusive. Further excavation is needed to
determine the presence or absence of gkeletal material.

Feature 5B, TP-1

. Peature SB TP~1 is a 100 x 30 ¢m unit located on the lee side
of an agricultural wall. The purpcse of the test pit was to
investigate the existence of any subsurface cultural deposits or
buried walls within the agricultural field system. Table 10 is a
ligt of the layers and levels in the test pit, their wvolume, and
their depth below datum. Figure 44 is a stratigraphic profile of
TP-1. The entire deposit of the unit contained wave washed shell
and c¢oral. The test pit yielded no cultural material, but 2 buried
walls were discovered (Photo 4).

W
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FEATURE 5B Test Pit 1

North Face
*{}—gATUM
cm
<A #y ol t —— SURFACE
— "

L 1D

— 50

Layer Munsell Boundary Description
Color

i 10¥R 2/2 abrupt gandy loam with wave washed shell
(very dark {smogth) and coral
brown}

2 10YR 3/3 abrupt loam with wave washed shell
{dark { smooth) and coral
brown)

3 1C0YR 3/3 - loam with wave washed shell
{dark and coral
brown}

Figure 44. Profile and sediment description of Feature 3B, TP-1l.
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There was grass, decomposing vegetation, and wave washed shell
and coral on the surface of the tast pit, No large rocks or
sections of wall were evident on the surface. Layer 1 Level 1 was
the culturally sterile ralatively loose depcsit of decomposing
vegetation and wave washed shell and coral. Layer 2 was a slightly
more compact deposit of wave washed shell and coral. Only 0.0170325
m® of sediment was screened from each level of Layer 2. Layer 3 was
very aimilaf teo Layer 2, but it appeared slightly browner. Only
0.0085162 m” of each level from this layer were screened.

In the west end of the unit an alignment of ca. twelve rocks
ranging in size from 10 to 30 cm in diameter was found petween 15
and 85 cm BD. The alignment appears to extend even deeper into the
unexcavated deposit. At the east end of the unit there was a
gimilar alignment of 5 rocks found between 29 and 65 cm BD. It is
possible that these 2 distinct subsurface alignments are part of a
buried field system. The subsurface alignment at the east end of
the unit might be a buried segment of the surface alignment. The
excavation, however, was inconclusive on this matter since the unit
was placed to far away from the surface alignment. Because the test
pit was so narrow it was impossible to reach the bottom of the
depogit. Further excavation is needed to complete this task and to
clearly define the extent of the gsubsurface alignments.

Feature 6, TP=]

Feature 6 TP~l is a 50 x 50 cm unit encompassing a circular
slablined hearth. The test pit is located behind a windbreak and
next to an enclosure (gee Figure 10). The purpese of the test pit
was to gather cultural material from *he hearth for analysis and
dating. Table 11 is a list of the layers and levels in the test
pit, their volume, and their depth below datum. Figure 45 is a
stratigraphic profile of TP-1, Table 12 is a list of the materials
recovered during the excavation, and the concentration indices for
those materials. Wave washed shell and coral wag pragent throughout
the deposit. This undoubtedly skews the quantity of cral, urchin,
and shell midden reported in Table 12.

There was grass, decomposing vegetation, and wave washed shell
and coral on the surface of the test pit. Two surface slabs defined
a hearth. Layer 1 Level 1 was the loose deposit of wave washed
shell and vegetation removed from the entire teat pit. Laver 2
Level 1 was a slightly harder deposit with charcoal flecking
excavated from the interior of the hearth. It contained small
amounts of kukul nut and 3 small pieces of polished basalt. Layer
2 Level 2 was a similar depesit, but the bottom 2 cm of the level
was mottled and contained more charcoal.

Layer 3 Level 1 was a relatively sterile deposit excavated
from the exterior of the hearth. It contained only small amounts of
kukul nut, and no charcoal. Layer 4 Level 1 was underneath Layer 3.
It was excavated from the exterior of the hearth and had slightly
more charcoal than Layer 3. No further excavation took place
cutside of the hearth.
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FEATURE 6 Test Pit 1

West Face & oarum

3 aom

r SURFACE
10

2 .

P
2
i
5

AR

Layer Munsell Boundary Description
Color .
1 - abrupt loam with wave washed shell o
{smooth} and coral
2 10¥R 3/1 abrupt gilt loam with wave washed shell
{very dark {smooth) and coral, slight charcoal
gray) flecking
3 S5YR 2.5/1 abrupt silt loam with wave washed shell
{black {smocth) and coral, zlight charcoal
flecking
4 . S5YR 3/1 abrupt gilt loam with wave washed shell
{very dark {samooth) and coral, slight charceoal
gray) flecking
5 10¥R 5/1 gradual ailt ash loam with charcoal
(gray) {irregular)
& ' 10YR S5/1 abrupt #ilt ash loam with charcoal
{ash: gray) (smooth)
2.5YR 2/0
{charcoal:
black)
ki 7.58YR 5/2 - gandy silt with wave washed shell
({brown} and coral

Figure .45. Profile and sediment description of Feature &, TP-1l.
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Table 10,

- 84 =

depth  and
excavated materials of each
layer and ilevel from Feature 5,

v lume

Te-1.

Layer Level Depth Volume
(cm below Excavated
datuem) {cubic

meters)

surf. 37 0.0000000

1 1 3/7 to 4/8 0.0127744

2 1 4/8 to 14 0.0340650

2 2 14 1o 24 0.C681300

3 24 to 34 0.0553556

2 4 34 to 44 0.0396857

2 5 44 to 50 0.0425813

3 1 50 to &0 0.051097%

3 2 40 te 7O 0.0681300

3 3 70 to 85 0.0631300

whE Toral wew

0.4399495
Table 171, depth and Yol ume

excavated materials of each
layer amd level from Feature 6,

Te-1.

Layer Level Depth Yolume
{cm below Excavated
datum} (cubic

meters)

surf. 9713 0. 0000000

1 1 /13 to 914 £.0042581

2 1 /14 to 19 0.0127744

2 2 19 to 29 0.0212906

3 1 /14 to 14/18  0.0030600

& 1 14/18 to 24 0.0034045

5 1 29 to 36 Q.0127744

é 1 36 to 41 0.0085162

7 1 36 to 43 0.3100000

Lt 2] Tata{ s i)

0.0760202
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Layer 5 Level 1 was the next sgtratum excavated from the
interiocr of the hearth. It waz a mettled sediment of ash and
charcoal with small amounts of kukui nut and 1 piece of fish bone.
Layer & Level 1 was the main ash and charcoal deposit of the hearth.
It was a small deposit and only 0.0007142 m° of it was processed,
The remaining 0.001 m” of the deposit has been saved for Ffuture
analysis. Layer 7 Level 1 was a sterile deposit under Layer 6.

The excavation confirmed the presence of a =slablined hearth
with a single ash and charcoal deposit bordered by mottled deposits.
Despite this single cultural deposift, the location of the hearth so
close to a wall of the enclosure suggests that the feature was
occupied in several phases. The feature was apparently used as a
shelter.

Feature 8, TP~1

Feature 8 TP-1 ig a 100 x 50 cm unit located behind a shelter
alignment in the middle of agricultural complex 5B (see Figure 12}.
The purpose of the test pit was to deteérmine if the area had been
used ag a shelter. Also we wanted to determine if there were any
subsurface alignments within the agricultural field gystem., Table
13 is a list of the layers and levels in the test pit, their volume,
and their depth below datum. Figures 46 and 47 are stratigraphic
profiles of TP-1. Table 14 is a list of the materials recovered
during the excavation, and the concentration indices for those
materials. Table 15 is a list of the shell midden from the feature.
The entire deposit of the unit contained wave washed shell and
coral. This undoubtedly skews the quantity of crab, urchin, and
shell midden reported in Tables 14 and 15. :

There was lantana, low grasg, and decomposing vegetation on
the surface of the test pit. In addition there was wave washed
shell, shell midden, faunal midden, and a few piecas of basalt.
Layer 1 Level 1 was the thin loose deposit just below the surface.
It contained small amounts of charceal, xukuil, and c¢rab, moderate
amounts of sea urchin, § pieces of basalt, and 25 piecss of volcoanic
glass, The faunal material from the level includes 1 piece of
sgarid, 10 pieces of undetermined fish, and 1 piece of Rattus
exulans (Polynesian Rag).

Layer 2 Level 1 was a grayish deposit of wave washed shell and
coral. It contained a similar assemblage of cultural material as
Layer 1 Level 1, with the nctable exceptions of an increase in
volecanic glass, and 1 small piece of material that is probably
historically introduced chert. This lithic flake is grey with black
speckles. It is 1 om by 5 mm, and has ca. 6 small flake scars on
it. The faunal material from the level includes several types of
fish, 4 pieces of Rattus exulans {Polynesian Rat), and 1 piece of

Bufo marinus (Giant Neotropical Toad). The Bufo marinus was
introduced to the Hawaiian Iglands in 1932. The chert and the

faunal material from a historically introduced species clearly
indicate that the layer was deposited relatively recently. The very
bottom of the level contained the top of a rock which was part of a
buried alignment. This alignment will be discussed at the end of
this excavation description.
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Table 13, The depth and volume of >
excavated materials of each i
Layer and level from Feature 8,

TP-1.
Layer Level Gepth Volume
(cm helow Excavated
datum) {cubic
meters)
surf, 8/13 0.0000000 -
1 1 8/13 to 13/16  0.0255487
2 1 13/16 to 23 0.0510975
2 2 23 to 33 0.051097%
2 3 33 to 43 0.0425813 _
2 4 43 to 53 0.0425813 :
2 5 53 to 55/64 0.0255487 .
3 1 $5/64 to 65 0.0340650 :
3 2 65 to 75 0.3298069 :
3 3 75 to 85 £.0255487

wax Topgl wew
3.32787554
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Figure 46.

Layer Munsell Boundary Degeription
Color

1 10¥R 8/2 abrupt 8ilt loam with wave washed shell
{white} {wavy) and coral

2 5YR 3/1 abrupt gsandy loam with wave washed shell
{very {wavy) and coral, charcoal and ash
dark lecking
gray)

3 10¥R 3/3 - gilt loam with wave washed shell
{dark and coral
brownj)

Profile and sediment description of Feature 8, TP-1.
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FEATURE 8 Test Pit 1

North Face & DATUM .
T daem i
i
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Figure 47. Profile of Feature 8, TP-l.
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Layer 2 Level 2 vielded far more charcoal than the previocus
layers, less basalt, and about the same amount of volcanic glass.
It also contained congiderable amounts of several different typesa of
fish, 1 piece of Rattus exulans {Polynesian Rat), and 2 pieces aof
medium sized mammal. Layer 2 Level 3 yielded even more charcoal,
but less basalt and volcanic glass. It also included several types
of fish, 3 pieces of indeterminate vertebrate bone, and 3 pieces of
Rattus exulans (Polynesian Rat). The amount of charcoal decreased
in Layer 2 Level 4, as did the amount of volcanic glass. The amount
of basalt, however, was at a maximum for the test pit. The level
contained congiderable amounts of fish bone. Layer 2 Level 5 had
even less charcoal and volecanic glass, and the amount of basalt and
fish bone alsoc decreased.

A 6.6 gram charcoal sample from Layer 2 Level § vielded a
Cl3/C12 adjusted date of 3510 + 80 B.p. (Beta-33172). The calibrated
age ranges of this sample (9%% confidence interval), based on the
computer program of Stuiver and Reimer (1986) are as follows

A.D. 1281-1520  (97%)
A.D. 1592-1622  (3%)

The statistical probabilities for these ranges, given in
parentheses above, suggest that the A.D. 1281-1520 range is the most
likely of the two.

Layer 3 was a relatively sterile brown deposit of wave washed
shell and coral. it was excavated because the rocks of the
subsurface _alignment were found throughout the layer. Only
0.0170325 m® of the material excavated from Layer 3 Level 1 wasg
screened and analyzed. It contained a trace of charceal and kukui
nut, 1 piece of fiah bone, and no basalt or volcanic glass. Layer
3 Level 2 contained a trace of charcoal and 1 small piece of
volcanic glass. Only 0.0085102 m of the material excavated from
this level was screened and analyzed. Layer 3 Level 3 alsoc
contained a trace of charcoal, but no other cultural material. Only
0.0085102 m” of the material excavated from this level was screenead
and analyzed. Because of the limited dimensions of the test pit, it
was impossible to excavate further, even though the bottom of the
deposit was not reached.

One of the mcst interesting aspects of Feature 8 TP-1 wag the
discovery of a buried alignment (Photo 6). The very top of the
alignment was first visible in Layer 2 Level 1 at 20 cm BD, and
portions of the alignment extended down through Layver 3 Level 3 to
a depth of 85 om BD. The alignment consisted of seven relatively
large, 20 to 50 cm long, rocks stacked on top of each other. There
were numerous smaller 5 to 15 cm cobbles in between these rocks.

The top of the subsurface alignment corresponds with the
stratigraphic level where the density of charcoal increases. The
radiccarbon date is from the bottom level of Layer 2, the last
stratum cthat has a relatively high density of charcoal. The
alignment, however, extends into Layer 3 and therefore might have
been built even earlier than the radiocarben date suggests. Given
the high concentration of wave washed material, it is possible that
a lower layer has been disturbed. This might be one explanaticn for
the sharp decrease in the density of charcoal in the lower layer.
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Feature 10, TP-1

Feature 10 TP-1 is a %0 x S0 ¢m unit located in the middle of
a small enclosure associated with the main residential feature (see
Figure 14 and Photos 2, 10). The purpcse of the test pit was to
determine the function and chronology of the enclosure, and to
determine its relationship with other features in the area. Table
16 ig a list of the layers and levels in the teat pit, their volume,
and their depth below datum. Figure 48 is a stratigraphic profile
of TP-1. Table 17 is a list of the materials recovered during the
axcavation, and the concentration indices for those materials. The
entire deposit of the unit contained wave washed shell and coral.
This undoubtedly skews the gquantity of crab, urchin, and shell
midden reported in Table 17.

Table 16, The depth and volume  of
excavated materials of each
Llaver and level from Feature 10,

B-1,

Layer Level Depth Vol ume
(cm below Excavated
datum) (ecubie

meters)

surf. /31 0.0000000

1 1 /11 to 10.5/12 0.0085162

2 1 19.5/12 to 0.0170325
14719

3 1 14719 to 22726 0.0255487

3 2 24 to 34 3.0060000

4 1 23724 to 34 §.0425813

4 2 34 to 44 0.0170325

5 1 44 to 54 9.0125000

*wR Torgl wew
0.1292112
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FEATURE
East Wall

_\'ﬂﬁ"n’\.\\_)lz | SURFACE
\,—.L—-——-/——‘w 14

10 Test Pit;1

g o

e FATUM

Layer Munsell Boundary Degcription
Color

1 - clear loam with wave washed shell

and coral

2 10YR 2/2 clear silt loam with wave waghed shell
(very and coral
dark
brown)

3 10¥R 3/2 clear loam with wave washed shell and
{very dark coral, with charcoal flecking
grayish
brown)

4 I0¥R 2/1 clear loam with wave washed sghell and
{black) coral

5 10YR 3/3 - loam with wave washed shell and
{dark coral
brown}

Figure 48. Profile and sediment description of Feature 10, TP-1.




97

2’9 S¢ FAN:) t (LI 0°¢

wxx 17100 wax

- - - - - - - . . - - - t 4
Fau gt 2°0 1785 4 - - - - - - - - 4 k)
6°2% %1 27182 24 [ 44 £ 02y 2 - - - - 3 ki
0 08y FARA g'oost 6 - - - - L7996 07488 b3 5 L4 Z £
07ty &1 L elt g L] X s g 961 Yy - - - - L £
2°4f o0 g ved 2 1°8% 07t it 2 - - - - 1 2
L4t t°0 AU i - - - " - - - - i )

- - - - - - - - - a°8g - gt T3NS
(i (wB) “3M (12} "33 3un0)
aeyd axerd axeis 2%¢14 (n w6y (1) oy (wh) (1
S5U 1D SRU D b330 351 SSE1Y jubiap 14Bian UNoD Ny 1yBLop 3ubtam JUNOD 0D
21U 10N DIUBITOA DHURIIOA JIUBIIOA JD1IBYUS  I31IBUS  J231IBYS  433jeUS IR} ALy 4 aNey 4 ayeyd 18A071 Jake

Bl 0 2uee 0% 14 6%

wax 12101 waa

- - [LREL L P A i 1153 0°0%¢ 0t - - - - i 5

- - L9268 07251 {74 0 - - 5°¢2 ki 4 ki

- - L71ies 07058 & 0L 0°g - - [ 4 ) $'0 i ¥

- - £TELERS 070SE gronst 06 1°9ig 674 07002 24 Z €

" - 1782092 07599 PAFat: 0792 - - 9729 94 i 13

g4%9 131 YTyivee 07L05 779481 §'2% Y68 90 2758 90 S Z

£r24t 3 £ToReLL 07t 7686 a'e 17501 &0 47895 50 1 {

. » - - - - e - - - T3NS
(1)

junes non
1305134 I00S13AY (10) (ub) [ § k) (w3} 1) {w6) au» (wB)
JLIOISIH I1J0ISLH }194US 11948 TI3E RT RISV AT, N £ 14} ¥ le) | feoadRYY JRODJRYY 19A87 Jaded

- 53100 51gno Jad TIUN UL UIN]OD snotassd BYI JOJ XBPUL UOIIEIILOOUDD 03 S43§03 13 “|.df 'O} 9IN3E3J wouj SIWLIIIEG Jo 3S1Y Cl) 9gRl



-
P
e
o
&
o

]

S

- 98 -

There was lantana, grass, and decomposing vegetation on the
gurface of the tegt pit. There was also 1 basalt flake, 1 piece of
clear glass, and 3 pieces of viclet colored bottle giasgg. Layer 1
Level 1 was a loose deposit of wave washed material. It contained
small amounts of charccal and kukui nut, 1 piece of volcanic glass,
and 3 pieces of violet bottle glass.

Layer 2 Level 1 was a similar but harder deposit containing
small amounts of charccal and kukui nut, 2 pieces of basalt ghatter,
and 4 pieces of volcanic glass. The faunal remains from the layer
include several types of fish, 1 piece of a medium sized bird, 1
piece of Sug gcrofa (pig), and 18 pieces of medium to large sized
mammal. The material from the medium to large sized mammal could be
a number of prehistoric or historically introduced species. The
layer also contained 11 higtoric artifacts, including 3 metal square
nail fragments (ca. 3.2 cm long by 3 mm wide)}, 4 pieces of metal
that might be nail fragments (ranging in size from 4 mm to 1 cmy, 1
piece of violet bottle glass, and 3 pieces of clear botrle glass.
This was the lowest layer and level that contained historic
material.

Although Layer 3 Level 1 contained only a small amount of
charcoal, it was the most for any layer within the feature. The
layer yielded 2 basalt flakes and 8 pieces of volcanic glass. Layer
3 Level 2 was excavated exclusively from the southeast guadrant of
the test pit. It contained small amounts of charcoal and kukui nure,
2 pieces of basalt, and 9 pieces of volcanic glass. It also
contained small amounts of fish bone and large amounts of medium or
large sized mammal bone,

Layer 4 Level 1 was a slightly more compact deposit with less
gravel. It was excavated from all areas of the test pit except for
the southeast quadrant. The level contained a very small amount of
charcoal, 2 pieces of basalt, and 12 small pieces of volcanic glass.
The faunal material from the level included fish and medium to large
mammal. During the excavation of the layer, several large rocks and
cobbles were encountered. The test pit was to small o determine i
the rocks were part of an alignment, but they did appear to be
cultural.

Layer 4 Level 2 was excavaied from the entire test pic. It
yielded a trace of charcoal, 1 small volcanic glass flake, and small
amounts of fish and medium or large sized mammal bone. Laver §
Level 1 was lighter in color and yielded ne cultural material.
Excavation wasg terminated at the bottom of Layer 5 Level 1. It is
possible that there are further buried deposits below this, but the
size of the test pit prevented further excavation.

The results of the excavation indicate that the upper layers
of the test pit were cccupied during the historic era. The cultural
material found in the test pit is probably the rubbish of the
occupants of the house site immediately adjacent to the enclosure.
Layer 4 might represent an earlier cccupation, and the pogsible
alignment a part of an earlier building phase. Further excavatiaon
ig needed for clarification.
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Feaature 12, TP-1

Feature 12 TP-1 is a 100 x 50 cm unit located in the middle of
a large enclosure (see Figure 16). The purpose of the test pit was
to determine the function and chronology of the enclosure, and to
try and determine its relationship with Feature 13. Table 18 is a
liast of the layers and levels in the test pit, their volume, and
their depth below datum. Figure 49 ia a stratigraphic profile of
TP-~1. Table 19 is a list of the materials recovered during the
excavation, and the concentration indices for those materials.
Table 20 is a list of the shell midden from the feature.

Table 18, The depth ard volume of
sxcavated materials of each
layer art level from Feature 12,

-1,

Layer Lavel Depth Yolume
(cm below Excavated
datum) {cubie

meters)

surf. g/ (3.0000000

H 1 /11 to 14 0.0255487

2 1 14 to 24 0.05956138

2 2 24 to 34 5.0212906

F-4 3 34 to 43 (.0042581

1 26743 to 32744 0.0015000
ek Targl wew
0.1122112

There was grass, decomposing vegetation, and a few pieces of
ahell on the surface of the test pit. Layer 1 Level 1 was a thin
loose sandy deposit with an abundance of pebble sized gravel. It
yielded a fair amount of shell, small amounts of sea urchin, 10
pieces of basalt, but only a trace of charcoal. The faunal material
from the Llevel included small amounts of Bufo marinus (Giant
Neotropical Toad), labrid, shark undetermined fish, Rattug exulana
(Polynesian Rat), and 1 piece of small to medium sized mammal .

f
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FEATURE 12 Test Pjt 1
South Face — 4 DATUM

Ocm

i .———r[c\\—‘#—\’——_/’_‘\\\’__ a0
1 7 SURFACE
3 “mw”mw

SR

— 50

Layer Munaell Boundary Degcription
Color

1 10YR 4/2 abrupt sandy locam
{dark (amooth)
grayish
brown)

2 10YR 3/3 clear gandy loam
{dark {lirregular)
brown})

3 10¥R 3/4 - silt lcam
{dark
yellowish

o brown}

Figure 49. Profile and sediment description of Feature 12, TP-1.
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Layer 2 Level 1 was slightly more compact, and contained
aignificantly more shell and sea urchin, but a similar denaity of
charcocal. The level also yielded 7 pieces of basalt, 2 pleces of
voleanic glass, and 5 rusty fragments of metal. The metal fragments
range in size from S mm by 5 mm up to 1 cm by 1 ¢m. These were the
only historic artifacts found in the test pit. The faunal material
from the level included small amounts of several types of fish, 1
piece of medium sized bird, 2 piéces of small to medium or medium
sized mammal, Geopelia striata (Zebra Dove), Rattug exulans
{Polynesian Rat) and Rattus norvegicus and/or rattug (Norway and/or
Roof Rat). The dove was introduced to the Hawaiian Islands during
the early 1900's, and the Norwegian Rat is a post-contact
introduction. The metal and faunal material from historically
introduced species clearly indicate that the level was deposited
ralatively recently.

During Layer 2 Level 1 a rock 50 cm diameter and 20 cm thick,
wag uncovered in the west half of the test pit. It was resting on
Layer 3. Because of the rock, and the presence of Layer 3 in the
northeast quadrant, Layer 2 Level 2 was excavated exclusively from
the southeast quadrant. It contained slightly more charcoal, but
less shell and sea urchin than the previous level of the layer.
Faunal material from the level included small amounts of fish and
medium sized mammal. The level did not contain any lithics. The
level was radiocarbon dated and this ig discussed later. Layer 2
Level 3 was excavated exclusively from the southeast guadrant. It
contained lesa charcoal, sea urchin and shell than the previous
level, and 1 piece of amall to medium or medium sized mammal.

Layer 3 Level 1 was a thin deposit of decomposing bedrock
underneath Layer 2. The contact between Layer 2 and Layer 3 was
aextremely wavy. The Layer 2 deposit looked as if it had been
churned up, and the lower contact reflected this. This was not a
pattern obgerved in any of the other test pits in the study area.
Tha 3 pieces of £fish bone recovered from the level probably filtered
down from the layer above. The bedrock was underneath Layer 2.

A 1.5 gram charcoal sample from Layer 2 Level 2 vielded a
©13/Cl2 adjusted date of 17C £ 120 B.P. (Beta-33171}. The
calibrated age ranges of this sample (95% confidence interval),
based on the computer program of Stuiver and Reimer ({(1986) are as
follows

A.D. 1508-18603 {13%)
A.D. 1610-1955% (87%)

1955+ denotes influence of bomb C-14

The statistical probabilities for these ranges, given in
parentheses above, suggest that the A.D. 1610~-1955* range ils the
moat likely of the two. The presence of metal artifacts and
historically introduced species in the same deposit, but at a
slightly higher level, suggests that a date from the historic
portion of the range might be appropriate.

The precise function of the feature is unknown. However, it
does appear to have been used during the historic periocd for
activities which would have churned up the deposit leaving a wavy
contact between the cultural deposit and the sterile substrate. One
activity which might have caused this depositional pattern is pig
husbandry. The feature 13 a large enclosure with no copening making
it a suitable pig pen. The churned and wavy depcsit is consistent
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with what would have been formed by pigs routing or walking around
in a pen. This interpretation is tentative at best, and further
excavaticn would be needed to confirm or negate the hypothesis.

feaature 13, TP-1

Peature 13 TP-1 is a 100 x 50 cm unit situated at the corner
of an internal terrace of an enclosure (see Figures 17 and 18). The
purpose of the test pit was to detsermine the function and chronalogy
of the feature. The results of the excavation suggest the feature
might be some sort of apecial use area, possibly a shrine. Table 21
ig a list of the layers and levels in the test pit, their volume,
and their depth below datum. Figures 50 and 51 is a stratigraphic
profile of TP-1l. Table 22 is a list of the materials recovered
during the excavation, and the cencentration indices for those
materials. Table 23 13 a list of the shell midden from the feature.

Table 21, The depth and volume  of
excavated materials of each
layer and levei from Feature 13,

TP-1t.

Layer Level Depth Volune
(cm betow Excavated
datum) {cubic

meters)

surf, 2/8 9.08000000

H H 2/8 to 5/14 0.0042581

TA H 11716 to 17721 0.0051097

2 1 3/14 to 11715 0.0034065

2 2 11715 to 21 0.0127744

2 3 21 to 31 0.0596138

2 & 31 ro 41 0.0298069

2 5 41 to $1 0.017032%

2 & 51 to &1 0.0058207

k3 1 21 to 27 0.0034085

4 1 35-40 G.0002500

o ?Gtat s
0.1412791
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Layer Munsell Boundary Degcription
Color
1 10¥YR 2/2 abrupt silt loam
{very {wavy)
dark
brown)
2 10¥YR 3/1 abrupt silt lecam
(very (wavy)
dark
gray)
3 10YR 2/2 abrupt ailt loam
{very {wavy)
dark
brown)
4 10YR 5/1 - gilt
(gray)
Figure 50. Profile and sediment

description of Feature

13,

p-1.
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The surface of the test pit was covered with decomposing
vegetation and a large quantity of rock. Layer 1 Level 1 was the
depcsit of decomposing vegetation and loose sediment which covered
the rocks. It contained small amounts of shell and 1 small piecs of
basgalt. Layer 1A Level 1 was a thick deposit of matted roots
underneath Layer 1 in the east half of the unit. It contained small
amounts of sea urchin and shell, a few pieces of fish bone, 1 piece
of Canis familiarig (Domestic Dog) bone, and 1 piece of small to
medium sized or immature medium sized mammal.

Layer 2 was the main cultural deposit found in the test pit
(Photo 14). It was a dark gray deposit of which the lower levels of
the layer had an extremely high denaity of bone. Levels 1 and 2 of
Layer 2 were deposited in betwsen the terrace rocks. These levels
contained a relatively small amount of bone, charcoal, shell, and 5
pieces of bagalt. Layer Z Level 3 was underneath the foundsation
stones of the terrace. It contained an extraordinary amount of

charcoal, shell, and bone. It alse contained a high density of
lithiecs, including 2 small pieces of polished basalt, and 3 pieces
of volcanic glass. A charcoal sample from this level was

radiocarbon dated ag? is discussed below. A sediment sample from
the level of 0.002 m” has been curated for future analysis.

There were two main concentrations of bone within Layer 2
Level 2. The results of a A. Ziegler's (1989) faunal analysis are
presented in Appendices A and B. The majority of the faunal
material did not appear charred, even though the general matrix
contained an abundance of charceoal. It is notable that the vast
majority of the faunal material is from immature Sus scrofa. Also
included in the faunal material are several types of fish and birds,
and several historically introduced species. The historically
introduced gpecies are the Bufo marinug (Giant Neotropical Toad) and
Geopelia striata (Zebra Dove) in the lower levels of Layer 2, and
Streptopelia chinensis (Spotted Dove) in upper levels of Layer 2.
This faunal material suggests that the feature was built after 1932.
The Spotted Dove was introduced to the Hawailan Islands gsometime in
the 1800's, the Zebra Dove in 1922, and the Giant Neotropical Toad
in 1932 (2iegler 1989).

Bedrock and Layer 2 Level 4 were situated beneath Laver 2
Level 3. The lower three levels of the Layer 2 contained
considerable amounts of bone, charcocal, sea urchin, shell, and
basalt. Layer 2 Level 4 was excavated exclusively from the center
of the unit. A small ash deposit encountered during the excavation
of the level was designated Layer 4. Its total volume was 0.00028
m” and it has been saved for future analysis. Layver 2 Level 5 was
excavated from ca. 20% of the unit in the east half of the test pit.
The deposit extended downwards, and Layer 2 Level & was excavated
from the same area. Bedrock was underneath this level.

Layer 3 Level ! was located in the southeast quadrant of the
unit and had a horizontal distribution of 20 by 20 cm. It was
overlaid with Layer 2 Level 2, and underlaid with Layer 2 Level 3.
A large lantana root was present near the center of the deposit.
This might account for its slightly darker color in relation to
Layer 2. Layer 3 contained cultural material but not nearly to the
same extent as Layer 2.

A 29.3 gram charccal sample from Layer 2 Level 3 vielded a
C13/C12 adjusted date of 170 * 50 B.P. ({Beta-33173). The calibrated
age ranges of this sample (9%5% confidence interwval}, based on the
computer program of Stulver and Reimer (19863 are as follows:
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A.D. 1652-1713  (21%)
A.D. 1715-1887  (62%)
A.D. 1913-1955% (17%)

1955% denotes influence of bomb C-14

The sgstatistical probabilities for these ranges, given in
parentheses above, suggest that the A.D. 1715~1887 range is the most
likely of the two. However, the presence of faunal remains from
species introduced during the early 1900's suggests that the feature
was used fairly recently.

Feature 13 is somewhat anomalous. Ita morphology and location
on top of a knoll are unique to the study area. The test excavation
uncovered large amounts of cultural material underneath the corner
of a terrace foundation located inside of an enclosure. The
cultural material included an extraordinary amount of faunal
material, mostly immature Sug scrofa (pig), and a relatively large
amount of shell and lithic material. Because of these
characteristics it is tempting £o interpret the feature as some sort
of religious shrine. However, the late radiocarbon date, and the
presence of species that were introduced to the Hawaiian Islands
relatively recently, de not fully support this interpretation. An
alternative interpretation is that the assemblage represents the
"garbage dump” of a pig farmer (Ziegler 198%a). The faunal material
could be the immature individuals who are often killed accidentally
by their mothers, or who ctherwise die naturally at an early age.
rhe lLocation of the feature next to a large enclosure (Feature 12)
lends support to this interpretation. However, the location of the
feature on top of a small outcrop does not make it the most
accesgible spot for disposing of dead piglets. Furthermore, the
location of the deposit underneath the corner of a terrace means
that the young pigs were disposed of and then a terrace was built
over them. The energy required to construct the feature seems
excessive for a piglet garbage dump. Further excavation is needed
to clarify the mattex.

Feature 14, TP~-1

Feature 14 TP=1 is a 50 x 50 cm unit located in the middle of
a small enclosure (see Figure 19). The purpose of the test pit was
to determine the function and chronology of the enclesure. Table 24
ig & list of the layers and levels in the test pit, their volume,
and their depth below datum. Figure 52 is a stratigraphic profile
af TP-1l. Table 25 is a list of the materials recovered during tha
excavation, and the concentration indices for those materials.
Table 26 is a list of the shell midden from the feature.
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Table 24. The depth and volume  of
excavated materials of each
layer and ievel from Feature 14,
P-1.
Layer Level Depth Votume
(cm betow Excavated
datumy (cubie
meters)
surf, /13 ¢.0000000
1 1 9713 to 9/14 0.0025000
2 1 9/t4 ta 19 0. 0340650
2 2 19 1o 30/32 0.0255487
3 1 30 to 43 0.0085162
3 2 40743 to 5% 0.0008516
3 3 31 to $2.5% 0.0005&21
. 4 1 32 to 35 0.0005000
5 1 30 to 39 0.0007500
& 1 39 to 42 0.0007300
7 1 42 to 50 0.0127744
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FEATURE 14 Test Pit 1

East Wall ;
9" SDATUM
Jam U
___..A—J‘W .
——~—1- SURFACE
19

Layer Munsell
Color

»

1 - abrupt/ loam
clear

2 10YR 2/1 clear gilt loam
{dark
brown)

]

3 10YR 3/2
(very dark
grayish
brown)

silt loam

4 10YR 2/1 clear gilt ash loam
(black)

1 10YR 3/2 abrupt/ silt ash loam with charcoal
{ash: wvery ¢clear
dark grayish
brown)
2.5YR 2.5/0
{charcoal:
black)

& 2.5¥YR 3/2 aprupt gilt ash locam
{very dark {irregular)
grayish
brown}

7 10YR 4/4 - gandy loam
{dark

yellowish

pDrown)

Figure 52. Profile and sediment degcription of Feature 14, TP-1.
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There was grass, decomposing vegetation, and some pipipi shell
on the surface of the test pit. Layer 1 Level 1 was the loose
deposit of sediment and vegetation excavated from the surface of the
sntire unit. It centained small amounts of charcoal, kukui, shell,
fish bone, indetsrminate medium sized mammal, and 3 pieces of
pasalt.

Layer 2 was a slightly more compact cultural deposit. Level
1 of the layer contained small amounts of charcoal and sea urchin,
moderate amounts of shell, 1 piece of volcanic glass, and 12 pleces
of basalt. It alsc contained small amounts af fish and mammal bone.
Included in the mammal bone where a few small pieces of Herpestes
auropunctatug (Small Indian Mongoose)}. This animal was introduced
to the Hawaiian Islands in 1883, After excavating the level, a 40
by 15 cm rock cccupied the northwest quadrant of the unit. With the
exception of volcanic glass, the second level of Layer 2 had a
significantly higher density of all types of cultural material. It
contained charcoal, sea urchin, shell, 18 pieces of basalt, 1 piece
of polished basalt, 1 coral file that was 2.l cm by 1.3 cm, 1 piece
of Rattus exulans (Polynesian Rat), 1 piece of small to medium sized
or medium gized mammal, and several types cf fish bone. During

Layer 2 Level 2, additional rocks were uncovered in all quadrantg so

that ca. 50% of the unit was obscured. Layer 2 was underlaid with
Layer 3 Level 1 in the south west guadrant, and Layer 4 in the eéast.

Layer 3 was a silty deposit that extended from 30 cm BD to at
least 52.5 com BD. It contained small amounts of charcoal, sea
wrchin, shell, 2 pieces of basalt, 2 pieces of fish bone, 1 piece of
Sus scrofa (pig), and 1 piece of undetermined mammal bone. At the
lower boundary the horizontal extent of the layer was ca. 8 c¢m, but
further excavation was limited because of the surrounding bedrock.

Layer 4 Level 1 was a thin mottled ashy deposit in the
northeast quadrant. Because of its small size ({0.000% m'} the
entire depcsit has been saved for future analysis. Layer S Level 1
was underneath Layer 4. It was a grayish black hearth deposit.
only 0.0002 m* of the deposit was analyzed and 0.00075 m was saved
for future study. Layer 6 Level 1 was the wmottled depousit
underneath the hearth. All 0.0C075 m® of the deposit has been saved
for future study. Layer 7 was underneath all of the other layers.
Tt was a relatively sterile thin deposit of decompeosing bedrock.
The layer yielded 4 small pieces of fish baone.

The most significant strata of the test pit are the cultural
deposit (Layer 2) and the hearth (Layer 5}. These deposits indicate
that the feature was used as a shelter. The single cultural deposit
suggests that there was a solitary occupation of the feature. The
presence of Herpestes auropunctatus in the upper lavel of the
cultural deposit suggests that either the feature was used after
1883, or the historically introduced animal has gsomehow Dbeen
incorporated into the relatively shallow upper level of the layer.
Becauae the feature is a fairly high enclosure, it might have been
ugsed as a pen of some sort. The strata, however, do not
overwhelmingly support this hypothesis.

FPeature 16, TP-1

Peature 16 TP-1 im a 100 x 50 om unit located behind the
windward wall of a U-shape shelter (see Figure 20}. The purpose of
the test pit was to determine the function and chronology of the
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feature. Table 27 is a list of the layers and levels in the test
pit, their volume, and their depth bhelow datum. Figure 52 is a
gtratigraphic profile of TP-1. Table 28 ig a list of the materials
recovered during the excavation, and the concentration indices for
tho=ze materials.

Prior te excavation there was a thick layer of grass and 4
large (35 to 55 cm) lcose rocks on the surface of the test pit. The
rockg probably fell off of the windward wall. Layer 1 was a thin
culturally sterile deposit of loose vegetation and sediment.

Layer 2 was a harder packed deposit with lots of gravel and
cobbles. It contained a few pieces of shell, charcoal, and mammal
bone. Layer 2 was directly on top of bedrock in the western two-
thirds of the unit. In the eastern third of the unit, Laver 2
overlaid Layer 3.

Layer 3 wasg a dark black cultural gtratum with an abundance of
charcoal and shell. During the excavation staining was apparent at
22 to 23 cm BD, but a clear ocutline was not defined until 24 cm BD.
The layer did not contain a formal hearth, but a deposit of shell,
ash and charcoal. It i3 noteworthy that the laver yielded a
relatively narrow range of materials, none of which were lithic or
historical. Layer 3 was directly on top of the bedrock.

The results of the excavation indicate that Feature 16 was a
shelter containing a single cultural deposit. No formal hearth wasg
found, but the amount of ash and charcocal in the cultural stratum
suggeats that a hearth might be present inside the feature.

Feature 18, TP~1

Feature 18 TP~1 ig a 1 by 1 m unit located in the lee of a C-
shape shelter (see Figure 22). The purpose of the tesf pit was to
recover materials from a slablined hearth visible on the surface
{Photo 15). Table 29 is a list of the layers and levels in the test
pit, their volume, and their depth below datum. Figure 54 is a
stratigraphic profile of TP~1l. Table 30 is a list of the materials
recovered during the excavation, and the concentraticon indices for
those materiala.

There was grasgss, lantana, and a few small pleces of pipipi
shell on the interior surface of the C-shape. Layer 1 Level 1 was
a loose dark brown deposit with lots of roots and gravel covering
the entire test pit. During the excavation of Layer 1 a small
amount of ash and charcoal was noted outside of the slablined hearth
in the southwest corner of the unit. The boundaries of the
slablined hearth were apparent after excavating Layer 1.
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Tabie 27, The depth amd volume of i
axcavated materials of each
tayer and level from Feature 16,

-1, 4
Layer Level Depth Voliume
(cm below Excavated
datum) {cubic
meters)
surf. 9712 0.0000000 e
1 1 9712 to 11712 0.0850000 o
2 1 11 to 21 0.0481300
2 2 21 o 3 0.0112415
3 1 23 to 33 0.0085162
i Total e
G.0928877

Tabyle 28, List of materials from Feature 16, TP-1. {1 refers
to concentration index for the previous colum in

unit per cubic meter.

Layer Levei Charcoal Charcoal Kukui Kukut Shell Shell

{gm} (€1 {gm} (C) (gm) (S8
surt. - - - - - -
1 1 - - - - - -
2 H 4,1 40.2 G.1 - 20.0 293.6
2 2 2.1 186.8 - - 1.0 8%.0
3 1 G,9  4BO2.S - - 18.0 2113.6
e Tota{ e

&7 0.1 39.0
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FEATURE 16 Test Pit
North Face
A DATUM
O em
-—-s--—-—-l‘qu-wﬂ"—“________ﬂtﬂ‘_ /_,‘(l._.__...sugp,\cg
s, O Samundiiing "N S M__;O
"‘"'1---..,__\
2 "]
3
T
i
)
Lerstrmeon
Laver Munsell Boundary Description
Color
1 10¥R 2/2 abrupt silt loam
{very (wavy)
dark
brown)
2 I0YR 3/3 abrupt silt loam
(dark {wavy}
brown})
3 10YR 2/1 abrupt silt ash loam
(black) {wavy)}
Figure 53. Profile and sediment description of Feature 18, Tp~1.
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Featyre 18 Test Pit 1
South Face

e

—a DATUM

P 4 cm
B Lo
SURFACE
/ / J /';; ,/ ,// // / / N s ;
/ . A A B A /' / .
4/ ; S ,."/ ,’JJ // ‘// /f // // // L/ ,'.,
s / /: (4_ ) ; _‘," /’) f/ J ) S— ]
A < S S 4
/,' (/ , /
J o -
éa Layer Munsell Boundary Description
Coler
1 5YR 2.53/2 abrupt silt loam
{dark {smooth)
reddish
brown}
2 10¥R 3/2 abrupt s1lft loam
{(véry dark {wavy)
grayish
hrown)
2 7.5YR 2/0 - silt ash loam
{char-~ (black)
coal)
» 2 10¥R 4/1 - 8ilt ash locam
g' {aah) {dark gray)
= 3 10YR 4/4 - silt loam
N {dark
£ yellowish
I brown)

Figure 54. Profile and sediment description of Feature 18, TP-1.
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Further excavation focused exclusively on the interior neorth
aide of the hearth. The extericr of the hearth and its interior
south side were left in tact. Layer 2 was a fine grained grayish
brown ashy deposit. Included in the deposit were a number of fire
cracked rocks. These were primarily found in Layer 2 Level 1. The
largest of the rocks was ca. 20 x 8 x 5§ cm, but the average size was
ca, 10 x 8 x 5 cm. Layer 2 contained a charcoal stratum and an ash
gtratum. They should have received new layer designations, but were
combined within the artificial boundaries of Layer 2 Level 2, and
Layer 2 Level 3 (see Table 29 and Figure 34). The charcoal stratum
wag ca. 6 cm thick and the lower ash stratum ca. 4 cm thick.

Taken together, Layer 2 {3 the main cultural deposit of the
feature. It produced a relatively large amount of charcoal and
shell, a gsignificant amount of sea urchin, and 2 small pieces of
basalt. It also yielded several types of fish bone, 1 piece of
Canis familiaris (Domestic Dog) bone, 2 pieces of Ratitug exylans
(Polynesian Rat), and 1 small piece of Mug mugculus (House Mouse)
bone. The house mouse was introduced to the Hawailan Islands during
the post-contact era.

A large rock extended across virtually the whole interior of
the hearth and defined the lower boundary cof Layer 2. 3ecause only
half of the hearth was excavated it was impossible to determine if
the rock was bedrock or whether it was a loose boulder placed at the
bottom of the hearth. The slabs of the hearth appeared to be
resting on top of the basal rock. A 17.7 gm charcoal sample from
the lower ash stratum produced a Cl3/Cl2 adjusted date of 100.4 1
0.6 percent modern (Beta~33170). This result indicates that not
enough time has pasted for the carbon to decay to produce a reliable
chronometric estimate.

Layer 3 was a yvellowish brown deposit found between cne of the
gslabs and the basal rock. This stratum appeared to be sterile, but
pecauge only half of the hearth was excavated the deposit cculd not
be removed.

Feature 18 is a shelter that was used during the historic era.
The radiocarpon date and the presence of small amounts of bone from
a historically introduced aspecies support this c¢hronological
designation. The ghelter appears to contain a single cultural
deposit associated with a slablined hearth. Further excavation
outaide of the hearth is needed to determine if there are any other
gubsurface deposits.

Feature 20, TP~1

Feature 20 TP-1 is a 50 x 50 com unit located behind the
windward wall of a C~ghape shelter {see Figure 24). The purpose of
the test pit was to recover materials from a slablined hearth in the
interior of the ghelter. Table 31 is a list of the layers and
levels in the test pit, their volume, and their depth below datum,
Figure 55 is a stratigraphic profile of TP-1. Table 32 is a list of
the materials recovered during the excavation, and the concentration
indices for those materials.
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Table 31. The depth and volume  of
axcavated materials of each
layver and level from Feature 20,
Te-1.
Layer Level Depth Voiume
(cm below Excavated
datum) (cubic
meters)
surf, 10717 0.C000000
1 1 10717 to 14/19 00062581
a 1 14719 to 26 9.0112418
2 2 24 1o 34 0.0056297
3 1 32 to 38 0.0011000
4 1 34/38 to 34740 0.0003000
A Tcta{ ki
. 0.0225203
gu
£ Tabie 32, List of materials from Feature
5 20, TP-1. 61 refers to

concentration index for the
previous colum in unit per
cubic meter,

Layer Level Charcoal Charcoal Shelt Shell

{gm) {CH (gm} {€1)
surf. - - - -
1 1 - - - -
2 1 0.9 830.1 - -
2 F4 2.1 373.6 1.0 1779
3 1 1.3 13000.0 1.0 10660.0
4 1 - - - -

: *XF Total *aw
4.3 2.0

U
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FEATURE 20 Test Pit 1
East Face ~&~‘ DATUM

Qcm

R

SURFACE o

Layer Munsell Boundary  Description
Color

1 10¥R 3/2 abrupt silt loam
(very dark {smooth)
grayish
brown)

2 10YR 4/3 ¢lear silt loam
(dark { smooth)
brown)

3 i0¥R 2/2 abrupt silt ash locam
{very dark {wavy)
brown)

4 10YR 3/4 - 3ilt leoam
{dark
yellowish
brown)

Figure 55. Profile and sediment description of Feature 20, TP-1.
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There was grass and decomposing vegetation on the gurface of
the test pit. A circular alignment of 10 rocks wag the surface
manifestation of a slablined hearth. A test pit was set up to
bisect the hearth. Layer 1 was a culturally sterile dark grayish
brown deposit of decomposing vegetation and loose sediment.,

Layer 2 Level 1 was lighter in color, contained lesa organic
material, considerably more gravel and semall rocks, and small
amounts of charcoal. Layer 2 Level 2 was a similar deposit to Layer
2 Level 1 but contained glightly more charcoal.

Layer 3 was a thin ash congentration. It was 8 relatively
small deposit an% only 0.0001 m® of it has been processed. The
remaining 0.001 m® has been curated for future analysgis. Layer 3
was underlaid by bedrock, and Layer 4 a thin sterile vellowish brown
deposit of decomposing bedrock.

The results of the excavation indicate that Feature 20 is a
shelter with a single cultural deposit associated with a slablined
hearth.

Feature 22, TP-1

Feature 22 TP-1 is a 100 x 50 om unit located pehind the
windward wall of a C~shape shelter (see Figure 25). The purpose of
the test pit was to determine if there was 4 terrace in the south
end of the feature. Table 33 is a list of the layers and levels in
the test pit, their volume, and their depth below datum. Figure 56
is a stratigraphic profile of TP-1. Table 34 is a list of the
materials recovered during the @xcavation, and the concentration
indices for those materials.

Table 33, The depth and voiume of
excavated materials of each
laver and level from Feature 22,

-1,

Layer Level Depth Volume
(cm below Excavated
datum) {oubic

metars)

surf, 10/ 0.0000000

1 1 10711 to 13716 0.0127744

1 13716 to 23 3.0170325
23 ta 26/31 0.008%162

O *L I
—

1 23 to 33 0.0298069

sy "{otal el
0.0681300
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FEATURE 22 Test Pit 1

North Face East Facs
..ii., B

r SURFACE
1o

b 48

s
%
;.
bt
et

Layer Munsell HBoundary Deacription
Color
1 10¥YR 3/3 abrupt silt loam
{dark { samooth) 2
Drown) i
2 10YR 3/4 abrupt silt loam
{dark {wavy)
yellowish
browr)
3 10YR 3/4 abrupt gilt ash loam
{dark {smooth)
yellowisgh
brown)
4 10YR 4/6 abrupt silt loam
(dark { smooth)
yellowish
brown}

Figure 356. Profile and sediment description of Feature 22, TP-1l.
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The surface of the test pit was very rocky with a 1 cm thick
layer of decomposing vegetation, and moderate amcuntg of shell
midden. Layer 1 was a thin deposit of loose brown sediment
containing decomposing vegetation and small amounts of shell,
basalt, and volcanic glass.

Layer 2 was the main cultural deposit. It was a harder
gravelly yellowish brown sediment with charcocal flecking, moderate
amounts of shell, and a relatively large amount of basalt. The
faunal material in the layer includes 1 pliece of fish, 1 piece of
Sug gcrofa (Pig), and 1 piece of gmall o medium sized or medium
sized immature mammal.

Layer 3 was a yellowish brown ash deposgit found in two pockets
within the test pit. It contained a relatively large amount of
charcoal and moderate amounts of shell, and 1 pieve of basalt. In
addition to this there was a 4 cm wide dark charcoal gtain in the
northwesat corner of the test pit. It is possible that thias stain
was the corner of a hearth from which the two ash pockets
originated. Further excavation L8 necessary to confirm the
existence of a formal hearth.

Layer 4 was a culturally sterile deposit of yellowish brown
sediment c¢ontaining an abundance of rocks ranging in size from 3 to
10 em. It is possible that this layer represents a rough paving or
the floor of a terrace,. The rocks do not appear to be merely
decomposing bedrock. Layer 4 was, however, underlaid with bedrock.

In sum, the feature appears to be a C-shape shelter with an
interior paving or terrace. Thias possible terrace is overlaid with
a single cultural deposit and geveral ash and charcoal pockets. The
ash and charcoal pockets are probably asscoclated with some unknown
hearth in the immediate vicinity.

Feaature 23, ITP-1

Feature 23 TP-1 ig a 100 x 50 cm unit located behind a C-shape
ghelter (see Fiqures 286 and 27, and Photo 17). The purpose of the
test pit was to determine the function and chronology o©f the
feature. Table 35 is a list of the layers and levels in the test
pit, their volume, and their depth below datum. Figure 57 is a
stratigraphic profile of TP-1l., Table 36 ig a list of the materials
racovered during the excavation, and the concentration indices for
those materials.

There was lantana, grass, decomposing vegetation, shell, and
1 pagsalt flake on the surface of the tegt pit. Layer 1 Level 1 was
a louvze deposit of decomposing vegetation and gsediment extending
over the entire test pit. It contained moderate amounts of shell
and 1 piece of basalt.
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Tabie 35, The depth and volume  of
excavated materials of each
layer and level from Feature 23,

Tp-1.

Layer Level Depth Volume
(cm below Excavated
datum) (cubie

meters)

surf, 8/%% 4.0000000

1 1 8714 to 9/14 0.0025600

2 1 ®/14 o 9.5/19 0.0298069

2 2 9.5/19 to 0.0085162
9.5/22.5

3 1 $.5/22.5 to 2.0127744
19/22.5

3 2 19/22.5 to 0.0085162
20/28

4 1 22.5 to 32.5  0.0127744

4 2 31 te 40 0.0170325

4 3 40 to 40730 0.0170328

5 1 20 to 30 2.0350000

5 2 30 ta 40 0.0298069

6 1 40/50 to 59 0.9298069

*hw Tapal waw
0.2035669

Layer 2 Level 1 was a slightly darker, finer grained deposit
that extended over the entire test pit. It contained small amounts
of charccal, several pieces of fish and mammal bone, quite a bit of
gshell, 9 pieces of basalt, and 1 piece of volcanic glass. The
excavation of Layer 2 Level 1 uncovered an alignment that extended
across the test pit. The top of the highest rock in this alignment
i8 S cm 3P and the bottom of the lowest rock is 40 cm BD. The
alignment extends into Layers 4 and 3, but not into Layer 6. Layer
2 Level 1 was underlaid by Layer I t£o the sast of the alignment, and
Layer 2 Level 2 to the west. Layer 2 Level 2 contained no lithics
and has less charcoal, sea urchin and shell than the pravious level
of the same layer. It was underlaid with Layer 4.

Layer 4 wag excavated from the area west of the alignment.
There was a high percentage of cobbles and amall rocks in the layer,
but they did not appear to be a paving. The layer contained
considerable amounts of charcoal, sea urchin and shell, mocderate
amounts of fish and mammal bone, 8 small pieces of basalt, and 8
pieces of volecanic glass.
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FEATURE 23 Test Pit 1t
South Face & oarum

0 om

- SURFACE
te

Layer Munsell Boundary Description
Color
1 - clear silt lLoam
2 10YR 2/1 abrupt gilt loam -
{black) {amooth) ?
3 10YR 2/2 clear gilt loam
{very dark { samooth)
brown)
4 10¥R 2/2 clear 3ilt locam
(very dark {amooth)
brown)
5 I0YR 3/2 ¢lear 3ilt loam
{very dark {smooth)
grayish
pDrown}
& 10YR 4/4 - silt loam
(dark
yallowish
brown)

Figure 57. Profile and sediment description of Feature 23, TP-1.
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Layer 3 was excavated from the area east of the alignment. It
was a very fine grained silty deposit with considerable amounts of
charceal, urchin, and shell, but only 1 piece of basalt and 1 piece
of volcanic glasa. The layer was underlaid by Layer 5, This layer
contained an abundance of charcoal, sea urchin, and shell, % pieces
of basalt, and 16 pieces of volcanic glass. Layer 5 contained the
most cultural material of any of the deposits in the unit. In
addition to the usual array of charcoal, sea urchin, shell, and
lithics, it contained several types of fish and mammal bonae.
Included in the faunal material was 1 piece of Mug musculus (House
Mouse), a post-gontact introduction. B 9.2 gm charccal sample from
Layer % Level 2 produced a Cl3/C12 adjusted date of 100.4 + 0.9
percent modern (Beta-3316%). This result indicates that not encugh
time has pasted for the carbon to decay %o produce a reliable
chronometric estimate.

Layer 6 was underneath both Layvers 4 and 35, The contact
between these layers and the distinctive yellowiah brown color of
Layer 6 was mottled and ambiguous. The layer yielded some cultural
material, including small amounts of fish and mammal hone, but it is
thought to be relatively sterile. It isg possible that the material
comes from the main deposit of Layer 6, but it geems more likely
that it comes from the mottled zone above the laver.

Feature 23 is somewhat unique to the study area in so far as
the shelter was apparently occupied on several cccasions. Layers 2,
3, 4, and 5 are all relatively thick cultural deposits with distinct
horizontal and vertical distributions. The radiocarben date and the
presence of bone from a historically introduced species in Layer S
Level 2 suggests that the feature was cccupied during the historic
era. The piece of metal found near the bottom of the test pit
confirms this. The test pit did not reach bedrock. Further
excavation should determine if Layer 6 is a sterile degosit just
above the bedrock, or if there are further buried cultural deposits.

Feature 24, TP-1

Feature 24 TP-1 i3 a 30 x 50 om unit locatsd behind the
windward wall of a C-shape shelter (see Figure 28). The purpose of
the test pit was to determine the function and chronology of the
feature. Table 37 is a list of the layers and levels in the test
pit, their volume, and their depth below datum. Table 38 ig a list
of the stratigraphic layers of TP-1,

There were three large rocks on the surface of the test pit
which had probably fallen from the wall of the C-shape shelter.
Layer 1 was a deposit of decomposing vegetation, and Layer 2 was the
primary sediment deposit within the feature. The test pit yielded
no cultural materiala, but a few 10 to 15 cm rocks were encountered
during the excavation. Because of the lack of materials, the
precise function of the feature ig unknown. The relatively flimsy
construction technigque suggests that it might have peen built during
a different time period, or perhaps served some different unknown
function.
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Table 37, The depth and volume of
excavated materials of each
layer and levei from Featyre 24,

TP-1,

Layer Level Denth Vaiume
(cm below Excavated
datum) {cubig

metersy
surf, 19.5 to 16 G.00600G00

1 1 10.5/16 to 9.0085162
1117

2 1 T1/17 to 18/21  0.017032%

2 2 18/21 to0 32 0.0170325

Ea .23 TotaE LT

0.0425812

Table 38, List of stratigraphic layers in

Feature 24, TP-1,
Layer Munsett Boundary Description
Color
1 - clear silt foam
2 10YR 3/6 silt loam
(dark
yellowish

brown)
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Feature 26, TP-1

Feature 26 TP~1 is & 100 x 50 ¢m unit located behind the
windward wall of a C-shape shelter (see Figure 29). The purpose of
the test pit was to determine the function and chronology of the
feature. Table 39 is a liast of the layers and levels in the test
pit, their volume, and their depth below datum. Figure 58 is a
stratigraphic profile of TP-1. Table 40 is a list of the materials
recovered during the excavation, and the concentration indices for
those materiala.

There was grasg and decomposing vegetation on the surface of
the test pit. Layer 1 was a depoait of locse vegetation and
sediment which contained charcoal flecking but no other cultural
material. Layer 2 was a harder dark brown deposit with a minimal
amount of charcoal and shell. The bedrock was directly beneath
Layer 2.

Because very little cultural material was recovered during the
excavation, the preciszse function of the feature is unclear. The
feature did not contain a well developed cultural deposit and thus
was probably not extensively used as a shelter. It is possible that
it is an agricultural feature or a minimally used shelter.

FPeature 27, TP«1

Feature 27 TP-1 is a 100 = 50 cm unit located near the
entrance of a U-shape shelter (see Figure 30). The purpose of the
test pit was to determine the function and chronology of the
feature. Table 41 is a list of the layers and leveis in the test
pit, their volume, and their depth below datum. Figure 5% is a
gtratigraphic profile of TP-1. Table 42 is a list of the materials
recovered during the excavation, and the concentration indices for
those materials.

Thare were considerable amounts of shell midden, lithics, and
decomposing vegetation on the surface of the test pit., The lithics
were collected, and the locse sediment and remaining materials were
swept up and designated Layer 1. The layer yielded minute amounta
of charcoal, small amounts of sea urchin, moderate amcunts of shell,
2 small pieces of basalt shatter, and 1 small piece of worked coral.
The coral artifact is 3.1 cm by 2 cm, has 3 abraded sides, and
probably functioned as a small file.
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FEATURE 26 Test Pit 1

East Face ~&- DATUM
Qcm
—t SURFALE
L L
g - 10
2
; i HERRER BER x
b [ : ! 5
ERRRRERERERRREY s
IRRERRIRENE IR

Lavyer Munsell Boundary Degcription
Coleor
1 - abrupt gilt loam

{ smooth)

2 1CYR 3/3 clear silt lcam
{dark {irregular;}
brown)

Figure 58. Profile and sediment description of Feature 26, T-1.
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The depth and volume of
excavated materials of esch
layer and level from Feature 26,
p-1,

Layer Level Depth Voiume
{em below Excavated
datum) {cubic

meters)
surf, &/11 ¢.0000000

1 H &/11 to 713 0.0042581

2 1 7713 to 10717 0.0468394

2 2 10/17 to 10726 0.0127744

W Tgtat - aw

0.0638719

Table 40,

List of materials from Feature
26, TP-1, Ct  refers to
concentration index far the
previous column in unit per
cubic meter.

Layer Level Charcoal Charcoat Shell Shelt

(gm} {3 D {gm) (ChH
surf. - . - -
1 1 - - - -
2 1 G.5 190.7 2.0 192.1
2 2 - - - -
i Tatai w

0.5 2.0

Table 41,

The depth and volume  of
excavated materials of each
{ayer and levei from Feature 27,
Te-1.

Layer Level Depth Yolume
(cm below Excavated
datum) {cubic

meters)

surf. 8/14 3.3000000

1 1 8/14 to B/1S G.0017032

2 1 8715 to 17/19  0.0340650

3 1 17719 to 29/35  0.0017032

hw Tﬂtal NN

0.0374714
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FEATURE 27 Test Pit 1
South Face

G- GATUM

Layer Munsell

Boundary Description

O ¢m

F 0

SURFACE

Color
1 - abrupt gilt loam
2 i0¥R 2/2 clear gilt loam
(black} {irregular)
3 - - pebble, cobble, boulder £ill

Figure $9. Profile and sediment description of Feature 27, TP-1
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Layer 2 was the main cultural deposit. It was a loose black
deposit containing large amounts of shell and lithics, moderate
amounts of charcoal and sea urchin, and small amounts of bird, fish
and mammal bone of different types. The lithic material was guite
diverse. It included baaalt flakes, basalt shatter, polished basalt
flakes, and volcanic glass. The layer also yielded 1 small piece of
worked coral, and 2% szmall pieces of branch coral. The coral
artifact is another file with 2 abraded surfaces measuring 1.1 cm by
7 mm. There was also 1 asmall (1 cm) piece of small to medium
mammal, or medium bird, bone with incision marks on it.

Layer 3 was a rough cobble paving. It was the foundation of
the terrace which formed the south edge of the U~-shape gshelter. The
Paving rocks ranged in size from 5 to 40 cm in diameter. The
cultural material recovered from Layer 21 probably originated in
Layer 2. Because of the limited size of the test pit, it was
impossible to remove the rocks any deeper than 35 cm below datum.
Therefore, the excavation did not reach the bottom of Layer 3.

The resulte of the excavation indicate that Feature 27 was a
U-shape shelter with an interior paving uged for lithiec processing.
The feature containg a single cultural deposit underlaid by paving.
Very little charcoal was recovered, indicating the absence of a
hearth component,

Feature 28, TP~1

Feature 28 TP-1 is a 100 x 50 cm unit located behind the

windward wall of a residential enclosure {see Figure 31). The
purpose of the test pit was to determine the function and chronolegy
of the feature. A slablined hearth was uncovered during the

excavation. Table 43 i3 a list of the layers and levels in the =aust
pit, their volume, and their depth below datum. Figure 50 is a
stratigraphic profile of TP~1. Table 44 is a list of -he materials
recovered during the excavation, and the concentration indices for
those materials.

There was lantana, grass, deccomposed vegetition, and a few
small pieces of coral on the surface of the test pit. In addition
to this there were four rocks ranging in size from 10 to 20 om in
diameter. Two of these rocks were part of the slablined hearth.
Layer 1 Level 1 was a deposit of decomposing vegetation and loose
sediment. It contained ca. 12 small 2 to 3 cm pieces of coral and
moderate amounts of shell. Layer 2 Level 1 was a loose dark brown
deposit with lota of roots, small amounta of charcoal, considerable
amounts of shell, 1 piece of medium sized bird bone, 1 piece of
indeterminate vertebrate bone, and 1 piece of basalt. A third slab
of the hearth was uncovered during this iayer. Layer 2 Level 1 was
underlaid by the sterile Layer & in the sastern third of the unit,
and Layer 3 Level 1 in the western two thirds.

Layer 3 was excavated exclusively from the western two thirds
of the unit. It was a loose dark brown deposit with small amcunts
of sea urchin, considerable amounts of charcecal and shell, 1 piece
of fish bone, and 1 volcanic glass flake. It was the primary
cultural deposit. Interspersed throughout the layer were several
large rocks which might have been a rough paving or terrace. Layer
3 was underlaid with an ash depcsit designated Laver 4, the
slablined hearth deposit designated Layer 5, and the sterile depositc
of decomposing bedrock designated Layer §.
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FEATURE 28 Test Pit 1

/ & oatum
South Wall B oAt ;-
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Layer Munsell Boundary Dageription ¢
Color ;
1 10¥YR 2/2 abrupt gsilt loam
{very dark { smooth)
hrown)
2 10YR 2/2 abrupt 2ilt lcam
(very dark (wavy)
brown)
3 10YR 3/3 abrupt 3ilt loam
(dark (wavy)
brown)
4 10¥R 2/2 abrupt s8ilt ash loam
{very dark {clear)
brown)
5 10YR 2/1 abrupt zilt ash loam
{rlack) {(wavy)
& 10YR 4/6 - silt loam
{dark
yellowish
prown}

Figure 60. Profile and sediment description of Feature 28, Tp-1.
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Layer 4 was a fine grained ash deposit to the south of the
slablined hearth. It was located outside of the hearth between one
of the hearth slabs and a large rock which was part of the terrace
foundation. Its horizontal dimensions were ca. 15 by 20 cm. The
deposit contained considerable amcunta of charcoal and shell. It is
possible that the deposit was itself a formal hearth, but it did not
appear to be truncated by the slablined hearth nor were its edges
clearly defined. Therefore it was probably an ash deposit that had
been cleared out from the hearth.

Tabie 43. The depth and volume of
excavated materials of each
Layer ardd level from Feature 28,

TP-1.

Layer Level Depth Vol une
{cm below Excavated
datum) {cubic

meters}

surf, &1 0.0000000

1 1 8/11 to 19/13  0.00%6207

2 1 10/13 to 14720 C.0212906

3 1 17 to 24 G.0127744

3 2 24 to 30 3.0056207

4 1 24 to 34 9.0042581

4 2 34 to 40 0,0010000

5 H 30 to 47 0.0047200

& 1 14 to 24740 C.0127744

wEN Topagl e
0.0680589
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The hearth deposit was Layer 5. oOnly 0.00272 m® of the
deposit was analyzed, and 0.002 m° of it has been curated. The
deposit was excavated from in between 3 slabs which defined its
northern boundary. The southern half of the hearth extanded into
the unexcavated area adjacent toc the test pit. The slabs of the
hearth were resting on top of the sterile Layer 6. Inside of the
hearth were ca. 9 rocks ranging in size from 10 to 15 cm. The
bottom portion of the hearth contained large amounts of charcoal.
Some of the charcoal pieces measured up to 5 om long with diameters
of 2 cm. The layer yielded small amounts of shell.

A 35.7 gram charcoal sample from the hearth depogit (Laver §
Level 1) yielded a Ccl3/c12 adjusted date of 70 # 50 B.P. (Beta~
33168). The calibrated age ranges of this sample (68% confidence
interval), based on the computer program of Stuiver and Reimer
{198€) are as follows

A.D. 1694-1722 (22%)
A.D. 1812~1856 (33%)
A.D. 1871-1921 (45%)

The computer program would not properly «calculate the
calibrated age ranges for a 95% confidence interval and thus <he 8%
confidence interval had to be used. Given the propapilities at the
68% confidence interval, the radiccarbon sample probably dates to
the historic era.

Layer 6 Level 1 was overiaid by Layers 3, 4, and 5. It was a
sterile yellowish brown deposit of decomposing bedrock. The layer
was excavated until bedrock was encountered.

Based on the morphology of the feature and the limited test
excavatlion, Feature 28 appears to be a residential feature
containing at least 1 slablined hearth. The excavation indicates
that a cultural deposit covered a terrace which the slablired hearth
was built into. Although there was an additional ash deposgit, it
does not appear that there were multiple occcupations of the feature.

Feature 29, TP-1

Feature 29 TP-1 is a 100 x 50 cm unit located behind the
windward wall of a C-shape shelter (see Figure 32). The purpose of
the test pit was to determine the function and chronology of the
feature. A slablined hearth was uncovered during the excavation.
Table 45 is a list of the layers and levels in the test pit, their
volume, and their depth below datum. Figure 61 is a stratigraphic
profile of 7Tp~1. Table 46 is a list of the materials recovered
during the excavation, and the cocncentration indices for those
materials.



- 148 -

FEATURE 29 Test Pit 1 A oatum
South Face f.em

g
b
%

Layer Munsell Boundary Description
Color %%
1 10YR 3/6 abrupt gsandy loam '
{dark { smootli) ,
yellowish :
brown}
2 7.3YR 3/4 clear ailt loam
{dark { smooth)
brown)
2Aa 10¥YR 3/2 clear gilt loam
{very dark {amooth)
grayish
brown)
3 10¢YR 3/4 - silt loam
{dark
yellowish
brown)

Figure 61. Profile and sediment description of Feature 29, TP-1l.
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Table 45. The depth and volume  of
excavated materiats of each
tayer and level from Feature 29,

Pe1.

Layer Levet Depth Volume
(cm below Excavated
datum) (eubic

meters)

surf, 10 to 16 2, 3000060

1 1 10/16 o 14/20 0.0127744

2 1 14720 to 25 0.0383231

2 2 25 to 25/35 0.0112415

2 3 25/35 to 25442 00127744

3 1 25742 to 30742 0.0056207

EZ 2 2 !"otal W

0.0807341

There was lantana and grass on the surface of the test pit.
There were also ca. 12 rocks ranging in size from 3 to 22 om in
diameter, Layer 1 was a thin deposit of loose sediment and
decomposing vegetation. The layer contained many small subangular
porous pasalt cobbles, 3 small (ca. 1 c¢m) pieces of coral, and small
amounts of shell midden. It also included a few small pieces of

Herpegtes auropunctatusg (Small Indian Mongoose).

Layer 2 Level 1 was a cultural stratum of dark brown sediment
which contained a considerable number of porous rocks ranging in
size from 2 to 8§ cm. It yielded small amounts of charcoal and shell
midden, 5 piecesg of fish bone, and 2 pieces of indeterminate
vertebrate bone. During the excavation of the layer, four rocks of
a subsurface slablined hearth were uncovered in the eastern third of
the unit. In the western two-thirds of the unit, Layer 2 Level 1
was underlaid with Laver 3.

Layer 2 Level 2 was excavated from the eastern third of the
unit. It too contained an abundance of porous rocks, but it also
had a moderate amount of charcoal, shell midden, and coral. Layear
2 Level 3 contained a relative abundance of charcoal, moderate
amounts of shell, and 2 pieces of fish bone. In contrast to the
other levels of Layer 2, the depcsit contained relatively few rocks.
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An ash deposit within Layer 2 Level 3 was designated Layer 2A,
This was an error, as it should have been assigned a distinct layer
designaticn. It was a small deposit, and the entire 0.0007 S of
sediment has been curated. Layer 2 Level 3} was underlaid with Layer
3. Lavyer 3 was a thin yellowish brown deposit of decomposing
bedrock. It contained small amounts of charcoal and shell, but the
excavator noted that the material probably coriginated from Layer 2.

The results of the excavation indicate that Feature 29 is a C~-
shape shelter with a single cultural deposit and a subsurface
slablined hearth.

Feature 31, TP-1

. Feature 31 TP~1 is a 50 x 50 cm unit located behind the
windward wall of a C-shape shelter {see Figure 33). The purpose of
the test pit was to determine the function and chronology of the
feature. Table 47 i2 a list of the layers and levels in the test
pit, their wvolume, and their depth below datum. Figure 62 is a
stratigraphic profile of TP-1. Table 48 is a list of the materials
recovered during the excavation, and the concentration indices for
thoge materials.

Tabie 47, The depth and volume  of
excavated materials of each
layer and level from Featurs 3%,

TF-1.

Layer Level Depth Volume
{cm below Excavated
datum) (cubic

meters)

surf. 18/13 d.06000000

1 1 10/13 to 12/15  0,0042581

2 1 12715 vo 17718 0.0153292

3 1 17718 to 27 0.0255487

3 2 27 to 37 0.02129406

3 3 37 to 43 9.0170325

4 1 55 ro &0 0.0000000

5 1 40748 to &4 0.0255487

e ?Gtal i

4.10%0078




- 149 ~

FEATURE 31 Test Pit 1
North Face

— Ay SATUM

Jem

[ s

[ SURFACE
Tk

— 50

Layer Munsell Boundary Description
Color
1 5YR 2.5/2 abrupt gsilt loam
{dark { smooth)
reddish
brown)
2 10YR 2/2 abrupt silt loam
{vary dark {smooth)
brown)
3 SYR 3/3 gradual silt loam
{very dark
gray)
4 SYR 2.5/1 abrupt ailt loam ;
({bilack)
5 7.5YR 4/4 - silt loam i
{(brown) :

Figure 62. Profile and smediment description of Feature 31, TP-1.
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There was lantana, grass, decomposing vegetation, and an
abundance of small rocks and cobbles on the surface of the test pit.
Layer 1 Level 1 was a sterile deposit of decomposing vegetation and
loogse sediment. After the excavation of Layer 1 Level 1, a cobble
paving was visible. Thia paving extended across the entire unit and
was eaxcavated as Layer 2 Level 1. It wag a sterile 4 com thick
deposit of dark brown sediment and rocks.

Layer 3 was a cultural deposit underneath the paving. It
contained considerable amounts of charcoal and lithic material. The
faunal material in the layer included a number of different types of

fish bone, Rattus exulansg (Polynesian Rat), and 1 piece of a small
sized lizard. Underneath the c¢cultural deposit there were two

additional cultural strata, an ash pocket and a more formal hearth
deposit. These twoe discrete deposits should have been assigned
different designations from the main cultural deposit and kept
digtinct. Unfortunately several errors occurred during the
excavation and processing of the material.

The ash pocket extended into the west wall of the test pit.
Tts horizontal dimensions were § by 10 cm, and its vertical
distribution was from 38 te 43 cm BD. Even though it was labeled
Layer 3 Level 3, it was excavated and inventoried as a _distinct
entity. The volume of the deposit was less than 0.001 m3, and it
has been saved for later analysis.

The hearth deposit was excavated from the northeast quadrant
of the unit. Its horizontal dimensions were 25 by 20 om, and its
vertical distribution was from 44 to 65 cm BD. A 10 cm long, 5 om
wide, and 20 cm deep slab was located to one side of the depesit.
The deposit was designated Layer 4 (as is shown in the gtratigraphic
profile), but the bag containing the deposit was labeled Laver 3
Level 3, and was inventoried on the Layer 3 Level 3 form. After a
charcoal sample had been removed for radiocarbon dating, the deposit
was combined with Layer 3 Level 3 of the wmain cultural deposit.
Thus the materials reported in the tables for Layer 3 Level 3
include the materials excavated from Layer 4. This error is also
the reason why no materials from Layer 4 are reported in the tables.
Layer 5 was a yellowish brown sterile deposit.

A 22.3 gram charcoal sample from Layer ¢ yielded a <C13/Cl2
adjusted date of 60 + 50 8.P. (Beta-33174). The calibrated age
ranges of this sample (95% confidence interval), baged on the
computer program of Stuiver and Reimer (1986) are as follows

A.D., 18677-1743 (27%)
A.D. 1B03-1939 {73%)

The statistical probabilities for these ranges, given in
parentheses above, suggest that the A.D. 1803~1939% range is the most
likely of the two.

The results of the excavation indicate that Feature 31 was a
C-shape shelter with an interior paving. Below the paving there
wera several cultural deposits. One of these was an ash pocket
which might have been from a second deposit, a formal hearth.
Overlying these two deposits was another cultural deposit. a
radiocarbon date from the lLower hearth suggests that the feature was
occupied during the historic era.
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Feature 34, TP~1

Feature 34 TP~1 is a 50 x 350 om unit located behind the
windward wall of a C-shape shelter (see Figure 3%). The purpose of
the test pit was to determine the function and chronology of the
feature. Table 49 ig a list of the layers and levels in the test
pit, their volume, and their depth below datum. Table 50 is a list
of the stratigraphic layers of TP-1. Table 31 is a ligt of the
materials recovered during the excavation, and the concentration
indices for those materials.

There were sixteen 5 to 10 cm rocks and four 20 om rocks on
the surface of the test pit. Layer 1 Level 1 was a yellowish brown
silty deposit with charcoal flecking and a trace of shell midden.
Layer 1 Level 2 was a similar deposit, but at 30 cm BD there were
ca. eleven 10 to 15 om rocks. During the next level the size and
percentage of these rocks increased. The rocks were not culturally
altered, and were probably decomposing bedrock. At 42 cm BD bedrock
covered the majority of the test pit.

The lack of cultural material and the small interior of the C-
shape suggests that the feature was not used extensively as a
shelter. It is possible that it was used for agricultural purposes.

Feature 35, TP~1 and TP-2

Feavure 235 TP-~1 18 a 100 x 30 om unit located behind the
windward wall of a C-shape shelter (see Figure 34). TP-2 is a 30 by
50 cm southern extension of TP-1. The purpose of the test pits was
to determine the function and chronclogy of the feature, and
investigate the posgibility of the existence of a slablined hearth
{Photo 1%). Tables 52 and 33 are lists of the layers and levels in
the test pits, their volume, and their depth below datum. Figure 63
is a stratigraphic profile of TP-1 and TP-2., Tables 54 and 5% are
lists ©f the materials recovered during the excavation, and the
concerntration indices for those materials.

During the excavation of TP-l it bhecame apparent that a
slablined hearth was probably located dJust south of the unit.
Subsequent excavation of TP-2 confirmed this. The layer and level
designations of the two test pits coincide with one exception. The
relatively sterile thin deposit above the bedrock was labeled Layer
3 in TP-1 and Layeyr & in Tp~2.

There was decomposing vegetation and a few small loose rocks
on the surface of both test pits. Although they were not originally
recognized, two slabs of the hearth were visible, ane in each test
pit. Layer 1 Level 1 of TP-l was a culturally sterile deposit of
loose vegetation and sediment. It did contain 1 piece of Rattus
nervegicus (Norway Rat); a historically introduced species.
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SURFACE
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Layer Munsell Boundazry
Coler

Degcription

1 10yR 2/2 abrupt
(very dark {wavy)
brown}

2 10YR 3/4 clear
{dark {wavy}
yellowish
brown)

3 10YR 2/1 abrupt
{black) (wavy}

4 10¥YR 3/2 -
{very dark
gravish
Drown)

gilt loam

s8ilt loam

gilt loam

ailt loam

Figure 63. Profile and sediment degeription of Fearure 3%, TP-1 and
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Table 49, The depth amd volume of
excavated materials of each
tayer and level from Feature 34,

TP-1.
Layer Level Depth Volune
{cm below Excavated
datum) {cubic
meters)
surf, 12417 9.49000000
1 1 12717 to 22 0.0312206
1 2 22 to 32 0.0255487
H 3 32 to 42 0.0056207
Ea s ) Total W
0.0623%00
Table 50. List of stratigraphic layers in Feature 34,
Layer  Munsell Soundary Description
Color
1 10YR 374 - silt lcam
(dark
yellowish
brown)

Tabie 31. List of materials from Feature 34, TP-1. CI refers to
concentration index for the previcus column in unit per cubic meter.

Layer Level Charcoal Charcoal Shell Sheil

(gm} (ce {gm} «n
surf. - - - -
K 1 a.1 3.2 1.0 2.0
1 2 8.1 3.9 1.0 3¢.1
1 3 - - - -

dededr Tatai e
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table S2. The depth and volune
excavated materials of each
Layer arci level from Feature 15,
Te-1.

Layer  Levet Depth volume
{em below Excavated
datum} {cubic

meters)
surf. 5416 0.000000C

1 1 &/16 to 4/16 0.0085162

2 1 &/16 ro 11721 0.0298069

3 1 11721 to 13727 0.0212906

3 2 13727 to 13731 0.0042581

L4 2 ) Tota[‘ Ll 13

0.0638718
Tabte 53. The depth and volume
excavated materials of each
layer and ievel from Feature 33,
TP-2.

Layer Level bepth Yolume
{em below Excavated
datum) {cubic

meters)

surf. 15717 3.0000000

H 1 15717 o 15717 0.00212%

2 H 15717 to 23725 Q.01703E5

2 2 23725 to 28/33 0.0034065

2 3 31737 vo 40 0.004258%

3 1 28730 o 28/32 0.0MM0730

4 1 32 o 37/40 0.0021291

g 1 28 o 31/37 3.0034065

& H 31737 to 31737 5G.0042381

L4 2 2 TQtai xhw

0.0376529
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Layer 2 Level 1 of TP-1 was a yellowish brown deposit
intermixed with 2 to 8 om rocks which might have been a xough
paving., The layer was the main cultural deposit surrounding the
hearth and yielded small amounts of charceal, shell, basalt shatter,
and volcanic glass. Layer 3 Level 1 of TP-l was a yellowish brown
deposit just above the bedrock. It contained large amounts of small
rocks which were decomposing off of the bedrock. The layer and
level yielded small amounts of shell, but the excavator notes that
it is possible the material fell in from Layer 2 Level 2. Because
the bedrock sloped to the west, Laver 3 Level 2 was excavated
exclusively from the west side of TP~l. The level was relatively
sterile, but there was an upright slab and some charcoal staining at
the extreme west end of the unit. A second unit was excavated to
the west of the first to examine the possibility of a slablined
hearth.

After excavating Layer 2 Level 1 of TP-2 a slablined hearth
wag clearly visible. Because the hearth extends into the south wall
of the test pit, only half of the hearth was removed. Layer 3 Level
1 of TP-2 was the mottled deposit on the inside of the hearth.
Layer 4 Level 1 was the dark gravish brown hearth fill. The layer
yielided moderate amounts of charcoal and small amounts of shell, but
little else. A 0.001 m® sample was saved for future analysis.
Layer 5 Level 1 of TP-2 was an ash stain to the north of the hearth.
It contfined gmall amounts of charcoal, shell, and kukui nut. A
0.001 m’ sample was saved for future analysig.

Layer 2 Levels 2 and 3 of TP-2 were the cultural deposit
surrounding the hearth. The laver vyielded small amcunts of
charcoal, shell, kukxui nut, and several zmall pieces of basalt and
volcanic glass. Layer & of TP-2 was similar to Layer 3 of TP-1. It
was the looge rocky yellowish deposit above the bedrock.

Toe sum up, the two test pits behind the (C-shape shelter
revealed a slablined hearth (Layers 3 and 4 of TP-2) surrounded by
a cultural deposit (Layer 2). The teat excavaticns yielded a

relatively small amount of cultural material, but it appears that
some food and lithic processing was taking place at the feature.
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MIDDEN ANALYSIS

This section of the report presents the results of the
analysis of the faunal, wood, vegetable, marine molluscan, urchin,
and crab remains. Specific detalils concerning the contexts of the
materials are provided in the excavation section of this report.
More general comments about the assemblages are presented below.

Paunal Analysis

Dr. Alan Ziegler identified the faunal material from the
excavations to the lowest possible taxonomic level (Ziegler 1989a,
1989b). When common or scientific names of genera or species were
used in explanations of the more generalized faunal categories--as,
for example, in "Large Bird" or "Medium Mammal", Ziegler intended
these names to convey only an idea of the general size of the animal
represented. Table 56 is a summary listing of the material
recovered from each feature. Appendix A lists the count and weight
in grams of the faunal material for each laver and level within a
feature, and Appendix B includes Ziegler's comments about the
material from each layer and level.

Cleose to 90% of the total weight of faunal material iz mammal
bone, and nearly 80% of the material is the mammal bone from Feature
13. The vast majority of the Feature 13 mammal bone is immature Sus
scrofa (pig). Fish bone comprises 10.46% of the faunal assemblage.
All of the fish identified tc the family taxecnomic level are reef
fish, and no off-shore species were noted (Ziegler 1989b). The fish
were probably caught near shore by one of the usual fishing methods
such as hook-and-line, trapping or netting. Bird bone comprises
only 0.1% of the tctal bone assemblage. Ziegler {198%b) found this
low percentage and the lack of sea bird bone surprising and notes
that most other coastal sites in Hawai'i contain a relative
abundance of procellariid bone. The few pieces of bird hone from
the excavations were primarily chicken.

With the exception of the immature pig skeletons from Feature
13, the faunal assemblage is highly fragmented {Ziegler 1989b;.
Even sturdy elements, such as parrotfish jaws, were broken into a
numbar of pieces. This fragmentation cccurred some time during the
depositional or post-depositional stages, and not during excavation.
Ziegler suggests that one possible explanation is that pigs or, less
likely, dogs chewed up and ate much of the material when Lt was
still fresh.

Wood Speciss Identification

Charcoal samples from Featurss 13, 18, 23, and 28 were
analyzed by Ms Gail Murakami for wood species identification (Tables
57 and 58) (Murakami 1989). Her research provides insights into the
types of vegetation that were used by past inhabitants. Her results
also indicate the probable nature and dynamic characteristics of the
nearby vegetation community. A characterization of ths utilized
veégetation Ls presented in this section, and a shore discussion of
the changing diversity of vegetaticn types is provided in the dating
section.
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Murakami (1989:1) describes how the charcoal was prepared and
analyzed:

Charcoal pieces, at leagt 4 mm in size, from the first sample
{Feature 11) were sorted into groups using the anatomical
features of the freshly fractured transverse facet as seen
under an American Optical Stereoscan 40x magnification
dissecting microscope. The groups sorted from all subgequent
samples were compared against those of the first sample.
Representative charc¢cal pieces were selected from all groups
of the first sample, in addition to the groups that appeared
to differ from those of the first sample. These charcoal
pieces were then trimmed and faced to facilitate orientation
in the sectioning. The faced pieces were slowly infiltrated
with Spurr's epoxy resin (Spurr. 1969) in a procedure modified
from Smith and Gannon {1973) and embedded in BEEM capsules.
After polymerization the plastic embedded charcoal were
gectioned with a steel microtome knife of a Reichert aliding
miccotome. The thin secticns of the transverse, radial, and
tangential facets of the charcoal were permanently mounted on
microscope slides.

Identifications were made by comparing the thin sections
of the charcoal with thoge of known woods and written
descriptions of Hawaiian or exotic woody genera...

Sixteen woody taxa were defined within the 2% charcoal pieces
from the 4 different features. OFf these 16 taxd, 11 were positively
identified and 5 were unknown. The unknowns were not thought to be
historic introductions (Murakami 198%9:11). Mest of the charcoal
found in the hearths came from the nearby coastal and dryland
vegetation communities although some inland taxa were represented.
Murakami (1989:10) states:

The charcoal from the four samples identified included the
native shrubs, ‘ilima and at least two species of 'akoko which
are pregent in the park vegetation. However, ancther shrub,
Ghenopodium cahuense ('aheahea) and eight tree species wers
algo ldentified from the charcoal. Among them were two
endemic trees, Digspyros gandwicensis (lama) and HNestegig
sandwicensis (clopua) which ars usually found in dryiand
regions. Endemic trees of mesic regions identified were
Acaclia kea (kga), HMetrosideros zolymorpha ('shia lehua),
Hvrsine sp. (kolea), and Paychotria sp. {xopike). Two trees
believed to have been brought to the Hawaiian Islands by the
early Polynesians, Aleurites moluccana (kukui) and Artocarpus
altilig ('uly) were also represented in the charcoal.

Although the presence of specific botanical taxa in the
charcoal assemblage may reflect cultural activities rather than just
the surrounding vegetation, the absence of common dryland species
suggests a limited resource (Murakami 1989:11). Murakami (1989:11)
concludes “the taxa of greatest use as reflected in the percent
composition were the coastal ‘akcko and 'ilima which suggests that
these snrube were the dominant woody vegetation of the area.”
Probably because of its soft wood, Naupaka the other dominant ghrub,
wag absent from the charcoal aggemblage. Finally, +he charcoal
assemblage differs from the present day vegetation in the inclusion
af some mesic trees which pricr o the introduction of feral animals
probably grew cleser to the coast than they do teoday (Murakami
1989:10-11y.,
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Veagatable Remains

No vegetable food remains were noted during the analysis of
the midden. However the morpholegy of the features and the historic
records do indicate that the past inhabitants were cultivating sweet
potatoes. The dearth of sweet potato residue might be due to our
methodelogical procedure rather than being a substantive result.
Flotation was not employed during the analysis of the sediments,
rather the deposits were sifted through 1/8" screen. Unfortunately
the smaller seeds and vegetable matter would pass through this
screen and go unnoticed. Several bulk samples from the hearths were
saved, and future floatation analysis could be conducted on these
gsediments. This procedure would hopefully recover a few small
pieces of edible vegetdble remains.

Forty~six gramsg of kukui nut (Alsurites molucgana) were the
only non~food vegetable remains recovered (Table $9). The fragments

included both burnt and unburnt pileces. Featurea 13 and 2 had the
highest density of kukui nut. In the past the oily kernel of the
nut was uged ag a candle, and was occasionally eaten as a relish or
as a strong purge (Athens 1989b). The extracted oil was also used
as a medicine and as a varnish and fertilizer (Neal 1965:506 quoted
in Athens 198%b:65).

Marine Molluscan, Urchin, and Crab Remains

The shell, urchin, and crab remains from each feature are
summarized in the general midden tables previocusly presented for
each teat pit. The shell from Features 2, 8, 12, 13, and 14 were
analyzed for shell identification. The results of this analysais
were also previcusly presented for each test pit. Because of time
constraints shell taxa were identified from only a sample of the
Features. Table 80 is a summary listing of the remains from each
feature.

The shell midden tables from Features 2, 8, 12, 13 and 14
indicate that a limited number of gpecies predominate. These
include Cellana (opihi}), Nerita, and Cypraea. Other species guch as
Prupa, Turbo, and Hipponix were algo found in relative abundance.
Significantly, a large percentage of the shell from each feature was
fragmented Lo the degree that it wasg not identifiable.

Mosgt of the Lldentified shell taxa are sedentary and live
attached to rocks in the intertidal splash zone (Kay 197%9). These
would have been readily available from the cocastline immediately
adiacent to the project area. The shell found in Features 2 and 8
wag probably deposited naturally by large storm surf. A large
percentage of the shell was water worn, and thus was not culturally
introduced into the deposit.

Only a small amount of c¢rab wag recovered during the
excavations. It came from the late historic Features 12 and 13.
Urchin was recovered from most of the features with particularly
high densities found in Features 8, 13, and 23.

s
i
1
i
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Table 57. Summary of Kalaupapa, Moloka'i charcoal identification (From Murakami 19893,

e i

e

A

e Sample 3ize
£
Feature Layer FPC Lab. No. Taxon Ho. Pes. Wt., gm ¥ we,
e 13 2.3 173 1043 Chenopodium i .9 5.3
128 1044 Camanzhius 5 a.5 2.7
o 1045«1C47 Herrssideros 21 1.8 1.3
1049 Unknoewn . 4 3.3 1.7
B L0%0 Unknown 2 2 2.2 1.2
Z 1081 Jnknown 3 1 0.2 1.1
W 1982 Dicspyros 18 2.8 15.2
1083 Sida 15 l.8 21.3
1054;10860 Onknown 4 14 1.4 g.2
1058571089 Chamaesyce 38 4.3 25.5
1056 Aleurices b 0.1 g.3
1087 Acacla 2 0.2 1.2
" 1058 Arzaogarpus b 0.1 0.8
&
18 2.2 79 sn* Chamaesyce 15 7.1 57.2
" 3n 3ida 7 Q2.8 %.3
sn Unknown 4 24 4.8 37.3
F
‘ 23 5.2 49 1061:1063 Sida 4 0.5 11.2
1062:3n Chamaesvce 40 3.2 53.3
in Acacia 1 <C.1 1.1
gn Ar<ocarpus L 0.1 1.8
sn Chenopodium 8 3.8 13.4
an Nestaglis . <G.1 2.7
3n Jnknown L L <0.1 L.5
oo sn Unknown 4 1A <0.1 0.3
23 2.k 39 1064 Myrzine 3 9.3 1.8
1085 Unknown 1 14 1.5 8.7
1068 Onknown 3 2 3.1 2.7
1067:sn 3ida 32 7.3 37.2
an Chamaesven 49 3.8 47.8
am Chenopodium 3 3.3 4.2

* 2 no laboratsry number was assigned.
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Table 58.
Murakami 1989).

Distribution of Kataupapa, Moloka'i charcoal taxa in percent sample weight (from

Taxon

Acacla xoa (koa)

Aleurites moluccana (kukui)
Artwacarpus altilis ('alu}
Clamaesycs spp. ('akcka)
Chancpodium calhuense ('aheahea)
Diospyres sandwicensis (lama)
Matrosiderss polymorpha ('ohi‘*a lehua)
Myrasine sp. {kolea)

Heastagias sandwicensis (oclopua)
Psychotria sp. (Ropike)

$ida fallax ('ilima)

Saknown L

Unknown

[ 8]

Onknown 3
Unknown 4

Unknown

wn

Faacurs
“”2 i3 23 zsv_
1.2 1.1
0.3
0.6 L.
25.5 §7.2 §9.8 47.5
5.3 13.4 4.2
15.2
1.9
1.8
2.7 .7
1.7
2.3 5.3 1.2 7.2
4.5 L.3 3.7
.2
L.l
3.2 37.3 9.3

s
1

4
3
z
Ly
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Table 59 Summary list  of
weight of kukui,

feature Kukut
Weight
gms .,
2 10.0
» & 0.4
8 1.6
i 19 3.4
e 13 29.2
14 0.1
16 9.1
22 4.1
23 0.3
35 0.9

rhw Tatal La 1]
46.3
Tabie &0, Suemary list of crab,

yrchin, and shett,

Feature Crab  Urchin $heil
(gm) {gm) {gm)

2 - 16 1333

8 - - .

6 - 39 798

8 - 291 8n

10 - 8 2382

12 1 &9 880

13 1 170 2027

% - 24 173

16 . - 39

18 - 12 76

20 . - 2

22 - 1 53

23 - 200 671

24 . . .

26 - . 9

27 . 27 1005

. 28 . 6 222

29 . 1 54
31 . 19 309
- 34 - - 2
35 . 1 25

wER Topal ke
2 960 18431
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ARTIFACTS

This section summarizes the artifacts recovered during the
excavations. Specific details concerning the contexts of individual
artifacts are provided in the excavation secticn of this report.
The categories of artifacts discussed below include volcanic glass,
basalt, coral, and historic materials.

Volcanic Glass

Volecanic glass is a once molten roeck that solidified so
guickly that minerals did not have time to form in it (Macdonald et
al. 1983:124). Pieces of volcanic glase up to about a centimeter
thick occur on the edges of dike formations, or as crusts on tha
surface of some pahoshoe lava flows (Macsdonald et al. 1983:486)., It
has been inferred that small pieces of the material were used for
Qutting or scraping (Barrera and Kirech 1973, Olson 1983). In the
past researchers have derived chronometric dates based on the
hydration of volcanic glass. Unfortunately it is now apparent that
the dates produced by this methed are often skewed {Graves and
Ladefoged 1990). B8ecause of thig methodological uncertainty there
are currently no commercial laboratories producing hydration dates
for Hawaiian samples. In addition volcanic glass can be analyzed to
determine its chemical composition. If comparative data is
available, the results of this analysis can be used to address
questions concerning the trade and distribution of the material.

Ten velcanic glass samples were analyzed by Christopher M.

Stevenson, Ph.D, of Diffusion Laboratories. The chemical
composition of the samples was determined using X-ray flucorescence
analysis. The results of Stevenson's analysis are presented in

Table xx. Unfortunately, comparative data from Moloka'i is facking
and therefore questions concerning the trade and distribution of the
voleanic glass can not be addressed at this time,

The wvolcanic glass recovered during the excavation was

classified as either “"flakes/shatter" or "cores." Flakes are
identified by their laminar shape, the presence of a striking
platform and a bulb of percussion. Pieces of shatter are the

gmaller pieces of volcanic glassg that lack the more formalized
attributes of flakes. In our incipient level lithic analysis these
two categories were combined. Volcanic glass cores are the nodules
that the flakes were removed from. They are larger than the flakes
and contained numercus flake scara and usually a small amount of
cortex.

The majority of the volcanic glass flakes are gquite small (<
1 cm). Although all of the flakes were not systematically analyzed,
the small sample that was closely examined did not exhibit signs of
retouch or intentional shaping. The upper layers of Feature 8
contained the majority of the flakes and the only cores recovered.
The presence of these materials leads to the inference that volcanic
glass was bheing worked and used at the feature. The other features
contain relatively smaller amounts of volcanic glass. It is
pessible that other areas within esach of these features contain
higher densities of volcanic glass and our limited subsurface
tegting was unable to establish this.
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Table 61. The chemical composition of select volcanic glasa
samples (From Stevenson 19%0).

F - .
WEIGHT ¥ STH.DEV, OXIDE ¥ STD.DEV.
g 44,40
NA 1,297 3,048 NAZO 1.748 S IReTY ) :
MG S 453 aoueS MEG ?,372 0.108 "
Al e G ALZO3 14.4% GLU7
51 N Ea G0 sioz 4B.3% 3.1 g
# 398 1T o Setvr 304 * 3 :
] bt 4 - =Dk D30 9
[ J.420 TRV K20 (VP 1 VTS
G a.330 .13 TR @842 G.OLE
TI R $1 NIST TION 2070 GaUhd
v S50 1L Vaas S18 * 1
CR L&2 T % TRIG2 Shd * V]
M [EP T IRT Ve NS ¥ Sr L)) [FIRY. ¥
F& @, 4 eul FEIOL 12,07 G.ut
Mi 119 - ~NIG 150 . %
(¥} S8 4 - UG 197 - a
bat) 128 4 . NG 159w g
KB ™) 1o RE20 ol 1
SR 353 o GRG a4 * 3
z 113 L. LROD 153 + o
NB e o NEEOS 17 - H
Y 4z z - Bl 293 - el
TOTaL @y, ;7
Feature 8, L 2.3
WEIGHT ¥ STU.DEV. QXI1LE % STL.DEV.
a 44.97
NA LouSE IVIRAT 2 S nta ] 1.418 O, 058
t 5.9 U7 MG 10,10 Gald
Al 7.4 od [T B te PZ.ud 9.0F
31 22,58 V] =305 48,30 iU
=4 B, 138 T.003 P20 V.34 SV
g 168 LA 503 Azl * 13
K G.374 G004 K20 0,450 G.00%
ca 7.33 Gt TAO 10,28 I i
T 1.21ls 0.0 Tigz S.028 a.01a
W 0,082 302 Whedust G147 Du3
mN O, Ldd [EIR V) MG 2.18% [ PE¥Te
£g 8.47 ST FEZO2 1mait .01
NI it 4 = NID 18% = 5 o
U 294 & [oi%l] 370G * 8 :
IN 154 3 ING 197 + % :
RE 38 R FBRO 4z - 1
SR 337 3. SRO 399 * 3
R 103 . IROZ a0 =
NB 12 T NBIOE g - H

TATAL L, 53
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Table 61 (cont).
Feature 10, Laver 31,2
£
e
g WEIBWT ¥ STD.DsV. OxXIDE % $TD.DEV,
£ a a4.0%
T NA 1.7L? PLu8s NAZQ 2.314 D.074
MG £.3531 EIRVEN MBS 9,184 GLiu?
Al 7.83 G0 AL2OS 14,75 0.07
31 21.6d T 81032 44,32 .09
= G308 Gaed inde L. DATE &.008
E 194 5 - 303 ARG w 14
K 0. 443 VYRS KA 0,536 0008
Ci &.532 w013 CAD R, IO0 0,018
T 1.853 T Tion 2.54389 2.0%8
v 274 1 = vaas 392 T
CR Lo L CRIG3 135 =+ @
Y] w145 D002 NG a, 189 2,007
FE F.1t G.0L FEDDT 13,63 0,01
Nt v 3. NIG 83 = 4
cu 162 = . cun 03+ &
IN 134 a = INGD 167 = ®
RE of oo RE2O T+ b
SR &3¢ 3 - SRO 49 » a
5 ¥ A9 1 * Y203 G # i
§ IR 149 2o IROZ 201 0+ o
NE a= Lo* NBZOZ 4% - 1
B TOTAL P50
Feature 13, Laver 3.2
WE IGHT X STh.LEV. OXIBE % STD,LEV.
v} 38, 40
N -2t w.usd NAZD B g G.072
ME 4.24% 0L ST MGQ T irady .05
ak 7.oad [EPYeT S AL2O3 14,44 ULu7
S1 ao.07 1,04 103 arT.o2 (Ve S
o U, 443 TG0 Pros L.01% Gowil
] 183 % - 303 487 = 13
e K G.ATD [ Kz 784
o ca £.307 2.013 [of1a] S.824
TI 1.7683 U.oLn Tioz 3.308
CR Y g - CRZO3 HE P 7
7 N G Téaw 2.007 PN 0,207
i FE 10. 34 0.t FEDOG 14.81
i HH L2 3+ NIG a8 + 4
' [=7] 141 % . cuo 174 * &
IN 158 a4 = NG 197 * &
o 55 46 1. REZD =5 % H
: IR 448 3 . SRO LAnG I 4
¥ 43 1 » Y203 o H
IR Izu I IROZ 37 = 3
WE 1w NBZOS 330 L
1) i3 - 543 3T 14

TaTAaL L, w3



Table 61 (cont.).

- 169 -

e 27, 5La .
WEIGHT X
] 4% .4
N g [
iy =. 38
sl 8,48
51 d.ezo
= PO
5 148
LS 1. Guie
= a2l
Ti 1.741
W o2~
N Gai 78
FE F.15
IN 08
3] Y
SR 497
¥ -~z
iR lae
HB -4
TATAL Lo, 70
Feature 31 ayer 3.
WEIGHT %
g 44,74
N 1,259
i Tomd
Al 8.31
Si 21.49
&= e L3
s &1
K .73
o] I-T 29
TI l.obé
& %2
el Gl 4B
FE g,
M 154
[} 309
IN 144
RB A
SR 87
IR iul
NB L3
TOYEL I

3TD.DEV.

i odd
7. 083
G0l
.8
[Ty
% *
[VIEY Y
vavil
w.ull
13
POV
.l
-

Lol LR W RN 1
+ % ¥ 4 ¥

BTL.REV,

[V Aed
. 8
Wead
[Py
3,003
3~
Uauud
Dawim
[T SR
1a *
[EIRLY il
ek
-

S SN A ¥ |
LI S

QLIDE X STD.DEV.
NAZQ 3.27% 0.ua7
mEg &, 8% P+
ALZO3 1h.ud LIV -
SI03 SU.ol T L0
208 L. 303 [VS B
303 37 #
r20 i.212 [F IR Yy
CAD FLUEs [N -1
TIG2 2,903 G.0L9
Phcta)r hab *
yrtin] 22U 0003
FEZNT 13.08 LNV
NG 2a0 *
RBLO a8 -
BRO TEy -
Y203 g1 -
IRO2Z GRT *
NEZDS a3 *
UXILE % STh.DEV.
NAZD Z.1%s .70
M0 100 .14
ALZO3 1%.71 [N
2102 4% .97 [V €
PIO% oy a7
803 L83 -
| Snls ] U, 329 I U048
Chid I, 2960 G007
TIiG2 21tz Yiuld
VIO FHE -
MNQ Gl LT 302
FEZOS L2, 0 Gaurl
MED 156 *
[si8]s} 387
ING 180 *
RB2IOD 1 o»
SRC 345 #
IROZ 137 »
MBIAS 18«

53
i3

B NAR gt £ R Y

Lol ™ LI T P

¥
4
H
¥
¢




RS

et

¢
£
Lo

o
&
€

ety

- 170 -

Three hundred and seventy five pieces of volcanic glass were
recovered from 1l separate features (Table 61). Of the 11 features,
7 (Features 8 upper layer, 10, 12, 13, 14, 23, 35) have been dated
to the historic period (see dating section). Two additional
features (Features 28, 31) have radiocarbon date ranges that overlap
the prehistoric and historic eras, 1 feature (Feature 8 lower layer)
was occupied prehistorically, and 2 features (Feature 22, 27) have
not been dated. The high percentage of historic features containing
velcanic glass is somewhat surprising as other archaeclogical
projects in Hawai'i have noted an inverse correlation between
volcanic glass and historic materials (Graves and Ladefoged 1990).

Table 62, tisting of volcanic gtass,

Feature Flake Flake Core Core

Count  Weight Count  Weight

gms . ams .

8 229 33.1 3 10.0
10 35 6.2 - -
12 4 3.9 - -
13 3 17.0 - -
14 i 9.1 - -
22 2 0.4 - -
23 28 1.9 - -
27 15 4.9 - -
28 1 0.7 - -
3 42 6.2 - -
35 14 2.2 - -

hE Targl wee
372 73.6 3 10.0
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Basalt Artifacts

Three hundred and eighty-eight basalt artifacts with a total
weight of 1.24 kg were recovered from 15 features. The basalt
artifacts were ¢lassified as polished flakes, flakes, shatter, and
miscallanecus basalt (Table 62). The flake category conaists of
bagalt artifacts with a striking platform and a bulb of percussion.
Polished flakes contain at least one smooth and polished surface.
Shatter consists of small piecea of debitage that lack a bulb of
percugsion. The miscellaneous basalt artifact is a discoidal porous
basalt pecking stone or ula maika.

Marshall Weisler (199C:1) of the University of California,
Berkeley, analyzed two basalt flakes from Feature 6, Layer 2.1 and
reports: .

The oxides of titanium, magnesium and iron and trace slements
of Rb, Sr, ¥, 2r, and ¥Nb were assayed by non-destructive,
energy dispersive XRF (X-ray fluorescence). The two f{lakes
are similar in their ratics of trace elementa and both are
undoubtedly from the same source (same lava flow, rock, or
tool, for that matter; they do have very similar macroscopic
gqualities). Geochemical values were compared against all
known sources of fine~grained, adze quality rock on Moloka’i
{eight major sources and three sub-sources within Maunaloa
quarry complex) and the Kapohaku quarry on Lanai. The results
strongly suggest a lccal source (Kalaupapa peninsula) of the
lithic material and compare most favorably with published
geochemical data for this area.

From a visual inspection of the basalt agsemblage Weisler concluded
that the maijocrity of the basalt is medium to coarse-grained and
probably derives from a local source on the peninsula (Marshall
Weisler, personal communication).

Several features contained a relatively high density of basalt
artifacts. Feature 27 i3 notable for it contained a wide range of
bagalt flakes and shatter and a number of other artifacts including
a polished flake and 2 coral file fragments. The polished flake is
not an adze fragment, but a part of a grinding stone. The other
poelished flakes found throughout the project area are alsc fragments
of grinding stonesg. Significantly, no basalt eores or adze
fragments were recovered during the limited excavations. This
suggests that basalt tools were being used and reworked, but adzes
were not being manufactured.

Coral Artifacts

One coral file was recovered from Feature 14, and two coral
files fragments from Feature 27. It isg often inferred that these
artifacts were used to make bone and ghell fishhooks {Emory et al.
1968). The presence of lithic material, bone, and the coral files
at Feature 27 suggests that the feature was a tool manufacturing
area cf some sort. Feature 14 did not contain the same density of
bone, lithica, or coral artifacts as Feature 27 and thus might not
have heen as extensively occupied.
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Historic Artifacts

The historic artifacts consist primarily of nails, metal
fragments, bottle glass, and chert (Table 63). The nails are
square, but exhibit minimal rusting. It is posaible that they date
to before the turn of the last century, but this has not been
established. Several pieces of glass are completely clear, and thus
are probably relatively recent, Further analysis to establish a
tighter chronology of the historic artifacts ig required,

Table 63. Summary {ist of basalt artifacts.

Feature Flake Flake sShatrer Shatter Polished Polished Misc.
fount  Weight Count  Weight Flake Flake Basalt

(gm) {gm) Count  Weight Count
{gm)

2 3 61.0 1 0.3 1 2.0 -

-] - - - - 3 4.0 -

8 14 66.0 52 36.8 1 1.0 -

10 3 93.0 8 8.7 - - -
12 4 25.0 13 36.0 - - 1
13 13 104.0 58 &7.2 2 3.0 -
14 8 1.9 28 10.0 1 1.6 -
18 - - 3 0.9 - - -
22 7 11.0 2 0.9 - -
23 " 269.0 21 7.7 - - -
27 24 341.0 57 26.2 1 5.0 -
28 - - - - 2 1.0 -
29 - - 1 a.1 - - -
31 18 47.0 g 2.6 1 2.6 -
15 - - 17 5.5 - - -

whW Topgi W
W 250 270 196.9

o
[A¥ 4

19.0 1
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of histeric artifacts.

Feature Test Laver Level Count Type
pit
2 1 2 1 7 2 pieces of glass
2 glass beads
2 chert flakes
1 piece metal
2 1 2 2 1 1 chert flake
2 2 1 1 3 3 pieces of bottle glass
8 1 2 1 1 1 chert flake
1 1 surf. 4 4 pieces of bottle glass
w1 1 1 3 3 pieces of bottle glass
M0 1 2 1 " 3 metal nails
4 pieces of bortle glass
4 pieces of metal
2o 2 1 5 5 pieces of metal

RWE Tapal www
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DATING ANALYSIS

A combination of chronometric and relative dating technigues
were used to determine the period of occupation for the features in
the study area. Concurrence in the results of several independent
dating technigques strengthens the temporal inferences derived from
any one technigque alone. The techniques wutilized include
radiocarbon dating of charcoal samples, and the use of temporally
gensitive artifacts, faunal material, and botanical samples. These
techniques were used to determine the period of occupation of 14
features in the west end of the atudy area.

Radiccarbon Samples

A total of 7 charcoal samples were submitted to Beta Analytic,
Ine. for radiocarbon dating. Details concerning these samples and
the dating results are summarized in Table 65. All samples were
adjusted for isotopic fractionation and five of the samples were
calibrated using the computer program of Stuiver and Reimer (1984).
The results of this calibration program are provided in Table 56,
Two gamples produced modern Cl3 adjusted age estimates and therefors
they could not be calibrated.

Of the 7 samples, conly 1 had a chronometric range exclusively
in the prehistcoric era. This sample came from near the bottom of
Feature 8, TP-1l, and was asscciated with a buried alignment. The
hottom of the deposit was not reached. Therefore this range should
not pbe considered an estimate of the earliest occupation of the
study area. It is possible that there are deeper cultural deposits
dating to an early period. Furthermore, it should be noted that
gome of the earlier depesits could have been washed away by the
periodic wave action that impacts the area. At a much higher
stratigraphic level in feature 8 there was faunal material of
historically intreduced species and historic artifacts.

Four of the radiocarbon dates had chronometric ranges that
spanned from the prehistoric te the historic era. In all four
cases, the computer program calculated that the actual date had a
high probability of being historiec. Por Features 28 and 31 there is
no additional evidence indicating that the features were =sither
prehistorie or historic. For Peatures 12, however, the presence of
faunal material from historically introduced species as well asg
historic artifacts indicates that the feature 1s indeed historic.
For Feature 13, a similar presence of faunal material indicates the
feature was occupied during the historic era.

Two samples produced radiocarbon dates of "percent modern.”
These dates from PFeatures 1B and 23 clearly indicate a hnistoric
cecupation. The presence of faunal material from historicalily
introduced species substantiates this.

Historic Artifacts

Six different features were either made out of historic
materials or contained historical material in their deposits. This
historical material has not yet been analyzed to suggest
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ehronological estimates, rather the material merely indicates that
the featuras ware occupied during the historic era. The historical
material includes introduced lithic material, bottle glass, glaas
beads, nails, and metal fragments. The two large residential
faatures, Features 2 and 10, contained historic materials throughout
their cultural deposits. Feature 12 an anclosure contained historic
material in its lower layers. In contrast, only one of the upper
levels of the shelter Feature B8 contained historic 'material.
Features 37 and 38 are concrete foundations which were probably ugad
as houges during the 1530'sa. '

Tabte 65, Radiocarbon dates from Kalsupapa Alrport Runway Expansion Study Area
Feature Laver Beta C-14 Age ¢13/012 13 Adjusted
Anaiyric B.P. x 1 s.d age B.P. + 1 5.d
Number
8 2.5 33172 350 » 80 ©.15,2 0/00 510 + 80
12 2.2 3317 16 + 120 -15.4 0/00 170 + 120
13 2.3 33173 140 = 50 -22.8 9/00 170 + 50
18 2.2 33170 102.8 + -13.1 0/G0 100.4 *
4.6% modern 0.6% modern
23 5.2 33149 102.0 + ~17.2 9700 100.4 +
0.9% modern : 3.9% mocern
28 5.1 13168 110 = 50 -27.8 0700 70 + 50
n 3.3 3174 101.3 * -1%5.1 0/00 66 + S0

0.6% modern
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Table 66, Resuits of calibration program.

R

o Feature 8
o Radiocarbon Age BP  510.0 ¢ 80.04 Reference(s)
Catibrated age(s) cal AD 1418 (Stuiver and Beckar)

cal 8P 532
eal AD/BC (cal 3P) age ranges obtained from intercepts (Method A}:
otve Sigma** cal AD 1327-1351( 623- 5991 1391-1442( 559~ 508)
two Sigma**  cal AD 1280-1510( 670~ 440) 1602-1615¢ 348~ 3335)

Summary of above ---
minimam of cal age ranges (cal ages) maximum of cal age ranges:
one sigma cal AD 1327 ( 1418) 1442
cal BP 623 ( 532) 508
twa sigma cal AD 1280 ( 14183 1615
cal BP 670 { 5327 335

cal AD/BC age ranges (cal ages as above) from probability distribution
{(Method B):
% area enclosed cal AD (cal BP) age ranges relative area urder
probability distribution
.40

68.3 (one sigma) cal AD 1314-1349¢ 636- 581)

1386-1451( 584~ 4993 .40
95.4 (two sigma) cal AD 1281-1320( 669~ 4303 .97
1592-1622¢ 358- 328) 03
Feature 12
Radiocarbon Age 8P  170.0 £120.04 Reference(s)
Calibrated age(s) cal AD 1674, 1743, 1801 (Stuiver and Becker)

1941, 1955
cal 8P 276, 207, 149
g, a*
cal AB/BC {c¢al BP) age ranges obtained from intercepts (Method A):
ong Sigma** cal AD 1640-1950( 310- O)
two Sigma**  cal AD 1450-1955%¢ 500- Q%)

L
S :

Surmary of above ---
minimam of cal age ranges (cal ages) maximum of cal age ranges:
one sigma cal AD 1640 ( 1674, 1743, 1801, 1941, 1955¥) 1950
cal 80 314 ( 278, 207, 14%, 2, %y i
two sigma  cal AD 1450 ¢ 1674, 1743, 1801, 1941, 1955%) 1955+
cal 8P 500 ( 276, 207, 149, 2, 0%y a»

cal AD/BC age ranges {(cal ages as above) from probability distribution
{Method 8):

% area enclosed cal AD (cat BP) age ranges retative ares under
probability distribution
i’ 68.3 (one sigma) cal AD 1454-1709( 20&- 241) .21
: 1720-1888¢ 230~ &2
1914-1955%¢  35- 0% 18
95.4 (two sigmay cal AD 1508-1803¢ 442- 347) L1%

14610-1935%( 340- 0%y .87



e sy

-177 -

Table &5 {(cont.).

Feature 13
Radiocarbon Age BF  170.0 : 50.04 Reference(s) .,
Calibrated age(s) cal AD 1674, 1743, 1801 {Stuiver and Becker)
1941, 1955%
cal BP 274, 207, 149 :
o* i

cal AD/BC (cal BPY age ranges obtained from intercepts (Method A):
one Sigme™  cal AD 1658-1695( 292- 255) 1721-1812( 229- 138) )

1854~ 1872¢ $6- 7B) 1920-1954( 30- 0% £
two Sigma** cal AD 1540-1950¢ 310- ) -

Surmary of above ---
minimun of cal age ranges {cal ages) maximum of cal age ranges:
one sigma cal AD 1658 { 1674, 1743, 1801, 1941, 1955%) 1955
cal BB 202 ¢ 278, 207, 9, 9, o€} o
twe sigme cal AD 1640 ¢ 1674, 1743, 1801, 1941, 1955%) 1950
cal 8P 310 ¢ 276, 207, 149, 9, ™) 0

cal AD/BC age ranges (cal ages as above) from probability distribution
(Method 8):

% area enclosed cal AD {cal BP) age ranges relative aresa under
probability distribution
68.3 (one sigma) cal AD 1660-1593( 290~ 257) .20 i
1722-1812( 228~ 138) 57 [
1861-1847¢ 89- 83) .03 o
1922-1935%¢ 28~ 0%} .20
9% .4 (twe sigma) cal AD 1652-1713( 298+ 237 .21
1715-1887¢ 235- 643} .~ .
1913-1955%¢ 37« O™ A7 »
Feature 28
Radiocarbon Age BP 70.0 = 50.04 Refarence(s)
talibrated age(s) cal AD 1903, 1905, 1955* (Stuiver and Becker)

cal BP 47, 45, g
eal AD/BC (cal BP) age ranges obtained from intercepts (Method A):.
one Sigma**  cal AD 1692-1722¢ 258- 22B) 1811-1864( 13%- B88)
1865-1922¢ 85- 28) 1955~
two Sigmar™  cal AD 1673-1745¢ 277- 205) 1763-1767¢ 187- 1833
1800-1940¢ 150~ 10} 1953*

Summary of above --- .
minimum of cal age ranges (cal ages) maximum of cal age ranges:
ore sigma  cal AD 1692 ( 1903, 1905, 1955%) 1955w
cal BP 258 ¢ 47, 65, 0%3 g%
two sigms cal AD 1673 ( 1903, 1905, 1955*) 1955*
cal 80 277 (47, 45, ory o=

cal AD/BC age ranges (cal ages as above) from probability distribution
{Method B):

X area enclosed cal AD (cal 9P} 4ge ranges relative area under
probability diseribution
68.3 (ore sigma)  cal AD 1694-1722¢ 254- 228) .22
1B12-1856( 138~ 94) .33
18711921 79 2% .45

95.4 (two sigma) cat AD 147S-1745( 275- 205) .28
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Table 84 (cont.).

feature 31

Radiocarbon Age 8P 60.0 = 50.04
Calibrated age(s) cal AD 1955%
cal 8P id

Reference(s)
{Stuiver and Becker)

cal AD/BC (cal BP) age ranges obtained from intercepts (Method A):
one Sigma**  cal AD 1894-~1722¢ 256~ 228) 1812-1857¢ 138- 93)

1870-1921¢ 80- 29) 1955+

two Sigma*™ cal AD 1672-1746( 278- 204} 1762-1769¢ 188- 181)

1800-1940¢ 150~ 10) 1955+

Summary of above ---
minimum of cal age ranges {cal ages) maximum of cat
ane sigma cal AD 1694 ( 1955%) 1955~
cal BP 2556 ( G*) o=
two sigma  cal AD 1672 ¢ 1955%) 1955+
cat BP 278 ¢ o*)y gw

cal AD/BC age ranges (cal ages as above) from probabi
{Method Bt
% area enclosed cal AD {cal 8P) age ranges

68.3 (one sigma) cal AD 1696-1722¢ 254- 228)
1812-1834¢ 138- 96)
1873-1920¢ 77- 30y

95.4 (two sigma) cal AD 1677-1743( 273- 207}
1803-1939¢ 147- 11)

References for datasets [arxd intervais] used:
Stuiver M ard Becker,8, 1988, Radiocarben, 28, 863-910.

Conments:

age ranges:

Lity distribution

relative arsa under
probability distribution
W21
.32
A7
27
.73

+This standard deviation (errar) may inctude a lab error miltiplier.

I¥ S0 SPECIFY!

** 1 sigma = square root of (sample std. dev.?+ curve std. dev.?)
2 sigma = 2 x square root of (sample std. dev.!'+ curve std. dev.?)

O* represents a “megative® age BP
1955% denctes influence of bomb C-14
Calibration file{s): ATM10.14C
Listing file: kala.txt

Plot file: kala.pit
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Faunal Analysis

pPr. Alan Ziegler analyzed the faunal material from the
excavations (Ziegler 1988). The results of his research are
presented in Table 56 and Appendices A and B. A complete discuasion
of the faunal material is presented in another section of thia
report. Only the faunal results with implications for dating the
features are discussed here. These results are intriguing, becauge
they offer a relative dating technique that occasionally has
extremely tight temporal control. :

Ziegler identified 5 species of animals in the archaeoclogical
remains that are historic incroductions. Two ©f the most
interesting are the Gecpelia gtriata (Zebra Dove) and the Bufo
marinus {Giant Neotropical Toad). According to Ziegler (1989) the
dove was introduced to the Hawaiian Ialands in 1922, and the toad in
1932. A small amount of bone from both of these gpecies were
recovered from the lower laevels of Feature 13, and Zebra Dove was
recovered from Feature 12, This clearly indicates that these
features were used after the early 1930°s.

Ancther late introduction was the Herpestes auropunctatug
{Small Indian Mongoose). It was introduced to the Hawaiian Islands
in 1883. Bones from the mongoose were found in the upper layer of
Peature 29 and a lower layer of Feature 14. The mongocse bones in
Faature 29 are not associated with the cultural deposit. The
mongoose bones in Feature 14 are associated with the cultural
depoait and thus indicate that the feature was uged after 1883.

The Streptopelia chinensisg (Spotted Dove) was introduced to
the Hawaiian talands some time in the 18C0's. It waa found in the
lower layers of Feature 13. The final 2 species were introduced to
the Hawaiian lslands relatively soon after Hurcpean contact in 1778.
Thay are the Musg musculus (House Mouse), and the Rattus norvegicus
and/or rattus (Norway and/or Roocf Rat). Bones from these two
species were found in the lower layers of Features 12, 18, and 23,
and the upper layer of Feature 35.

Wocd Species Identifications

The charcocal samples analyzed by Ms. Gail Murakami for wecod
species identification were the game samples submitted for
radiocarbon dating (Murakami 1989). One of Murakami's most
significant conclusions is that ncne of the charccal samples
contained historically introduced species. Although there are
saveral "unknowns®, Murakami is relatively confident that they are
not historic introductions. This finding i3 somewhat remarkable
given the resgults of the other types of chronometric and relative
dating techniques. The cther techniques indicate that Features 13,
18, and 23 are all historic. Of the four features analyzed for wood
species identification, Feature 28 1ls the only one that does not
have a historic occcupation clearly established. This discrepancy
should bhe addressed with further research.

Murakami (1989:11) presents additional insights. She states:
The sample from feature 13 was the most diverse in dryland

taxa and contained many o©f the native mesic trees. in
contrast, Feature 18 contained only three taxa, among them the
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currently common 'akoko and 'ilima. However, the presence of
the dryland glopua and aheahea in addition to 'akoko and
Jiiima in Feature 23 suggests that the time represented by the
charcoal may not be as late as Feature 18. Similarly, Feature
28 with its possible contact date is not much different from
Feature 23 and does not have the same diversity as FPeature 13.
Obvicusly, the development of a chronology of vegetation
change based on a few taxa iy difficult even if the key taxa
were presgent. However, if the presence of mesic trees in the
charcoal is thought of as indicators of cultural activities
then some change is also suggested by the charcoal from mesic
taxa.

Based on the wood species diversity within the four features it
would appear that Feature 13 predates Features 23 and 28, which both
predate Feature 18.

Dating Summary

Using the 4 chronometric and relative dating techniques it is
possible to suggest the occupation periods of 14 archaeclogical
features (Features 2, 8, 10, 12, 13, 14, 18, 23, 28, 29, 31, 38, 37,
and 38). The earliest known period of cccupation could be as garly
as the late thirteenth century. Thig is based on the radiocarbon
date frem a lower layer of Feature 8. Using the results of the
radiocarbon dates, it is possible to conclude that Features 28 and
31 were occupied exclusively during the prehistoric periecd.
Probabilities provided by a computer program, however, suggest that
they were occuplied during the historic era. On the basis of
historic artifacts and/or faunal material from historic
introductions, Features 2, 8, 10, 12, 13, 14, 18, 23, and 35 were
occupied during the historic period. Based on faunal material,
Feature 14 was probably not occupied until after 1883. Similarly,
Features 12, 13, and the upper layers of Feature 8 were probably not
oceupied until after the 1930'g. The upper layer cf Feature 29
contains faunal material from a Historic introduction, bhut its main
cultural deposit could be earlier. Features 37 and 38 are concrete
foundations which clearly date to the historic era, probably the
1930 8.

In sum, 1 feature (Feature 8) has a prehistoric compconent, 2
features (Features 28 and 31) could be prehistoric, 6 features
(Features 2, 8, 10, 18, 23, 35) were occupied after 1778, 1 feature
{Feature l4) was occupied after 1883, and 4 features were probably
occupied in the twentieth century (Features 12, 13, 37, 38)., The
occupation period of Feature 29 and all the other features in the
study area is uncertain. While the results of the tree species
identification do not logically negate these conclusions, they do
not overwhelmingly support them.
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DISCUSSION AND CONCLUSIONS

The intensive survey of the study area located 49 features
containing 559 compénents. A total of 23 controlled test pits
totalling 11.0 square meters were excavated at 21 features. The
archaeological features in the east end of the study area are
primarily low C-shapes that were probably used for agricultural
purposes. In contrast, the archaeological features in the west end
are the remains of a residential and agricultural complex. This
complex containg a variety of features including residential
features, shelters, and agricultural enclosures and alignments.
Each of these types of features is discussed in turn, a summary of
the excavations is presented, and then the evidence for a period of
historic agricultural intensification at Kalaupapa is reviawed.

Residentiai Features

The aix main residential features in the area can be divided
into three chronological types. The criteria for this
classification are the morphology of the feature, its associated
faunal and artifactuval material, the radiocarbon dates, and the
testimony of informants, Features 17 and 38 are probably concretas
foundations of houses cccupied during the early twentieth century.
The abandoned house at the end of the dirt road might be a similar
structure. Topographic maps drawn in 1921-1922 do not show thesze
structures and therefore it is assumed that they were built sometime
thereafter. Contemporary residents of Kalaupapa informed us that
these houses were first occupied in the 1930's.

Features 2 and 10 are morphologically different than Features
37 and 38. Features 2 and 10 are constructed out of dry stone
magonry, and include no concrete or bonding materials. They have
gseveral internal pavings which were probably distinct activity areas
within the household. This 1s a morphological characteristic that
is associated with historic residential features in other parts of
Hawai'i (Ladefoged et al. 1987). Furthermore, the asgociated faunal
material and artifacts from these features clearly suggest that they
ware cccupled during the historic era.

The final type of residential feature is represented by
Features 6 and 28. These are  smaliler structures that include
enclosures surrounding internal living areas. Feature 28 contains
3 activity areas and Feature 6 contains 2. Based on the morphology
of Feature &6, it might have been occupied during 2 phases. No
historical material was found at either of these residential
features, and the range of the radiccarbon date for Feature 28 spans
from the prehistoric toe the hisgtoric era. Although these two
features are morphologically distinct from the 4 residential
features that are known to be historic, they cannot bhe clearly
defined as either prehistoric¢ or historic.

Shelters

Of the 38 archaeclogical features in the west end of the study
area, 19 were gshelters of some gort or ancother. Test excavations
took place at 14 of these features. These excavations indicated
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that 3 of the shelters had multiple cultural deposits, 8 had a
single cultural deposit, and 3 lacked <& cultural deposit.
Furthermore, 6 of the shelters contained slablined hearths. These
results suggest that the study area contained a relatively large
number of shalters in comparison to the other major types of
features. Of the 12 sheltars that are known to contain cultural
deposits, 66.6% had only one cultural deposit and 33.3% had multiple
deposits. This suggests that the majority of shelters were built
and used during a relatively narrow time period. :

Agricultural Features

There are two main types of agricultural complexes in the west
end of the study area, These include alignments with enclosures
around them, and alignments without enclosures. The agricultural
complexes with enclosures are Features 3A, 5B, and 30. The density
of alignments is much higher within the enclosures than the areas
cutside of the enclosures (see Figure 2). It is possible that the
agricultural enclosures are a later intensification of an garlier
field system, The test excavations in the two agricultural contexts
support this notion. The two test units were excavated behind
agricultural walls contained in enclcsure 5B. In both instances
buried alignments were encountered. A radiocarbon date associated
with one of these alignments indicates that the area could have been
used for agricultural purposes as early as the late thirteenth
century. In addition to these agricultural alignment complexes,
there are several agricultural mounds throughout the study area.

Comparison of the Archaeological Features in the Study Area with
Other Peaturss Throughout the Peninsula

The archaeclogical features recorded in the project area
differ from those recorded in other parts of the KXalaupapa
peninsula. In contrast to Pearson et al. {1974), no lava tubes were
recorded in the project area. In comparison to the features found
in the south part of the peninsula (Somers 1985), the features in
the project area were gspatially distinct with a high percentage of
shelters. Furthermore the agricultural features were parallel
alignments and not pits and terraces as in the gouth. One reason
for these distinctions could be that the two areas were occupied
during different time periods. The majerity cof the surface remains
in the project area are historic whereas the southern area might
have more of a prehistoric component to it. An additional factor
might be the distinctiveness of the two microenvironments.

Excavations

Tast aexcavations were conducted in 4 residential features
{Feavures 2, 6, 10, 28, 14 shelters (Features 8, 14, 16, 18, 20,
22, 23, 24, 26, 27, 29, 31, 34, 385, 1 possible shrine or special
yge area (Feature 13), 1 animal pen (Feature 12}, and 2 agricultural
areas (Features 5B, 8). The excavation at Feature 8 is classified
43 hoth a shelter because of the findings in an upper level, and an
agricultural area because of the findings in a lower lavel. The
rast excavations in the 21 features revealed 3 features with
multiple cultural deposits, 2 features with a single cultural
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depogit and what appears to be 6 a rebullding phase of tha
architectural structure on the surface, 12 features with a single
cultural deposit, and 4 features lacking a developed cultyral
deposzit. These results suggest that 57% of the archasological
features tested were occupied during a single time period, 23.8%
ware occupied more than once, and 19% show little or no sign of
occupation. It should be noted that not all cultural activities
produce deposits. '

The material recovered during the test excavations provide
insights into the behaviors and activities of the past occupants.
The faunal analysis indicates that near shore reef fish were
exploited. The lack of faunal material from off-shore species and
the near total lack of bird bone is alsc significant. The wvast
majority of the faunal material comes from mammals, especially
immature Sus scrofa (pig). The faunal assemblage as a whole is
fragmented and broken. The wood species identification of charcoal
samples suggests that people were predominately burning the coastal
rakoke and 'ilima shrubs. Furthermore, the charcoal assemblage
differs from the present day vegetation in the inclusion of mesic
trees which might suggest that these trees grew closer to the coast
at one timeé. ZXukui nut was the only vegetable remains recoveread.
The identified shell taxa were sedentary species who live attached
to rocks in the intertidal splash zona. The lithic artifacts
indicate that the past occupants were utilizing local materials to
manufacture a number of different types of tools. Feature 27 was
notable for the range of lithic and coral artifacts. The glass and
metal artifacts clearly indicate the historic cccupation of a number
of the features,

Historic Agricultural Intensification

The results of the intensive survey indicate that the study
area has been used for residential and agricultural purposes over
the last seven centuries. It ig likely that occupation of the area
has an even greater antiquity. However, the wvast majority of
features in the study area appear to date to the historic era. The
tendency of the features to contain a single cultural deposit
suggests that they were built and used within a relatively short
time frame. This does not, however, mean that all of the features
are contemporanecus. The chronemetric and relative dating
technigques suggest that the features were occupied during several
different time periods within the historic era. It is possible that
the two large residential features (2 and 10), the agricultural
enclosures (5 and 30), and a number of shelters were cccupied during
the early historic period. Then, at a later date, the concrete
foundations, a number of other shelters, the animal enclosure
(Feature 12), and the shrine or special use area (Feature 13) were
occupied.

The chronoleogy of events specified by the historical accounts
provide a framework for interpreting when individual featurss in the

project were occupied, Missionary accounts estimate that the
population of Kalaupapa during the 1830's and 40'=3 wasg approximately
1,00C persons. By the 1850's the inhabitants of the area were

producing large quantities of sweet potatoes for exportation to
California. By the 1870's, produce exportation from Kalaupapa had
ceased and inhabitants were actually importing food from other parts
of Moloka'i. The population of the area had declined dramatically,
and Fortunato de Loach (1975:82) suggests that there were only 40
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non-patients in the area. These accounts suggest the occupation of
Features 2 and 10, and the intensification of the associated
agricultural system (Feature 5) tock place during the 1840's or
50'a. Of course it is possible that the secupation and agricultural
intensification took place during an garliar phase of the historic
era, but the historical accountsa indicate that the mid-nineteenth
century is the most likely period. The 1%21-1922 U.8.G.8.
topographic maps do not depict any houses in the project area.
Therefore it seems likely the concrete foundations (Features 37 and
38} and the features with the faunal material from late historic
introductions (Features 12 and 13) were not oceupied until the
19309, -
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SITE SIGNIFICANCE EVALUATIONS

The archaeological features in the study area are part of an
exceptionally well preserved residential and agricultural gystem
that appears to be distributed throughout the Kalaupapa peninsula.
Because very little archaeological work has been done on the
peninsula, it is difficult to determine how representative the
features in the study area are of the features found throughout the
peninsula. If the features in the study area were unique, their
significance would obviocusly be greater. However, it appears that
the types of features found in the study area are found elsewhere on
the peninsula. In any case, it is desirable to preserve as many of
the archaeoclogical features as possible.

The archaeological features in the project area can he groupad
into agchaeclogical "sites" for managerial purposes. This grouping
ia =szomewhat arbitrary as many of the features are spatially
continucous and do not form distinct clusters or gites. Site
groupings were made to facilitate the management of the
archaeological rescurces in the project area. Site designations
with the site's significance and recommended mitigation procedures
are presented in Table 67. The site numbers are State of Hawai'i
Department of Land and Natural Resources numbers and should be
prefixed by 50-80~03,

The preliminary significance assessments for the sites in the
study area are given in Table 57. The evaluations are based on the
National Register and State Register criteria for determining
potential gite significance. Some of ¢the determinations are
somewhat tentative or provisional since they are derived entirely
from surface observations. These evaluations are made with the
consideration that while the vast majority of the sites in the study
area are extremely interesting and well preserved, asome sacrifices
for infrastructure improvements are necessary.

All 40 sites are regarded as potentially significant due to
the important archaeological information which they may contain

(Criterion D). A total of 32 of these sites appear to be
significant only for their scientific information content and
possible research value. Eight sites are deemed as excellent

examples of a site type, and three of these also have cultural
gignificance as possible prehistoric or historic shrines, or sites
that are currently being used as a shrine.

Recommended Mitigation

Recommendations for archaeclogical mitigation of adverse
impacts are presented in Table 67. It is probable that the airport
improvements will be somewhat limited and therefore cnly those sites
directly impacted by the development will have to have the impact of
the development mitigated. The three sites that are recommended for
preservation will probably not be impacted by the development. The
Sites that will be impacted need to be intensively investigated.

The basic mitigation strategy should include extensive
excavations to locate all subsurface deposits, including hearths,
post heles, and subsurface architectural structures. Midden and
artifacts recovered from the excavations will provide insights into
the function and chronclogy of the szites. A detailed mitigation
Strategy should be written in consultation with the appropriate
agencies.
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Photo 1. Feature 2, TP-2; surface of a low platform with coral
concentration in backgreound. View to north.

e

Photo 2. Feature 2, TP-2; bottom of excavation. View to east.
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Photo 4.

Fgature 5B, TP=-1;
bottomnm o £
axcavation with
aubsurfacae
alignment. View
to east.
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g

Photo 5. Feature 6; residential enclosure. Feature 7 is in the
background. View to north.

R ——

Photo 6. Feature 8, TP-l; bottom of Layer 2 Level 5 showing
subsurface alignment. View to north. (note: the photo
o board is mislabeled).
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Photo 7. Feature 9; free-standing cupboard (1 of 4). View to
north.

i
4

Photo 8. Feature 10; paved terrace of residential platform. View
to southeast.
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Photo 9.

Photo 10.

Feature 10,

Feature 10,
enclosure.

TP~1;

TP-1;

bottom of excavation. View to east.

location of test pit in eastern

View to south.



Photo 11l. Feature 12; rectangular enclosure with two tiered wall.
Feature 138 in foreground. View to west. i

Photo 12. Feature 13; enclosure on top of kneoll. View to south.
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s Photo 13.  Feature 13; interior east side of enclosure. View to
i east,

Photo 14, Feature 13, TP-1l; bone concentraticn within Layer 2.
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Rt onsteniit

bottom of excavation of slablined hearth.

(note: the photo board is mislabeled "F-22").

Feature 18;

Photo 15.

View 0 north=-

f C-shape shelter.

10 O

Lnter

Feature 23;

Photo 16.

northeast.
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Photo 17. Feature 23, TP-1l; bottom of excavation. View to south.
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Photo 18. Feature 27; U-shape shelter and assoclared agricultural
wall. View to north.
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Photo 19.

Feature 35, TP-1 and 2; slablined hearth.
north. :

View to

Photo 20.

Feature 7E; irregular shaped platform. View to north.
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Photo 21.

Photo 22.

Feature 1l0E; C-shape shelter. View to northeast.

Features 9B and
northeast,

10E;

C-shape =zhelters. View

to
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APPENDIX A

SUMMARY LISTING OF FAUNAL REMAINS
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Appendix A. Listing of faunal remains,

Feature Layer Level Class Type Count  Weight
22 1 FISH Scarid 2 0.39
22 1 FISH undetermined 7 G.31
23 1 FisH undetermined 1 (1301 5 I
23 1 INDETER, undetermined 1 g.02
& 2 2 FISH undetermined 8 0.23
&5 1 FISH undetermined H Gg.00
81 1 FISH Scarid 1 Q.11
81 1 FI1SH undetermined 10 6.57
81 1 MAMMALIA Rattus axulans g 047
82 1 AMPHIRIA Sufo marinus 1 0.07
82 1 AVES medium bird 2 3.05
g2 1 FISH Labrid H 0.2%
8 2 1 FI15H Scarid 3 1.24
82 1 FiSH urdtetermined 43 1.69
8 2 1 MAMMALIA Rattus exulans 4 G.04
82 2 FISH Labrid 4 1.52
82 2 FISH Scarid 7 1.93
82 2 FISH uhdetermined 73 2.63
82 g INDETER. medium vertebrate 2 0.26
82 2 MAMMALIA Rattus exulans 1 G.1
32 2 HAMMAL 1A medium mammgt F4 1.45
82 3 FISH Labrid 3 1.37
82 3 FISH Scarid 3 0.28
g2 3 FIsH undetermined aa 2.54
82 2 INDETER. medium vertebrate 2 0.48
a2 3 INDETER. small vertebrate 1 G.02
82 3 MAMMALIA Rattus exulans 3 0.04
82 4 FISH Labrid 2 8.00
82 4 FISH Scarid 3 0.38
g2 4 FISH undetermined 80 2.9
82 5 FI5H undetermined 26 0.96
83 1 F1SH undetermined 1 0.04
02 1 AVES medium bird 1 0.03

10 2 1 FISH Labrig 1 1.09
10 2 1 FISH Scarid 1 0.18
102 1 FISH undetermined 17 3.5
14 2 1 MAMMALIA Sus scrofa 1 .04
192 1 HAMMALIA medium or large mammal 18 7.1
10 3 2 FISH urdatermined 12 0.4b6
10 3 2 MAMMALIA large mammal 7 G.56
03 2 MAMMALIA medium or large mammal 75 61.38
104 1 FISH undetermined 7 a.14
18 4 1 MAMMALIA large mammai 1 g.2¢
10 4 1 MAMMALIA medium or large mammal 10 6.60
10 4 2 FISH undatermined H 3.00
10 4 2 MAMMALIA medium or large mammat 4 1.946
12 1 1 AMPRIBIA Bufo marinus 1 g.¢2
12 1 1 FI5H Labrid 2 0.41
12 1 1 FISH shark 2 3.06
121 1 FISH undetrarmined 9 .23
12 1 1 MAMMALIA Rattus exulans 1 0.04
121 i MAMMALIA smail to medium mammat 1 0.36
12 2 1 AVES Geopelia striaty 1 5.03
12 2 1 AVES medium birg 1 3.00
2 2 1 FISH Scarid & 0.89
12 2 1 FESH shark H 0.00
12 2 1 FISH undezarmined 58 2.51
12 2 1 MAMMAL[A Rattus exulans 5 3.06
12 2 1 MAMMALIA Rartus norvegicus or Rattus 1 G.0%
12 2 1 MAMMALTA small ro medium or medium P4 G.18
marma |
122 2 FISH Labrid 1 .03
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feature Layer Lsvel Class Type Count  Weight
122 2 FISH undetermined 25 1.2
12 2 2 MAMMAL 1A medium mammal 2 0.62
22 3 FISH undetermined [ 0.1
12 2 3 MAMMALIA small-medium or medium memmal 1 0.43
123 1 FISH undetermined 3 0.20
13 1a 1 AVES Streptopelia chinensis 1 G.00
13 1a 1 FISH Biodontid 1 6.13
13 1a 1 FISH undetermined 2 0.00
13 1a 1 MAMMALIA Canis familiaris 1 0.33
13 1a 1 MAMMALIA small-medium or immature med. 1 8.02
mairma
132 t AMPHIBIA Bufo marinus 1 2.08
13 2 1 AVES Secpelia striata 1 0.04
13 2 1 AVES medium bird 1 0.06
13z 1 FISH undetermined 1 ¢.00
13 2 1 [NDETER. medium vertebrate 1 G.02
13 2 1 MAMMALTA Sus scrofa 21 5.5%
13 2 t MAMMALIA medium marmai 1 2.0t
132 2 AMPRIBIA Bufo marinus 2 G.0%
13 2 2 AVES Streptopelia chinensis 1 ¢.09
13 2 2 AVES smail bird 1 0.00
132 2 FISH uncetarmined 34 2.56
13 2 2 [NDETER., medium vertebrate (7} 1 0.00
13 2 2 [NDETER. smail vertebrate 1 4.00
13 2 2 MAMMALTA Sus scrofa 299 49.08
13 2 2 MAMMAL[A medium mammal 3 5,89
13 2 2 MAMMALIA smail-medium or medium mammat 1 4,12
13 2 2 REPTILIA small lizard 1 G.00
132 3 AMPHIBIA Bufo marinus 2 0.80
13 2 3 AVES Gaiius gaiius e 8.17
132 3 AVES medium bird -] 0.18
13 2 3 FI1SH Acanthurid 2 0.47
13 2 3 FISH Cirrhitid 1 0.07
132 3 FISH Labrid 3 0.22
132 3 FISH Scarid 7 1.98
132 3 FIsH undetermined 706 27.25
132 3 MAMMALIA Canis familiaris 1 0.30
13 2 3 MAMMALIA Rattus 1 .00
13 2 3 MAMMALIA Rattus exulans 1 0.20
132 3 MAMMALIA Sus scrofs 4426 612.33
i3 2 3 MAMMALIA medium mammal 15 12.54
132 3 MAMMALTA small-medium or medium mammal 8 1.78
13 2 & AVES Geopelia striata 1 0.00
13 2 4 AVES medium bird 2 g,
13 2 4 FISH Acanthurid 1 ;.05
132 4 FISH Searid 3 .80
13 2 4 FISH undetermined 38 4£.06
13 2 4 {NDETER. medium vertebrate 1 a.06
13 2 & MAMMAL TA  Sus scrofa 478 75.81
132 & MAMMALIA small-medium and/or medium ] 2.04
mearenal
132 5 AVES megium Dird 3 2.906
132 5 FIsH Kuhliid 1 9.03
132 5 FisSH Scarid 2 4,18
132 5 FiSK uncetermined 486 19.46
132 5 MAMMAL IA Canis familiaris 1 a,84
132 -] MAMMALIA Rattus exulans 1 9.1
132 5 HAMMAL 1A Sus scrofa 223 3.3
132 5 MAMMALIA medium marmmal 4 2.82
132 - FiSH Pomacentrid 1 3.0%
132 & F1SH Scarid 4 8.52
132 L] FiSH undetermined 233 5.08
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Appendix A (cont.).

Feature Layer Level (lass Type Count  Weight

13 2 & MAMMALIA Sus serofa 104 6,84

132 13 REPTILIA small {izard 1 0.0

133 1 FISH undetermiried 10 0.3%

133 1 MAMMALIA Rattus exulans 3 0.00

v 133 1 MAMMALIA Sus scrofa 125 19.28
i 133 1 MAMMALIA mediumn mammal 2 1.7
. 13 3 1 MAMMALIA small-medium or medium mammnal 1 0.09
14 1 1 FISH undetermined 1 .05

14 1 1 INDETER. medium vertebrate 1 G.08

1 14 2 1 FiSH undetermined 8 047
s 14 2 1 INDETER. smail vertebrate 4 0.00
14 2 1 MAMMALIA Herpestes aurcpunctatus 2 0.12

14 2 1 MAMMALIA Rattus exulans 1 0.04

14 2 2 AVES medium bird 1 Q.06

14 2 2 FISH Labrid 1 G.28

14 2 2 FISH Scarid 3 1.35

14 2 2 FISH undetermined 39 1.83

14 2 2 MAMMALIA Rattus exulans 1 0.04

14 2 2 MAMMALIA small-medium or medium mammal 1 0.3

14 3 1 FISH undetermined 39 0.48

14 3 1 MAMMALIA Sus scrofa 1 014

14 3 2 MAMMAL 1A  undetermined 1 0.60

14 3 3 FISH undetermined 2 0.04

i % 7 1 FESH urdetermined & a.10
- 16 2 1 FISH uncetermined 1 0.03
16 2 1 MAMMALIA Rattus exulans 2 G.05

; 16 2 1 MAMMALIA Sus scrofa 1 0.56
: 16 2 1 MAMMALIA medium mammal H 0.69
16 2 2 MAMMALIA Rattus exulans 1 .04

17 2 H FISH Scarid 2 0.17

18 2 2 FISH Labrid 1 2.00

18 2 2 FISH undetermined 7 G.19

18 2 2 MAMMALIA Canis familiaris 1 0.0%

18 2 2 MAMMALTA  Mus muscola i 9.00

18 2 2 MAMMALIA Rattus exulans 1 3.00

18 2 2 FISH undetermined 2 0.10

22 2 H FISH urdetermined 1 G.Cé

22 2 H MAMMALTA Sus scrofa 1 G.28

22 2 1 MAMMALIA small-medium or med. inmature 1 0.0¢%

mamina

23 2 1 FISH dndetermined 3 0.04

23 2 1 MAMMAL 1A  medium mammal 1 0.32

23 2 1 MAMMALIA small-medium or medium mammal 1 3.06

233 1 F1SH undetarmined 5 9.40

23 3 1 MAMMALIA smali-medium or medium mammal 1 0.32

23 3 2 £15% undetermined 4 .24

23 3 2 MAMMALIA Ratfus sxulans 1 .07

23 4 1 FISH uncie termi nad 57 1.12

23 4 1 INDETER. medium vertebrate 1 0,18

. 23 4 % MAMMALIA Canis familiaris 1 0.2%
4 23 4 1 MAMMALIA Rattus exulans 1 5.0t
: 23 & 3 FiSH Labrid 1 3.10
23 4 3 FISH searid 1 9.04

2% 4 3 FISH urddetermined 13 0.45%

23 4 3 INDETER. smail vertebrate 1 0.02

23 4 3 MAMMALIA Rattus exulans 1 G.02

23 5 1 FISH Labrid 1 0.2¢

235 1 FIiSH Scarid b .46

235 1 FIgH undetermined 61 121

235 1 MAMMALIA Rattus exutans 2 0,20

25 8 2 FISH Scarid 3 3,21

235 2 FlSH undetermi ned 42 G.62
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Feature Layer Level Class

Type Count  Weight
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FISH
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medium veriebrate

Mus muscufug

undetermined

srail-medium or medium mammal
medium Galliform

Labrid

undetermined 2
mectium vertebrate

fattus exulans

Sus scrofa

medium mammal

undetermined

medium bird

smail vertebrate

Searid

Herpestes auropunctatus

Scarid

medium vertebrate

smail vertebrate
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Searid .
undetermined

Labrid .29
Monacanthid 0.08
Scarid 0.07
undetermined 0.4
Rattus exulans 0.14
Labrid 3.4
Scarid .90
undetermined £.38
Labrid 0.86
ungdetermined 0.1
Rattus exulans ¢.09
small Lizard .08
Scarid 0.08
Rattus norvegicus 0.16

8401 1031.50
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APPENDIX B

COMPLETE LISTING OF FAUNAL REMAINS

INCLUDING DR. ZIEGLER'S COMMENTS
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Appendix B. Complete listing of Kalaupepa faurmal remains.
Feature Layer Level Class Type Body Part Comment
22 1 FIs# Scarid 1 premaxillary
ar dentary
1 tower
pharyngeal
plate
22 1 FISH undeternined 4 bone fragment
. 3 seale
23 1 FISH undetermined 1 vertebra Fish is only
7-8 cm long.
23 1 INDETER, undetermined undetermined Possibly bird
but [ can’t be
certain.
& 2 2 FISH undetermined 1 premaxillary The vertebrae
or dentary are from 1 or
1 tooth more
4 vertebra individials
2 bone fragment 15+/- cm long.
&5 1 FISH undetermined 1 vertebra About 17-20 cm
iong.
g1 1 FESH Scarid 1 premaxiltary
ofF dentary
81 1 FISH undetermined 2 vertebra The vertebrae
& bone fragment are from 1 or
more .
individuals
abaut 20-22 om
leng.
81 1 MAMMAL IA Rattus exulans 2 cranium
4 dentary
1 tibiofibula
1 catcaveunm
8z 1 AMPHIBIA Bufc marinus 1 vertebra this vertebra
is almost
cartainly
amphibian
{rather than
reptilian)and
] have
referrad it to
this common
species
although |
cannot be
entirely
eliminate
other toads
and frogs that
mignt have
heen
introduced ta
the peninsuta,
82 1 AVES medium bird 2 limb-bone



82

82

82

az

82

8z

g2

g2

82

82

8z

a8z

82

FISH

FISH

FISH

MAMMAL [ A

FISH

FIsH

FISH

INDETER.

MAMMAL A

MAMMAL 1A

FISH

FISH

FisH

- 210 -

Labrid

Scarid

undetermined

Rattus exulans

Labrid

Searid

undetermined

e um
vertebrate

Rattus exulans

medium mammal

Labrid

Scarid

underermined

fragment

t premaxiilary
or dentary

1 premaxillary
or dentary

2 upper
pharyngeal
plate

¢ veértebra
34 bone
fragment

1 cranium

1 dentary

1 metapodial
1 {caudal}
vertebra

1 premaxillary
or dentary

3 upper
pharyngeal
piate

& premaxitlary
or dentary

1 upper
pharyngeal
plate

10 vertebrsa
&3 bone
fragment

2 bone fragment

1 vertebra

| imiy-bone
fragment

1 dentary
2 Lower
pharyngeal
plate

2 premaxillary
or dentary

1 upper
oharyngest
plate

12 vertebra

The vertabrae
are from at
least 2
indivigualsr 1
about 8-10 cm
long and the
other 20-22 ¢m
long.

At least 3
indivicuals
are
represented.

At teast 2
individuais
are
representsd.

The vertebrae
are from 1 or
mate
individuals,
each of
apparently,

3 diffarent
lengths, 8-10
em, 0-12 om &
15-17 em.

At least 2
individuals
are
regpregentad.

At least 2 anmd
possibiy 3
indiviguals
are
represented.,

The vertebrae

e e e e e

o

<
g o
H
‘
e




TN,

az

82

82

42

82

82

82

as
102

10 2

4

[

INDETER,

INDETER.

MAMMAL T A

FISH

FIsH

FISH

FISH

FISH

AVES

FISH
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med fum
vertebrate

smail
vertebrate

Rattus exulans

Labrid

Scarid

undetermined

ufletarmined

urdetermined

medium bird

Labrig

55 bone
fragment
11 +/~ scale

2 bone fragment

1 bone fragment

1 cranium
T femur
1 {caudal)
vertebra

1 zaoth
fragment

1 premaxiilary
or dentary

3 premaxillary
of dentary

13 vertebra
50 bone
fragment
17 scate

4 vertebra
19 bone
fragment
3 scale

1 bane fragment

1 timb-bone
fragment

1 lower

are from 1 or
more

individuals,
each of
apparentty 3
different
tengths:
8-10em., 15-17
cm., & 20-22
em,

I think these
are both
mammal, but |
can't be
certain.

immature?

Both fragments
are definitely
but are only
tentatively
referred fo
this family,
two
individuais
are
reprasented,

At least 2 and
possibily 3
individuais
are
repregsented.

The vertebrae
are from 1 or
more
individuals,
each of
apparently 3
different
lengthg: 7-10
em,, 1215
em., & 20-15
cm.

The vertebrae
are from 1 or
more
individuats or
2 different
tengths 7-14
cm, & 12-15
com.

Possinly timb,



10

1a

10

10

10

HY

10
10
10
10

12
12

12
12

12
12

FISH

FISH

MAMMAL 1A
HAMMAL LA

FISH

MAMMAL LA

MAMMAL 1A
FISH

MAMMAL TA
MAMMAL [ A

F1SH

MAMMAL A
AMPHIBIA

FISH

FISH

FISH

MAMMAL 1A

MAMMALIA

AVES
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Scarid

urdetermined

Sus scrofa
medium or targe
memma L

undetermined

large mammal

medium or large
maama L

undetermined

{arge mammat

medium cr {arge
mammat

undetermined

medium or large
marma i

Bufc marinus

Labrid

shark

undetermined

Rattus exulans

smail to medium
marmal

Geopelia

pharyngeal
plate

1 upper
pharyngeal
pLate

1 vertebra
13 bone

fragment
3 scale

1 pramolar
fragment

18 bone
fragment

1 vartebra

11 bone
fragment

3 metapodiat
fragment
7 bone fragment

75 +/~ bone
fragment

Z wvertebra

4 bone fragment
1 scale

1 bone fragment

10 bone
fragment

1 hone fragment

4 bone fragment

1 scapulia

1 dentary

1 premaxiliary
or dentary

2 tooth

4 vertebra
5 bone fragment

1 cranium

1 Limb-bone
fragment

1 ulna

The vertebra
is from an
individual
about 7-10 cm
Long.

Age?

The vertebra
ig from an
indivigual
about 7-10 em
long.

The vertebrae
are from 1 or
more
individuals of
2 different
lengths 5-7
cm., & perhaps
2% cm.

ey
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4

i
B
il
LA

R

122
122

122
122

22

122

12

122

12 2

122
122

122

123

13 ta

AVES

FisH

FisH

FISH

MAMMAL 1A

MAMMAL [ A

HAMMAL LA

FISH

FISH

MAMMAL 1A

FISH
MAMMAL 1A

FISH

AVES
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Striata
mecivm birg

Scarid

shark

undetermined

Rattus exulans

Rattus
norvegicus or
Rattus

small to medium

ar medium
mammal

Labrid

undetermined

medium mammal

undetermined

smaii-medion or

medium mammal
urdetermined

Strepropelia
chinensisg

not specified

3 premaxillary
ar dentary

1 lower
pharyngeat
plate

1 tooth

1 tooth

8 vertebra 48
bone fragment
1 scale

1 dentary

1 scapula

1 innominate
2 (caudal)
vertebra

1 innominate

2 bone fragment

1 upper
pharyngeai
plate

3 vertebra
19 bone
fragment

3 scale

Z bome fragment

4 bone fragment
2 scale

1 bone fragment

3 bone fragment

1 coracoid

The vertebrae
are from 1 or
mere .
individuals,
each of 3
different
lengthsg: 7-8
cm., 9-10 em.,
& 18-20 co.
The conical
tooth is not
shark.

The vertebrae
are from 1 or
more
individuais
each of 2
different
tengths, 5-7
em., & 12-15
cm.

Xate apparent
mammat {an
carnivore
tooth
punctures.



13
13

13

13

13
13

13

13
13

13

13

13

13

1a

1a

1a

1a

FISH

EISH

MAMMAL, [ A

MAMMAL §A

AMPHIBIA

AVES

AVES

FI1SH

INDETER.

MAMMAL | 4

MAMMAL [ A

AMPHIBIA

AVES

AVES

FISH

INDETER.
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Siadontid

uncle termined

Canis
familiarig

stmal { ~med ium or
immature med.
marrena L

Bufo marinus

Geopeiia
striata

medium bird

undetermined

medi um
vertetrate

Sus serofa

mecli um marmal

Bufo marinus

Streptopelia
chinensis

smail pirg

undetermined

meci um
vertebrate (7)

1 dermal spine

1 vertebra
bone fragnent

—

1 ulna

1 cranium

1 vertebra

1 humerus

1 fibula

1 bone fragment

1 bone fragment

2 tooth

4 cranium
1 dentary
1 humerus
3 vertebra
10+/- bone
fragment

1 bone fragment

{ scapula
vaertebra

ey

1 humerus

t {imb-bone
fragment

2 vertebra
25 bone
fragment
% scale

1 {imb-bone
fragment

The vertebra
i§ from an
imdividual )
about 7-10 cm
long.

Apparently
adult or
essentially
0.

Immature
possiply
e | um
gaiiiform" byt
1 can't be all
that cartain.

Probatsly only
t individual
represented,
(oniy a3 few
weeks old).

The vertebrae
are from 1
individuat
abour 10- 15
em. andd 15-18
cm, Long.

This couid
possibly be an
uina fragment
af a fetal
small -medium
or medium
maremal (as
opposed to a
bone of
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e,

13 2

132

13 2

13 2
132

13 2

132

13 2
13 2

132

132

2

[NDETER.

MAMMAL 1A

MAMMAL 1A

MAMMALTA

REPTILIA

AMPHIBIA

AVES

AVES

FISH

FisH

FISH

FISH

FISH
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small
vertebrate

Sus scrofa

meddium mammal

small-medium or
mediium mammal

smail lizard

3ufo marinus

Gallus gallus

medium bird

Acanthuridg

Cirrhitid

Labrid

Scarid

undetermineg

1 bone fragment

42 cranium
42 dentary
3 scapuia

2 innominate
3 tibia

3 fibula

1 calcaneun
5 metapodial
75 vartebra
84 rib

T4+ /- bone
fragment

3 bone fragment

1orib ()

1 cranium

1 coracoid
tibigfibuia

—

1 scapula
1 pedai ungal
phalanx

3 timb-bone
fragment

2 bone fragment
1 vertebra

2 caudal spine

i dentary

1 upper
sharyngeat
plate

1 premaxillary
1 lower
pharyngeal
piate

5 premaxillary
or dentary

1 premaxitlary
1 lower
pharyngeal
plate

& pharyngeal

immature bird)
but I can‘t be
at all
certain.

At least 5 and
possibly 4(7)
individuals
are
represented
ranging from
birth to more
than a month
or two oid.

Can‘t specify
age but
significantiy
older than a
few weeks.

Adutt or
essentially
$0.

Adul t

2 genera are
representaed:
Nase and
possibly
Acanthurus.

A number of



132

132
132

13 2

1% 2

3

3
3

3

3

MAMMAL A

MAMMAL A

MAMMAL 1A

MAMMAL 1A
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Canis
familiaris

Rattus

Rattus exulans

sus scrofa

MAMMALIA medium mammat

plate

1 gilt raver
77 vertebra
490 bone
fragment

138 scale

1 upper right
adult 2nd motar

1 vertebra

@ cranium
1 humerus
1 femur

752 cranium and
dentary

34 dentary

t aduit canine
tooth

34 scapula

31 humerus

20 uina

21 radius

46 innominate
30 femur

22 tibia

11 fibula

14 calvaceum
3 astralagus
24 podial

109 metapodiat
115 phalanx
201 vertsbra
&53 rip

1153 bons
fragment

1 cranium

2 vertebra

& rib

3 Limb-bone
fragment

5 bone fragment

individuals
are
represented:
the verteprae
are from 1 or
more
idividuals,
each of at
least &
different
length-groups,
5-10 em,,
14-13 em.,
14-17 cm.,
17-20 ¢em.,
20-2% em., &
30 or so cm.

More than 6
months old -
this seens
Llarge ro me so
it may be an
introduced
breed rather
than a
polynesian
dog.

At least 13
individuals
are
~epresented; 8
between birth
and 1-2 weeks,
3 provably 3
weeks old and
1 between 1-2
yaars.

2 irdividuals
reprasented.
One is
significantly
more than a
few waeeks old
and the other
ig aduit or
assentiatly
50.

PR R

2
1
b
L
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132

132

132
132

132

13 2

13 2

132

132

A

A

4

MAMMAL LA

AVES

AVES

FISH

FISH

FISH

INDETER.

MAMMALIA

MAMMAL [ A
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small-medium or 3 cranium

medium mammal

Geopelia

striata

medium bird

Acanthurid

Scarid

undetermined

medium
vertebrate

Sus scrofa

smaii-medium
anci/or medium

3 rib
¢ Llimb-bone
fragment

1 humerus

2 limb-bone
fragment

1 premaxiitary
or dentary

2 upper
pharyngeat
plate

1 lower
pharyngesal
plate

7 vertebra
30 bone
fragment

Y scale

1 bone fragment

138 cranium and
dentary

224/~ granium
{2 individuals)
13 dentary (2
individuals)
2 scapulsa

1 sternebra

1 humerus

4 humerus (&
individuals)
ragius
innominate
femur
fibuia
calcaveun

4 podial

12 phalanx

7S vertebra
48 rib

122 bone
fragment

LI A I oV B

2 cranium
and/or dentary

1 or more of
thege
fragments are
reiatively
immature but
are from an
individual
more than
several weeks
old.

Seems "fresh®t
in comparison
te other bones
from this
level.

The vertebrae
are from 1 or
mare
irdividuals,
each of 3
different
iengths: 10-12
em., 20-22
cm., & 30-3%
cm.

At least 7
individuals
are
reprasented,
ranging from
weeks to 2-2.5
months old, 2
are sbout 1-3
weeks old and
1 (with very
very few
remains} is
about 4-4
weeks old,

Not sure about
the age or



132
132

i3 2

132

13 2
132

13 2

13 2
132
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S
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AVES

FISH

FiSH

FISH

HAMMALTA

WAMMAL LA

MAMMAL {A

MAMMAL T A

FISH

FiSH
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mamma i

medium bird

Kuhtiid

Searid

undetermined

Canis
familiaris

Rattus exulans

Sus scrofa

medium namnal

Pomacentrid

Scarid

3 rib

ages but more

1 bone fragment than 6-8 weeks

2 limb-bone
fragment
1 bone fragment

1 dentary

1 premaxiilary
1 tooth (from

pharyngeal
plate)

1 premaxillary
1 dentary

2 premaxillary
or dentary

1 gith raver
$4 vertebra
125 none
fragment

100+~ scate

1 adult first
premelar
(probably left
side}

1 dentary

3 scapuia

4 humerus

6 ulna

4 radius

1 innominate
1 femur

1 tibia

1 astragalus
t podial

9 merapodial
11 phalanx
46 vertebra
47 rib

3 Uimb-bone
fragment
1 bone fragment

1 dentary

T upper
prraryngeal
piate

! lower
pharyngeal
plate

atd.

the vertebrae
are from 1 or
more
individuats,
each of at
teast the
following

di fferent
tengths: 5-10
em., 10-12
em,, 1517
cm., 18-22
cm., 25-30em.,
& about 45-50
cm.

At least 4
months old.

At teast §
individuais
are
representad:

1 less than !
week old, 1
perhaps 2-3
weeks old, 2
in the 5-8
week oid range
ard 1 (apodial
& metapodial
only) probably
a few months
old.

Frobably
essentially
adutt,
probably more
than several
marths old.




%
4

oo
e
3
i
[

Ty

s,

sy

132

132

132
133

133

13 3

33

133

14 1

14 1

14 2

6

FISH

MAMMALIA

REPTILIA

FisH

MAMMAL 1A

MAMMAL [A

MAMMAL LA

MAMMAL 1A

FiSH

INDETER.

FISH
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undetermnined

Sus scrofa

small i{izard

undetermined

Rattus exulans

Sus scrofa

medivm mammal

smat l-medium or

medium mammal
undetermined

medium
vertebrate

undetermined

2 tooth
{pharyngeal
plate)

18 vertebra
155 bone
fragment
40+/~ scale

40 cranium and
dentary

1 calcaveum

1 metapodial

3 phatanx

17 vertebra

7 rib

35 bone
fragment

1 maxillary

1 vertebra

7 bone fragment
2 bone
fragments were
net specified

2 cranium
1 tibiofibuls

44 cranium and
dentary

2 scapula (7)
2 humerus

2 femur

1 tibia

1 phaianx

1 metapodial
26 vertebra
20 rib

26 pone
fragment

2 rib

1 Limb-bone
fragment {7)

1 vertebra
i bone fragment
¢ dentary

3 vertaora
4 bone fragment

The vertebrae
are from 1 or
more
individuals
each of
apparentiy, 5
different
lengths: 5-8
cm, 10-12 om,
14-16 cm,
18-20 ¢m, and
perhaps 25-35%
cm.

Onty 1
imdividuat
seems o be
represented,
between birth
and 1-2 weeks
old.

The vertebra
is from an
individual
about 7-10 om
long.

At least 3
individuals
are
represented: 2
between birth
ard 1-2 weeks
otd and the
other (few
bones
present)},
perhans 3 or
20 weeks old,

Probably aduit
or essentigliy
S0,

The vertebrae
are from 1 or
mre
individuals of
2 different



14 2
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14

14

14

14

14

14
14
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IMDETER.

MAMMAL TA

MAMMAL IA

AVES

FISH

FISH

FISH

MAMMAL A

MAMMAL [ A

F1sd

MAMMAL 1A
MAMMAL 1A
F18H

FISH

FiSH

- 220 -

small
vertebrate

Herpestes
auropunctatus

Rattus exulans

medium bird

Labrid

Scarig

undetermined

Rattus exulans

smal { ~medium or

medium mammal

uhdetermined

Sus scrofa
wxletarmined
underermined

undetermined

undetermined

4 hone fragment

1 humerus

1

ifium

1 cranium

y

{ imh-hone

fragment

1

Lower

phiaryngeatl
plate

1 dentary

2

nremaxillary

ar dentary

& vertebra
30 bone

fragment

3

scale

-not specified

1

| imb~one

fragment

3

vertebra

18 bone
fragment
18 scale

1

EAY AT A4

—

phalanx
bone fragment
scale

bone fragment
scaie

bone fragment

lengths,
8~10cm and
15«20 cm.

This humerus
and iiium are
either a
birth-week
old mongoose
ar a fetal
cat., Because
of the
relatively
smatl size of
the bones, |
chose the
former.

The verteprae
are from 1 or
more
irdividuals,
each of 2
different
lengths, 8-10
em., & 15-20
cm,

Probably adult
or essentially
S0,

The vertebrae
are from 3
individuals
each of
differant
lengths, S5-7
cm., 8-10 om.
& 15-17 om.

i
e
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146 2

16 2

16 2

16 2
172

18 2

18 2

182

18 2
18 2
22 2
222

22 2

232

1

1
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1

1

HAMMAL 1A

MAMMAL [A

MAMMAL A

MAMMAL LA

FISH

F18H

FISH

MAMMAL TA

MAMMAL TA
MAMMAL 1A
FISH
FISH

MAMMALIA

MAMMAL A

FIs#
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Rartus exuisns

Sus scrofa

medium mammal

Rattus exulans

Scarid

Cabrid

urdetermined

Canis
familiaris

Mus muscoia
Rattus exulans
urdetarmined
undetermined

Sus scrofa

1 dentary
1 tibiofibula

1 mitk premolar Age about %

(3rd or 4th)

1 {imb-tone
fragment

1 cranium
2 upper
pharyngeal
plate

1 lower
pharyngeal
plate

2 vertebra
5 bone fragment

1 phalanx

1 tibiofibula

1 cranium

2 bone fragment
1 bone fragment

T milk premolar
(3rd or 4th)

smail-medium or 1 Limb-bone

med. immature
TG

undetermined

fragment

3 bone fragment

year -- this
teoth could
even have been
shed naturally
{normally at
about 12
months of
age), thus 1
year would be
a minimum for
the individual
involved,

Very |ikely
not immature.

The vertebrae
are from an
individual
about 8-10 cm.
long.

Age? but
preobabily at
least severat
weeks old.

Age about 1
year, this
tooth could
even have been
shed naturaily
(normatiy at
about 12
months of
age), thus 1
year would be
a minimum for
the ingivigual
involved.



23

23

23

23
23

23

23

23

MAMMAL I}

MAMMAL 1}

FISH

MAMMAL X1

FISH
MAMMAL 1)

FISH

INDETER

MAMMAL 1i

MAMMAL T}

FISH

FiSH

FIs#

THDETER.

MAMMAL. [k
FiSH

FisH

FISH
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necli um marmal
spall -medium or
mmecii uwm madmena |
wrciet ermi ned
sumat i -redium or
mecii um macmai
nciet epmi nedd
fsxtus exulans

unclet ermi ned

rpeet ¥ L
rertabrate

Canis
fameliaris
Rattus exulans

Labrid

scarid

undetermined
amait

wer et ate
Rattus exulans
iabrid

Scerid

wdetarmined

1 bone fragment

1 limb-bone
fragment

4 bone fragment
1 scaie

1 limb-bone

f ragment

4 bone fragment
1 cranium

4 vertebra

29 bone

fragment
24 scale

1 bone fragment

1 adult
premolar or
molar

1 ¢ranium

1 tooth

1 upper
pharyngeal
plate

8 bone fragment
5 scale

1 hone fragment

1 dentary
1 dentary

1 upper
pharyngeatl
plate

1 tooth
2 vertebra
35 bore
f‘ragment
23 scale

pProbably not
imsature.

Probably not
immature,

Probably not
imnature.

The vertsbrae
are from at
least 3
individuals, !
about 7-8 cm.
and ancther
pertaps 9-10
cm. long.

More than &
months old.

this is
definitely a
figh tooth and
very likely of
this family
although |
can't he
entirety
certain,

The vertebrae
are apparently
from 2
individuais, !
about 7-8 cm,
and the other
about 9-10 om.
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lorg.
e 235 1 MAMMALIA Rattus exulans 1 scapula
£ 1 humerus
v 235 2 FISH Scarid 3 premaxiiiary
B or dentary
5; 23 5 2 FISH undetermined 2 vertebra The vertebra
e 20 bone are from 2
fragment indivicduals of
P 20 scale different
lengths, 1
& about 7-8 cm.
ard the ather
perhaps 15-17
cm. long.
23 5 P4 INCETER. medium 2 bone fragment
vertebrate
235 2 MAMMALIA Mus musculus 1 tibigfibula
23 5 1 FISH undetermined 5 bore fragment
8 scale

23 6 1 MAMMALIA smatl-medium or 1 bone fragment Age? but at

medium manmal least several
weeks or more
o old.
¢ 27 2 1 AVES med ium 1 sternum
'” Gailiform
g 27 2 1 FISH Labrid 1 premaxiiiary
H or dentary
i 1 upper
pharyngeal
plate
27 2 1 F15H undetermined 1 premaxiliary The vertebrae
17 bone from 1 or 2
fragment ingivigual(s}
Z vertebra about 12-15 or

$0 ¢m, iong.

27 2 1 INDETER. medium not specified
vertebrate
2r 2 1 MAMMALIA Rettus exutans 1 dentary
27 2 1 MAMMALIA Sus scraofa 1 premolar or  Age? -but a
e motar ieast a few
: manths otd.
a7 2 1 MAMMALTA medium mammal 2 bone fragment Not immature.
g' 27 2 2 FISH undetermined 2 bore fragment
g 28 2 1 AVES medium bird t tibiotarsus
i 28 2 1 INDETER. small 1 bore fragment
i vertebrate
' 28 3 2 FISH Scarid 1 upper
pharyngeat
plate

29 1 1 MAMMALIA Herpestes % cranium Subadul t



29 2

29 2

29 2

29 3

3

313

313

3

313

13

N3

313

313

ns

FISH

INDETER.

INDETER.

FISH

FISH

FISH

FISH

FISH

FISH

MAMMAL [A

FISH

FiSH

FISH

FisH

FISH
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aurcpunctatus

Scarid
medium
vertebrate
small

vertebrate

Scarid

undetarmined

Labrid

Monacanthid

Scarid

undetermined

Rattus axulans

Labrid

Scarid

undetermined

Labrid

undetermined

2 dentary

5 teeth {upper
pharyngeal
plate)

1 bone fragment

1 {imb-bone
fragment

1 premaxiliary
or dentary

1 vertebra
1 scale

1 premaxillary
or dentary

1 upper
pharyngeal
olate

1 dorsal spine

1 tooth
{pharyngeal
plate)

1 vertebrs
5 bone fragment

1 dentary
1 (caudal}
vertebra

1 upper
pharyngeal
plate

1 premaxitiary

1 vertebra
8 bone fragment

1 upper
pharyngeal
plate

2 vertebra
3 bone fragment

Probabyly fish
tut [ can't be
certain.
Probably
Rattus species
it [ cantt be
certain,

The vertebra
is from an
individual
about 7-8 cm,
leng.

The vertebra
ig from an
individual
about 25-30 em
long.

Freshly
broken.

The vertebra
is from an
individuat
about 5-7 om,
fong.

The vertebrae
are from 1 or
2
individuali(s)
about 8-10 cm,
long.

&b
s
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313 3 MAMMALIA Rattus exutans 1 femur
3 3 REPTILIA smail tizard 1 cranium
s 1 FISH Scarid 1 upper
pharyngeal
plate
%1 1 MAMMALIA Rattus 1 dentary

norvegicus

£
I
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HISTORIC PRESERVATION MITIGATION PLAN
KALAUPAPA AIRPORT IMPROVEMENT PROJECT

I: INTRODUCTION

At the request of Edward K. Noda and Associates, Inc.,
International Archaeological Research Inastitute, Inc. {IARII)
prepared the following Historic Preservation Mitigation Plan for
significant historic resources that may be impacted by an
improvement project for the Kalaupapa Airport on the Island of
Moloka'i (Figs. 1 and 2).

The Kalaupapa Airport Improvement Project has been proposed
by the Dept. of Transportation, State of Hawaii. This project,
in part, includes the realignment and expansion of the airport
runway at the northern end of the Kalaupapa peninsula, Island of
Moloka'i, Hawaii (Sumida, letters of March 15 and May 1, 1990;
gee Fig. 3). The airport and the area of the proposed
undertaking are located within the confines of the Kalaupapa
National Historic Park.

Ags part of compliance with appropriate historic
preservation law and regulation, an archaeological inventory
survey was conducted in the project area (Ladefoged 1990). This
survey identified 49 features (see Fig. 2}, organized into 4C
gites: 1l site at the east end of the existing airport runway
and 29 gites at the west end of the runway.

The Hawalil State Historic Preservation Officer {Paty,
letter of July 1, 1990) made the following determinaticns: {1
that five sites in the impact area at the west end of the runway
are eligible for the National Register of Historic Places on the
basis of their integrity and the information they may vield of
importance to history or prehistory; (2) that the five sites will
be adversely impacted by the undertaking; and (3) that the impact
on the five sites may be mitigated by data recovery.

Subsequently, at a meeting of all involved parties {March
7, 1991) it was agreed that cnly three sites, rather than five,
would definitely be impacted and thus subject to data recovery,
while a fourth site may be impacted.

The Historic Preservation Mitigation Plan contains three
elements: a data recovery plan, a burial treatment plan, and a
preservation plan. The data recovery plan is a proposal to
mitigate the impact of airport improvement on the three
significant archaeclogical sites in the area of the undertaking,
and alsc addresses the fourth site that may f£fall witfthin the
impact zone.
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Although there are no known human burials in the area of
the undaertaking, the burial treatment plan presents the
procedures %o be followed in the event of inadverxtent encounter
of interred human remaing.

The preservaticon plan presents the means to protect those
archaeological sites that are near the project area but will not
be directly impacted by airport improvement. Protaective action
is proposed to aensure that significant sites outside the
boundaries of the undertaking will not be inadvertently affected
{(sea Fig. 2).

The data recovery plan includes a proposal for monitoring
during construction that cross-cuts the actions in the hurial
treatment and preservation plana.



: 3 v DAl PRESERVATION MITIGATION PLAN
KALWIPAPA AIRPORT IMPROVEMENT PROJECT

rT. DATA RECOVERY PLAN

It has beer deternined that the proposed Kalaupapa Airport
Improvemeant Preiect will Xave an adverse impact on three
archaeclogical sdtes in the project area (sea #igs. 2 and 3;
rable 1) that arxm deemed eligible for the National Register of
Historic Places, kased on their integrity and their information
content. The prolest may have an adverse impact on a fourth site
also considered allgible for the Nacisnal Regigter, It has been
determined that the adverse impacts on these sites can be
mitigated by appiopriate data rescovery.

This data recovery plan presents a program of data

collection to mitigate the adversa impact on these four sites.

LR LB & 4

Table 1. Sites to De impacted by airport improvement

SITE/ INFERR D
FEATURE FUNCT IHF ARCHITECTURAL COMPONENTS

Site 50-60-03-180L

2 residential.=" & pavings, 2 platlorms, 2 alignments,
1 enclosurs
3 anclosur® 1 enclosure (encloses Fea. 1 and 2)

Site 50~60-03-1822
4= agriculturalk 3 alignments

$ita 50-60~03-1826

30 agricultuzal 34 alignments, 1 enclosure {encloses
Fea. 31 and 32}
32= ghelter 1 C-shape

Site 50~60-03-1i27
33 shelter, 1 C-shape, 1 alignment

alignmestt

*may be impacted; ** indicactes tast excavation
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Data recovery will be conducted only on site features that
will ba impacted (Table 1). These fsatures include 2, 3, 30, and
33. Features 4 and 32 are near the project boundary; it will be
determined by on-site survey if these will be impacted. Features
4 and 32 are included in the present discussion, but will be
axcluded from actual data recovery Lf they are found o be
outside the project area.

The Data Recovery PFroject Area

The data recovery plan covers four sitesg located at the
southwest end of the exlisting Kalaupapa Airport runway, at the
northern tip of the Kalaupapa peninsula on the island of Moicka'i
(see Fig. l1). The sites cover an area that is approximazely L0Q
by 100 m.

The project area ls located on the northeast corner of the
Ralaupapa peninsula, a land area of approximately 9 square km at
the base of the towering, 2,000 foot high cliffs of the north
shore of Moloka'l. The peninsula wag formed during the late
Pleistocene by lava flowsg from Xauhako Crater, which rises to
about 100 f2et above zea level at the socuthern end of the
peninsula.

The terrain of the project area is relatively lavel as it
extends south of the low, rocky shoreline. In his archaeological
study of the project area, Ladefoged (199C:5) attributes the
flatness of the shore section to ocgasional high surf that
deposits large amounts of waterworn shell and coral. He notes
that the "sediment of Features 2, 58, 6, 8 and 10 were composed
solely of this matrix." The higher ground, south of an Lmaginary
line between Peaturas 2 and 8 (see Fig. 2j, is more broken and
digsected and ig characterized by zolil with areas of exposed and
groded pahocehoa ocutcrops, with small amountg ¢of wave washed
sediments.

Vegetation ia dominated by lantana (Lanrtana camara), with
gcartered Christmas berry (Schinus terebincthifoliia) and keoa hacle
Leucaena leucocephala) shrubs.

The existing Kalaupapa Alrport runway extends in a
northeast to scuthwest orientation. It Lls under the control of
the State Department of Transportation. Immediately to the
southeast i3 a lighthouse administered by the U.S. Coast Guard.
Approximately 2 km to the scuthwest, near the base of the c¢liffs,
ig the main settlement of Xalauparpa. Land ownership cf the
peninzgula ig divided among the State of Hawail, the National
Park Service, the Hawalian Homes Commission, and zhe U.S. Coast
Guard.
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The Kalaupapa peninsula is divided into three traditional
land unita: ¥xalawao, Makanalua, and Kalaupapa. All three
ahupua'a fall within the Ko ‘olau District, one of the twe
traditicnal districts on the island. The proiact area falls
within the ahupua'a of Makanalua (see Fig. 1}.

Historical Background

Somers (1985), Greene (1985, and Fortunato de Leach (1375)
review the historical literaturae concerning the Xalaupapa
peninsula in general. Ladefoged (1990) discusses the written
accounts that mention the immediate project area; he also
discusses the agricultural history of the Ralaupapa peninsula as
it pertains to the possible impacts on land use in the project
area. Ladefoged's information ig summarized here.

Berween 1839, when a missionary <ensus counted 1,000 people
living on the peninsula, and 1867, when the Hawaiian government
estabplished a Hansen's disease colony, several accountsa detail
cultivation of crops, primarily sweet potato, across the
peningula. tn 1854, Jules Remy noted sweet DoTato fialds
gurrounding the villages. tn 18%7, M.L. Napihelua wrote that
"Kalaupapa is a good land ‘because the cropg planted are
successful and the gain is large...Many sweet potatoes are being
planted now, four or five patches to each man...3e on the watch
you traders, for Xalaupapa is the hest in all the islands for
good prices and fast work (Xa Hae Hawaii, March 4, 1857, queoted
in Handy and Handy 1972:518). gccagiconally, ships would come
directly to Kalaupapa from California to trade for sweet potatoes
(Fortunato de Loach 1975:77) .

After the establishment of the Hansen's disease colony,
however, it appears that cultivaticn fall off and accounts of
vigizors to the peninsula note that many of the fields were Llying
fallow and that food supplies were imported from other parts of
the island. Greene {1385) documents the development of the
colony and the occupaticn of the peninaula in the late 18C0Cs and
early 1900s.

For the project area itself, mapped data from this lace
period (Monsarrat 1895; wall 1905; USGs 1921-22) indicate that
rhere were nc houses or sgructures in rhe area, although the USGS
map shows at least four structures and a road in the general
vicinity. In the 13308, however, a visitor noted hdusas in the
arsa arcund the lighthouse. This may raefer to the abandened
nougse and cement foundaticns (Fea. 37 and 3I8) withir the
inventory survey project area {Ladefoged 1990:8).
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on April 1, 1946, a tidal wave gwept the seaward edges of
the peninsula and the lighthouse keeper recalled "One minute the
houses were there, and the next they were washing away in the
wave" (Fred Robins, gquoted in Dean 1989:153). Although not
certain, this may refer to structures that were in the project
area (Ladefoged 1990:8).

In 1980, the Kalaupapa peninsula and adjacent valleys to
the east were established as a National Historical Park.

Pravious Archaeclogical Studies

Archaecological studies have been carried out con the
Kalaupapa peninsula since the early 1%0Cs. In 1%3%, John Stokes
vigited the peninsula as part of his Moloka'i heiau survey
{(Stokes 1909). In the 1930s, Southwick Phelps and H.L. McHenry
conducted reconnaligsance surveys of portions of the peninsula
{Phelps 1937; McHenry n.d.). McHenry's map clearly shows sites
in the vicinity of the current project area. Ladefoged (19%G: )
interpreacs McHenry's aite 8a as Fea. 10 and 11 of the airport
improvemant inventory survey area (see comment, below, re:
Summers 1971}

In 1966 and 19687, Richard Pearson of the University of
Hawail Anthrogpology Department conducted test excavations in
Kaupikiawa Cave (site 312) near the nerihern cocast of the
peninsula (Pearson et al 1974; Hirata and Potts 1967). Charcoal
gamples from these excavations yielded radiccarbon dates of 880
+\= 70 years B.P., 490 +\~- 180 years B.?., and less than 120
years B.P. {calibrated according to Stuiver and Reimer 1986) .

In 1971, Catherine €. Summers produced an overview of
racorded archaeological zites on Moloka'l, including a discussion
of sites on Kalaupapa peninsula (Summers 1871). Her site 298 is
identified aag McHenry's site 8a, but the dimensions are differenc
from McHenry's description.

In 1974, the 3tate-wide iLnventory survey attempted to
relocate previously racorded sites on the island, including
Kalaupapa peninsula.

In 1978, William J. Barrera conducted excavation at site
50-40-03~-515 in Xalaupapa settlement, prior te constructicn of a
new hospital facility {Barrera n.d.).

The most extengive study to date was carrisd out by the
National Park Servicea. Gary Somers (1985} systematicall
surveyed and mapped a large area located in the south parr of the
peninsula. This survey described densely packed features, in
places continugus acrosgs the landscape, that include a range of
religicus, residential and agricultural structures,

]
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Somers also carried out intensive survey of Waihanau Valley
(Somars 1987} and excavated two human burials from the sandy
beach northeast of Moloka’i Lighthouse and southeast of Kahi'u
Point (Somers ln press}. )

In 1989, a preliminary survey was canducted for the current
airport improvement project (Athens 1989). Later in the same
year, an inventory survaey of detailed mapping and test
axcavations wag alsc carried out {Ladefoged 19%895; see discussion
below). The curreat data recovery plan covers gsites in a portion
of the inventory survey area.

vhae studies of Xalaupapa peninsula have documented a wide
range of archaeological sizes. Sites include heiau, a holua
slide, a cave site, residential structures, burials, and
agricultural features. The limited chronometric efforts, while
problematic, suggest an occupation possibly as aarly as A.D.

1¢00.

Archaeclogical Inventary Survey

Ta July-August 1989%, an inventory survey aof two parcels
adjacent to the existing Ralaupapa Airport zunway was carried out
as part of the currani airport Lmpravement project {Ladefoged
1990). A total of 49 fsatures wersa located: 38 at the west and
of =he runway and L1 at the east end. These fsatures have Deen
organizaed into 40 sites (Ladefoged 1990:188-190, Table &7). The
well-pregserved structures ac rhe west end are interpreted as the
remains of a residential and agricultural complex; the features
in =he east parcel, which are in poor to fair condition, are
probably the remains of an agricultural complex.

Ag part of the inventory survey, all faatures were mapped
in derail and 21 features were a8t axcavated. Testing showed
rhar mogt of the features were single event occupationg with

numbers of introduced artifacus {including bottle glass, metal,
chert, and nails), but often mixed with traditional items {flakes
of basalt and volcanic glass) However, tharae iLg evidence of

multipie occupation phases: there are purisd alignments in the
anclosed agricultural field systems (Site 1803, Fea. 5a and &)
and there are overlapping features (hearth, paving, and ash
deposit) in the Sitce 1826, Fea. 31 C-shaped shelter.

Seven samples were submitted for radiccarbon analysis: one
gample (from a layer abpove a buried alignment, Fea. 8} had an
exclusively pre~Contact age calibration; four samples (from Fea.
12, 13, 28, and 3il) ranged ints the historical perioed; and two
samples (from Fea. 18 and 23) nad modern calibrations (Ladefoged
1990:1787.
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Project Sites for Data Recovery

The sites that will be impacted by construction are lecated
in the west parcel (see Fig. 3 and Table 1. Architectural
components of these residential and agriculstural structures
include C-shapes, platforms, pavings, alignments, and enclosures.
All features were mapped in detvail. One feature (2] was testc
axcavated.

The features to the west of the data recovery sites (ses
Fig., 2) are a continuation of the residential-agricultural
complex in the project area and are addressed in the Preservation
Plan. '

Site 1801

$ite 1801 consists of two primary features that will be
gubject to data recovary.

Peature 2 is a large platform, measuring 22 by 20 m, with
a number of internal architec4ural components, including six
paved areas, one platferm, two alignmencs, and one enclosure.
Bottle glass and some shell midden were obgerved on the surface
af the platform. Two test pits were placed in this feature.

A 50 by 50 cm test pit was placed about 1.3 m to the lee
(west) of the main platfaorm to examine sediment deposits
surrounding the feature. The zZest revealed a 10 om thick, buried
paving containing small amounts of charcoal and kukul nug,
bagalt, veolcanic glass, and historical artifacts (clear glass,
glass beads, chert, and metal). Beneath the paving was a deposit
with small amounts of charcocal, a small piece of fish bone, and a
piece of indeterminate hone.

The second test pit measured 1 by 1 m and was placed in a
low platform, on top of which was a concentracion of coral. It
was thought that the platform could be a burial. The testing,
however, was inconclugive ghort of suggesting & historical
seoupation.

Ladefoged (1990: 74) recommends that further excavations be
eonducted in the area outgide the platform in order to determine
rhe extent of "subsurface architectural components and the
existence of further buried deposits.”

Faaturs 3 is the enclosing wall of a3 resgidential complex
including Fea. 1 and 2, and defines the currently understoced

boundaries of Site 1801. The wall is not particularly well-made

or preserved; construction varies from core-filled to stacked
stone to upright beulders.



Site 1802

Site 1802 may be impacted by the project. A final
detarmination will be made following an on~site project boundary

survay.

.Site 1802 (Fea. 4) is a series of three roughly linear
alignments, probably used for agricultural purposes, that range
from 7.8 to 13.9 m long. ALl of che alignments are a single

course high of porous basalt poulders.

Site 1826

Site 1826 has one fsature (Fea.30) that will be impacted by
the project, and cne feature (Fea.3%} that may be impacted by the
project. The boundary of the site Lia defined by the Fea. 30
encloaing wall.

Peature 30 is a large enclosure Built around a swale oOr
low~lying area. Most of the enclosing wall is zore~filled, with
some sectiong of stacked stone. Fea. 31 and 32 are located
within this enclosure; 34 addi~iconal interior alignments were
mapped from aerial photographs.

Feature 32 congists of a small Cc~shaped structure, a large

rubble mound, and several low walls, located within the larger
enclosure of Fea. 30. Several pieces of coral wers observed.

Site 1827

§ita 1827 (Fea. 33} will be impacted Dy the project.

: Site 1827 is a remnant of a long, curviag, core-£filled
wall; a small, 2 by 2 m C-shaped struciure ig built into the
soucn end of the wall. The wall gurrounds a small swale and
portions of i% incorporate moulder outcropsa; it might have been
part of an enclosure +hat was destroyed when the existinag
airfield was constructed. The swale to rhe gsoutheast of the wall
was examined for additional archaeclogical features but none were

noted.
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General Research Questions
te Formation Procosses

Site formation processes are often neglected in Hawaiian
research, but always need to be addressed directly in every
gtudy. The present data recovery will evaluate the surface and
gturacigraphic data from this standpoint, with an examination of
the nature of deposition.

In this particular project, there are two elements that are
of gpecial interest for gitea formation studies. The first
alement i3 the effect of ccean action (high surf and tidal waves)
on the asites in regard to removal and disturbance of
archaeclogical remains, and deposition of massive wave-wash
debris. Deposits will be studied carefully in regard to the
effects of this natural action., This includes not only an
avaluation of disturbance and deposition of ocean debris, but
avaluation of the possibility of the removal of depogita as

indicated by remnant or truncated deposits and scouring. Deaposit
loss could account for the lack of evidence for earlier
occupation of the area.

The second 3ite formation element concerns the peculiar
effects that result from occupation of a sztone platform, with all
of the varying possibilities for vertical disctribution of trash
and for frequéent "rebuilding” of the habitation surface. A large
gtone platform (site 1801, Fea. 2) is one of the major sites
subject to data recovery in thiz proiect.

The study of site formation in a stone platform is
somplicated, but is critical o conclusions about platform
congstruction and use. Thia problem will be dealt with by
excavation that will emphasize platiorm congtruction on one hand
and decailed provenience analysis on the other. Provenience
analysis requires study of matzix as well as trash, and the field
interpratation of depogiticnal relacionships.

Chronglagy

Chronolegy is of course essential to all archaeological
interpretation. In this particular case, there is a great deal
of evidence %o suggest that several of the sites date from the
late pre-Contact into the mid-1800s. Thig ig a cgritical time
period in Hawaiian histery, incorporating as it does the "pronc-
historic"™ transition (see below). Thus, parzicular atzention
neads to be paid to the tight chronclogical c¢cntraol of the
sccupation eventa. This will be accomplished using the study of
site formation processes as a base, followed by the detailed
study <of iatroduced arvifacts, plants, and animals.
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Tha understanding of Hawailan community organization in the
pre~Contact pericod is one of the primary issues in Hawaiian
archaeology (cf. Kirzch 1985:247 ££.); the nature of organization
following Contact i3 a corollary concern of equal importance.
The sitas in the project area probably do not reprasent an éntire
community, and thus this problem cannot be addressed at this
lavel of data recovery effort. However, the habitation
gtructures can be studied individually for the nature of their
cceupation in regard to the habitation unit and the activities
shat took place. These data can contribute to the comparative

data base that is being sgtablished in Hawaiian regearch.

Specific Research Questions

Modelg of Hapitation Structuzed

The set of research sites includes a range of hakitation
grructures, Srom C-shapes to & targe placform. Site 1801, Fea. 2
ias one of the two DPrimary regidential structures in the general
area (the other ia gire 1803, Fea. 10, ocutside the project ared).
Tt has clearly defined actlvity areas, including a buried paving
o the west of the visible gurface structure. Site 1326, Fea.
32, and Site 1827 (Fea. 33) are shelsers.

These sites provide an appertunity to compars and
contrast occupaticn depcosits im diffsrent types of »agidential
gtructuras. The specific gquestions that will be direczed toward
enage srructures include not only the date of their gccupation,
but their specific functlons, che number of occupational events,
rhe duration of accupation, and the nature of the social group
oecupying them. Feature 2 will be intensively excavarted in osrder
®n examine activity areas and fsatures and their change chrough
cime.

These gquestions will be approached through stratigraphic
and ar=ifactual analyses, and through %the determination of
activity space and eonstzuction labor lnvestment. Tris work will
involve testing of models of funce=ion, duration, and social group
presaented in survent litsrature (Cordy +981; Weisler and Xirch

1985; Tuggle 1990).

e Proto-

resence of a "protwo-distoric” phase i3

imporsant in itself, but =his then sets the stage fgr a series Of
from pre-

questions about the nature of tnis period of transition
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£ a pre~Contact accupation <an he clearly identified, then
the gquestions concerning the nature of the local szocial unit <an
ke dealt with in regard to ranking and permanenca. Then the
problem of the timing and character of Contact transition can
addressed; for example, what kinds of and how gquickly are non-
indigenous artifacts are being introduced; how are they
articulated with tradicicnal artifact use, and how is social
ranking related to this process?

These problems will be addressed in all sites that have a
post-Contact component. HSecause of the variation in settlement
atructures, from C-shapes toe a large placform, there may be a
range of ranking invelved, or a range in time of occupation of
the same group (as noted above).

id=-Ninstaeeanth Century Qcoupation

If a gubstantial portion of the cccupaticon proves to be
occupied in the mid~19th century, then problems of the
relationsnip to the sweet potrate trade become critical. The
nature of access to foreign goods and the soclal units ilavolved
in this access are guestions that can be duplicaced from the
problems apave, However, a new guestlon that comes into play,
given cultivation for a markeut @conemy, i3 whether there are
more pecple inhabiting the area than before.

It may not be pessible t£o make this assessment basged on the
relatively small number of gives involved, but the nature of
change in the occupaticnal history of the sites, as well as the
timing of that change, might provide some data for models that
could be tegted with future research. A guestion that can be
answered is whethar a major part 9f the post-Contact occupatlion
ig a new settlement that was established as a response to the
development of potato production for the California market.

Agriculec=al Sustam Yariarion

Within the project area there ig a distincsion in
intensity between enclosed filelds and unencloged sets of
alignments. The difference in the construction, use, and if

pogsible age will be determined through excavation.

There ig evidence of buried alignments in sites cutside the
project area (Site 1803) and zhese may have originated prior To
A.D. 1300. This raises =he possibility of buried, and perhaps
e3zrly, agricultural fesaturss ia the project area. The
excavarions of the various agricultural systems will investligate
thig possibility.
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The study of the agricultural systems in the project area
will alse involve a comparison with those recorded by Somers3
{196%5) in the gouth pare of the peningula. There, Somers
racorded a continuous network of stone terraces, £lat areas,
¢leared areas, circular enclosures, modified boulder £fields, and
arrificial pits in boulder areas (Ladefoged 1990:9). Thisg
contrasty with the more discrete, parallel alignments in the

project area.

Site Specific pata Collection Methods

within the framework of gquestions idantifiad above, site
specific research will be conducted in the following manner.

Cemplete identification of all features around Fea. 2 in
site 1801 and around site 1827 will be carried out (3ee Ladefoged

19901:50) .

A series of stratigraphic trenches will be excavated in the
gceures and sites to determine the extent

open areas between gLz
a3 and features (see Ladefoged

and nature of subsurface deposi
1990:74) .

1. The enclosure wallas of gites 180%, 1826, and 1827 will be
sectioned by trenching. They will be excavatad By
controlled units, but these units will be tied into the
gystem of stratigraphic trenching.

2. A sample of agricultural terraces will be excawvataed Dby

stratigraphic tranches.

3. In cases where gcratigraphic trenches encountexr faatures
and distinct cultural deposizs, the eranching will be
stopped and the unit laft for detailed excavation.

The floors of the C-ghapes will be excavatad completaly and
gecrions of their walls will bea excavated. These faatures
inciude Fea. 32 of site 1826 and and Fea. 33 of site 1327,

The most iLntansive excavation effort will be devoted Lo
aite 1801, Fea. 2. The excavation of thig strugturs will  begin
with a combination of gtratigraphic and sontrolled trenching
ourside of the visible surface seructure. Thia will determine
the stratigraphic position af the main platform and the extent of

related buried features and deposits.

rxraricr trenching will be followaed by a study of the
surface of the main platform. Any nacegsary detailed mapping
amendments wiil be made.
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The structure itgelf will be excavated by a combination of
controlled trenching and horizontal excavation. The specific
tactics for this will be detarmined in the field, following the
exterior trendhing and detailed mapping. However, the stratesgy
will be twafold: {1} to excavate geveral large horizontal areas
to determine activity areas and functional change and {2) to
excavata the unit as a series of integrated features (paved
areas, activity areas, constrzuction units, construction lavers,
atc). This means that the atratigraphic relationships between the
"featuresa" has to be determined, as well as the content of each
axcavated “feature".

This 2wofold strategy is the specific means to obtain the
data critical to the research questions identified above,
gpecifically site formation and chronclogical control on one
hand, and occupatidnal change on the other,

Specifications

Ganeral Merhods

The stratigraphic trenching, conducted in oagen areas, will
he gualitative in nature, emphasizing the exposgure of
stratigraphic profiles and the identification ¢f culzural
deposits and features.

Controlled excavation units will be guantitanive in nature;
all excavated materials will be scrszened. Excavation in critical
proveniences and rich deposits will emphasize bulk collection;
that is, the bagging of screened material for lab sorting, rather
tian collecticon from the screen. Controlled excavations will
maintain a record of excavation volume for analysis of density of
material.

Sites and excavations will De recorded through photographny,
field notsas, and site and feature form documentation. ALl
excavation units will be aczurately locatsd on plan maps.

Laboratory and Data Analvsss

Detailed sorting and classification of artifaczs and midden
material will be carried cut in the laborarory. Charcoal wood
identification will be made for all specimeng submitted far
radiocarbon analyses. All bone will be identified by aspecialista.

.

 Decailed study of all of the historical artifacts will be

conducted by a gpecialist. Where possible, multiple radioccarion
age detarminations per provenisnce will be carried out.
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Curation

All archaeclogical materials will be surated by IARII until
requested to provide them to the appropriate government agency.

Copies of the iaventory of archived material, a photo
record, and photo contact sheets will Dbe submitted to the
Division of Historic Preservation of the State Department of Land
and Natural Regourced.

Reporta

A draf* Pinal Report will be gubmitted to the appropriate
agencies for review and approval. This report will include a
thorough statement on rhe data recovery ressarch questions,
analyses, and conclusions ({including evaluation of all the
appropriate historical data); detailed data description and
analyses; and the identification of field methods and time. ALl
spacialized analyses will be inciuded as appendices. ALl
categories of the Division of Higtoric Pregervation’'s guidelines
for data recovery report preparation will be included. Following
agency review, a final report ne completed.

Protect Scheduling

The field work for this project will be conducted over a
periocd of geven weeks. The draft final regort will be submitted
within five months following the end of Zfield wark. A& £final
report will be completed £sllowing review by apprepriate
agencies.

Monitoring

Archaeclogical inventory dees not necessarily regult in the
ijdentificarion of all subsurface sites, Neither inventory nor
data recavery, whlch ls a sampling process, necessarily results
in the LlLocation of all buried resmains. As a vesult,
archaeclogical monltoring is often required as the final step in
the complete historic preservation mitigation precess. In this
case, given that the undertaking is peing conducted in a National
Historical Park with extensive arshaeclogical remains,
archaeological monitoring will be carried out during all earth-
moving operations. This meonitoring will be carried out by a
professional archasclogist.

The monitoring will have three purpcoses: to identify any
new archaeological sites discovered in zhe earth-moving, Lo
identify inadvertent ancsunter of Muman remains, and to ensurs
the pretecticn of sites in the sreservarion area outside the area
of data recgvery.
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In the case of discovery of a new archasolegical site, the
: operations of the undertaking in that area will cease at the
- requeat of the archaeclogical monitor. Tha monitor will then
initiate the actions required by law and policy regarding the
inadvertent discovery of archaeoclogical remaing.

TR

The actions regarding inadvertent burial discovery and
those involving the preservation sites are presented under the
Burial Treatment Plan and the Presgervation Plan.
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HISTORIC PRESERVATION MITIGATION PLAN
RALAUPAPA AIRPORT IMPROVEMENT PROJECT

1II. BURIAL TREATMENT PLAN

There are no known human burials in =he project area and
there are ng structures that appear to pa for apecific human
interment. However, thera is always the possibilizy of
inadvertent discovery of such burials.

1f human remains are ancountared during data racovery,
excavation in the immediate area will cease ac whe direczion of
the project director. The Division of Historic Preservation of
ene State Department cf Land and Natural Rescurces will be
eopeacted. Tha Division, in consultation with the undertaking
agency and the prgject direceor, will follow the guidelines for
action under these circumstances that are currantly a matter of
law, regulation, and policy.

I order to ensure appropriate actlon if burials should be
encountared during airpert Llmprovement activitias, thers will be
an archaeological monitor present during all earth-moving
operations. If human remains are inadvertently enccuntered, all
undertaking activity in the immediace ar=a will cease at tle
monitor's reguest. The monitor will then contact the Division of
gistoric Preservation. The Division, in consultation with the
undercaking agency and the monitor, will follow the guidelines
for action under these clrcumstances that are currently a matter

of law, ragulation, and policy.
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HISTORIC PRESERVATION MITIGATION PLAN
KALAUPAPA AIRPORT IMPROVEMENT PROJECT

IV. PRESERVATION PLAN

There are a number of archaeological sites cutside the area
of tha undertaking that have been identified (Ladefoged 19%90) and
which may be eligible for the National Registerxr of Historic
Places (see Flg. 2). Consequently, action must be taken to
ensure that these sites are not inadvertently damaged during

ajirport improvement.

Such damage usually occurs when there is a misunderstanding
of the boundaries of the undertaking or of protected areas. Two
protective actions for these sites will be taken.

First, temporary protective fencing will be placed between
the western edge of the data recovery sites and the area of
preservation sites (see Fig. 2). The fencing will have signsa
indicating that the preservation area Ls closed tc construction
activities. This fencing will be erected under the supervision of
an archaeologist who will establish a location and an
installation method that will not be damaging %o the
preservation aites.

Second, there will be an archaeological monitor pregent
during all earth-moving activities to ensure that the area is not
intruded upon by accident during these activities, and to see
that the fencing is properly maintained.
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1.0 INTRODUCTION AND PROJECT DESCRIPTION

The Airports Division of the State of Hawaii Department of
Transportation is proposing to upgrade facilities at the Kalaupapa
Airport located on the northern peninsula of Molokai in the County
of Kalawao. As indicated in Figure 1, the airport is located along
the coast two miles north of the Kalaupapa Settlement. A paved,
two-lane access road leads from the Airport to the Settlement. At
the present time this facility serves as an interisland com-
muter/air taxi and general aviation airport with a few military
operations, The Airport serves the residents of Kalaupapa
Settlement, the various government agencies associated with the
Settlement and visitors to the Kalaupapa Peninsula. The Kalaupapa
Peninsula is separated from the rest of Molokai by 1600~foot
cliffs,

Currently, state law limits the number of visitors to Kalaupapa to
100 per day. During 1988 daily visitors averaged about 25.
Several different levels of airport development are currently being
contemplated. Upgrading the facilities to accommodate 100 visitors
per day is being considered, assuming that the present 100 visitor
per day level is maintained. Visitor levels of 200 or 300 visitors
per day are also being appraised for land use planning purposes
only in the event that at some point in the long~-range future the
visitor level limitation is increased. Requirements to meet the
100 visitor level, as well as safety and operational needs, include
lengthening and improving the runway; adding a paved taxiway and
apron; installing landing aids: expanding terminal facilities;
expanding and relocating support facilities; and improving the
alrport access road and vehicle parking facilities. All of these
improvements are to be completed before the end of 1991.



The purpose of this study is to describe existing air quality in
the project area and to make a preliminary assessment of the
potential short- and long-term direct and indirect air quality
impacts that could result from construction and use of the proposed
facilities as planned. Measures to mitigate potential impacts are
suggested where possible and appropriate.

2.0 AMBIENT AIR QUALITY STANDARDS

National Ambient Air Quality Standards (AAQS) are specified in
Section 40, Part 50 of the Code of Federal Regulations (CFR}), while
State of Hawaii AAQS are defined in Chapter 11-59 of the Hawaiil
Administrative Rules. Table 1 summarizes both the national and the
state AAQS that are specified in the cited documents. As indicated
in the table, AAQS have been established for six pollutants. The
pollutants for which AAQS have been established include particulate
matter, sulfur dioxide, nitrogen dioxide, carbon monoxide, ozone
and lead. National AAQS are stated in terms of primary and
secondary standards. National primary standards are designed to
protect the public health with an "adequate margin of safety".
National secondary standards, on the other hand, define levels of
air quality necessary to protect the public welfare from "any known
or anticipated adverse effects of a pollutant". Secondary public
welfare impacts may include such effects as decreased visibility,
diminished comfort levels, or other potential injury to the natural
or man-made environment, e.g., soiling of materials, damage to
vegetation or other econcmic damage. In contrast to the national
AAQS, Hawaii State AAQS are given in terms of a single standard
that is designed "to protect public health and welfare and to
prevent the significant deterioration of air quality".
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Each of the regulated pollutants has the potential to create or
exacerbate some form of adverse health effect or to produce
environmental degradation when present in sufficiently high
concentration for prolonged periods of time. The AAQS specify a
maximum allowable concentration for a given pellutant for one or
more averaging times to prevent harmful effects. Averaging times
vary from one hour to one year depending on the pollutant and type
of exposure necessary to cause adverse effects. In the case of the
short-term (i.e., 1- to 24-hour) AAQS, both national and state
standards allow one exceedance per year.

State of Hawaii AAQS are in some cases considerably more stringent
than comparable national AAQS. 1In particular, the State of Hawaii
1-hour AAQS for carbon monoxide is four times more stringent than
the comparable national limit.

Under the provisions of the Federal Clean Air Act [1], the U.S.
Environmental Protection Agency (EPA) is required to periodically
review and re-evaluate national AAQS in light of research findings
more recent than those which were available at the time the
standards were originally set. Occasionally new standards are
created as weall. Most recently, the national standard for
particulate matter has been revised to include specific limits for
particulates 10 microns or less in diameter (PM-10) [2]. The State
of Hawaii has not explicitly addressed the question of whether to
set limits for this category of air pollutant, but national AAQS
prevail where states have not set their own more stringent levels.



Hawaii AAQS for sulfur dioxide were relaxed in 1986 making the
state standards essentially the same as national limits. It has
been proposed in various forums that the state also relax its
carbon monoxide standards to the national levels, but at present
there are no indications that such a change is being considered.

3.0 PRESENT AIR QUALITY

Although there is no existing air quality data for the Kalaupapa
area, present air quality in the project area can be assumed to be
nearly pristine due to its remote location, the lack of air
pollution sources on the peninsula, and the windward location of
the project with respect to the northeast tradewinds. Occasional
minor impacts may occur from natural, agricultural and/or vehicular
sources. Natural sources of air pollution emissions which could
affect the project area include the ocean (sea spray), plants
(aero~allergens), wind~blown dust, and perhaps distant volcanoes
on the Island of Hawaii. Dust and smoke from agricultural tilling
and burning in the area may reduce air quality periodically, and
tailpipe emissions as well as fugitive dust from the few automo-
biles in Kalaupapa may slightly affect air quality near roadways.

4.0 SHORT-TERM DIRECT AND INDIRECT IMPACTS OF PROJECT

Short-term direct and indirect impacts on air quality could
potentially occur due to project construction. For a project of
this nature, there are two potential sources of air peollution
emissions which could directly result in short-term air quality
impacts during project construction: (1) fugitive dust from vehicle
movement and soil excavation and (2) exhaust emissions from on-site

construction equipment.

Vi

&4
5
¢
b

P




£
I

Fugitive dust emissions may arise from grading and dirt-moving
activities within the project site. The emission rate for fugitive
dust is nearly impossible to estimate accurately because of its
elusive nature and because the potential for its generation varies
greatly depending upon the type of soil at the construction site,
the amount and type of dirt-disturbing activity taking place, the
moisture content of exposed soil in work areas, and the wind speed.
The EPA [3] has provided a rough estimate for uncontrolled fugitive
dust emissions from construction activity of 1.2 tons per acre per
month under conditions of "medium" activity, moderate soil silt
content (30%), and precipitation/evaporation {P/E} index of 50.
Uncontrolled fugitive dust emissions in the project area would
probably be somewhere near this level. In any case, State of
Hawaii Air Pollution Control Regulations [4] require that visible
emissions of fugitive dust from construction activity be essen-
tially nil.

Adequate fugitive dust control can usually be accomplished by
establishment of a frequent watering program to keep bare-dirt
surfaces in work areas from becoming significant dust generators.
Control regulations also require that open-bodied trucks be covered
at all times when in motion if they are transporting materials
likely to give rise to airborne dust. Paving of parking areas and
establishment of landscaping as early in the construction process
as possible can also lower the potential for fugitive dust
emissions.

On-site mobile and stationary construction equipnment will also emit
some air pollutants in the form of engine exhausts. The largest



of this equipment is usually diesel-powered. Nitrogen oxides
emissions from diesel engines can be relatively high compared to
gasoline-powered equipment, but the standard for nitrogen dioxide
is set on an annual basis and is not likely to be violated by
short-term construction equipment enissions. Carbon monoxide
emissions from diesel engines, on the other hand, are very low and
should be relatively insignificant.

5.0 LONG-TERM DIRECT AND INDIRECT IMPACTS OF PROJECT

In order to ascertain the significance of potential long-term
direct and indirect air quality impacts of the project, estimates
of air pollution emissions associated with the project and
occurring in the project vicinity were prepared for comparison to
the "significant" emission rates as defined by the State Department
of Health [4]. If emissions are below the significant levels, it
is very unlikely that any significant impacts on air quality would
occur. If emissions exceed the significant levels, it does not
necessarily mean that there would be significant impacts, but it
does suggest that a more detailed analysis is required. Although
the state significant emission rates are generally used to assess
stationary point sources and not an area or volume source such as
an airport, they may also be used to provide a measure of the
significance of emissions from other types of sources in certain
cases. In this case, where the area source is particularly well
defined, the significant emission rates should be relatively
applicable. Actually, emissions from area and/or volume sources
are much more diluted than point source enmissions, and hence
ambient concentratioens and impacts on air guality are less
significant for a giwren emission rate.




In general, direct and indirect air pollution emissions from
airports occur from aircraft operations, motor vehicles, fuel
storage and handling and aircraft maintenance operations. At
Kalaupapa, aircraft fueling and maintenance operations will not be
performed. Thus, the only emissions of air polliution will come
from aircraft landing, taxiing and taking off and from automobiles
transporting visitors to and from the Settlement.

Based on aviation demand forecasts for various levels of develop-
ment [5], both aircraft and automobile emissions in the vicinity
of the airport were estimated. Aircraft emissions were estimated
using U.S. EPA emissions factors [6] for civilian and military
aircraft. U.5. EPA emission factors for aircraft are given in
terms of pounds of air pollution emitted per landing/takeoff cycle.
These were developed based on testing of several types of aircraft
and the time-in-mode and engine power settings for the various
modes of operation. A landing/takeoff cycle includes all of the
normal flight and ground operation modes including: descent/ap~-
proach from approximately 3000 feet, touchdown, landing run, taxi
in, idle and shutdown, startup and idle, checkout, taxi out,
takeoff, and climbout to 3000 feet. Thus, based on the number and
category of aircraft operations per year given in the aviation
demand foracasts, an estimate of annual emissions in the vicinity
of the airport can be obtained.

The EPA computer model MOBILE3 [7] was used to estimate automobile
tailpipe emission estimates for each of the levels of activity
studied. Some of the key inputs to MOBILE} include: vehicle mix,
vehicle engine temperature, ambient temperature and vehicle speed.
Based on the location and nature of the proposed project, a vehicle
mix of 90% light-duty gasoline-powered vehicles, 43% light-duty



gasoline-powered trucks and vans, 4% gasoline~powered trucks
between 6000 and 8500 lbs, and 2% motorcycles was assumed. It was
further assumed that the vehicle mix would include little or no
diesel-powered and/or heavy duty vehicles. It was assumed that
about 21 percent of all vehicles would be operating in the cold-
start mode and that about 27 percent would be operating in the hot-
start mode. These are typical values that are used in calculating
cold/hot start emissions for most applications involving surface
roadways. MOBILE3 emission estimates are inversely related to
ambient temperature and to vehicle speed. An ambient temperature
of 75 degrees F was used to reflect average annual conditions,
while vehicle speeds were assumed to average 25 miles per hour.

output from the MOBILE3 emission model is given in terms of
composite emission factors for carbon monoxide, nitrogen oxides and
hydrocarbons expressed as grams of air pollution emitted per
vehicle mile of travel (VMT). These conposite emission factors
account for the various modes of autcmebile operation (i.e.,
deceleration, idle, acceleration and cruise). Thus, given the VMT
per year for vehicles associated with the Airport, an annual
estimate of automotive-related emissions can be calculated. VMT
per year for each level of activity were estimated based on the
forecast passenger total and the assumptions that each deplaned/-
enplaned passenger would travel 2 miles from/to the Airport and
that each vehicle would carry two passengers on the average.

Fugitive dust emissions from automobile traffic were estimated
pased on U.S. EPA emission factors for paved roadways [3] and
annual VMT estimates. Similar to emission factors for exhaust
emissions, emission factors for fugitive dust from roadways are

given in terms of grams per VMT.
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Table 2 is an emission inventory for the Kalaupapa Airport Master
Plan based on the emission factors and assumptions described above.

Emission estimates are given for each of the major (regulated) air

pollutants that would be emitted including: carbcnf monoxide,
nitraqen oxides, ‘hydrocarbons; sulfur oxides, total suspended.
particulate; and particulate matter less than 10 microns diameter.

As indicated in the table, estimates are given in terms of tons of

air pollution per year for each level of activity.

To. ‘assess the significance “of théese estimated emission rates,
Table:3 shows the state-defined significant emission rates (in tons
per:year) for carbon monoxide, nitrogen oxides, volatile ‘organic’
compounds (hydrocarbons) ;. sulfur dioxide and particulate matter.
Comparing the significant emission rates to the estimated emissions -
given-in Table 2, it can be seen that 1988 emission lévels are far
below the significant emission rates. Estimated emissions for 50,

100 and 200 daily visitor levels of development would remain well
within tha significant emission rates. At 300 visitors per day,
emissions would still be less than the significant levels if all
passengers arrive/depart via commuter aircraft.

6.0 CONCLUSIONS AND RECOMMENDATIONS

Although there is no air gquality data for the project area, based
on the location and character of the project site and the absence
of any major sources of air pollution nearby, it appears likely
that all state and national air quality standards are currently
being met in the project vicinity. Assuming the project is built,
short-term direct and indirect air quality impacts would result
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SUMMARY OF STATE OF HAWAII AND NATIONAL
AMBIENT AIR QUALITY STANDARDS (AAQS)

Maximum Allowable Concentration

A M U S k. G WA S WV Y M O — SR e W T -~ -~ 0 e

Averaging National National State
Pollutant (units) Time Primary Secondary of Hawaiil
Suspended Partigulate Annual - - 602
Matter {(ug/m”) b
24 Hours - - 150
}i Particulate Matter® Annual 50 50 -
- (ug/m~) b b
24 Hours 150 150 -
Sulfur Dioxide (ug/m3} Annual 80 - 80
24 Hours 3650 - 365P
3 Hours - 1300% 1300°
| Nitrogen Dioxide (ug/m’)  Annual 100 100 70
Carbon Monoxide (mg/m3) 8 Hours 10P - 5P
1 Hour 40P - 100
Ozone (ug/m3) 1 Hour 235P 235P 100°
Lead (ug/m3) Calendar
Quarter 1.5 1.5 1.5

bGeometrlc mean
Not to be exceeded more than once per year
Cparticles less than or equal to 10 microns aerodynamic diameter



Pollutant / Source

Table 2

AIR POLLUTION EMISSIONS INVENTORY FOR
KALAUPAPA AIRPORY MASTER PLAN (TONS/YR)

Average Daily Visitors by Air

Carbon Monoxide/
Aircraft
Automobiles
Total

Nitrogen Oxides/
Afrcraft
Automabiles
Total

Hydrocarbons/
Aircraft
Automobiies
Total

Sul fur Oxides/
Aircraft
Automcbiles

Total

16.7
0.3
17.0

1.9
nil
1.9

8.9
nil
8.9

0.3
nit
0.3

Total Suspended Particulate/

Aircraft
Automabites”
Total

nii
0.4
0.4

Particulate Matter (<10 um)}/

Aircraft
Automobi les®
Total

il
0.%
9.1

22.1
1.9
23.1

2.5
G.1
2.6

2.7
0.
12.8

0.5
nit
0.5

nil
1.2
1.2

nil
0.4
0.4

28.3
1.7
30.2

3.4
8.2
33

16.6
0.2
16.8

0.6
nit
0.6

nit
2.1
2.1

nit
0.7
0.7

38.6
3.3
41.9

4.1
0.3
4.4

23.0
0.4
3.4

0.8

nit
0.8

nil
4.1
4.1

nii
1.4
1.4

52.2
4.8
57.0

5.5
0.5
6.0

3.0
0.7
32.7

1.2
nil
1.2

nit
5.9
5.9

nil
2.0
2.0

*Assuming 100 percent of passengers on commter airecraft (e.g., Cessna 402, DHC-6)

bFugit\'ve dust
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Table 3

SIGNIFICANT AIR POLLUTION EMISSION RATES

Significant

Air Emission Rate
Pollutant (tons/year)
Carbon Mconoxide 100
Nitrogen Oxides 40
Volatile Organic Compounds 40
Sulfur Dioxide 40
Particulate Matter 25

Source! Hawaii Administrative Rules, Title 11, Department of
Health, Chapter 60, Air Pollution Control



v ' F - Do “ S < [ N St PR v . . - Deraiiiid ha x B : . R : R
PPCRRN ok atnand TR T Cam s SRR PRI PR (TR R AN . h e RPN ik S




9, g

PP

A

g

APPENDIX

S







\

APPENDIX E

L
g
2
Lo

NOISE MEASUREMENT AND IMPACT ASSESSMENT,
KALAUPAPA, MOLOKAI, HAWAII
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by EDWARD K. NODA & ASSOCIATES
615 Piikoi Street, Suite 1000
Honolulu, Hawaili 96814
Attention: Mr. James Dittmar

Subject: Noise Measurement and Impact Assessment, Kalaupapa,
g Molokai, Hawaiil

Dear Mr. Dittmar:
Noise measurements of aircraft operations at Kalaupapa

Airport and in the vicinity on Kalaupapa Peninsula have been

obtained and analyses have been performed to assess the
b acoustical environment at the site. The following provides
o the result of this study:

b A. EXISTING ACOUSTICAL ENVIRONMENT _ (NON-AIRCRAFT NOISE) -

The residents of Kalaupapa currently experience sound

primarily generated by surf, wind in foliage, and birds.

Traffic movements within the town are limited with low speed

and therefore do not contribute significantly to the overall

noise level (Figure 1 provides an overview of Kalaupapa
Peninsula.) A~weighted sound levels associated with the
above activities were measured during the daytime and the
results are summarized in Table 1 (page 2) [refer to Appendix
I for an explanation of a A-weighted sound level.]

An ambient sound measurement for a period of twenty-four

hours was obtained at Wilcox House within the town and the

PALf PALMS PLAZA ® 570 NO. KALAHEG AVENUE e SUITE A 31!
KAILUA, HAWALN 96734 & (808) 254-3318  FAX (808 254-3295



Edward XK. Noda & Assoc. January 31, 1988
Attn: Mr. James Dittmar Page 2

rable 1. Summary of Ambient Acoustical Environment
Measurements, Kalaupapa, Molokai

POSITION S8QUND A-WEIGHTED WIND
NUMEBER * SOURCE SOUND LEVEL CONDITION
5 wind in foliage, 50 ~ 64 dB(A) NE,15-20 knots
gurf, birds
5 wind in foliage, 40 - S8 NE, 1~5 knots
gurf, birds
6 wind in foliage, 34 ~ 44 NE, 1-5 knots
birds
7 wind in foliage, 34 -~ 44 NE, 1-5 knots
birds
8 wind in foliage, 34 ~ 46 NE, 1=-5 knots
bhirds
8 distant aute 48 - 56 NE, 1-5 knots
9 wind in foliage, 40 - 48 - NE, 1~5 knots
birds

% -- Refer to Figure 2 for the location of the
measurement positions.

result indicates a Day-Night Average sound Level (Ldn) of
64.8 dB (refer to Appendix II for a description of Ldn
measure of sound exposure.) Sheet 1 of Appendix ITI provides
a complete listing of the hourly noise level data obtained.
T+ should be noted that during the afternoon of the twenty-
four hour measurement period, a heavy wind condition was

experiencéed with speeds ranging from 15 to 20 knots. This
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Edward K. Noda & Assoc. | January 31, 1988

Attn: Mr. James Dittmar Page 3
condition caused high wind-in-foliage and surf noise levels.
Although the measured Ldn is considered high, the sound being
experienced is'not'eXpected to be annoying since it is
generated primarily by natural conditions. Moreover, this
high Ldn level should mask types of noise that may be
annoying such as aircraft operations, and therefore, it
should keep the existing acoustical environment less
intrusive from such sources. Ambient measurements at octave
pand frequencies were also obtained at the above locations.
The results of these measurements are presented in Figure 3.

Noise sensitive areas located outside of the town of

Kalaupapa are beach cottages along the western and the
eastern coastlines, structures near the lighthouse which are
possible residential, and St. Philomena (Father Damien's)
Church and Siloama Church at Kalawao. The ambient acoustical
environments in the vicinity of the beach cottages and the
possible residences near the airport are dominated by the
eurf sound with A-weighted sound levels ranging from about 47
to 52 dB(A). Sound generated by wind in foliage and birds is
minimal at these locations due to the lack of trees. The
churches at Kalawao are currently experiencing the ambient
sound dominated by wind in foliage and birds. Surf sound
does not contribute significantly to the ambient due to the

distances involved (about 1200 feet to the nearest
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Attn: Mr. James Dittmar Page 4

coastline.)
B. AIRCRAFT NOISE -- Aircraft noise events currently being
experienced at Kalaupapa Peninsula are: flight operations at
Kalaupapa Airport and other aircraft flights over, oY near,
the peninsula. Exﬁensive noise measurements of these
activities have been performed over a three-day period, and
the results are presented separately below:
1. Flight Operations at Kalaupapa -- There are current~-
ly four scheduled flights landing and departing at
Kalaupapa Airport per day. Air Molokai and Aloha Island
Air service the airport with two flights per day for
each airline. However, it was observed that Air Molokal
at times uses more than one plane for a scheduled
flight. In addition, there are unscheduled flights such
as air-mail, freight, and pilot training operations at
the airport. These unscheduled flights averaged about 1
to 4 per day during the three day measurement period.
In all, there were typically about 5 to 8 flights
1anding and departing at Kalaupapa airport. Table 2
(page 5) provides the type of aircraft involved in each
of the above operations.
Sound Exposure Level (SEL) and Maximum Level (Lmax)
for aircraft operation were measured at the six

different positions shown in Figure 2A. A summary of

s
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Edward K, Noda & Assoc. - January 31, 1588
Attn: Mr. James Dittmar Page 5

the averaged and the range of these values for each type
of aircraft andzdperation is presented in Table 3 (page

6.) Appendix III provides the compléfé measurement

i

data.

Table 2. Summary of Type of Aircraft Used in Various
Aircraft Operations at Kalaupapa Airport
During the Measurement Period
ACTIVITY AIRCRAFT TYPE
Air Molokai, Cessna 402
passenger
Aloha Island air, DH-6
passenger
Air-mail Cessna 402
Freight Single prop.
Pilot training single prop.

In addition to the above, octave band freguency
measurements of the Cessna 402 and DH-6 landing and
departing were cbtained. These daia are then plotted
against the ambient levels to present intrusiveness of
aireraft noise at each octave band frequency. The
results are shown in Figure 4.

As can be seen in Table 3 and Figure 4, the
aircraft operations at Kalaupapa Airport generate

significant levels of noise at locations in the vicinity
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Table 3. Summary of the Results of the Noise Measurementsi
of Aircraft Operations at Kalaupapa Airport.

ATRCRAFT FLIGHT MEASMT * SEL Imax NO. QOF
TYPE QATTERK POS. NO. dB (A) dB(A) SAMPLES
Cessna takaoff 2 aver: 94.4 90.9 10
402 high: 95.9 92.8
low : 92.1 89.0 -
Cesgana takeoff 4 aver: 82.7 76.7 9 d
402 high: 85.3  79.5
low ¢ 77.4 71.8
Cesasna takeoff 11 96.2 87.8 1
402
Cessna landing 1 75.8 70.0 1
402 .
Cessna landing 3 aver: 85.5 79.8 8 i
402 high: 88.0 82.8
low 3 78.3 71.8
DH-6 takeoff 2 aver: 98.0 94.2 5
high:100.3  97.0 .
low : 96.1 90.5 %
DH~6 takeoff 4 aver: 90.5 84.1 4

nigh: 91.4  84.3
low : 89.4  83.5

G
i

DHE~-6 landing 1 75.6 68.8 1

| DH~6 landing 3 aver: 84.7 17.8 3
high: 85.3 78.8
low ¢ 84.1 T7.0

DH-6 landing i0 92.8 85.0 1
single takeoff 2 aver: 88.6 84.4 4
Prop. high: 90.1 86.0 '

low : 85.0 79.8 ' o

4 -- Rafer to Figure 2 for the location of the
measurement positions.
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of the airport with A-weighted and octave band levels
increasing by as much as 40 dB(A) and 50 dB, respective-
ly. Two aircraft landings at the airport were observed
at a location within the town and they were both

inaudible. No aircraft takeoffs at the airport were

.
&
.
&

observed from the town.
During a conversation with residents at Kalaupapa,

they indicated that military helicopters periodically

conduct night-time exercises at Kalaupapa Alrport during
the late-night and early-morning hours. According to
these residents, the exercises occur roughly one night
per week and include low-~level flying activities over

the town. Some of the residents expressed their

annoyance due to noise generated by these exercises. No
such activities were observed during our stay at
Kalaupapa.

2. Alircraft Flvovers Experienced in Kalaupapa Peninsula

-- During the three-day measurement period, about thirty
to forty audible aircraft flyovers were experienced at
the Kalaupapa Peninsula. The flyovers were either
directly over the peninsula or over the ocean as shown
in Figure 5. Occasional commercial helicopters circling
the peninsula and several military helicopter

overflights were also observed. The overflights by
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civilian aircraft consisted of DH-6, DH~7, Cessna 402,
miscellaneous single and twin propeller general aviation
aircraft, DC-9, and Boeing 737.

Attempts were made to measure SEL and Lmax of these
flyovers at locations within the town and in the
vicinity of the airport. However, due to low signal to
noise ratio for the majority of the flyovers, only Lmax
and few SEL measurements were successful. A summary of

the successful SEL and Lmax measurements is presented in

Table 4 (page 9.)

overall, aircraft flyovers are not considered to
have a significant impact at Kalaupapa Peninsula since
majority of the flyovers generate Lmax that are no
greater than the ambient levels. However, in National
pParks and Forests, there are sometimes complaints about
aircraft noise event intrusiveness even though the

maximum dB(A) [(Lmax] level associated with the event may

be barely greater, or less than, the dB{(A) ambient
level. This situation can be visualized in Figure 4G
where the octave band noise levels from a Cessna 402
flyover causing an Lmax cf 55,1 dB(A) are superimposed
on the ambient noise octave band levels (causing 60.6
dB[A]) obtained at Positien 5. From the figure it can

be seen that, though the aircraft noise event had an



i
5
3N
I
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|

Table 4. Summary of the Results of the Measurable
Aircraft Flyovers at Kalaupapa Peninsula,

AIRCRAFT PLIGHT * MEASMT #+% SEL Imax  NO. OF
TYPE Pg_rxgmt_ POS. NO. dB (A} 4B (3a) SAMPLES
DH~& OVER, C 2 €65.7 56.0 1
DH~6 OVER, A 5 71.6 61.3 i
| pH-7 OVER, B 2 64.0 S4.0 1
DH~7 OVER, B 4 72.7 6§3.5 1
General CIRCLING 4 68.0 62.0 1
Aviation
Aviation
General OVER, D 5 75.1 66.3 1
Aviation
Helicopter CIRCLING 3 aver: 78.4 66.8 3

high: 81.6  68.8
low : 65.3 55.8

Helicopter CIRCLING 4 80.8 66.7 1

# -- Rafer to Figure 5 for the flight pattern description
#% -~ Refer to Figure 2 for the location of the measurement
positions

Imax of 5 dB(A) less than the ambient, the event was
clearly audible by virtue of the 125 Hz and 250 Hz
octave band levels being 10 dB or greater than

correspending ambient noise octave band levels.
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Noisier overflights were observed on occasion. For
example, as can be seen in Table 4, commercial
helicopters circling the peninsula and general aviation
aircraft (single and twin propeller) flyovers with a low o
altitude generated Lmax ranging from about 66 to 69 E
dB(A). These activities occurred about two to four %ﬁ

times per day during our stay at Kalaupapa and may be a

source of annoyance to some residents and visitors to

Kalaupapa.

c. SUMMARY -~ Ambient noise measurements at various
locations within Kalaupapa Peninsula indicate that the
existing acoustical environment is usually dominated by
natural conditions such as wind in foliage, surf and birds.

Artificial noise sources such as traffic are minimal

throughout the peninsula.

Noise measurements of 36 aircraft operations at

Kalaupapa Airport were obtained in the vicinity of the

airport. A summary of the results including SEL and Lmax is
provided in Table 3. The results indicate that the aircraft
operations at the airport cause significant impact at
locations in the vicinity of the airport. However, the
aircraft operaticns have no significant impact at locaticns

within the town of Kalaupapa.

Also measured were 37 alrcraft flyovers at various noise
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sensitive locations throughout Kalaupapa Peninsula. Except
for occasional low-level flying general aviation aircraft and
helicopters circling the peninsula, the aircraft flyovers are
not considered to have any significant impact at Kalaupapa

Peninsula. A summary of the results is provided in Table 4.

Sincerely,
Prepared by Approved by
Mike 8. Lee Ronald A. Darby, P.E?‘qffifjf
Senior Consultant President

RAD;MSL:msl




b dnn it Hpm e PR Y Bt al o e e st




T

1

CHURCHES AT
KALAWAD ...
:

. 3 “}.
L 4
‘ ) « Makaiii

50 Fems '\éacuno

. Maokia

DARBY
\ & ASSOCIATES

-FIGURE 1. LOCATIOCN OF KALAUPAPA AIRPORT,
TOWN OF KALAUPAPA AND KALAWAO

ACOUSTICAL CONSULTANTS

MAR NOT TR STALE




SN et

ERERRCR. o




. N \w\
// ///'/ \—“‘\

= 3 ./ . //‘0 “\
| % " Kahiu Point
_, n
. .

00.

' DARBY FIGURE 2A. LOCATION OF MEASUREMENT
POSITIONS IN THE VICINITY
; & ASSOCIATES OF KALAUPAPA AIRPORT

ACOUSTICAL CONSULTANTS GE MO TO SrALE




% i : ¥ & = i > E TRy X } M B R an e N 3 : B i ;
Wimtmindn NP Hinmanan Bt Wil Rt it ot b A RERGO PR Selria B e e o Tt



I < A~ i

e e

s
[
i' |
[0
5l
i

s

C

DARBY
& ASSOCIATES

ACOUSTICAL CONSULTANTS

§
§
§

o rEET
i

FIGURE 2B. LOCATION OF MEASUREMENT
PCSITIONS WITHIN THE

TOWN OF KALAUPAPA







00 [T~ T T St S ST S momy s "
> : R oo LA O S et
- st SR DRI SRt aideh
) Y A.’ - R e
;’. h 1 + L Riatd | +
' B R e nivis -1
-
£ S T I -
5 : el - -~
v : i — T
80 ‘ AT sk WS ot e e e ol
i B \ LT " -
¢ X X f o
¢ o | St ST ! r :
N FRAUNE S A
o k. ! of e
i R T N TR AR S ool il
R IV I Sl Y o s el i
: Co B St o
! ' : Do R S S e cton 1
60 |- . | | ! MR P v e o i
SEST ISEEEEEE AU AR | BEE o el vl ) B
R DEREN IR0 o , ‘ T e o el
sl TRy o D SO e pu :
pation MRRAORANE BRI ﬁ~ ‘ o ' titen st o
- I ! JRRRN S i S St v ot s s b
.
el C T R ";.:.*'\ C : N A gt st -
et R R R 2 G R P P s o s s .
o o~ 4 I -
o : , SN ot
B R R R ‘NQ v : S Q R v e e
! ., " R . “ - ‘ .’ [ ‘ U TR JNIE _...,

. t— ~r T

0 et 2R L A

SOUND PRESSURE LEVEL, dB re .0002 pbar
i

. RS Dpu vy ok i
Sl Rttt TR SO B D SRR R s St oo s X
’ prisows] priiobdy B R o Lo S b e Rt s WAt
POV S . . P va g e oy . . . - i “‘_......
B el Bt B . p o e . BN LT SUD TR BN S——
...~.{._.'.. ,..:“ . . - “ . . . . . PO U M Y S
Wiy Ple 1 IO Ohht ol e —
uivts v il mies ol MBI RPRL : A - -
it Dt : R : STl o S Soit B o bl
10 Sl Sl e =
' RO R : o] * NS ST P Il e o
--::-—- ‘_m '-w_- : e - T o .n—;.m‘m — “T:": L4 -
S Bk SRS FUS I SANN Moiiwtitananued Mo sutos oe  —
. B cm e SL RIS RSt I . - . SRS POV A .._.E..{...‘. ;
L : - . « B . R R R T
i S L BRE e} IR | R 1 1 $00 ¢ 1080 - - 2000 =T 4000~ v §00Q-— =14
0 { ! 1 { ; [ R e S i S

¥ v T i yo— iég i T ¥ 1' T rtTO'QG 1: ¥ L4 !‘ Y 5gr°t°r_°° '

I_ Frequency in Hz

DARBY FIGURE 3A. AMBIENT OCTAVE
C& ASSOCIATES gggfgfggvsﬂaasungmem

ACOUSTICAL CONSULTANTS WIND: NE, 5-10 KNOTS




v -




st

W00 == 1 T s T T e e

SOUND PRESSURE LEVEL, dB re .0002 pbar

l-:;" . v ‘:. . qu‘ . + 2?0 sca - + logoo . 2°l¢°v—--_-‘°°°* —.p.'aico-u&-m-“?w

T

r s 100 T % 1000 2 T8 10000 2

Frequency in Hz

FREQUENCY MEASUREMENT

& ASSOCIATES POSITION &

ACOUSTICAL CONSULTANTS WIND: NE, 15-20 KNOTS

C DARBY FIGURE 3B. AMBIENT OCTAVE




R



100

" DRI S
. b " t ' T
. - : g -
v “ B S
SOOI R e N SRS A PP N
T s———— i gp— e L
B . 1 e 4 e e
- . i =z
- e B N

90—

SOUND PRESSURE LEVEL, dB re .000Z pbar

v e oy e s el s .-

LTSI o LT i R IRAPRUANE DRSO A - T -
NN SR P T . L SRV USSR )M SN NIV S S
' — e ey .
i e Cae e SO L oo . I (PR SR SR SO
R SRR ¢ IR P L AR 1 1 500 1 - 1000 - 20007"714000| 7 8008: T 16000
: . AN A Sk SOt 4

0 N SRS SS— S SRRV BS— SRS S S
1 3 100 ? 3 1000 2 § 190000 1

Frequency in Hz

DARBY : FIGURE 3C. AMBIENT OCTAVE
FREQUENCY MEASUREMENT

& ASSOCIATES POSITION 6

ACOUSTICAL CONSULTANTS WIND: NE, 5-10 KNOTS




et

PSSR




g mawe

N

¥

e o o e e e e

| WW {

ST
k

"

*
i

.....

[T

---------

¥+

TS RU R A
e T SRR

i [
L]
§ i
. ot
HiR
Sl
N
§f m..
m.,
H
H)
vl
RS P
i ! i
m i
rrirbE

b

v,
N

(o
10000

LI AN M ¢

*

Cpe e g

5~10 KNOT3

4

NE,

o e e

2008724000 -] - 50001 w000

";“ oot e e b < g

]

FREQUENCY MEASUREMENT

POSITICN 7

tul
P
-
-
|~
<
B
2,
hE:
o3
b
o

~ WReR

L3-0)

Frequenc& in Mz
FIGURE 3D.

e

[T,

e
]

L} S

IR
I

ACQOUSTICAL CONSULTANTS

DARBY
& ASSOCIATES

K

1
|



s
PRSKAS,

et ek Lot ! k



H . e - v »
H BN A HEH T HEN RETERON (159 I H Y
: it - RN B , LT ] L
; A1 ifd 3 b 1 AN : T > wm
f ) i IR MR N i ! -_.M.Q w e
iy H . B e . ! ! lijo 3
! N B 4 tito Wz
| by f:.,‘m_ i ‘gitfo X
Hl Hi TR R U I i -3 R 2
o8 % 9 ¢ H - - !1%* 9 Ly SE ERRNEEBETE | wwn o
| il T e T X 1N zm
4 U? i 9 . - r!....y“iimi“. _ RN O SO T .IT.._r. 3 , S m Tw, .—Iﬂv. o b %7 i
: . . : Skl UL i e i O o
] ! Y T 1 ¥ ot € b -
j ! i a1 1 _. . i il e U Zw
L 1 G s - 11 e : +L. bt 2z 02z
: ; ! R | il HHIN LM 1 ZoA e
8 Loiibiad] EUUETR NN SRREE VN it pibin
i R s m‘. HA R “m~ I 21300 T Sl
! R S 1 ' N ._A D B I o O e )
I T P ; St M vz
, P RS EEVE & Pl ~ 20—
; - e BN I MR comibea Tiprgeoco < 03
= ] i - I R ~ . B . . L, ~N
E L el Ty o
20E , e ’ L £le < ™
P T 1. - .. P T [N Rt -
i o i . i
e e e e I STy F o]
., 3 “ %I..l m W
' - w - —
. . . o {1
i [ | ; ©
A AU I S - R S . . I e
I .
S _ . - TR NI Porgs N w
RS HSSN MSAS R KSR , SEAREEN 15 AN M RS
. : ] z
- i : ! L o e _.Mu
. . w i s L . i vy - b e ea H L &3
...w.¢ ....w“ U-r . -,.. ....,.-.... m..n. ”!... I.ll%
m ” R - 2 O F:
.t e H M . @ )
SELTH N O SN L e > O
ST LR E L PORSE ; i N <
T m.w H .«wm,mw” TeEErLy POt X N I SS RRS R § 8
o RN PR RRE BN tiis ceogct g Sihy " C.umN
B ”.i N o -2 K e 3. H N .‘!E R T
PN ISER NN RE SSEIEH SHIEE BRI R | w
ww.wqu. fw...;ns"n a.!."-m”clu Peoper .m.wl.,f .m..—.;ﬂ. “...wm.:.—;. -
REETM TN R BN T R m&m
<

80
70
60
50
40
30
20
10
0
C

aeqrf 2000° @4 gp “TIAIT IUNSSTUA ONNOS

R ¢ i R . if...ixﬂwrlwmri%%mr!_rﬂt Ll%gy,i{i




i b o [P St




-

FRRy N

oM
L

[P SRS
et i ey,

RPN TP NI

B L TRNRUGU: S

LYY TP TERRORE NN SO

n
-
O
Z
A
o]
-~
1
un

o
.t
i
.
g
, <
1 M o R o
H i B h
. 1 mri_r Tm|1w. ; m w Laer ity
T - H ¥ v .
i 0 .y : i “ FTTE o
} pe e T b L - fgik-f- b bote s Pl fom [N
i ; : f ! i v : x
T i : ] ‘N. + 1153 . L mv..
T BT i 1 i IS o .
i sl m_;w 2 il | i A Loz
H ) : . IR L Tre . B $ ; M <
TEERS AN e SH I ARRSSETER ICEURLISRE LESAS FEN DN SRS SRUNNES W SSUUNN ERRRNSIANE HISATIERE &4
IR . [ SR FERERRE R Sl LR 337 R S TR o .
i [ £ 1 ! H ‘ H ’ N H - Lol [ . . ~— ' N H pE P - [#n ]
m_“.hww_ ...w~ i M..“ N o gt oy b P
LS L DRSS SRR S rmo .
I 1 R <L [, 3
fep o b S8 AEEEESETIES BEEISTIN EINERILEI EIPETI R eE PSS R EEEIEE T TRTEE B WA Ling
PRl N s |2 X .
- : ; o, 10 I
.a“.m“ n ' “m" 2 ] £ vy
wn..m.tw e L vl BT -
. o N ) : E
P .v.w:.w . - - - wl. ' awl o
S : o | = )
- © v ko4 [
: - o -
i . i o s,
i g
N Pt
. 3 .
L d
o
FN i -
. idy . . tia b
S R N _— i
- M._.h R EEREE T8 IR u_
B R : L
- =
¥ ‘ “, e
. .;w sepiaee ' L o
i i . H a
. ti.

e
i

T e———
B &

A Bl e o

sk
1]
s o

B , g“.‘ ..f.,...... .

S
g

LRE T PR

- .-
RO

- ah e
e me
et 3
o

L

& ASSOCIATES
ACQUSTICAL CONSULTANTS

,E
DARBY

[

oot sl NSNS IR s i PN




Ml s



s |
ot

|

B Ly L
Jy —

-

it e

[ WO T

: ] i 2
: ‘ T -
P N AR EREN RS FR ¥
b 4wm 3 ~€ o
! -H SR LS
M 4 1 L
Ll | ; m 1.8ifo
;v* (4 it i TIRdu
HHR i g
: - . . . _ xim.,n;. m.?«. Lew v Lo
! ; I, mw e i m o
it z L3 &
T e w..

-
Z
[£3:
o
=
-
(]
et
o
{r.
tr.
3
e
p'a
-
.
&~
b
<
<
z
n
(€2 ]
{1}
)

OCTAVE FREQUENCY MEASUREMENT

IR
: i o L 4
T TR .
SHU N RS Z
T : i NI - S -
| | . z
N i le T o
i L=
— g lo ¢
1...m‘sy‘ e i L™ - -
b S B
$j. o} w
. w “5 {x:
X o )
w e 2
¥ o s
s \y ~ =
.mm @dV ....... [ [ .
OA\& i P w" SS
] * - o
R ' m - EN
T -t jadan <«
I N O T P O R e e i e i
s D e <3
S ALENE EERREREENN AEEEFREENN SN ENEEERL SN CERRREEEEY SNNEEEN R PR CERPRPEE w 5 — 0
, . z- O3
T A E
-t L - Sm...v
— — = . F
W“W m“wmw. A.Wv RAS
IS LA T EaS
" Qa2
o«

20
10
0

K




jrer .



100 T T
S0 e . -
e b * N
[ - -
£ :
80 et
B ST
= 70
8 '
1
R S '
60 oot
‘- . . .
u et or -
'Q I e -
A i
g o —
£ < e N
. P *
! W T .
e 35 -
-
-
-
i
> - +
u ¥ L]
-4 . .
" : X
&
= 30 e
A :
[ 7] .
Gd RPN DUSRR R
[+ .
e SR
o T
s
£ 20 ' .
o — -
w - Ly -
_..? .‘.
10 : !
l - i W_‘ “_;:.---t. . T"- -
ol O S e vt Ml =T
JERCAN EEGAUITE BN Sieors B RS F N L ettt cvu Ebutsal asd S s sl
. N T T T T
S NEEE B o o : e
l R R R IR 1T 500 1000 © - 200G 4000 - — - §O0E —— -G08
0 K NSRS GOSN REUUSD WS ——— S— N MR R

? ' 160 1 v 1000 3 B IR T I
| Frequency In Mz

DARBY FIGURE 4B. DH-6 TAKEQOFF AND AMBIENT
OCTAVE FREQUENCY MEASUREMENT

& ASSOCIATES POSITION 2

ACOUSTICAL CONSULTANTS







-
zZ
25
. " i1 F T v 1 ;h” o ; . - .,ws .
S IHHE ST I e R ST LR I EE T £E
3 o by 3 . ! SR .y <€ i
130 1 i lpii. | BoE 3 SERS SR RA i3 x
fd.... y T e by : *_w -] oo
I Al RS 2o
; : 9 § iy < <
b i Jeijpimed:d ] 1igife w
- i HIN LA v . v
4 : RN R I =04 & ' Fit, Jjr= L 5
T e | H RN s
AL e T AR ik Z 7
IR ™ H . c b 2 <
.Q I ; N B eTF P B
: i 7R { IHIR N v &
H d e — s -1 t-§. ' b 344 -
A e s
: LA ! 4 SRS
i ' E Bt s xu-.ﬁl”.,,rs A:.g.i?zm, m Pt J -r".w. T L Z
| H . ’ ..mmﬂ_q. ﬂu.m P e s ] W o
= mm...“ R ' .nm n...li-‘ < W —
L P : R Z >
- .Wutl‘» ............. .—ﬂ« . SA..I.
. . 1 =
: coe : b - te T Quwvo
: . EEEEE 3 P-4 O
o P v, 2 o i
P : R v .
o ! - - B
-~ - “ﬁlvt -1 I T H t c 4
. : - i |
U S P © i
* : - 2 i
: : b4 =
..... . e m...; m
R 1 ]
W ]
1 P < .
cesifes e R Al O SR
b - S Py N w
e RS RRERE R LR R SRR S AN R -
vhrs . . " e .- . ._h.,.._. EM
. w “ T i % FER P —st. b
. “ b IR Loy vk BRI S B - - P R i 9 A
ety e T “n . : ,. - e A . 1
wfr.m L -:h'mo¢ v....._m... . - ma.i.w.wu-u PR T LU : _e ........ . qu L. Ow
B — ~ ; - = —2-1 )
IROSA FIUNE IERUR SN [0S NS S S NTSIESENE FDUUTINE FOTRITE S E N B Qv
SEEEERTEE IRARE RS ENN IR R R AT REEAE b SN EARES ISANS Y ol 1> .
b prbefree- mw_ .mq‘m. . e R 3L L 44,3000 . R, [ dft w“ A | B S <
NS i _ -L,u ~. R ; R i et ; ; (8]
REER BN AL RN ERE ¥ I i " o | B Sﬂ
NHIITR NI N IR R SERITE ~r 1 -5
q‘.ﬂT..“J}... .f-.wmﬁu. W“m!".m‘m-n ;.".1wwﬁdu Ches Jroopes oty r,rms.ﬂi.a S ;._T.w.*v .m,. . A >
RART SN IRRRRICE VS (RERE RD0N AURE Y : Fioagtos H: o i L o
=] o © ] o < oo el o o _ o
] o @ ~ w r) =3 i) & —_ | .

vy







e
Z
Ll e
‘u {N
T 1 wwm“ -w ! m - MM
v . H H t + t .
| sHEHHHEN R0 FEREE IRR) HH 171+ g < i
H 11 LI 3 -+ . ! T o
ii i It "MTo [T
T.rm ] ! tiey Uy
; ' ito < <
141} ‘Riio La}
- 3+ X
A i H um. ~.’..-_ 23]
EH I : . m T R > >
: i E : ; : i oW
. . il } w1 .,—Viwﬂfﬂ.:‘ S T
He T i M B el
: A ERSEEE LENS ; —art o
1 i 2k 4” N I _ 2 P
* ; : “ “ “&,r-L - §- } w w__* .Mlmxr 3 Tw o 4 0
. 1 4 $+-t- H + i "
I b N I ek
L AT MRER SR AT RS & e - b Iz
AR 3 ..w,ut.r St pereeideg b f N _ Do S
m” “ m m m © w» : o . mA “ . WIIII’ AE[
i ! .w. . ) m - > %o
SRR B S N 4 g
..I.wull .w OIV R (R R W B SR w ‘WPAA o m ECG
i, < e- S o
b 4 .m,; . /\.«P 3 Wl.rnu. [ S
B LR w —|°
! & An - i n e rm.
R ' S SIS IR S AU S B JIUNLA RS S B L R
- : Tt .-OQ\ : W; mw_
o ) w 3 ORIV I ANSENEUER RN DU iy o
s - e A3 Bl @ w
. H \A/ - - o= | o
- 3 - o e
* e@ . P ® G
b . O ; R bt o
i 1 R A EEETT R FREEPR B w
.-au‘ . . “E.:
: - .&Z;ﬁ. -~

. - il
1 . el \ @ . AERTEE XS EEE Tpotbree b

SRNDON IR Y A ISR A5 e e B D

R R R e- \\ v > : ] Tm

. - T m ! ”.“n...., S AH

ol Ll N R e R EERERE A el 35

i B A ; S R S SR S : - -

: .m . .o ! mqn. RN e - w. 4. i CN

AR A . 3] 0

TR v

Sy g . . M ..u.wn “.“ n-m - Y Olw

EEEETE AR 38 AR 1 08 HH N @ e

D - . N . . H B : Toa : -

i e S ez r2s

ESERESLER IERERLILES CRAEETIE T < L3

I LN LERES R ivfiic 0

L.T..lﬁ srtebiess prpkbb LI " 8]

IR N Q<

Ppoigt ; o
o

3 b3 o C

=2




ECTRORENA




W00 M =" o T s e : -

SOUND PRESSURE LEVEL, dB re .0002 pbar

ot e ‘ + +
PR O, e e (R . . BN . - o 1 e
- ) . e " - - N . ¥ T T
O e s R IR, ! -
e PR e N . . . . [

S L IR P £ 11 200 - 1090 -zoee'-"—~::4-‘aioo43' Jl—ae?o&--&%'nm
R SR el
1000 2 10000 ?

Frequency in Hz

H
i
‘
H
;
:

DARBY FIGURE 4F. CESSNA 402 FLYOVER AND AMBIENT

& ASSOCIATES OCTAVE FREQUENCY MEASUREMENT

POSITION 5, WIND 5-10 KNOQTS
ACOUSTICAL CONSULTANTS




[ENTRNN e . e, A W o - . [ T RERETERy | :
Aurenaitairn hinandld ol i b Tl B e BatlaAtah Bt A [E—— QAR bl et L g N St b B st




Fl
; 100 - e . + e bmen g e J B
, Sl . ; ]
..",.. . - v P
M + . - - T
LSRR TP [T raimege o 0 e cme e | g wpsan ¢
. e e . . . . P B
. - - . 1 . H f [P B e s
i . . - . A . [N D SN | - .
I TR SURN. SN AL -
90 - i 1
; e [RRINRNNY S - P PR S
f TR ' 4 wye —— . .
P o - ot <
A : A T T R b
- - - - + - va - — - — v -
PRI R »..:1.......,.,* - fan
O ol Anbpdiben i P o G B
. [P W S SN SO TN

80

bninel WU I ol z -
e o i acsny ; —
S FONEN . - o ..,-T....‘ [ :

i ot s omm X S - : IRURESY Anpuen. ;

» ,,,,::“..,. T ‘94’4 . : ...I.:.:. ’.... f e -.—.-u_-.q‘:*.

- .

70

60

50

40

30

20

SOUND PRESSURE LEVEL, dB re .0002 pbar

_ phemed lonecunschil RNRSEEE NREEEENN NS B R e e =

3 LRIt TN BN RP PR . . C. . . R e B [t SR AR NS S N SO

o ey - . . B . . ) [NTRE f . B A R .
]0 . . . . <y B S

- .. - . . . S e e TN .‘_,...._.,...._w...é.—.....‘?.‘m s

2 e e R . . e [ AU SO . e aa
; Rl RO B BSUS (aosorcon d Bfsann el e e
M-ﬁ-‘-ﬂ-——z—._

[T . - NI ENS SSRGS

l e A S L o s zo;ow—wv—«\olaww 8008 2 1000

T Y "

) : 100 T8 1600 3 "% 10000 : i

Frequency In Hz

,‘ PR

DARBY EIGURE 4G. CESSNA 402 FLYOVER AND AMBIENT
OCTAVE FREQUENCY MEASUREMENT
(& AssociaTes OCTAVE FREQUENCY MEASUREMENT
ACOUSTICAL CONSULTANTS




RERTT AR . FIOTETRTN A T AT e e o.
Soermnsnata TR R AR PRI o e e EREEIpe



ChCk B Ly
5 wenlie

Trkot Y

\
L
L

\
3,

XY .
J;:’/‘\m
Kapapakikan .
[

3

Kalaupapa ZJ‘-

p
i
i
? <‘r\
£y
-
H - A

Fog [ iy

DARBY
& ASSOCIATES

ACOUSTICAL CONSULTANTS

DESCRIPTION QOF AIRCRAFT
LANDING AND TAKEOFF PATTERNS

DURING TRADE WIND CONDITION
AND OBSERVED AIRCRAFT
FLYGVER PATTERNS







&
:
v
7

;

APPENDIX 1

A-WEIGHTED SBOUND LEVEL

The human ear is more sensitive to sound with frequencies
above 1000 cycles per second, or Hertz (Hz), than with
frequencies below 125 Hz. Due to this type of frequency
response, a weighting system, namely a A-weighting , was
developed to approximate the sound response of the human ear.
A-weighted sound level is a single number rating of a sound
signal which de-emphasizes the low frequency portion of the
spectrum of a signal, and is denoted either dB(A) or dBA.

The A-weighted sound pressure levels of a few typical sources
are listed in Figure I-1.

The A-weighted sound levels of long term noise producing
activities such as traffic movement, aircraft operations,
etc. can vary considerably with time. In order to obtain a
single number rating of such a signal, several special noise
indices have been developed and instrumentation are available
to measure them., The following are two of commonly used
noise indices:

* Legq -- The Eguivalent A-weighted sound level
(the energy averaged level)
A single number rating which represents the
fluctuating sound signal measured over a given
time period as a constant level with the same
amount of the total acoustic energy during
that period (refer to Figure I-2). 1In this
report, Leg assume a measurement period of one
hour. This number 1s widely used to assess
community noise annoyance and hearing damage
potential,

* ILn ~- The A-weighted exceedence level

A single number rating which represents a A-
welighted sound level that is exceeded for n%
of total samples taken. For example, an L10
of 60 dB(A) for a traffic noise measurement
for 20 minutes would mean that 10 percent of
all the noise signals measured during the 20
minute period exceeded 60 dB(A). Note that
'n' can take any values {usually integers)
between 1 and 99, where L1 and LS99 represent
the near maximum and the near minimum sound
levels, respectively. This number is
primarily used to assess community noise
annoyance.
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APPENDIX II

DAY-NIGHT AVERAGE SQUND LEVEL

It is recognized that a given level of noise may be more or
less tolerable, depending on the duration of exposure
experienced by an individual. There are numerous measures of
noise exposure which consider not only the A-weighted sound
level variation of noise but also include the duration of the
disturbance. The United States Environmental Protection
Agency (EPA) has adopted a Federal Policy of noise control and
acceptable levels of rnoilse exposure. The measure of exposure
used by the EPA is the day-night average noise level, Ldn.
This measure is essentially an average of the A~weighted sound
levels experienced for each 24-hour period. Noise levels
cccurring during late evening and early morning hours (10:00
pm to 7:00 am) are more annoying and, therefore, are increased
by 10 dB{A) and averaged along with the daytime levels.

A comparative description of ocutdoor Ldn values is provided in
Figure II-1.






Ldn

Day-Night
Qualitative Sound Level
Descriptions (dBA) Outdoor Locations
~90-

Los Angeles—3rd floor apartment next to
freeway

Los Angeles—3/4 mi from touch down at
major airport

= ;
/

City noise -8 Los Angeles—downtown with some con-
(downtown major struction activity
Metropolis) Harlem—2nd floor apartment

H*H}H:*

S

Yery noisy Boston—row housing on major avenue

HrH

oisy Urban Watts—=8& mi from touch down at

major airport

Newport—3.5 mi from takeoff at
small airport
Los Angeles—old residential area

R
—

Fillmore—small town cul-de-sac

+—— Residential ———»

H-

Small town a

Quiet s@rban San Diego—wooded residential

California—tomato field on farm

T —
]wﬁ

—30-

' Source. “Information on Levels of Environmental Noise Requisite to Protect Public

Health and Welfare with an Adequate Margin of Safety,” EPA, March 1974,

l DARBY : Typical L,, Levels in Outdoor Locations
C & ASSOCIATES
|

ACOUSTICAL CONSULTANTS Figure II-1




el e



III-1
III-2
Irr-3
III-4
I11-5
ITI-6
ITT-7
I1r1-8
I1xr-9

IiI-10

Sheet 1 -

APPENDIX TII

ATRCRAFT NOISE MEASUREMENT DATA

DESCE ON

Equipment Listing

- Data Listing - All

Data Listing =~ Cessna 402 Landing, Postion 3
Data Listing - DH-6 Landing, Postion 3

Data Listing - Cessna 402 Takeoff, Postion 2
Data Listing - Cessna 402 Takeoff, Postion 4
Data Listing =~ DH-6 Takeoff, Postion 2

Pata Listing ~ DH-6 Takeoff, Postion 4

Data Listing ~ Single Prop. Takeoff, Position 2
Data Listing - Aircraft Flyovers

Data Listing of the twenty-four hour measurement
and calculated Ldn



TABLE III~-1 INSTRUMENTATION LISTING

1. Integrating Precision Type I Sound Level Meters

- Larson Davis Laboratory (LDL) Model 800B po
S/N 0385B0276 3

- LDL Model 800B
S/N 0486B0600

- Bolt Beranek Newman (BBN) Model 614
S/N 790713

2. Acoustic Calibrators %

- General Radio (GR) Type 1562-A; 114 dB @ 1000 Hz.
S/N 2280

- GR Type 1562-A; 114 dB € 1000 Hz.
s/N 8605

3, Tape Recorder

- Sony Professional Walkman
S/N 83880

v
3

o
paosd




Table I11-2 Summary of Noise Measurements of Aircraft Operations at Kalaupapa Alrport PAGE 1 OF 5
o and Aircraft Flyovers in the Vicinity of Kalaupapa Peninsula.
: Kalaupapa, Molokai, January 10-12, 1989

1 2 3
EVENT | 1 LOCATION ] AIRCRAFT | FLIGHT | SEL | tmax | DURATION |} Wik | insT.
wo. | DATE | TiME ¥o. | type | PATTERN | dB(A) | cB(A) | (SECONDS)]  CONDITION jusep
— ; e} : : ;
1 1-10-89} 10:05 1 | on-6 Jrawping | 75.6 | 48.8 | 30 } NE, 15-18 xHOTS | 1
| i i | I ! I
2 1-10-89] 10:10 2 ] ow-6 ] vake-ofFf 96.1 | 9.5 | 15 | wE, 15-18 knoTS | 1
; | I [0 | I
3 t-10-89} 10:15 | 4 ] 2-ProP. JOVER, D] KA T ] <607 | WA ] ME, 15-18 XNGTS | 1
I i | ! ! | [ ! |
4 ] 1-10-89] 10:22 4 ] on-7  fover, A} MA ] <55 | WA ] ME, 15-18 xNOTS [
| I | { b I i |
2 5 ] 1-16-8%] 10:50 3 § on-6 fover, cf MA | 56 | A | NE, 15-17 xNoTs |
i ! I i | | i !
6 | 1-10-89] 11:04 3 ] weLtcopTER fLooe | oNa | 55 | HA | ME, 15-17 xNOTS | 1
| ! f | | | | |
T ] 1-10-89] 11:05 3 { HELICOPTER f LOOP | NA | 55 | NaA | HE, 15-17 XNOTS |
! 1 i [ | | | I !
8 {11089 137§ S [ 2-proP. [ OvER, A | NA | <60 | WA ]oNE, 15-20 xNOTS | 2
| l i [ I | I I ! |
% ? | 1-10-8%) 1318 ] S | 2-proP. | ovEr, A | Na | <60 | na { NE, 15-20 XNOTS | 2
| | | [ I I I | I !
10 . ] 1-10-89] 13:18 | 5 [ 2-PrOP, | OVER, A ] NA ] <60 | ¥A § NE, 15-20 xNOTS | 2
I ! [ I I ! | ] I
11 | 1-10-89] 13:20 | 5 [ t-eroP. | over, C] 34 | 6 | HA { NE, 15-20 XNOTS | 2
| | | | | I I ! I
12 ] 1-10-8%] s | 1 CESSNA 402 | LANDING | 75.8 1} 70.0 | &R 5 | N, 15-20 kNoTS | 2
| | ! I ! I I I |
13 ] 1-10-89) 1422 | 4 | 2-PrOP. fovER, A ] ¥a ] <85 | wA | NE, 15-20 xhOTS | 2
| [ I I ! | ! I
th ] 1-10-89] 14:43 | 4 CESSNA 402 | TAKE-OFF] 84,9} 77.8 | 3 | NE, 20-25 xNoTS | 2
| i | I ! | I I
% 1-10-89) 14543 | 2 | cessna 402 | take-oFf] 4.1} 91.3 | ez | WE, 15-20 kNOTS | 1
! | | I | | | | | I
15 ] 1-10-89] 14:48 | 4 | neLicopTER | OvER, B | ¥A ] <65 | WA | nE, 20-25 xnots | 2
! I I I | I | | I I
16 | 1-10-89] 14548 | 3 | cesswa 402 | Lanoing | 879 | 823 | 19 | g, 15-18 kHOTS | 1
i | | | I | | |
16 ] 1-10-89) 14:48 | 3 | cessna 402 | Lanping | 88.0 ] 81.3 | 15 | 88, 15-18 xnOTS | 2
i | | | | i | ! ] ]
17§ r-1o-s9f 1500 | 2 | cessNa 402 | TAKE-OFFf 93.0 | 89.8 | 21 | NE, 15-20 xnoTS | 1
i | | | ! | I ! |
17} 1-10-B9f 15:00 | 1 | cesswa 402 | TAxE-OFF] 95.2 | 87.8 | 76 | ME, 13-20 XNOTS | 2

-- Refer to Figure 2 (text) for the iocation of the measurement positions

-- Refer to Figure 5 (text) for the description of the flight patterns

-~ Instrument used: 1--LDL 8008 $/K 038580276, 2--1DL BSCOB S/N 04B&BOSCGR, 3--8EN 614 §/N 790713
HA -- not spplicable -

e W< # .- {gsg than

== HR <+ not recorded

[ S ¥ N
%
*




Table 111-2. Sumary of Noise Measurements of Aireraft Operations at Kalaupepa Airport PAGE 2 OF 3
and Afrcraft Flyovers in the vicinity of Kalaupapa peninsula.
galaupapa, Molokal, January 10- 12, 1989 (contirwed)
2 3
EVENT | ] [ LOCATION | AIRCRAFT ] FLIGHT { seL | imex | DURATION l Wikp | 1NsT.
No. | oate | TIME | NO. | Tree | PATTERN | cB(A) 1 e | (s&tﬂnos:i EORDITION fusep
A : : : e . :
18 | 1-10-89f 1&:00 | 3 | o6 | LaNDING | 85.3 | 78.8 | 26 | ne, 15-17 kNOTS | 1
| | i I | 1 | i ]
19 | 1-10-89f 16:30 | 2 { oK-6 ] TAKE-OFF] 97.5 | 9.3 | 25 | w&, 15-18 xwo7s |
| | I I 1 | | | |
19 | 1-10-89} 16:30 | & { oou-6 | TAKE-OFF] 90.8 | &3 | 23 | Ne, 15-20 xnovs | 2
| : l 1 [ i | 1
20 | t-1t-g9foriio |2 | 2-prop | over, D ] WA | & | W | w0 WIND i 2
| I z s . s | 1
2t {1-1-89] w7] S | 2-proP | over, D | 7.1 | 6.3 | 19 | No winp i
| 1 | I I 1 i | | |
22 j1en-s9f om0z | 4 | 2-prop ] OVER, C ] NA | 50 | WA | NE, 5 KNOTS I 2
| | | | { | | | |
22 | 1-1-89f o0z |03 | 2-prop | OVER, C'] NA ] 63 | MA | g, 1-5 xNo1s | 1
| | ! ] | | | I !
23 | 1-1esgfos:t |03 1 JET |over, B ] NA | 53 | WA [ ne, 1-5 xiors | 1
; I | I | 1 | | I
26 | 1-11-89] 09:29 | 4 | HELICOPTER | OVER, C | NA | 6 | WA | NE, § KNOTS {2
| | | | 1 ! ! 1 ! |
26} 1-11-89] 09:29 | 3 | wericopTer | toor | 77.8 | é8.0 | 30 | e, 1-5 knots | 1
1 i I i I | | | |
25 | 1-11-89) 09:30 | 3 | #eLicopver | Loop | 653 I s5.8 | 19 { NE, 1-5 xyots | !
| E | | N 1 |
26 | 1-11-89] 09:36 | 3 | cESSHA 402 | OVER, D | wa | S50° ] WA | NE, 1-5 kHots | 1
I | | | ! I | ! |
27 [ 1-vi-g9] 09:38 | 4 [ cessnA 402 | LaNDING | 66.1 ] s | 852 | NE, 5 KNOTS 1 2
| | 1 | i | ! | |
27 | 1-11-89] 09:38 | 3 | cessWA 402 | LANDING | 82.4 {755 | 19 { N, 1-5 xnots |
1 i ! ! | 1 | | !
28 | 1-11-89} 09:53 | 4 | cessna 402 | LANDING | 66.8 }55.3 | 30 | NE, 5 KNOTS 1 2
| ! | | i i | | |
28 ] 1-11-89] 09:53 ] 2 } CESSNA 402 { LAWDING | 9]e8.8 | 28 | ne, 1-5 kiots | 1
| | | | ! I 1 ] 1
29 | 1-11-89] 09:58 | 4 | cesswa 402 | TAKE-OFF] 81.5 J 74.0 | 34 [ NE, § KNOTS | 2
1 | | i | | | 1 !
29 | 1-11-89] 09:58 | 2 ] CESSNA 402 | TAKE-OFF] 95.0 jeos | W | v, 1-5 knots | 1
] | | | i : 1 | |
30 | 1-11-89] 10:02 | i | cesswa 402 | TAKE-OFF] 81.9 jrss | » | NE, 5 KHOTS | 2
| ! | ] i | i | |
30 | 1-11-89] 10:02 | 2 | cesswa 402 | TAKE-OFF] 93.0 fee3s | 118 [ g, 1-5 knets ] 1

P P

.- Refer to Figure 2 (text) for th
.- Refer to Figure 5 (text} for

e location of the measurement positions
the description of the flight patterns

-~ Instrunent used: 1--LDL BCOB S/¥ 038580276, 2--1DL BOOB S/W 0484680600, 3--BBN 614 S/N 790713

.« NA «- not spplicable
-- ¥R -- not recorded
wa B ¢ H -~ less than

N

ey

e

7
4
¥
#
+
+
“
¥
¥
P
¥
¥
H
H
i
¥
H




TINE

Summary of Noise Measurements of Afrcraft Operations at Kalaupapa Airport

and Aircraft Flyovers in the Vicinity of Kalaupapa Peninsula.
Kalaupapa, Molokai, January 10-12, 1989 (continued)

LOCATION

NG, TYPE

ATRCRAFT

DURATICN
{SECCHDS)

%
13

1

10:05

10:03

10:06

10:10

10:12

10:12

10:19

14:30

14:31

14:47

14:49

14:58

14:58

16:19

16:15

16:23

16:23

07304

1-12-89] 08:45

|
1-12-89] 08:45

Table 11i-2.

EVENT

Ko. | oaTe |
3N 1-11-89]
31 1-11-89
32 1~11~39t
33| 1-11-89
3%} 1-11-89
34 t-ii«&e{
35 1-11-59{
36 | 1-11-89]
.14 1~!1-39E
38 | 1-11-89]
39 1'51-59E
40 1~1a-39E
40 | 1-11-89]
41 1-11-89]
41 1_1t~89t
4z | 1-11-89]
42 | 1-11-89]
43 ] 1-12-89]
44

44

45

1-12-89] 08:51

4 DH-6

3 DH-6
4 DU-T
2 Di-&
OH-6
pH-6

bH-7

DH-6

DH-6

DH-6

4 -- NA -- not applicable

5

-« Circling to lard at Xalaupapa Airport

2-PROP

2-PROP

CESSHA 402

CESSNA 402

CESSNA 402

HELICGPTER

HELICOPTER

7]

CESSNA 402

1
| |
| o |
I |
I |
I |
| |
| ]
| ]
| ]
] ]
] i
| i
| I
| I
| |
i |
| |
I |
i |
| |
| 4 | CESSNA 402
| |
i |
| |
I |
I |
| |
| |
| |
| |
| !
] i
| |
| |
| i
] I
] !
| I
1 I
| I
| |
} |
I |

3%
21
BA
HA
26
21
25
15

2

30
i3
22
29
5
31
%
NA
zg

|
;
|
|
:
|
t
|
|
!
!
!
:
|
!
|
|
1
1
|
| 2%
|
!
!
|
i
;
!
|
i
1
|
!
1
!
!
!
!
!
!
] oo
!
s

S A PR T I U S B, O WS ST S RIS WA it e TN, ST B TSN S S T T, VMS SM. W W W SO S W W T —— T, WAL T WS S S S, skl s

28

-- Refar to Figurs 2 (text) for the location of the measurement positions
2 -~ Refer to Figure 5 (text) for the description of the-flight patterns
3 -~ Instrument used: 1--L0L 8008 $/N (38580276, 2--LDL 800B S/N 04B6BOGGC, 3--BBN 614 S/N 790713
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table 111-2. Sumary of Noise Messurements of Aircraft Operations at Kalaupapa Airpart PAGE & OF 5 b

ard Alrcratt Fiyovers in the Viginity of Kalaupapa Peninsula.

alaupapa, Molokai, January 10- 12, 1989 (continued)

2 3
EVENT | i | LOCATION | AIRCRAFT | FLIGHT | seL | Lmax | DURATION | WIND |1usT,
No. | DATE | Tiee § wNo. | TYPE | pATTERN | dB(a) | dBCA) | (SECONDSY|  COMDITION fusep
i * : 1 1 : : :
45 ] 1-t12- 39; 08:51 | 4 | cessna 402 | Loor * | T2.1 jese | 12 I HO WIND l3
| 1 | | i | | I i |
46 | 1-12-89] 09:06 | 3 | cessNa 402 | LakoIng | 81.2 [75.8 | 10 | ne, 1-5 xNOTS | 2 :
1 | | i | | i 1 | 1
i | 1-12-89f 09:06 | 4 | cESSNA 402 | LANDING | 58.6 fses | 2 ] NE, 1-5 knots | 3
I 1 | | I l 1 | |
47 | 1-12-89f 0913 | 2 | CESSKA 402 | TAXE-OFF] 95.1 jors | 16 [ nE, 1-5 KkNOTS ] 2 :
| i | | | i | |
47} t-12-89f 09:13 | 4 | CESSNA 402 | TAKE-OFF} 77.4 718 | 12 | ne, 1-5 kNOTS | 3
1 | 1 | . | ! |
a8 | 1-12-89f 0917 | 3 | HELICOPTER | OVER, C | NA | 58 | NA | v, 1-5 xnavs | 2
| 1 | R [ 1 | |_
4 | 1-1-sefoss2t |3 | cesswa 402 | woop * | 78.0 js.8 | 36 | Ne, 1-5 knots | 2
| | ! oo [ l |
49 §1-12-sef o921 | 4 | cesswa 402 | LoOP [ 785|605 | 22 [ NE, 5 KNOTS | 3
I | l [ R 1 1 |
so | 1-12-89] 09:23 | 3 | cessna 402 § tooP T | NA | 59 | WA | v, 1-5 kNOTS | 2
i | | i | | | 1 | -
51 | 1-12-89f 09:25 | 3 | CESSHA 402 | LANDING | 84.6 jra.0 | 26 | €, 1-5 xnots | 2
; | | i | | { | |
51§ 1-12-89] o9:25 | 4 | CESSNA 402 | LanDING | 71.7 | 616 | 34 § NE, 5 KNOTS | 3
I | | | ! i | | i
52 | 1-12-89] 09:27 | 3 | CESSNA 402 | LANDING | 87.7 | 828 | 20 | %e, 1-5 knoTS | 2
| | | | l | | i !
53 | t-12-89] o9:27 | 4 | cessuA 402 | LANDING | 7s.3f65.4 | 20 | NE, 5 KNOTS ] 3
1 | 1 | 1 | | | | |
53 | 1-12-89] 09:35 | 2 | cesswa 402 | race-off} 5.8 2.5 | 23 j NE, 5 KNOTS | 2
| i | ! i | | l
53 ] 1-12-89] 09:35 | 4 | cESSHA 402 | Take-ofF] 85.3 | 795 ] 18 | NE, 5 KNOTS } 3
| ' | i | | ! | 1 |
56 | 1-12-89] 09:37 | 2 | cessnA 402 | Take-oFF] 95.9 1 92.8 | 28 | HE, 5 KNOTS | 2
1 | | | | ! !
s, | 1-12-89F 09:37 | 4 | CESSNA 402 | TAKE- offf 79.3 F 73.1 | 4 ] NE, 5 XNOTS { 3
| | 1 ! i i | | I
ss ] 1-12-89f 09:46 ] 3 | ous Jroor | 667 |s3.3 | 38 | vg, 1-5 xwo1s | 2
| | | i | | { | I
56 | 1-12-89] 10312 | 3 { oH-6 | LawninG | 841 770 | 2 [ NE, 5 KNOTS { 2
| | ; | | ! | i |
s6 | 1-12-89) w:12 | 4 { ou-é6 ] LANDING | 0.1 j680 | 6 | xg, 5-t10 xiots | 3
4 -- Refsr to Figure 2 (rext) for the tocation of the measurement positions
2 -- Refer to Figure 5 (texty for the description of the flight patterns
3 -- Instrument used: 1--LDL 5008 S/N 038580276, 2--LOL 8008 S/N 048680600, 3--BBN 614 S/N 790713
4 -- Circling to land at Kalasupapa Afrport
% -+~ HA -- not applicable




Table 111-2. Summary of Noise Measurements of Airqraft Operations at Kalaupapa Airport PAGE 3 OF §
atwd Aircraft Flyovers in the Vicinity of Kalaupapa Peninsula.
Kalaupapa, Molokai, January 10-12, 1989 (continued)
1 2 3
EVENT | | [ LocaTiON | AIRCRAFT | FLIGHT | SEL | Lmax | OURATION | WIKD JinsT.
No. | DATE | TiME | wO. tYPE | PATTERN | dB(A) | dBCAY | (SECONDS)]  CONDITION juseD
X H i i ! I3 i i E
1 1 L] L] ] * 3 ¥
57 | t-12-89) 10:15 2 P oon-6 | TAxe- orr; 100.3 | 97.0 | 21 ] NE, 5 KNOTS j 2
I i ] | | I | | |
57 ] t-12-89] 10:15 ] 4 oH-6 | take-oFr} 90.1 | 843 } 18 ] KE, 5-10 kNOTS | 3
I I | | | I { !
58 | t-12-89] 10:19 | 4 oH-7 OvErR, 8] 72.7 | 63.5 | 14 { RE, 5-1D KNOTS | 3
I I ! | | ! I
59 | 1-12-89) 12:22 | S | ou-s OvER, & ] 716|613 | 22 { ME, 5 KNOTS [ 2
| | | ! | i ] |
60 1-12-89f 12:35 | 8 [ 1-PRoP fover, A} 59.3 | 498 | 23 { NE, 5 KNOTS P2
I I Pl { i !
81 1-12-89] 13:05 | 2 |3 t1-prop | OvEr, ¢ | wA | 50 | ¥ ] NE, 10-12 xNOTS | 2
| | I | | ! I I
62 1-12-89) 13:09 | 2 [ oW-6 Jover, 8] Na |57 [ NA | k&, 10-12 kNOTS | 2
| { I ! i | ! | |
63 | 1-12-89) 13:02 | 2 [ 1-prop ] tAkE-OFf} 87.2 ] 835 } 19 | nE, t0-12 KHOTS | 2
I ] ; ! ! | ! | I
66 | 1-12-B9] 13:47 § 2 i 1-eroPp | TAKE-OFFf $0.1 | 8.0 § 21 | B, 10-12 kNOTS | 2
| ! { I 1 ! I I
65 | t-12-89] 13:50 | 2 { oW-6 | over, | 5.7 ] 560 | 35 | %€, 10-12 KMOTS | 2
i I ] I | ! | |
46 } 1-12-89] 1336 | 2 { 1-eaop | Take-ofF] 85.0 | 79.8 | 20 | %8, t0-12 kNOTS | 2
i | i I | ! | |
&7 | t1-12-89) 14:09 | 2 { t-erop | TAkE-OFF] 96.1 | 85.8 | 35 | €, 10-15 KNOTS | 2
] | i | | I s I I I
68 } 1-12-89] 14:37 | 03 ! et Jover, o | NA | <50 | KA | uE, 10-15 knOTS | 2
i | ] 1 l ! | i
& | 1-12-89] 14:68 1 3 } cEsswa 402 ] tanpINg | 783 | 718 | 18 ] HE, 10-15 kuoTS | 2
i 1 | ! i { | | I I
69 f 1-12-89] 14:45 | 4 | cESSMA 402 ] LANDING | 64.3 ] 61t ] 25 { NE, 15-20 KNOTS | 3
! i ] | I | { ! |
70 f t-12-89] 452} 2 [ CESSNA 402 | LANDING | 44.9 [ 58.3 | 15 [ ME, 15-20 XNOTS | 2
I - ! i ! ! ! | i !
7t | 1-12-89) 1458} 2 | CESSNA 402 | TAKE-QFF] $2.1 1800 | 16 | NE, 15-20 xnoTS | 2
! i ! i ! I I I |
7t} 1-12-89) 14:38 | 4 | CESSNA 402 | TAKE-OFFf 83.4 ] 77.4 | 1 | g, 15-20 xHoTS | 3
| | | ! ! | | I
72 f1-12-89] 15:08 | 2 | cESSHA 402 | TAKE-OFF} 93.1 1900 | 19 | ng, 15-20 nOTS | 2
i ] ; ] | | [ : |
r2 | 1-12-89f 15:05 | 4 [ cessva 402 } TARE-OFF] 81,9 ] 77.0 | 13 | nE, 15-20 kNOTS | 3
| i ! ! I | | | |
73 1-12-89] 16:34 | 10 i ow-é [ LaoING | 92.8)85.0 | 23 | ng, 15-20 KNOTS | 2

RS S VR oK I

Refer to Figure 2 (text) for the location of the measurement positiors

Refer to Figure 5 {text) for the description of the flight patterns

Instrument used: 1--LDL 8008 §/N 038580274, 2--iDL 8008 S/n 04BSBOSDD, 3--BBN 614 S/M 790713

HA -- not applicable
o< #o.s fegs than
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Table 111-3 Summary of Noise Measurements of Cessna 402 Landings at Kalaupapa Airport PAGE 1 OF 1
& position 3
i Kalaupapa, Molokai, January 10-12, 1989

e EVENT | | | LOCATIO&1E ATRCRAFT | FLIGRTa | SEL | Lmax | DURATION | WIND ]IRSY%
i HO. ! DATE g TIME ! NO. E TYPE ! PATTERN E dB(A) ! dB(A) i csEcangs>! CONDITION !usaa
. 1% ; 1~1o~59i 14148 i 3 i CESSNA 402 i LANDING E 87.9 E 82.8 i 19 i HE, 15-18 KNOTS i 1
16 ; Mo-avi 14:48 } 3 CESSNA 402 ; LANDING ; 88.0 ; 81.3 i 15 ; NE, 15-18 KNOTS } 2
g 27 } 1-11-89] 09:38 E 3 | cessNA 402 { LANBING i 82.4 ; 75.5 } 19 ; NE, 1-5 KNOTS i 1
& 39 { 1-11-89f 14:49 { 3 | CESSNA 402 E LANDING } 8.9 } 79.5 { 30 E NE, 5-10 ENOTS i 2
&b E t-12-a§f% 09:06 E 3 | CESSNA 402 ; LANDING = 81.2 ; 75.8 E 10 § NE, 1-5 KNOTS i 2
: 51 ; 1-12-89| 09:25 ; 3 E CESSNA 402 % LANDING } 84.6 { 78.0 § 26 } NE, 1-5 KNOTS ; 2
52 ; 1-13-&9{ o9:27 % 3 ; CESSNA 402 } LANDING § 87.7 ; 82.8 } 20 ; NE, 1-5 KNOTS { 2
69 ; 1-12-39% 14145 { 3 i CESSNA 402 ! LANDING § 78.3 ; 71.8 } 18 } NE, 10-15 XNOTS } 2

: 4 -- Refer to Figure 2 (text) for the location of the measurement positions
b 2 -- Refer to Figure 5 (text) for the description of the flight patterns
3 - Instrument used: 1--LBL 8008 S/N 038580275, 2--LDL BOOB S/H 04B6BOSGO, 3--8BN 614 S/N 790713
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tabte I11-4 Sturmary of Hoise Measurements of DH-& Larddings at ¥alaupapa Airpors PAGE 1 OF 1
Pogition 3
Kalaupapa, Molokai, January 10-12, 1989

1 2 3
EVENT | | LOCATION | AIRCRAFT | FLIGHT | SEL | Lmax | DURATION | WIND st
NG, | DATE TIME | wo... | TYPE | PATTERN | d8¢A) | oB(A) | (SECONDS)Y|  CONDITION juseo
i : : 1 t -t : — t
18 ] 1-10-89) 16:00 | 3 | oH-s | LasDiNG | 85.3 ] 78.8 | 28 | €, 15-17 knots | 1
1 | I l | | I | I }
41§ 1-11-B9] 16:15 | 3 | oH-6 | rakoing | 845 | 773 | 29 | vg,-5-10 gwots | 2
1 ' | | | | | ! | |
56 | 1-12-89] 10:12 | 3 |  be-é | Lakping | 841 ]| 770 ] 29 | NE, 5 xNOTS l 2

1 -- Refer to Figure 2 {(text) for the location of the measurement positions
2 -« Refer to Figure 5 (text) for the deseription of the flight patterns
3 -- Instrument used: 1--LDU 8008 S/N 038580276, 2--LDL 8008 S/N (48680600, 3--BBN &4 S/N 790713



Table 111-5 Summary of Noise Measurements of Cessna 402 Takeoffs at Kataupapa Airport PAGE 1 OF 1
Position 2 ’
Kalaupapa, Molokai, January 10-12, 1989

s

EvENT | i LGCATiONgl ATRCRAFT | FLxsurz | seL ] imax | DURATION | WIND IINST%

HO. ! DATE ! TIME NO. ! TYPE i PATTERN ! dB(A) ! dB(A) ! (schNBS)! CONDITION iussa. ;
14 E t-te-a9i 14143 2 i CESSHA 402 i TAKE'OFF; 94.1"E $1.3 i 22 i NE, 15-20 XNOTS i 1 9
17 % 1-10-89} 15:00 2 % CESSHA 402 ; YAKE~GFF1[ 93.0 % 89.8 5 21 NE, 15-20 KNOTS ; 1
29 % 1-?1-895 09:58 z % CESSNA 402 { ?AKE'DFFi 95.0 % %0.5 { 17 5 NE, 1-§ KHOTS i 1 )
30 % 1-11»39{ 10:02 | 2 ; CESSNA 402 i TAKE-SFF{ $3.0 } 89.3 5 18 l NE, 1-5 KNOTS ; 1

40 { 1-11-895 14:58 % 2 } CESSNA 4&27{ fA;5~0FF§ 95.2 ; 90.5 { 33 | NE, 5-10 KNOTS } 2

47 { 1-12-8¢} 09:13 % 2 '% CESSKA 402 i TAKE-O??{ 95.1 { 91.5% i 16 ! HE, 1-$ XNOTS % 2

53 % 1-12-89] 0%:35 E 2 { CESSNA 402 { rsz-cFri $5.8 % 92.5 % 23 } HE, 5 KHOTS i 2

54 % 1-12-89] 09:37 i 2 % CESSHA 402 i TAKE-GF#{ $5.9 { 52.8 1 28 % KE, § KNOTS } 2

| | I | | i ! | | !
71 ] 1-12-891 14:58 | 2 | cesswa 402 | TAKE-OFF] 92.1 ]80.0 | 6 | NE, 15-20 xNoTs | 2
72 { 1-12-89} 15:05 } 2 ; CESSHA 402 } TAKE-Q;Fi 93.1 { $0.0 } 19 % NE, 15-20 KNOTS { 2
{ -- Refer to Figure 2 (text) for the location of the measurement positions

foond

2 -- Refer to Figure 5 (text) for the description of the flight patterns
3 -~ Instrument used: 1--LDL 8008 S/N 038550276, 2--LDL BOOB $/N 48680600, 3--BBN 614 S/N 790713




Table I11-5 Summary of Noise Measurements of Cessna 402 Takeoffs at Xalaupapa Airport PAGE 1 OF 1
Pogition 4
Xalaupapa, Molokal, January 10-12, 1989

EVENT i { LOCATEON1| AIRCRAFT | FLIGHTZ | seL | Lmex | DURATION | WIKD [;usr?
NO, DATE ! ?IME. ! O, ! TYPE ! PATTERN ! dB(A) i dB{A) ! (SECOKBS}E CONBITION !ussn
1% 1-te-a9i 14143 i 4 i CESSNA 402 ; TAKE~OFFi 84.9 E 77.8 i k4 i KE, 20-25 KNOTS i 2
29 1-11-89| 09:58 { 4 = CESSHA 402 { TAKE-OFF% 81.5 ; 76.0 { 34 } NE, 5 KNOTS ; 2
30 1-11-89} 10:02 } 4 } CESSHA 402 } TAKE-UFF{ 81.9 ; 75.5 } 34 { HE, 5 KNOTS % 2
: 40 ] 1-11-89f 14:58 } 4 { CESSHA 402 ! TkKE-OFS} 83.0 ; 77.8 } 22 E RE, 5-10 KNOTS = 3
47 ; 1-%2-59% 09:13 } 4 } CESSNA 402 } TAKE-OFF} 7.4 ; 71.8 } 12 ; HE, 1-5 KNOTS ! 3
53 | 1-12-89} 09:35 E [ E CESSNA 402 { rnxa~orr! 85.3 i 79.5 { 18 ; NE, 5 KNOTS ; 3
54 E 1~12-av§ 09:37 E 4 E CESSNA 402 ; fAK&*OFF; 79.3 i 73.1 { 14 } NE, 5 KNOTS i 3
71 = 1-!2~89E 14:58 E 4 E CESSNA 402 } FAX&-DFF} B3.4 E 77.4 } 1 { NE, 15-20 KNOTS E 3
72 { 1-12-39E 15:05 E 4 { CESSNA 402 ; fAKE-OFF{ 81.9 % 77.0 { 13 ! NE, 15-20 KNOTS ! 3
g 1 -~ Refer to Figure 2 (text) for the location of the measurement positions

2 -~ Refer to Figure 5 (text) for the description of the flight patterns
3 -- Instruments used: 1--LDL 8008 $/M 038580276, 2--LDL 8008 S/N 0486BOSGC, 3--BBN &14 S/N 790713
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Table 111-7 Summary of Noise Measurements of DH-& Takeoffs at Xalaupapa Airpert PAGE 1 OF 5
Pogition 2
Kalaupapa, Molokai, January 10-12, 1989

1 2 3
i EVENT } ] LOCATION | AIRCRAFT | FLIGHT | SEL 1 imax | DURATION | WIND jinsT,
e NO. DATE | TIME | NO. |  TYPE ] PATTERM | ascay | aBA) | {SECONDS)]  CONDITION Jusep
: — ; : p—t ; : ;
- 2 | t-10-89f t0:10 | 2 | ou-6 ] TAKE- o;f; 96.1 | 90.5 | 15 | g, 15-18 xnovs | 1
| I | | | I | | |
: 19 1-10-89} 16:30 | 2 | ow-6 | TAke-ofF| 97.5 | 94.3 |23 | NE, 15-18 kNOTS | 1
| | | l | i i !
i 3% | 1-11-89f w12 |2 | ow-6 | rake-ofF] 98.4 | 95.0 ] | ¥, 1-5knets |
I ! | | I ] | | |
" 42 j1-11-s9f 16523 | 2 | oH-6 | TAKE-OFF] 96.6 {905 | } N, 5-10 kwoTS | 2
| | | | I | 1 i
57 | t-12-89] 10:15 | 2 | w6 | TAKE-OFF} 100.3 | 97.0 | 21 | N, 5 KNOTS | 2

1 -- pefer to Figure 2 {text) for the location of the measurement positions
2 -- Refer to Figure 5 (text) for the description of the flight patterns
3 .- Instrument used: 1--LDL 8008 S/N 038580276, 2--LDL 8008 $/N (48680600, 3--BBN 614 S/M 790713
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Table 111-8 Summary of Moise Measurements of DH-6 Takeoffs at Kataupapa Airport PAGE 1 OF 1
Position 4
Kalaupapa, Molokai, January 10-12, 1989

1 2 3
EVERT | i [ LOCATION | AIRCRAFT | FLIGHT | SEL | Lmax | DURATION | WIND Jinst.
NO. | DATE | TIME | NO. |  TYPE | PATTERN | oB(A) | dBCA) | (SECONDS)|  CONDITION jusen
i ' } t } ; i t } t
19 | 1-10-89] %30 | 4 | ou-6 | rake-orF] 90.8 ] 8.3 | 23 | xe, 15-20 knovS | 2
| i | | | | ! ]
3% [ 1-11-89] 1012 ] 4 }  od-6 | rake-ofr] 914 ] 835 | 26 { NE, 5 KNOTS | 2
I | I i ! | | [ |
42 | 1-11-89 16:23 | 4 f  on-6 ] TAKE-OFF} B9.4 ] 843 | 14 | NE, 5-10 kNOYS | 3
I I | I ! | | I |
57 | t-12-89f to:1s ] 4 | ow-6 | TakE-oFf} S0.1 ] 8.3 § 18 | NE, 3-10 xnotS | 3
1 -- Refer to Figure 2 (text) for the location of the measurement positions

2 -~ Refer to Figure 5 (text) for the description of the flight patterns
3 -- Instrument used: 1--LDL B0OB $/N 038580276, 2--LDL 800B S$/N 048680400, 3--BBN 414 S/N 790713
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Table (11-9 Sumary of Noise Measurements of Single Propeller Takeoffs at Kalaupapa Airport PAGE } OF 1§
e Postion 2
Kalaupapa, Wolokai, January 10-12, 1989

1 2 3

£ EVENT | { | LOCATION | AIRCRAFT ] FLIGHT | SEL | Lmax | DURATION | WiND e
i Mo. | DATE | TIME |  No. ] TYPE | PATTERN | dB(A) | dB¢Ay | (SECONDS)|  CONDITION juseo

} 4 t } i } } t i }
sor 83 | 1-12-89) 13212 ] 2 | 1-prop | tAkE-ofF] B87.2 | 83.5 | 19 | ue, 10-12 knOTS | 2
o | | | I | | I i |
H
b &4 ] 1-12-89) 15147 | 2 | 1-prOP | rvAkE-0FF] 90.1 ] B&.D | 21 { NE, 10-12 kNOTS | 2

i [ I I I | i I ! |
S 66 f1-12-80) 13:56 | 2 } 1-prop | vaxg-off] 8s5.0 | 79.8 | 20 ] ME, 10-12 kNOTS | 2
I ] | | I | | I i |
. 47 | 1-12-89] 14:09 | 2 | 1-proP | Taxe-ofF] 90.1 | 85.8 | 135 ] NE, 10-15 KNOTS | 2

1 -~ Refer to Figure 2 (text) for the location of the measurement positions

2 -~ Refer to Figure 5 (text) for the description of the flight patterns
3 -+ Instrument used: 1--LDL 800B S/N 038580276, 2--LDL 8008 s/ 048680600, 3--BBN &14 S/M 790713
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Table 111-10  Summary of Koise Measurements of Aircraft Flyovers PAGE 1 OF 2
in the vicinity of Xalaupapa Peninsula.
Kalaupapa, Molokai, January 10-12, 1989

i
o
B
£

LN

. 1 2 3
EVENT | | | LOCATION | AIRCRAFT | FLIGHT | SEL tmax | ouraTION | WIND |iNsT.
HO. | DATE | TIME | NO. | TYPE | PATTERM | dB(AY | dB(A) | (SECONDS)}  CONDITION |useo
4 ' 4 : : e Smre —— :
3} 110 a?i f0:15 | 4 | 2-PROP. | ovEr, O] HAT | <607 ] NA | NE, 15-18 KNOTS | 1
| | | I | | i | I |
4 .} t-10- 891 10:22 | 4 | ow-7 | over, A NA | <55 | kA | NE, 15-18 kNOTS | 1
I I | | | i | I i
5 | 1-t0-89] 10:50 | 3 | oH-6 Jover, c] A | 56 | M | g, 15417 kwots | 1
I I | | I | I | | !
& | t-10-89] 11:01 | 3 | HELICOPTER | 1oor ] kA ] 55 | WA | ®E, 15-17 xwors § 1
I | | | i I ! | !
7 | r-1o-89f 11:05 | 3 ] ELICOPTER JLtoor § MA ] 53 1 WA | 88, 15-17 kxOTS 1 1
| I ! ] ! | ! | !
& | 1-10-89) 13417 | 8 | 2-ProP. JOVER, A} NA ] <60 | NA | NE, 15-20 xNOTS | 2
| i ! | f | f | !
9 | 1-10-89] 13:18 | 5 [ 2-prop. fJover, A] wA | <60 | NA | NE, 15-20 k8OTS | 2
| I | { I | | 1 !
o f 1-10- 89| 13:18 | 5 | 2-proP. ] OVER, A | HA ] <D | HA | wE, t15-20 kNOTS | 2
i | I I ! I | I ! {
11 ] 1-10-89) 13:20 |5 | 1-erop. JoveER, C ] NA ] &8 | WA | HE, 15-20 xwoTS | 2
¢ | - I I | | [ ! |
13 | 1-10- 89| 14:22 | 4 | 2-prOP. Jover, A] NA | <55 | HA { WE, 15-20 KNOTS | 2
| I I I I | i | I |
15 ] 1-10-89) 16:46 | 4 | HELICOPTER | OVER, D ] NA | <65 ] A | ME, .20-25 kNOTS | 2
1 I | | I | l l |
20 ] 1-11-89) or:t0 | 2 | 2-FrOP JOvER, D | WA | 45 | ma | Ko WiNp | 2
| s | | | | | | I |
21 {1189 MR | &PrOP JovEr, D] V5.1 ] 663 | 19 | uo WiND i
| 1 | | ] | I l |
22 }Jr-1-sof ooz 1 4 | 2-prop | OvER, ¢ ] HA ] 58 ] mA | HE, 3 xNOTS I 2
i | { | ! | ! | l
22 fr1i-spfovioz ] 3 { 2.prop JOVER, Cf NA ] 63 | NA | 8, 1-5 kNOTS 1
| | | | ] | | | ]
23 pr-n-sepovitt ] 3 H JET jover, B | Na | 53 | Na } 8E, 1-5 kwots | 1
i i I | I I I | ]
26 | 1-1-89f o929 | & f HELICOPTER fOvER, €] NA § 64 | NA | NE, 5 KNOTS | 2
i I i i ! | ! | | I
26 1-11-89f o929 | 3 | HELICOPTER J tocr | 77.8 ) 48.0 | 30 | ME, 1-5 xnOTS ] 1
I | | ] | I I i l
25 f 1-11-89] 09:30 | 3 | HELICOPTER | LOOP | 65.3] 55.8 | 19 | N, 1-5 xvors | 1 :
I I | | | | | | I ;
26 }i-11-89) 09:36 | 3 | cessnA 402 | overR, D] NA | <50 | NA | g, -5 kwors ] 1 g

1 -« Refer to Figure 2 (text) for the location of the measurement positions

2 -- Refer to Figure 5 (text) for the description of the flight patterns

3 -« instrument used: 1--LDL 8008 S/% 038580276, 2--iDL 800B S/N 04B4BOSGO, 3--BEN 414 S/M 790713
& ~~ HA -- not applicabie
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Table 111-10  Summary of Moise Measurements of Aircraft Flyovers PAGE 2 OF 2
in the vicinity of Kalaupapes peninsula.
Kalaupapa, Nolokai, January 10-12, 198% (continued)

PR

1 2 3
EVENT | i | LOCATION | AIRCRAFT [ rLiget | sEL | Lmex | puRATION | WIND jinst. B
¥o. | oate | TiMe | wO. [ 1epe | PATTERN | dB(A) | GBCA) ] (SECONDS)]  CONDITION Jusen £
} } f t i T S } } + £
32 | 1-11-89] 10: ) | bH-7  JOVER, C] WA j 60 ] NA } NE, S KNOTS | 2
| R | | 1 | 1 | [
35§ t-nedgf 10019 |2 [ o&-7  |over, B | 64.0 54,0 | 25 | NE, 1-5 xNots ] 2 3
i | | | { 1 i | | i
36 | 1-11-89] 14:30 | 4 | 2-prop  Jroor | 48 62 | 15 | NE, 5-10 kNOTS | 3
| 1 | | | i | | i :
37 | t-11-89f 43 | 4 | 2-prop joOvER, C | 59 s | 2 | NE, 5-10kNoTS | 3 :
| ! 1 | | | | 1 ! ’
43 | 1-12-s9foTine | 4 | 2-prop | OVER, D | NA 60 | WA } HO WIND | 2
| | i i i | | | |
4 | 1-12-89fosss |3 | MeLICOPTER | OvER, 8 | 81.6 3.8 | T | ¥O wIKD {2
] | | | | | i |
4 | 1-12-89] 08:45 | 4 | #eLicoprer | OVER, B | 80.8 | 6.7 | 91 | o wiNp ! 3
I | | 1 | | | | |
s § t-12-89) 0917 | 3 | weL1coPTER | OVER, C ] NA | 58 | ¥ { NE, -5 xNOTS | 2
| , | ! 1 | | | | |
55 | t-t2-89] o944 | 3 | oHs  Jrooe | 6.7 ]53.3 | 38 | ne, 1-5 knotTs | 2 e
! | | | i i { i |
sg | 1-12-89 t0:19 | 4 | oH-7 | OVER, B | rar 635 | | NE, 5-10 kNOTS | 3 E
| | | I | I | |
so | 1-12-89) 122 |5 | ow-6  fover, A} 716 jer.3 | 22 } NE, 5 KNOTS | 2
I { | ! 1 | | 1 | i
60 }r-12-89)12:35 | 8 | 1-prop | ovEr, A | 59.3 fsev.0 | 23 } HE, 5 KNOTS | 2
| | ] | i | i 1 i !
61 | 1-12-89) 13:05 | 2 | 3 1-proP | OVER, C | WNA ] 50 | wa | e, 10-12 xNots | 2
1 I { | | ! i i |
62 | 1-12-89} 13:09 | 2 | ow-é ] OvER, B ] XA | 57 ] wA | wE, 10-12 xNOTS | 2
! 1 i | ! | | | |
65 | 1-12-89) 1350 | 2 | ou-6 Jover ¢ { 65.7156.0 | 35 | NE, 10-12 xNOTS | 2
| o r | I | i
68 | t1-12-89] 14:37 | 3 i uET | over, o § NA | <50 ] oua [ NE, 10-15 xnaTs | 2

-- Refer to Figure 2 (text) for the location of the measurement positions

.- pafer to Figure 5 (text) for the description of the flight patterns

-- Instrument used: 1--LDL 8008 S/N 038580276, 2--iBL 8008 S/N 048430400, 3--BBN 614 S/R 790713
-« HA -- not applicable

«s W g% .- less than
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Ldn CALCULATION

£ .
l LOCATION: WILCOX HOUSE, POS. 5
oo PROJECT NO.: 88-35
i MEAS. DATE: JAN. 10-11, 1989
) WEATHER: MORNING: SKY: CLOUDY, WIND: NE, 1-5 KNOTS
wl AFTERNOON: SKY: CLOUDY, WIND: NE, 15-20 KNOTS
1z EVENING: SKY: CLOUDY, RAIN, WIND: NE, 5-10 KNOTS
2‘ NIGHT: SKY: RAIN, WIND: NE, 5~10 KNOTS
HNL
HOUR dB(A)
07 - 08 52.0
08 - 09 50.0
09 ~ 10 51.7
10 - 11 49.8
57 B 49.5
5; 12 - 13 50.4
13 ~ 14 59.0
. 14 - 15 58.3
i . 15 - 16 57.9
L 16 - 17 57.9
17 - 18 59.4
. 18 - 19 60.3
19 - 20 59.0
20 - 21 58.8
21 - 22 59.4
i 22 - 23 58.3
: 23 - 00 56.2
00 - 01 57.9
01 - 02 57.5
: 02 - 03 58.5
03 - 04 56.0
04 ~ 05 51.0
05 - 06 64.1
06 - 07 56.0
DAY-NIGHT
AVERAGE SOUND
LEVEL, 1dn: 64.8 dB

— DARBY -

24-Haur Houriy Noise Level
and Ldn

" Sheet 1.

W\ & ASSOCIATES

ACQUSTICAL CONSULTANTS
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