EXECUTIVE CHAMBERS
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JOHN WAIHEE November 2, 1988 —
! S8 ONW 16 A7 59

Dr. Donald N. B. Hall
Institute for Astronomy
University of Hawaii
2680 Woodlawn Drive
Honolulu, Hawaii 96822

Dear Dr. Hall:

Based upon the recommendation of the Office of
Environmental Quality Control, I am pleased to accept the
Supplemental Environmental Impact Statement for the VLBA
Antenna Facility, Mauna Kea, Hamakua, Hawaii, as satisfactory
fulfillment of the requirements of Chapter 343, Hawaii
Revised Statutes. This environmental impact statement will
be a useful tool in the process of deciding whether the
action described therein should be allowed to proceed. My
acceptance of the statement is an affirmation of the adequacy
of that statement under applicable laws and does not
constitute an endorsement of the proposed action.

When the decision is made regarding the propesed
action itself, I expect your agency to weigh carefully
whether the societal benefits justify the environmental
impacts which will likely occur. These impacts are
adequately described in the statement, and, together with the
comments made by reviewers, provide a useful analysis of the
propesed action.

With kindest regards,
S%ncerely,
e i’" .

JOHN WAIHEE

ce: s Marvin T. Miura, Ph.D.
Hon. Albert Simone
Hon. John C. Lewin
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Summary

This supplemental environmental impact statement (SEIS)
was prepared to comply with Chapter 343, Hawaii Revised Statutes
and with Section 11-200-27 of the Hawaii state Environmental
Impact Statement Rules regarding supplemental statements. The
SEIS evaluates the alternative sites that were considered for
siting the Very Long Baseline Array (VLBA) and assesses the
impacts of constructing and operating the antenna facility at
the selected site.

The project is federally funded through the National
Science Foundation (NSF). Compliance with the Council on
Environmental Quality (CEQ) Regulations (40 CFR 1500-1508) for
implementing the procedural provisions of the National
Environmental Policy Act and NSF regulations (45 CFR 640)
supplementing those of the CEQ will be the responsibility of
NSF. The information contained in this SEIS is intended to
provide the basis for the required Federal environmental
compliance activities.

Description of the Action

The National Radio Astronomy Observatory (NRAO), operated
by Associated Universities, Inc. (AUI), constructs and operates
facilities for research in radio astronomy under contract with
NSF. NRAO is building a major new instrument, the Very Long
Baseline Array (VLBA). The VLBA is an aperture-synthesis radio
telescope consisting of +ten remotely operated antennas, sited
across the country from the U.S. Virgin Islands in the east to

Hawaii in the West. All ten antennas are located on U.S.
territory; the Operations Center for the array is in Socorro,
New Mexico. Construction of this array has been given top

national priority by NSF.

Erection of one of the antennas in Hawail is necessary to
achieve the scientific goals of the VLBA. NRAO is negotiating
with the University of Hawaii, Institute for Astronomy (UH IFAa},
for an antenna site within the Mauna Kea Science Reserve.

The site selected for the Hawaii antenna is between the
12,200~ and 12,400-foot-~- elevations of Mauna Kea, about 2,600
feet northeast of the Mauna Kea Observatory (MKO) Access Road,
TMK 4-4-15:09, in the Resource Subzone of the State Conservation
District. An area of approximately two acres will be delineated



for the use. NRAO intends to obtain a sublease for the property
from UH and the Department of Land and Natural Resources (DLNR) .

About one acre of the site will be enclosed by a
seven-foot-high chain 1link fence. The VLBA antenna, a control
building, an ewmergency generator, a propane fuel tank, a tower
with weather instruments and miscellaneous concrete pads for
equipment will be constructed within the fenced area.

The antenna will be a wheel and track, elevation over
azimuth configuration with a g2-foot-diameter solid surface
reflector, carried by a wheel and track mounting to permit
pointing in any direction. It will rest on a circular concrete,
50-foot-diameter ring. When the antenna is aimed at the
horizon, the top edge of the antenna will be at its maximum
height of about 95 feet above the ground. The antenna must be
painted white to minimize thermally induced distortions.

A 20-foot-wide, 2,600-foot-long, compacted gravel spur
road will be constructed from the MKO Access Road to the site.
A sign identifying the VLBA facility will be placed at the
entrance to the spur road. Signs will also be posted along the
road warning that off-road vehicle use is prohibited. UH, in
coordination with DLNR, will also post signs identifying the
wno~hunting" zone.

The site will require potable water, sewer, telephone and
electric services. Domestic water will be trucked up from Hilo
and stored in a 2,000-gallon pburied tank, located just outside
of the fenced area. The sanitary facilities will consist of an
approved cesspool which will also be located outside of the

fenced area.

The telephone and‘ electric services will be underground
from an existing pull box beside the MKO Access Road. The
service will "parallel the spur road to the site. A standby
generator will be installed to keep critical equipment cold and
to stow the antenna in 'a safe position during commercial power
interruptions; NRAO will discontinue observing during the pericd
of the power outage.

construction of the VLBA facility on Mauna Kea is
scheduled to begin in March 1989, and is expected to require a
maximum of 18 months. Phase One of the construction period,
which includes grading, road building, installation of the power
and telephone lines, construction of the antenna foundation and
control building and erection of the fence, will be done by
local contractors. The estimated cost of this work is $1.3

million,

3
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Phase Two will involve fabrication and assembly of the
antenna, which will be shipped to Hawaii in pieces and assembled
on-site, by the same contractor who is building the other nine
antennas in the VLBA. Installation of the electronics and
control systems will be done by NRAO technicians.

The antenna is a benign installation in that it is a
receiving instrument only. It does not transmit or radiate any
radio frequency energy. The facility is for basic research in
astronomy and has no military applications.

The VLBA will be much 1less sensitive to low levels of
radio-frequency interference (RFI) than any other radio
telescope in the world, however, it would be sensitive to high
levels of RFI (from a nearby high-power transmitter) that could
overload or damage a receiver. The selected antenna site
provides excellent terrain shielding from RFI interference in
most directions.

The antenna is scheduled to be fully operational by early
1991. It will be remotely-operated 24 hours a day. A staff of
two to four technicians, who will perform maintenance and other
routine duties, will be hired locally. These people will work a
regular 40-hour week. Accommodations will not be required at
the Onizuka Center for International Astronomy at Hale Pohaku
for NRAO staff.

In the event the antenna facility is permanently closed or
abandoned, buildings and above-ground structures would be
removed and the area in use returned to its natural condition by
NRAO.

Potential Adverse Impacts and Mitigating Measures

Short-term construction-related impacts

o Traffic: An increase in traffic will be unavoidable
during the construction phase of the project. This
traffic will include large construction equipment and
vehicles transporting workers to the site. This
impact will end when construction is completed.

o Air quality: Tncreased vehicular traffic and internal
combustion engines on heavy construction equipment will
result in the generation of emissions into the air.
Engine emissions will be mitigated by using properly
functioning emission control devices as required by

law.
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Visual: Construction equipment, related materials and
temporary structures will be located on-site. This
impact will be temporary since all equipment and
materials will be removed at project completion.

Long-term Impacts

o

Flora/fauna: The area surrounding the project site is
not an important habitat for rare or endangered species
of . flora or fauna. However, existing biota within the
designated construction area will be destroyed. This
impact will be minimized by instructing the contractor
to confine activities to specified areas. Furthermore,
NRAO will direct its personnel not to disturb areas
surrounding the VLBA facility, and ensure that
predators are not inadvertently brought to the area.

Visual character of the area: The VLBA facility and
spur road will be constructed on land that is currently
undeveloped. Within the Mauna Kea Science Reserve, the
antenna will be partially visible from two locations
along the MKO Access Road and completely visible along
a 2,500-foot portion of the MKO Access Road at the
13,400-foot elevation. In addition, several hundred

feet of the facility spur road will be visible near its
intersection with the MKO Access Road.

The antenna site and the spur road will be covered with
compacted gravel to blend into the existing terrain.
Although the antenna itself must be white, the color of

. the masonry block for the building will also be chosen

to blend with the surroundings. Conformity to these
design guidelines will serve to mitigate visual impact
within the Science Reserve.

Because the antenna will be built in a low-lying saddle
between two cinder cones, the view of the antenna will
pe blocked out from most areas. It will not be visible
from downtown Hilo. Long-range visual impact of the
antenna facility will be low.

Archaeological sites: Four archaeological sites were
located in the project area; none are within the
proposed construction site boundaries. In order to

prevent inadvertent damage to the sites during
construction, each will be fenced and its location
plotted on construction drawings. Construction
personnel will be made aware of the existence and

location of the sites so that they will be avoided. If
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remains are uncovered, an archaeologist will be
notified immediately.

Indirect Impacts

o

Flora, fauna and archaeological sites: The presence of
the facility and spur road could generate indirect
impacts on the surrounding area. These impacts could
include: disturbance of archaeological sites, geologic
features, and habitat of endemic arthropod fauna by
off-road vehicle use; and, increased mortality of birds
(should they be present in the future) due to rodents
and feral predators associated with the facility and
light attraction leading to collision with facility
structures.

These  potential impacts will be minimized by
instituting the following mitigating measures:

- Archaeological sites will be fenced. A sign near
the entrance to the spur road will warn people of
the penalties for disturbing  them. On-site
personnel will be instructed to notify the
Enforcement Division of DLNR if anyone 1is seen
disturbing a site.

- Signs will be placed along the spur road warning
that off-road driving is prohibited. Those ignoring
this warning will be reported to Mauna Kea Support
Services (MKSS) who will then call enforcement
officers of DLNR or Hawaii County Police.

- Mongoose-, rat-, and cat-proof refuse containers
will be used and refuse will be removed from the
area frequently so that these mammals do not
establish themselves at the site.

- Shielded lights will be used at the facility so as
not to attract night-flying Petrels.

- Management policies already established by the
University of Hawaii for the preservation of
biological and geological resources within the
Science Reserve Complex will be followed by NRAO
personnel.

Radio-frequency interference (RFI): RFI from existing
transmitters that comply with Federal Communications
Commission (FcC) and National Telecommunications and



Information Administration (NTIA) regulations 1is not
expected to be a problem at the site. Harmful RFI
caused by emissions violating these regulations would
be mitigated by cooperative efforts pbetween NRAO and
the source owner.

Potentially harmful RFI from new emitters would be
mitigated by negotiations between NRAO and the
applicant or licensee in order to find alternative
emitter 1locations, to 1limit the effective isotropic
radiated power (EIRP) toward the VLBA site, or correct
potential problems when the transmitter is being
designed.

Alternatives Considered

Alternative siting areas evaluated in this SEIS include:
Haleakala, Maui; Hualalai, Hawaii; Mauna Loa, Hawaii; and three
ljocations within the Mauna Kea Science Reserve on Mauna Kea,
Hawaii. The Mauna Kea locations considered were: Telescope
siting Area C. (SRCDP) at the 13,300 to 13,400-foot elevations of
the summit; the 11,800-foot elevation of the Science Reserve,
just off of the MKO Access Road; and, the selected site between
the 12,200 and 12,400-foot elevations of the mountain.

gite evaluations were based on the following criteria:

o fntermediate to High Altitude. The antenna should be
sited above the tropical jnversion layer, which usually
ranges from 8,000 to 9,000 feet above sea level.

o fow horizon to the east. The line of sight to the eastern
horizon should be comparatively free of obstructions, such
as terrain features or man-made structures.

o Low 1levels of man-made radioc signals. The, antenna should
not be directly exposed to strong transmitters closer than
20 miles.

Haleakala, Hualalai, Mauna Loa and two locations on Mauna
Kea (Telescope Siting Area C and the site at the 11,800-foot
elevation) were eliminated from consideration as potential VLBA
sites for the following reasons:

o Haleakala. This site was rejected because of the
potential adverse impacts of the facility on existing
operations in the summit area; the potentially harmful
levels of RFI which could adversely affect the antenna’s
operation; and, frequent high wind conditions.
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o] Hualalai. This site was rejected because of the high
probability of unacceptable RFI from existing transmitters
in the area and the potentially high cost of constructing
infrastructure to the site.

o Mauna  Loa. This site was rejected because of the
potential risk of harmful RFI from existing and proposed
radio transmitters in the area and the potentially high
risk from lava inundation (a 1 in 6 probability during the
next 25 years).

o Mauna KXea summit. The major reasons for not siting the
VLBA antenna at the summit are: potential snow and ice
loading which would mean that the antenna would have to be
housed in a radome, thus cancelling the advantage of
placing the antenna above the tropical inversion layer;
high (10 to 15 degree) horizon to the east and northeast;
and, the fact that there is no reason to use a prime
high-altitude site when there is no scientific advantage
to putting the antenna at an elevation higher than just
above the tropical inversion layer.

o Mauna Kea at the 11,800-foot elevation. The site was
rejected because the risk of harmful RFI from present and
future sources is high and may pbe above acceptable limits
for operation of the VLBA antenna.

The site at the 12,200-foot elevation was selected for the
VLBA facility primarily because it is protected from potentially
harmful RFI from existing and proposed transmitters on Mauna Loa
and secondarily because it will be barely visible from populated
areas of the island. Even though construction costs for the
road and utilities will probably be higher than at the
11,800~-foot elevation, the fact that the natural terrain shields
the antenna from harmful RFI led to the selection of the site.

The no action al+ernative means the western-most antenna
of +the VLBA would not be in Hawaii, thus limiting the project’s
ability to achieve jits scientific goals. Hawaii is a critical
element to the VLBA. Elimination of Hawaii as a site would
significantly impair the performance of the array.

If the VLBA antenna is not built, the proposed site would
be left in its natural state for the foreseeable future. At
some later date, however, other antennas or telescopes, not
requiring high altitude sites, may choose to locate there.

There are no alternative actions that would achieve the
project’s goals and no facilities in Hawaii which could
cubstitute for the proposed antenna. Without a facility in



Hawaili, the performance of the array would be seriously
impaired.

Unresolved Issues

Means to control public access to the VLBA antenna and
off-road driving are being discussed by IFA and NRAO. At
present, it is planned to allow public access along the VLBA
spur road. Signs will be placed along the road warning people
that off-road driving is forbidden. Thase ignoring this warning
will be reported to MKSS personnel who will then call
enforcement officers of DLNR or Hawaii County Police to remove
them from the mountain. People seen disturbing archaeological
sites will also be reported.

Compatibility With Land Use Plans

o Hawaii State Plan. The VLBA project is in conformance to
the objectives and policies (Part I) and priority
directions (Part IIX) of the plan that relate to the
economy and characteristics of desirable new industries

for the State.

o conservation District Policies and Regulations. The VLBA
gsite is within the Resource subzone of the Conservation
bistrict. The objective of this subzone is to develop,

with proper management, areas to ensure sustained use of
the natural resources of the area. The proposed VLBA
antenna is adding to the research capabilities of the
Mauna Kea Observatory and meets the objective of the
Resource subzone RLy utilizing the excellent astronomical
resources that Mauna Kea posSsSesSes with minimal impact on

the environment. \

o 1977 DLNR Mauna Kea Plan. The Plan created specific areas
to be managed by the University of Hawaii and states that
the Science Reserve Area is to be used primarily for
scientific research, in accordance with existing lease

arrangements with the UH.

o University of Hawaii Research Development Plan (UH RDP).
The plan serves as the programmatic master plan for the
continued development of the Mauna Kea Science Reserve.
The proposed VLBA facility meets the guidelines in the UH
RDP for locating facilities within the Science Reserve.
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Mauna Kea Science Reserve Complex Development Plan
(SRCDP) . The telescope siting areas delineated in the
SRCDP were specifically for optical, infrared, and
millimeter/submillimeter-wavelength telescopes which
require the extreme altitude of the summit area of Mauna
Kea. The VLBA antenna belongs to an entirely new class of
facility not included in the projection of telescopes
anticipated through the year 2000.

The VLBA has entirely different siting requirements than
the types of facilities discussed in the SRCDP. These
requirements have led to the need for an assessment of a
new site at an intermediate altitude within the Mauna Kea
science Reserve. The SRCDP will be amended to incorporate
the new site and to include the VLBA antenna as an

additional facility.

Existing transmitters on the summit of Mauna Kea are
beginning to interfere with observing activities of
optical and millimeter-wave telescopes. Although the
University recognizes that Mauna Kea is a premier site for
telecommunications, as well as astronomy, the two
activities are not compatible.

UH 1IFA proposes to amend the SRCDP by deleting references
to future communications facilities in the summit area.
The amendment will state that "no transmitters of any kind
will be allowed within the Science Reserve in the future;
those operating there now will be removed as soon as
suitable alternative locations are found."

Hawaiil County General Plan. The plan encourages
scientific research and development, along with other
types of economic activities, as a suitable industry for
broadening and diversifying the County’s economic base.
The project will create two to four new jobs, and will add
to the critical mass necessary to support related jobs
such as computer technicians and mechanical engineers.

part VI 1lists policies and plans incorporated into the SEIS by
reference.



Necessary Reviews and/or Approvals

The following list of necessary approvals does not include
environmental compliance activities to be undertaken by the

National Science Foundation.
o State of Hawaii
poard of Land and Natural Resources
conservation District Use Permit
Right of Entry
Sublease

Department of Health

Tndividual Wastewater Disposal System Approval

University of Hawaii

Amendments to the Science Reserve Complex

Development Plan
o county of Hawaii

Planning Department
ChUA Review Process
Plan Approval

Building Department
Grading Permit
Building Permit

other permits required will be determined

phase of the project.

s - 10

during the design

M ™

]

i

)

r

M



O LI

p——

-

TR T8 R

= B

S

3

3

€.

.

i3

I

i

— i

s

PART I: INTRODUCTION

A. OVERVIEW OF THE VLBA

The National Radio Astronomy Observatory (NRAO) , operated
by Associated Universities, Inc. (AUI), constructs and operates
facilities for research in radio astronomy under contract with
the National Science Foundation (NSF). NRAO is building a major
new instrument, the Very Long Baseline Array (VLBA), capable of
mapping celestial objects with milli-arc-second resolution. The
VLBA is an aperture-synthesis radio telescope consisting of ten
remotely operated antennas, sited across the country from the
U.Ss. Virgin Islands in the east to Hawaii in the west
(Figure I-1). It will synthesize a radio antenna 6,000 miles
across, nearly the diameter of the earth. All ten antennas are
located on U.S. territory; the operations Center for the array
is in Socorro, New Mexico. construction of this array has been

given top national priority by NSF.

Each antenna will be 82 feet in diameter and designed to
operate at wavelengths as short as 3.5 millimeters. Each will
be controlled through a 1local computer that will receive
instructions over telephone 1lines from the VLBA Operations
Center. Normally, two reels of tape will be recorded every day
at each of the antennas and flown to the Operations Center;
there they will be played back and the data correlated with data
from the other antennas. (Figure I-2 presents a schematic

drawing of a typical antenna).

wthe basic principle of the VLBA is that of the
radio interferometer, a system that combines the
signals received from a radio source by two or
more antennas. The resulting interference
pattern indicates the difference in +the path
lengths from the source to the antennas.
...Because the path lengths are determined by the
position of the radio source in relation to the
antennas, the interference pattern contains
information about the location and detailed
features of the source and can be used to
construct an image. ...Antennas with wider
spacings respond to finer detail (Kellermann and

Thompson, 1988)."
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The purpose of the VLBA is to provide high-quality radio
images of remote astronomical objects at the highest angular
resolution that can be achieved by a ground-based instrument.
This unique instrument will be an improvement over existing
telescopes by large factors. For example, the angular
resolution will be 1,000 times greater than that of any
ground-based optical telescope in existence at the present time
or of the Very Large Array (VLA) in New Mexico, currently the
most advanced radio telescopes in the world. It will be 100
times greater than that of the Hubble Space Telescope. The
resolution that can be achieved by the VLBA is comparable to a
person with eyes powerful enough to be able to read a newspaper
in Los Angeles from a hotel room on Waikiki Beach.

The VLBA can help find answers to questions about the form
of the clouds of matter falling into massive black holes in the
centers of galaxies, the structural changes in the extremely
distant quasistellar objects (active galaxies), and the
evolution of ‘“superluminal sources," that 1is, sources that
appear to move faster than the speed of light. The array can
probe radio phenomena associated with stellar activity in our
own galaxy that cannot be resolved with conventional radio
telescopes. This will help astronomers who are attempting to
understand the life cycles of stars. The VLBA will also be able
to provide the most accurate measurements Yyet to be made of
cosmic distances, a problem of fundamental importance in

astronomy.

In addition to being an astronomical tool, the VLBA will
also study terrestrial phenomena such as plate-tectonic motion,
rotation of the earth and distortions in the solid earth caused
by tidal forces. These applications are possible because the
response of the radio interferometer depends not only on the
source under observation but on the earth’s rotation and the
length and orientation of the baseline separating a pair of
antennas. Because it 'Ls possible to determine the distance
between two widely separated antennas with high precision, the
VLBA can detect changes in the earth’s dimensions of less than
one centimeter (Ibid.). Two articles by Kellerman and Thompson
which were originally published in Scientific American and
science (including the article cited above), that describe the
scientific and technical characteristics of the VLBA, are

reproduced in Appendix A of this SEIS.

The antenna is a benign installation in that it is a
receiving instrument only. It does not transmit or radiate any
radio frequency energy-. The facility is for basic research in
astronomy and has no military applications.

*
S
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The antenna location in the State of Hawaii has been
selected by NRAO according to the detailed optimization plan for
image quality of cosmic radio sources in order to provide the
completed instrument with appropriate distances (baselines)
among the several antennas. Erection of one of the antennas in
Hawaii is necessary in order to achieve the scientific goals of
the VLBA. NRAO is negotiating with the University of Hawali,
Institute for Astronomy (UH IFA), for an antenna site within the

Mauna Kea Science Reserve (Figure I=-3).

B. ASTRONOMY DEVELOPMENT ON MAUNA KEA

Since 1968, the University of Hawaii (UH) has been
actively advancing mankind’s understanding of the physical
universe through operation of an astronomical facility on Mauna
Kea, a 13,796~foot high shield volcano located on the island of
Hawaii. In recognition of the unique gualities of the Mauna Kea
summit area for astronomical research, the Board of Land and
Natural Resources (BLNR) approved a 65-year lease (beginning
January 1, 1968) with UH for lands above the plus or minus
elevation. The lease (General Lease No. S-4191)

12,000-foot
refers to these lands as the Mauna Kea Science Reserve (Figure
I-4).

In recent  years, many astronomical sites in the

continental United States have been compromised, primarily as a
and proliferating, uncontrolled city

al problems of modern astronomy demand
he very finest sites, astronomers have
come to set an increasingly high value on the few excellent
ground-based sites remaining. Mauna Kea is among the very
finest sites in the world and to date, the national and
international scientific community has established six major
telescopes f{(and two smaller ones) within the summit area of the
Science Reserve; a ninth facility, the W. M. Keck Observatory,
the world’s largest telescope, is under construction.

excellence of the Mauna Kea site, it was
te would continue to receive requests for

permission to locate additional telescopes on Mauna Kea. In the
early 1980’s, UH IFA prepared a Research Development pPlan for
the Mauna Kea Science Reserve and Related Facilities (UH RDP) .
The plan projected thirteen telescopes within the Mauna Kea
Science Reserve by the year 2000. At that time UH believed that
thirteen was a reasonable forecast of possible astronomical
activity on the mountain to the end of the century. Given the
current high level of interest in the site, however, UH
anticipates additional requests from national and international

data obtainable only at t

Because of the
expected that the Sta
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jnstitutions to construct and operate telescopes on Mauna Kea
into the next century.

The Mauna Kea Science Reserve Complex Development Plan
{SRCDP) incorporated the policies and criteria set forth in the
UH RDP. The SRCDP was prepared to provide the physical planning
framework necessary to implement the UH RDP. The BLNR also
required the SRCDP as a condition to approving further
development on the mountain. The FEIS for the SRCDP, which was
accepted by the Governor in January 1983, is incorporated into
this SEIS by reference.

C. PROPOSED AMENDMENTS TO THE SRCDP

1.0 New Siting Area for the VLBA

All of the telescope siting areas assessed in the SRCDP
FEIS were specifically for optical, infrared, and submillimeter
wavelength telescopes which require the extreme altitude of the
summit area of Mauna Kea. In general, optical and infrared
telescopes are constructed in two designated areas along the
summit ridge, and millimeter/submillimeter-wavelength telescopes
are constructed in the valley to the southwest of these areas
(Figure 1I-5). The proposed VLBA antenna belongs to an entirely
new class of facility, not anticipated in the UH RDP nor the
SRCDP. Such antennas were not included in the projection of
telescopes anticipated through the year 2000.

The VLBA has entirely different siting requirements from
optical, infrared and millimeter/submillimeter-wavelength
telescopes (i.e., that it have a clear eastern horizon with
minimum radio frequency !interference and that it be located at
an elevation high enough to be above the tropical inversion
layer yet low enough td assure against wind, snow and ice
loading on the structure). These requirements have led to the
need for an assessment of,a new site at an intermediate altitude
within the Mauna Kea Science Reserve. The SRCDP will be amended
to incorporate the new site and to include the VLBA antenna as
an additional facility.

2.0 Transmitters Within The Mauna Kea Science Reserve

Existing transmitters on the summit of Mauna Kea will not
affect the operations of the VLBA unless they are pointed
directly toward the antenna. These enitters are, however,
beginning to interfere with observing activities of the optical
telescopes in the area. Although the University recognizes that
Mauna Kea is a premier site for telecommunications, as well as
astronomy, the two activities are not compatible.
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Additional communications equipment and a satellite
communications dish for the summit were approved in the SRCDP.
Since then, UH IFA has received many proposals to install new or
upgrade old transmitters at the summit; some of these requests
have come from astronomy users themselves. It is the policy of
IFA to reject all such proposals because they are inimical to
the scientific complex within the Science Reserve. UH IFA
proposes to amend the SRCDP by deleting references to a
Microwave Link and Satellite Communications Dish from the
Communications Facilities section of the plan and replace them
with this statement: "No transmitters of any kind will be
allowed within the Science Reserve in the future. Those
operating there now will be removed as soon as suitable
alternative locations are found."

D. ENVIRONMENTAL COMPLIANCE

This supplemental environmental impact statement was
prepared to comply with Chapter 343, Hawali Revised Statutes and
with Section '11-200-27 of the Hawaii State Environmental Impact
Statement Rules regarding supplemental statements. The SEIS
evaluates the alternative sites that were considered for siting
the VLBA and assesses the impacts of constructing and operating
the antenna at the selected site. A Conservation District Use
Application (CDUA) will be filed with the BLNR requesting the
use of the selected site for the proposed project.

Compliance with Council on Environmental Quality (CEQ)

-Regulations (40 CFR 1500-1508) for implementing the procedural

provisions of the National Environmental Policy Act and National
Science Foundation regulations (45 CFR 640) supplementing those
of the CEQ will be the responsibility-of NSF. The information
contained in this SEIS is intended to provide the basis for the
required Federal environmental compliance activities.
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PART IXI: DESCRIPTION OF THE PROPOSED ACTION

A. PROJECT SITE

The selected site for the proposed NRAO VLBA antenna is
between the 12,200~ and 12,400-foot elevation of the Mauna Kea
gcience Reserve, roughly 2.7 miles below the summit area about
2,600 feet northeast of the Mauna Kea Observatory (MKO) Access
Road. It is situated in THK 4-4-15:09, and is within the
Resource Subzone of the State Conservation District (Figure

II-1) .

The antenna facility will be built on a flat plain in a
low-lying saddle between two unnamed cinder cones (Figure II-2):
the maximum topographic relief on the proposed construction site
is 15 feet. An area of approximately two acres will be
delineated for the use. NRAO intends to obtain a sublease for
the property from UH and the Department of Land and Natural

Resources (DLNR).
B. PROPOSED SITE IMPROVEMENTS

1.0 Antenna and Appurtenant structures

Figure II-3 shows a conceptual site plan for the antenna
facility. Precise 1locations of structures will be determined
during the design phase of the project, after soils testing has
been completed.

About one acre of the site will be enclosed by a
seven-foot-high chain 1ink fence, in a color that will blend

into the surrounding terrain. The VLBA antenna, a control
building, a 75-kVA emergency generator, a propane (LPG) fuel
tank, a tower with weather instruments and miscellaneous

concrete pads for equipment will be constructed within the
fenced area. '

The antenna will be a wheel and track, elevation over
azimuth configuration with a 82-foot diameter solid surface
reflector, carried by a wheel and track mounting to permit
pointing in any direction. It will rest on a circular concrete,

IT -1
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s0-foot-diameter ring with concrete spokes, spaced at
602 intervals, to connect the outer ring to a pintle bearing
support foundation at the center. When the antenna is aimed at
the horizon, the top edge will be at its maximum height of about
95 feet above the ground (Figure II-4). The antenna weighs
approximately 250 tons and must be painted white to minimize
thermally induced distortions.

The site control building will be a single-story
1,350~-square-foot masonry-block structure. It will be
constructed on grade; the highest part of the roof will be
approximately 17 feet above grade. The color of the masonry
block will be chosen to blend with the surroundings. The
building will house equipment and facilities for controeolling and
monitoring the antenna operation, data recording egquipment,
other electronic equipment, radiometers, magnetic tape storage
space, a hydrogen maser clock system, mechanical equipment
(building environmental system and electrical power system),
toilets, and laboratory and shop space.

2.0 Infrastructufe and Utilities

A compacted gravel spur road will be constructed in a
northeasterly direction from Mile 5.3 on the MKO Access Road to
the site. The road will be 20 feet wide and approximately 2,600
feet 1long; it will have a 40-foot right-of-way in order to allow
underground utilities to be constructed adjacent to the
travel-way. The route will be chosen so as to minimize cut and
£111 and cause minimum interference to the natural drainage
patterns in the area (Figure II-5).

. A sign identifying the VLBA facility will be placed at the
entrance to the spur road. Signs will also be posted along the
road to warn that off-road vehicle use is prohibited and to
delineate "No Hunting" safety zones.

The site will require potable water, sewer, telephone and

electric services. Normal water usage is estimated to be 100
gallons per day with an equal amount of wastewater requiring
disposal. Domestic water will be trucked up from Hilo and

stored in a 2,000-gallon buried tank, located just outside of
the fenced area.

Wastewater disposal will be into an approved cesspool
which will also be located outside of the fenced area. The
wastewater will consist primarily of human washing and waste;
there will be no food preparation or sleeping facilities at the
site.
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Figure lI-4 .

Cross Sections of Typical Antenna
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Cables for telephone and electricity will run underground
from pull box 61, adjacent to the MKO Access Road. They will
pParallel the road to the site. Electric service to the building
will be provided via a 150-kVA transformer which will be mounted
on a pad inside the fenced enclosure. The demand for
electricity is estimated to be 100 kw; 40,000 kWh per month. A
standby generator will be installed to keep critical equipment
cold and to stow the antenna in a safe position during
commercial power interruptions. NRAO will discontinue observing
during these outages. The telephone requirements are four
digital grade circuits back to the nearest exchange.

3.0 Construction Activities

Construction of the VLBA facility on Mauna Kea is
scheduled to begin in March 1989, if all permits can be obtained
by then. Construction is expected to require a maximum of 18
months. There will be two primary phases; they are:

o Phase One - Site Preparation, Building Construction and
Installation of Infrastructure and Utilities: This phase
will involve grading the antenna site and spur road,
laying the foundations for the antenna and control
building, construction of the control building and other
miscellaneous facilities, and installation of utilities in
a trench along the spur road. After it is graded, the
site will be covered with compacted gravel to blend into
the existing terrain. Phase One is expected to take six
to nine months for completion. A maximum of eight to ten
workers will be located on site at any one time.

The foundation for. the antenna will be a concrete circle
50 feet in diameter. Construction for the foundation will
require excavating 'a hole about 75 feet in diameter at an
average depth of eight feet. About 1,350 cubic yards of
material will be removed during excavation; 85 to 90
percent of these spoils will be used for fill around the
foundation. The remainder will be used to level out the
site and as fill on the spur road,

Concrete directly under the antenna will be 14 feet
thick. At the periphery, the foundation will only go to a
depth of five feet. The top of the foundation will be 30
inches above the ground. A total of 350 tons of concrete
is necessary for the foundation. It has not been decided
as yet whether a concrete batching plant will be set up at
the !skiers parking lot", the area which was designated in
the SRCDF for this purpose. This will be determined by
the contractor in coordination with UH IFA. Pilings are
not expected to be required. Final determination on this
will be made after soils testing is completed.
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A 20-foot-wide by 2,600-foot-long spur road will be
excavated, graded and surfaced with compacted gravel; if
required, drainage improvements will be installed. A
two-foot-wide by four-foot-deep trench will be excavated
along the length of the spur road. Cables for electricity

and telephone service to the facility will be buried in

the trench. All spoils from excavation will be used
on-site for f£ill, improving the road or for other site
improvements.

Phase One construction will be done by local contractors.
The estimated cost of this work ig $1.3 million.

o] Phase Two_ - Antenna Assembly and Equipment Installation:
Fabrication and assembly of the antenna will be done by
the same contractor who is building the other nine
antennas of the VLBA. The electronics and control systems
will be installed by NRAO technicians. The antenna will
be shipped to Hawaii in pieces and assembled on-site. An
estimated 25 to 30 trailer truck loads will be necessary
to transport the various components of the antenna to the
site. Assembly is expected to take six to nine months for

completion. The number of workers on-site during this
phase is expected to pe five or six; some may be hired
locally.

4.0 Decommissioning

In the event the antenna facility is permanently closed or
abandoned, buildings and above-ground structures would be
removed and the area in use returned to its natural condition by

NRAO.
C. ANTENNA OPERATIONS

1.0 Radio Fregquency Considerations

The VLBA antenna on Mauna Kea will not be a source of
radio frequency interference (RFI) because it will only
receive. It will be much less sensitive to low levels of RFI
(i.e., from a distant high-power transmitter or a nearby
low-power transmitter) than any other radio telescope in the
world (50 dB less sensitive for a twelve-hour total-power
observation). The antenna will, however, be as sensitive as any
other radio telescope to high 1levels of RFI (from a nearby
high-power transmitter) that will overload or damage a receiver.

IT - 9



The antenna will be equipped with radio receiving systems
covering assigned radio astronomy bands in the frequency range
from 330 MHz to 43 GHz, giving a broad range of resolution and
surface-brightness sensitivities. The principal bands covered
are 1listed in an article in Science (Kellermann and Thompson,
1985). The complete article is reproduced in Appendix A.

The VLBA antenna will initially be equipped to operate in
the following nine frequency bands (in MHz):

312.0- 342.0 2150,0- 2350.0 14400.0 - 15400.0
580.0— 640.0 4600,0- 5100.0 21700.0 - 24100.0
1330.0- 1750.0 8000,0- 8800.0 42300.0 - 43500.0

Four other frequency bands (in MHz) may be added in the
future; they are:

73.0~ 74.6 10200,0-11200.0 86000.0 - 92000.0
5900.0~ 6400.0

The site selected for the antenna provides excellent
terrain shielding from RFI in most directions that might be of
concern. The unnamed cinder cone to the south of the site will
attenuate signals from transmitters at Kulani Mauka on Mauna
Loa, the Humuula wmicrowave site in the saddle, and Hilo. The
cinder cone and Mauna Kea itself will attenuate signals from
most of the U.S. Army’s Pohakuloa Training Area. The topography
of Mauna Kea, particularly the summit itself, blocks emissions
from the existing transmitters located near the summit and
shields against high-power transmitters located on Maui and
Oahu, Additional information on potential RFI appears in
Appendix B. :

. !
2.0 Operational Characteristics

]

The antenna, which is scheduled to be fully operational by
early 1991, will be controlled remotely through a local computer
that will receive instructions over telephone lines from the
VLBA Operations Center. Tt will be operated 24 hours a day.
Normally, two reels of tape will be recorded every day at the
antenna and flown to the Operations Center; there they will be
played back and the data correlated with data from the other
antennas. A staff of two to four technicians, who will perform
maintenance and other routine duties, will be hired locally.
These people will work a regular 40-hour week. Accommodations
will not be required at the mid-level facility at Hale Pohaku
for VLBA staff.
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PART III: ENVIRONMENTAL SETTING OF THE PROPOSED PROJECT

A. THE REGION

The island of Hawaii is the southernmost island of the
State. It is 200 miles southeast of the island of Oahu; about
a forty minute flight from Honolulu, the State capital (Figure

III-1).

Commonly called the Big 1Island, Hawaii is the youngest
and geographically largest of the Hawaiian islands. Its
climate and topography are diverse, ranging from dense tropical
forests to seasonally snow-covered mountain peaks. Hawaii’s
land area was created by five volcanoces; two of which (Kilauea

and Mauna Loa) are still active today .

The County of Hawaii, which encompasses the entire
island, has a population of 111,800; roughly 40 percent of whom
live on the eastern coast of the island, in or near Hilo, the
county’s largest city (DBED, 1987). It is about a one and one
half to two hour drive from Hilo to the project area at Mauna

- Kea (Figure III-2).

B. MAUNA KEA

1.0 Geology/Hydrology/Soils

The summit of Mauna Kea is the highest point in the
Pacific basin, rising 30,000 feet from the ocean floor to the
top of Puu Wekiu, its highest cinder cone. Mauna Kea last
erupted about 3,600 years ago (Porter, 1979a). Rubbly hawaiite
a’a lava flows are visible in the area which extends from Hale
Pohaku at the 9,200-foot elevation to the summit of the
mountain at the 13,796-foot elevation. Postglacial stream
sediments, largely gravelly sand or sandy gravel with a
variable composition which reflects 1local bedrock, are also

found there.

The only perennial surface water present in the area is
Lake Waiau, a small body of water in the crater of the Waiau
cinder cone, at the 13,020-foot elevation of the mountain.

ITI - 1



(- Nill1AU

KAUAI

QANHY

MOLOKAI
Honalulu

KAIOOLAWE

HAWAII
Mauna Kea Sclience Reserve

MAU
LANAI <D % |

.

[_._-

A B B

()

Hilo

3

1

(1

State of Hawaii

50 [ 50

m

Scale In Mlles

Filgure li-1
Noith ;!

MCM Planning . 8.88 ¢ -~



LS ST AN TR LA e

A I TN T

S T e A e

TE T8

~ 8

. |

. |

1

n
P

I |

£

)

g

-3 {

[ 20 |

D |

s

¥

T X

| Y

vl

. g

e

el

Atnnuihnh 1 ea
'"3,,.",,:., Q ==
[T ]
Upoltue Paint Luhnatews
If— R;f-;'"
i =
(:«3:‘;'. tar PACIFIC OCEAN

HAWARAN ISLANOS

...,'

Wad

FEN,
%Pllu“n
T ey,

; S ’/'h--. b
Z {SOUTH CHAMARUE Y™~
rkanatao DIETCT T
// . Honomu
J} i - . VLBA Slte
/‘“ - N8 Hale Pohaky
”/ o s} e Mmms Kua Access Rned
Gy
i
msrmc\'\_// "

-

The Region

g 4 0 5 10

Scale in Miles

Figure lll-2
North ~ Location

MCM Planning 6-88



Because precipitation is 1limited and the solls are highly
permeable, "the only groundwater known to exist consists of
perched water in the center of some of the cones, including the
area immediately east of Lake Waiau (Woodcock, 1974)."

2.0 Climate

Rainfall on Mauna Kea varies with elevation, averaging 15
inches per year within the Mauna Kea Science Reserve. At the
higher elevations, most of the precipitation is in the form of
freezing fog or snow, with extremes in monthly average
temperature ranging from 25°F to 60°F. wWinter storms often
deposit several feet of snow on the mountain, on occasion down
to the 9,000~-foot elevation (RCUH, 1983b).

Winds at the summit follow a diurnal pattern of
prevailing west/northwest daytime and east/northeast nighttime

wind directions. Wind velocity, as a rule, ranges from 10 to
30 miles per hour, prevalently between 10 and 15 miles per
hour. During severe winter storms, winds occasionally exceed

100 miles per hour on exposed summit areas, such as the top of
cinder cones (RCUH, 1983b).

3.0 Cultural Resources

The Mauna Xea Ice Age Natural Area Reserve (NAR) is
gsituated on the south slope of the mountain, between the
10,400-foot and 13,200-foot elevations (Figure III-3). The
main ice age features present in the Reserve are: Pohakuloa
Gulch (formed by glacial meltwater); glacial moraine and
meltwater deposits of fine sediments; the glacially sculptured
features of cinder cones and lava flows; and Lake Waiau, one of
the highest lakes in the UPited States.

The Keanakakoi Adze Quarry, an ancient Hawaiian Historic
Place, 1is also within the boundaries of the NAR; it was a very
important center of Hawaiian adze manufacturing (McCoy, 1979).
The Mauna Kea Adze Quarry Complex of Archaeological Sites was
placed on the National Register of listoric Places (Site 4136)

~and designated a National Historic Landmark in 1962

(Appendix C).

The ancient Hawaiians apparently frequented other areas
in the upper regions of Mauna Kea, outside of the adze quarry.
A reconnaissance of a larger area (1,000 acres) on the summit
and north slope of the mountain (McCoy, 1982) and a 1984 survey
of the east/southeast flank of Mauna Kea (McCoy, 1984),
resulted in the 1location of  over 40 sites (Figure IXII-4),
These were collectively given the state site number
50-10-23-10228. A summary of the most common types of
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archaeological remains occurring on the high flanks of
Mauna Kea is included in Appendix C.

4.0 Flora and Fauna

Native Hawaiian flora and fauna, including rare plants
and birds, Ainhabit the mountain’s slopes. gseveral of these
species subsist nowhere else in the world. Over 30,000 acres
of the mamane/naio forest (below the 10,000~-foot elevation) are
designated as the critical habitat of the rare and endangered
palila, Loxlcides (Psittirostra) pailleui (Figure III-5).

The Hawaiian Dark-rumped Petrel or ‘Ua’u (Pterodroma
phaeopggia sandwichensis), an endangered endemic subspecies of
the Dark-rumped Petrel, were formerly abundant throughout the
main Hawalian chain (Olson and James, 1982a,b), but underwent a
serious decline in numbers due to habitat disturbance,
predation and hunting. ©On Hawaii, Dark-rumped Petrel were once
abundant in the saddle area between Mauna Loa and Mauna Kea
(Henshaw, 1902). They may also have been present at elevations
of up to 12,400 feet on Mauna Kea as indicated by skeletal
material found in these areas. No essential habitat is
designated for the ‘Ua’u (Telfer, 1982).

Vegetation in the upper regions of Mauna Kea is sparse.
smith and others (1982) reported that 1ichens (25 species) and
bryophytes (12° species) are the principal components of the
flora found above the 13,000-foot elevation. Two sensitive
areas of lichen colonies (shown as crosshatched areas in Figure
I1I-6) were jdentified during the 1982 survey. Six species of
vascular plants and one alga were also recorded at that time.
Although additional surveys vere recommended for the sensitive
areas should development occur there, the botanical consultants

concluded that "none of the rare or uncommon species at the

summit need to have their status monitored due to a restricted
occurrence only on Mauna Kea (O'Connox, 1982)."

Biologists have recently discovered a resident community
of native Hawaiian invertebrates 1iving near the summit and
feeding on material carried up the mountain by the wind

- (Howarth and Montgonmery, 1980) . one true bug, & highly

aberrant species of the world wide genus Nysius, is part of
this community. other major arthropod components include

spiders, moths, mites, springtails, centipedes, booklice, and
parklice (Howarth and Stone, 1982).
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C. ASTRONOMY FACILITIES ON MAUNA KEA

1.0 Telescopes

At present, there are eight telescopes operating within
the summit area of the Mauna Kea Science Reserve
(Figure III-7). Six telescopes are located on summit cinder
cones and two millimeter/submillimeter—wavelength telescopes
are located in the valley (also known as Millimeter Valley)
below and to the southwest of the summit ridge. Table 3.1
lists each of these telescopes and the date it became
operational.

Several more major telescopes are expected to come
on-line in the 1990’s. The W. M. Keck Observatory, the world’s
largest optical/infrared telescope, which is under construction
on the summit ridge, is expected to be operational in 1991. UH
has preliminary understandings with a number of other
astronomical projects to locate in areas consistent with the
SRCDP.

2.0 Mid-level Facilities

Because the summit of Mauna Kea is 13,796 feet high, it
is inefficient and physically hazardous for scientists, support
staff and construction workers to go directly from sea level to

‘work at the summit without acclimatizing themselves for a

period of time at an intermediate elevation. A permanent
mid-level facility at Hale Pchaku, elevation 9,300 feet, for
acclimatization of personnel, was dedicated in 1983 (Figure
I11-8). The complex was rededicated and named the Onizuka
Center for International . Astronomy (0cTA) in late 1986, in
honor of astronaut Ellison Onizuka, a resident of the island of
Hawaii who 1lost his 1ife‘in the Challenger disaster of January
1986.

The complex consists of three buildings containing
sleeping accommodations for astronomers, technicians and
support staff; a common building which contains offices,
kitchen/dining facilities and 1lounge areas; and a maintenance
area which houses the generator and provides space for minor
equipment repairs and other repair and maintenance functions
(McM Planning, 1985). An Information Station downslope serves
poth as an interpretive center for disseminating information
about the man~made and natural features of Mauna Kea and as the
control point for managing and monitoring visitors to the upper
slopes of the mountain. Housing for construction workers is
located below the Station.
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Table 3.1 TELESCOPES ON MAUNA KEA BY

YEAR OPERATIONAL

‘James Clerk Maxwell Telescope (JCMT)

Year
Telescope Operational
Summit Ridge
UH 24-inch Telescope #1 1968
UH 24-inch Telescope #2 1969
UH 88-inch Telescope 1970
NASA Infrared Telescope (IRTF) 1979
Canada—France—Hawaii Telescope (CFHT) 1979
United Kingdom Infrared Telescope (UKIRT) 1979
W.M. Keck Observatory (Keck) 1991*
Millimeter Valley
'Ccaltech Submillimeter Observatory (CSO) 1987
1987

*'Under-Construction
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Infrastructure, Utilities and Services

3.1 Access

Access to the astronomy facilities within the
Mauna Kea Science Reserve from population centers on the
island of Hawaii is via the Saddle Road (Route 20), to
Pu‘u Huluhulu and from there along a 6-mile-long, 20
foot-wide paved county road to Hale Pohaku at the
9,300-foot elevation. fhe B.3 miles from Hale Pohaku to
the summit is via the unpaved Mauna Kea Observatory (MKO)
Access Road which is maintained by the Mauna Kea Support
Services (MKSS). Improvements to this road, including
paving, are under construction (Figure III-9).

3,2 Electrical Power

A permanent overhead 69-kV power line has been
completed from the Saddle Road to a substation near the
ocia at Hale Pohaku. Underground utility conduits are
being installed from Hale .Pohaku to the summit. The
underground conduits generally follow the alignment of
the MKO Access Road. The system 1is expected to be
operational in October 1988 (Longfield, personal comm.).
When completed, the line will be connected to the Hawaii
Electric Light Company (HELCO) power grid.

IFA is investigating the feasibility of retaining
the existing 850-kW generator located at the summit for
backup purposes. If UH decides to keep the generator, it
will be stored at Hale Pohaku and only mobilized in case
of an emergency, such as a prolonged HELCO power outage.

3.3 Potable waterl

There is no municipal water supply available on
Mauna Kea. Water to service both the mid-level
facilities at Hale' Pohaku and the telescopes in the
summit area is trucked from Hilo.

3.4 Communications

Telephone communication and data transmission from
the summit are via a Hawaiian Telephone Company microwave

- system. Each of the telescopes is connected by phone

cable to a common microwave antenna located on the UH

88-inch Telescope building. Transmissions are relayed to

other Hawaiian Telephone facilities in Hilo. By the end
of 1988, a fiber optic trunk line will be completed from
Hale Pohaku to the summit. Once this line is installed,
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and wide-band communication is available out of Hale
Pohaku, the summit microwave system will be removed.

3.5 Sewage Disposal

Cesspools are used for wastewater disposal at both
Hale Pohaku and the summit. State Health Department
approval was received for each cesspool constructed.

3.6 S0lid waste

All solid waste generated at the summit is carried
down to Hale Pohaku by summit personnel. From there, it
is combined with waste from the mid-level facility and
trucked daily to a dumpster located at MKSS in Hilo.

3.7 Protective Services

0 Fire Protection. UH has developed a fire plan for
the summit and OCIA in cooperation with the Hawaii
County Fire Department. A fire engine is

stationed at OCIA and a fire brigade, consisting
of MKSS personnel, has been trained in fire
fighting techniques. In addition to protecting
" puildings, the brigade is prepared to fight brush
fires 1in the area. Each telescope at the summit
has large portable fire extinguishers and a fire
escape plan. Telescope personnel are responsible

for fire protection at their  respective
facilities.
o Medical, The nearest medical facilities to Mauna

Kea are located in Hilo. Because response time
for these services 1is longer than one hour,
observatory personnel render volunteer emergency
service to both visitors and staff. An emergency
room is located in the common area of OCIA at Hale
Pohaku to provide space for the treatment of
injuries and illnesses. An ambulance, equipped
with a stretcher and first aid supplies, oxygen,
and a two-way radio is parked between the UKIRT
and the UH 88-inch telescope buildings. It is
available in case of emergencies at the summit.
In addition, all MKSS personnel are trained in

advanced first aid and cardio-pulmonary
resuscitation.
o Security. Each telescope organization is

responsible for the security of its own facility.
Security at Hale Pohaku is provided by MKSS.
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D. OTHER USES OF MAUNA KEA

1.0 Scientific Research

In addition to astronomy, the mountain’s unique natural
features make it an ideal site for other scientific research.
Its volcanic and glacial history are of interest to geologists;
meteorologists are attracted by the area’s altitude, weather,
and atmospheric conditions; and, Mauna Kea’s remnant endemic
ecosystems represent a unique research environment for
biologists and botanists (RCUH, 1983a).

2.0 Recreation and Subsistence Activities

Hunters, skiers, snow-play participants and hikers engage
in recreation and subsistence activities in various areas on
Mauna Kea. Sight-seeing and photography are also popular
activities in the area.

Hunting takes place within and on the perimeter of the
mamane/naio forest. Among the species hunted are: Mouflon
sheep (Ovis musimon); chucker partridge (Alecturis chukar});
and, the California quail (Callipepla californica). During the
winter months, the snow-covered mountain slopes are popular
skiing and snow play areas. The most popular ski run, the "Poi
Bowl", is located within the summit area, between the summit
ridge and Millimeter Valley (Krutzler, personal comm.). Hiking
takes place along the road and designated trails, particularly
within the NAR, although the high altitude and extreme weather
conditions make the activity dangerous for all but the most
experienced hikers.

3.0 Transmitters

There are three transmitters located within the Mauna Kea
Science Reserve. The DINR Division of Forestry 100- 200-watt
transmitter is mounted on the summit workers’ lunchroom; it is
for use in case of forest fires or other emergencies. The
Volcano Observatory 100~ 200-watt VHF transmitter/receiver
translator (operated by NOAA) is also located there. It is
used for monitoring the Kilauea and Mauna Loa volcanoes. Under
agreements with the Board of Land and Natural Resources, these
transmitters will be relocated when suitable alternative sites
outside of the Science Reserve are found.

A Hawaiian Telephone/COMTEC 10~ 20~ watt, C-band
microwave dish is located on one of the 24-inch-telescope
buildings. various portable transmitters, either in vehicles
or hand-held for emergency use only, are also used in the

summit area.
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other transmitters on Mauna Kea, outside of the Science
Reserve, are located at the Humuula electronics site and the
Army Pohakuloa Training Area. To date, these transmitters have
not interfered with astronomical observations at the summit; it
is not anticipated that they will do so in the future.
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PART IV: ENVIRONMENTAL IMPACTS AND MITIGATING HMEASURES

A. INTRODUCTION

The objective of this environmental impact analysis is to
assess the construction and operating characteristics of the
VLBA antenna facility in order to identify and evaluate the
direct and indirect effects of the proposed action that have the
potential to impact the natural and man-made resources within
the project area and the affected region. Potential impacts can
be either positive or negative, short-term or long-term. The
analysis addresses the following areas of concern:

o Natural Hazards

o Drainage and Erosion

o Air Quality, Noise and Traffic

o Flora and Fauna

o Historical and Archaeological Features
0 Aesthetics

o Visitors and Recreational Users

o Radio Frequency Interference

o Infrastructure, Utilities and Services

B. DESCRIPTION OF THE VLBA ANTENNA SITE

1.0 Geology, Topography and Soils

The antenna facility will be built on a flat plain in a
low~-lying saddle between two cinder cones (Figure II-2). The
maximum topographic relief of the proposed construction site is
15 feet. The two cinder cones, one to the south and one to the
northwest of the project area, rise 230 and 380 feet above the
site elevation, respectively. Both cinder cones have steep,

Iv - 1
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loose cinder slopes which are subject to continuous colluviation
(Appendix C).

The antenna site is underlain by Pleistocene lava flows of
the Waikahalulu Formation. All the rock in the area consists of
hawvaiite a‘a flows, typlcal of late-stage eruptions from
Hawaiian volcanoes. The a‘’a flows consist of layers of massive,
dense rock intermixed with volcanic clinker (Appendix D).

The project site is covered by ground moraine deposits.
The soils are mostly coarse gravels, with cobbles as large as
two feet, and a variable amount of volcanic ash of silt and sand
sizes. The soil cover at the site is estimated to be several
feet thick (Ibid.).

Ground wmoraine deposits are also present along most of the
spur road alignment. Soil thickness is estimated to be less
than three feet along the western half of the road alignment and
thicker along the eastern half (Ibid.).

Groundwater resources in the project area are presumed to
be nonexistent. Localized 2zones of permafrost have been
reported within the volcanic cinder deposits of two of the cones
at the summit of Mauna Kea, roughly 8,000 feet northwest of and
1,000 feet higher in elevation than the VLBA site. No
permafrost has been found outside of those -cones and it is
unlikely that there is any at the site (Ibid.).

2.0 Flora

According to Char & Associates (Appendix E), limited
vegetation exists in the vicinity of the project site. Vascular
plants present in the area include Hawaiian bent (Agrostis
sandwicensis) and he’u-peo (Trisetum glomeratum), members of the
grass family (Poaceae) ), and one specimen of Asplenium
adiantum-pigrum, a member of the bird’s-nest fern family
(Aspleniaceae). Each of these species has been recorded
previously in the summit area (Smith, et al., 1982).

Lichen species observed at the site include Candelariella
itellina, Lecidea skottsbergii, Rhizocarpon geographicum, two
species of Umbilicaria, and Lecanora murabilis. These species
are associated with larger rocks and occur just above the soil
interface, usually facing north or west. Small, shaded, pockets
and crevices, with ash, support moss clumps of silvery-gray to
black-colored Grimmia sp. and bright green Pholia cruda. One
specimen of Asplenium adiantum-pigrum was found along the spur
road alignment.
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Suitable habitats for 1lichens and mosses were found in
small caves, crevices and overhangs at the base of the cinder
cone, south of the antenna site. Fist-sized clumps of mosses
were seen in small runoff channels among the rocks. Lichens
found there include the whitish, crust-forming Lepraria sp. and

Acarospora depressa. Lichen and moss colonies in this area are
generally associated with north, northwest, and west-facing
rocks. Moisture from snow melt and pockets of compacted snow

were seenh in some cave areas.

3.0 Fauna
3.1 Vertebrates

No vertebrates were recorded in the area of the
project site during recent surveys (Appendix F). One
species that was of concern is the Dark-rumped Petrel
(Pterodroma phaeopygia sandwichensis), an endangered
pelagic seabird endemic to the Hawaiian Islands.

A nocturnal survey of the site was conducted by
Ms. Maile Kjargaard on May 20, 1988. The purpose was to
determine whether breeding Hawailan Dark-rumped Petrel
were present in the project area. The timing of the
survey was planned so that there was a high probability of
detecting any Petrel inhabiting the area. The survey was
taken during the height of the breeding season, at a
period of the 1lunar cycle when calling is maximized. No
Petrel were detected at the site and there was no evidence
of burrow sites in suitable habitat nearby (Appendix F).

3.2 Invertebrates

The alpine 2zone on Mauna Kea is habitat for a
number of invertebrates. Only two Hawaiian species were
recorded in the project area during a site visit
(Appendix G). The only native herbivorous species present
was the lichen feeding, diurnal cutworm moth, Agrostis.
One endemic Erigone spider was also seen on the site. The
exotic economic pests, Hydrellia and Pollenia, were by far
the most prominent arthropods found at the site, probably
because there are so many of them at mid elevations.

4.0 Cultural Resources

The VLBA site 1is about 2,000 feet east of the Mauna Kea
Ice Age Natural Area Reserve (NAR). As shown on Figure IV-1,
four archaeological sites were located during a recent
reconnaissance survey by Cultural Surveys Hawaii (Appendix C).
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A brief evaluation of each site follows:

o Site_ 11076, A probable shrine. Although the site
is not completely intact (the uprights have
collapsed), it may be the best example of this type
of site in the project area. In terms of its
present integrity, the site 1is probably a poor
example of a Type 1, single feature shrine (McCoy
1982:A36) as compared to those previously recorded
in the Adze Quarry and northern summit area by
McCoy (1982, 1984). This site is within the
designated boundary of the Mauna Kea Adze Quarry
National Historic Landmark.

o Site 11077. An ahu or possible shrine with a
single upright boulder set in the top. A short
alignment and 1level area are possibly associated
with this feature. This may be an example of a
single feature, Type 1 shrine (McCoy 1982:A36),
however, it might be a simple ahu. The upright is
not of the typical or tabular shape associated with
other recorded shrines. If it is a shrine, it is a
poorly expressed example.

o Site 11078. A small rock shelter which does not
have any surface indication of human modification
or cultural use. It was recorded as a site because
as a natural feature it might have been used as a
temporary shelter and it may have subsurface
cultural material under the overhang or at the
entrance. If subsurface cultural debris is
present, it would be severely limited by the
shallow depth of bedrock.

o Site 11079. A small rock pile (15-20 cobbles) on
the top of a large glacially deposited boulder. A
small ahu and a surface scatter of 10-15 basalt
flakes are located nearby. One of the cobbles is a
rectangular adze preform; therefore, it is possible
that the piling may be a small shrine, although it
does not match the structural pattern of those
recorded in McCoy’s surveys (1981, 1982, 1984).

A summary table of site significance evaluations is
presented in Table 4.1.

It should be noted that both the ground moraine in the low
lying saddle area and the cinder cone slopes in the project area
are geomorphically active. Characteristics of this alpine
desert environment include 1lack of vegetation, extreme diurnal
temperature variations and frequent frost, all are conducive to
gelufluction and other periglacial activity. These processes
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Table 4.1

A SUMMARY OF ARCHAEOLOGICAL_ SITES
RECORDED IN THE PROJECT AREA

Site Description Function Signifjcance Codes¥*
Criterila
Comments
11,076 aiignments of rock prokable probable religious a,d,e
(c1) pilés and fallen shrine structure, cultural
uprights significance
11,077 ahu with upright possible possible religious a,d,e
(C§2) shrine structure, cultural
significance
11,078 rock shelter minimal excavation a,d
(C53) potential, but could
: ¥ie1d some informa-
ion on prehistory
11,079 (a) rock piling on possible possible’ religious a,d,e
(Céd) boulders with shrine sEructgre, cultural
adz Ereform and significance
: nearby ahu
11,079(b)'sma11 ahu trail marker may Yjeld informa- a,d

tion  important to
prehistory

or history

1

(shrine, heiau or burial)

Source:

site reflects major trends in the history of the State.
site may be likely to &ield information important to prehistory

cultural Surveys Hawaii, Appendix C.

site has cultural significance, probable religious structure
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tend ¢to sort and rearrange surface rocks into natural pavements,
alignments and faced terraces, particularly on slopes. These
features can be mistaken for cultural constructs by those
unfamiliar with the dynamic nature of this landscape. They are
present in the survey area and are typical features throughout
the Mauna Kea region (Appendix C).

5.0 Existing Infrastructure

There is no vehicular access or electrical power to the
antenna site. The MKO Access Road and the electrical pull box
are each about 2,600 feet from the site. It will be necessary
to construct an spur road and extend utility lines to service
the antenna facility.

6.0 Recreational Uses

At present, there is 1ittle if any recreational use of the
project site. The Ski Association of Hawaii has indicated that
the "King Kam Run", which originates on the eastern side of the
Mauna Kea summit ridge, extends down to the 12,300-foot
elevation and crosses betvween the two cinder cones in the
vicinity of the antenna site. Because of lack of snow, the run
is rarely used. There are no established hiking trails in the
project area.

C. ENVIRONMENTAL IMPACT ANALYSIS

1.0 Natural Hazards

The island of Hawaii 1is located in Seismic Zone 3 for
building design under the Uniform Building Code. Much of the
seismic activity is associated with the active volcanism at
Mauna Loa and Kilauea volcanoes. large earthquakes have
occurred elsewhere around the island, however, and are
considered possible at any jocation. The geology of Mauna Kea
has been mapped in detail (Porter, 1979a}, but no tectonic
faults have been observed. Foundation and building design in
accordance with the Uniform Building Code is expected to be

adequate for the structures.

Mullineaux and others (1987) classified the summit and
upper flanks of Mauna Kea as Zone 7 for lava flow hazards. A
total of nine 2zones were defined, with Zone 9 being the least
hazardous. The risk of of volcanic eruptions affecting the
proposed antenna facility is judged to be very low (Appendix D).
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2.0 Prainage and Erosion

The following actions to be taken in the construction of
the project have the potential of causing drainage problems,
dust and soil erosion (construction activities are discussed
more thoroughly in Part II):

o Antenna Facility. Removal of surface rocks during
excavation; grading of the antenna site; excavation of
about 1,350 cubic yards of material from a hole about 75
feet in diameter at an average depth of eight feet for
the antenna foundation; excavation of a 1,350-square-foot
pad for the site control building; excavation of post
holes for the <chain 1link fence; excavation of a
five-foot-diameter cesspool; excavation of a hole for a
2,000 gallon water storage tank; and, addition of
surfaced areas for the facility.

o Spur Road and_ Utility Trench. Removal of rocks during

excavation; grading of the spur road; excavation for a
20-foot-wide by 2,600-foot long spur road; excavation of
a two-foot-wide by four-foot-deep by 2,600-foot-long
utility trench for electricity and telephone cables;
excavation and installation of drainage improvements;
leveling, compacting and surfacing the spur road with
gravel; and installation of utility cables and filling of
the trench.

The antenna site is Fflat. With the exception of
excavation required for the antenna foundation, the amount of
earthwork will be minimal; the maximum amount of cutting and
£illing is not expected to exceed five feet, All spoils from
construction will be used on-site for improving the road or
other site improvements. Some finer-grained material may have
to be imported for finish grading. This will be determined by
the so0ils and foundation investigation during final design
(Appendix D).

There will be 1little if any runoff from the flat area
prepared for the antenna facility. The limited precipitation
can be expected to percolate directly into the ground. The
roadway will concentrate runoff to some extent, primarily on
the uphill side where a shallow ditch will collect any runoff.
The rocky material along the roadway will not erode
significantly, and one or more culverts will pass runoff under
the road before it concentrates to the point where it could
cause erosion further downslope (Ibid.).

Excavation and grading will alter the landform of the
site and generate dust. Fine dust commonly occurs in the
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jnterstices of the volcanic rocks on Mauna Kea. Heavy
construction equipment operations at the site and increased
traffic along the spur road wili lead to the temporary
generation of cmall dust particles. 1In addition, dust will be
generated by the abrasive action of construction equipment on
rocks.

pust control during construction will Dbe maintained by
exposing the smallest area possible at any time and halting
construction during high winds and storms. To a degree, water
will Dbe sprinkled on exposed surfaces to suppress dust, however,
as water must Dbe hauled from Hilo, it will be used sparingly.
Strict adherence by the contractor to County regulations
concerning grading and excavation will be required.

3.0 Air Quality, Noise and Traffic
3.1 construction phase

The following actions to pe +taken during the
construction of +the facility may generate noise and
traffic and affect air quality:

o site preparation and construction of the spur road,
antenna foundation, control building and other
miscellaneous facilities, and site preparation and

installation of utilities in a trench along the
spur road;

o] operation of a temporary auxiliary generator on
site;
o Transferring 30 truck loads of concrete mix from

Hilo to the project site and pouring 350 tons of
.concrete for foundation support of the antenna,
control building, emergency generator, fuel tank,
weather instrument tower, and other miscellaneocus

equipment;

o Transporting an estimated 25 to 30 trailer truck
joads of various antenna components from Hilo to
the site;

) Assembling the antenna on site.

Short-term negative impacts may occur as a result
of the above actions; they will end when construction is
completed. construction of the facility is expected to
take 12 to 18 months.
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An increase in traffic will be unavoidable during
construction. This traffic includes large construction
equipment, trucks transporting construction-related
materials and vehicles bringing workers to the site. Most
heavy construction equipment will be stored on the site
for the duration of the construction period. All trips of
heavy trucks, such as those transporting antenna
components, will be scheduled during off-peak hours so as
not to interfere with normal traffic flow in Hilo or along
the Saddle Road.

Emissions from vehicles and internal combustion
engines on heavy construction equipment and the generation
of dust by construction activities may affect air
quality. Engine emissions will be mitigated by the use of
properly functioning emission control devices as required
by law. Dust will be mitigated through compliance with
State Department of Health rules and regulation (Chapter
43, Section 10) and by covering exposed areas during heavy
winds.

Construction equipment will generate high noise

levels at the project site. Noise will be minimized
through the use of equipment with proper noise muffling
devices. Impacts of high noise levels on construction

workers can be mitigated by adhering to appropriate OSHA
standards.

3.2 Operations phase

The operation of the antenna facility will not have
a significant adverse impact on air quality in the
vicinity of the site. The only possible source of air
pollutants from the antenna facility will be the standby
generator, which will only be operated in the event of a
commercial power outage or during routine maintenance and
operational checks, and dust from the gravel-surfaced
road, The road will be resurfaced with gravel
pericdically to minimize the problem of dust.

Because only two to four employees will be on site,
traffic (including trips by the water truck, etc.) will
not exceed a few vehicles per day. The anticipated volume
of increased traffic is not expected to 1lead to a
significant increase of emissions in the area.

The antenna is very quiet during operation, except
when being repositioned rapidly. Generally, the only
other noticeable noise which may be produced during
operation will be from the standby power generator when it

is running.
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Flora and Fauna
4.1 Construction phase

There are no rare or endangered species present on
the site. The site is sparsely vegetated and species
occurring there are also found throughout the Mauna Kea
summit area (Appendix E). Construction of the proposed
antenna facility and spur road will have only a minor
impact on botanical and faunal resources in the project
area.

No evidence of Petrel breeding was found at the
site during surveys taken in April (daytime) and May
(nighttime) of this year (1988). Although the daytime
survey jdentified several areas as being potentially
suitable for burrow construction, the mnocturnal survey
confirmed that there were no burrow sites there
(Appendix F).

The site is almost barren of invertebrates. No
Wekiu bugs, Nysius wekiuicola, were found during a field
visit in April, 1988, probably due to the lack of moisture

from snow in slow melting drifts. The only native
herbivorous species seen was the lichen feeding, diurnal
cutworm moth, Agrostis. Because no sizeable patches of

lichen grow along the spur route or on the facility site,
construction of the project is not expected to affect the
moth’s habitat. The biomass in the project area is much
smaller than at higher elevations, thus the impacts on
native invertebrates are projected to be very minor
(Appendix G).

In order to protect the aeolian ecosystem that is
present in the area, all construction activities should
take place within the defined areas of the antenna
facility site and spur road alignment. Litter from
construction material, packaging, etc., would be collected
and removed from the area.

4.2 Operations phase

Indirect impacts can be generated during the
operations phase of the VLBA project due to the presence
of the facility and the spur road. These indirect impacts
include: disturbance of geologic features (glaciated
surface, glacial ground moraine, periglacial movement and
sorting of rocks) and habitat of endemic arthropod fauna
by off-road vehicles; killing of birds in the area (should
they be present in the future}) due to rodents and
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feral predators associated with the facility; and deaths
of Petrels attracted by facility lights, as a result of
collision with structures.

Indirect impacts would be mitigated by the
following measures:

o Enforcing the prohibition of off-road vehicle use
in the area;

o Instructing NRAO personnel on how to identify
Petrel breeding areas;

o Use of mongoose—~, rat-, and cat-proof refuse
containers and the frequent removal of refuse from
the area. (While these mammals are not found in the
area at the present time, they may become a problem
once feeding opportunities become available. The
use of traps could become necessary.);

o Use of shielded lights at the facility; and

o Management policies already established by the
University of Hawaii for the preservation of
‘bioclogical and geological resources within the
Science Reserve Complex will be complied with by
NRAO personnel.

Historical/Archaeological Sites
According to Cultural Surveys Hawaii (Appendix C), all

sites recorded in the project area are significant for
information content and three may also have cultural or

religious significance. ! None are good examples of site types.

5.1 Construction phase

None of the four identified archaeological sites in
the area is located within proposed construction
boundaries. Each site has been flagged for
identification. In order to prevent inadvertent damage to
the sites during construction, each will be fenced and its
location plotted on construction maps. Construction
personnel will be made aware of the location of the sites
so they can be avoided. If these procedures are followed,
no adverse impacts should occur and archaeological
monitoring during construction should not be necessary.
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Since the spur road and antenna facility are both
located on bedrock and glacial moraine (and not on soft
cinder deposits), the 1likelihood of discovering isolated
burials is very small. If remains are uncovered, an
archaeclogist will be notified immediately.

A small portion of the spur road alignment is
within the boundary of the Mauna Kea Adze Quarry National
Historic Landmark. There are no archaeological sites
included within the Landmark area that will be affected by
the construction of the antenna facility spur road
(Appendix C).

5.2 Operations phase

Indirect impacts can be generated during the
operations phase of the VLBA project. The presence of the
facility and the spur road could attract visitors to the
site and encourage off-road vehicle use. Although the
four archaeological sites within the project area are not
of great significance in themselves and are not excellent
examples of site types, they do form a portion of a larger
context of Hawaiian religious and economic use of Hawaii’s
only glaciated landscape (Appendix Q).

NRAO intends to protect the sites (by fencing or
other means) and preserve them. A sign near the entrance
to the spur road will warn people of the penalties for
disturbing archaeological sites (the wording of this sign
will be approved by the DINR Historic Sites Section).
On-site personmel will be instructed to notify the
Enforcement Division of DLNR if any one is seen disturbing
the sites.

Visibility and Aesthetics
6.1 Construction‘phase

The presence of construction equipment,
construction materials, and temporary structures will
impact the visual quality of the area. This effect will
be temporary since these items will be removed when the
project is completed.

6.2 Operations phase
The antenna facility was evaluated for short-range
(within the summit area) and long-range (island-wide)

visual impact. The complete analysis is presented in
Appendix H. A summary of the findings follows:
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Short-range: As shown in Figure IV-2, the antenna will be
partially visible from two locations along the Mauna Kea
Observatory (MKO) Access Road; once for about 100 feet
from a point about 600 feet north of the entrance to the
facility spur road and again for a stretch of about 250
feet about 1,000 feet farther north. The antenna will be
completely visible along a 2,500-foot portion of the MKO
Access Road at the 13,400-foot elevation. 1In addition,
several hundred feet of the facility spur road will be
visible from the MKO Access Road.

Long-range: The antenna facility will be built in a
low-1lying saddle between between two cinder cones which
rise from 230 to 380 feet above site elevation. These
landforms are expected to block out the view of the
antenna from most areas. In addition, because the site is
about 1,500 feet below the summit ridge on the southern
face of the mountain, the facility will not be visible
from the northern part of the island.

As shown in Figure IV-3, the antenna will not be visibile

from downtown Hilo. It may, however, be partially visible

from Leleiwi Point, portions of Waiakea Homesteads, a

two-mile stretch of the Saddle Road near Kaumana, and

portions of the Puna District from Keeau to Kapoho, one

cmall area near Onomea and an area near Kipuka Alala in
i .the Mauna Loa Forest and Games Reserve.

Visual impact of the antenna facility will be low.
7.0 Recreational Users

According to the Ski Association of Hawaii, most skiing on
Mauna Kea occurs near the summit. When snowfall reaches lower
elevations, skiers generally tend to stay on runs that are close
to the MKO Access Road. The "King Kam Run" is located far to
the east of the spur road, and is therefore seldom used.
Because snowfall sufficient for skiing is rare in the project
area; recreational skiing should not be adversely impacted by
the VLBA facility.

As required by DLNR, an area 400 yards around the facility
and on either side of the spur road will be posted for no
hunting. Although sheep or sheep-mouflon hybrids occasionally
frequent the site, there is a lack of forage in the area and the
site is probably seldom used by these animals (Appendix F). The
presence of the VLBA antenna should not adversely impact hunting
in the area. :
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B.0 Radio Frequency Interference (RFI)

A new radio astronomical observing site and telescope must
operate within the existing radio spectral environment. The
radio environment includes all radio communication and broadcast
emissions authorized by the Federal Communications Commission
(FCC) Regulations and by National Telecommunications and
Information Administration (NTIA) Regulations. The VLBA site
was selected because it is shielded from transmitters on Mauna
Loa by a cinder cone. RFI from transmitters that comply with
Fgc and NTIA regulations is not expected to be a problem at the
site.

Harmful RFI at the VLBA site caused by emissions violating
FCC or NTIA regulations can be mitigated by cooperative efforts
between NRAO and the source owner, or if necessary through FCC
and NTIA administrative procedures. Recent studies indicate
that radio communication emitters (such as police) at the
kilowatt or lower EIRP level, and at current electronic sites,
create 1little harmful RFI at the VLBA site. FM and TV
broadcasting and other high-power emitters at the multi-kilowatt
ETRP levels, however, could potentially create harmful RFI from
both the fundamental and spurious emissions. In such cases NRAO
would carefully analyze the proposal and negotiate with the
applicant to mitigate problems when the transmitter is being
designed.

9.0 Infrastructure, Utilities and Services

9.1 Potable water

It is estimated that on-site personnel will use 100
gallons per day of water for domestic consumption. water
will be trucked to the site and stored in a 2,000 gallon
tank located Jjust outside of the fenced area. Water for
the telescopes in the summit area is trucked from Hilo.
The same truck can stop at the VLBA site periodically to
top off the storage tank.

9.2 Sewage disposal

Wastewater will be discharged into a cesspool at
the edge of the antenna facility site. Any seepage out of
the cesspool would likely be through the gravelly soils
overlying bedrock and through fractures and other openings
in the bedrock. It is anticipated that a
five-foot-diameter cesspool could dissipate the planned
flow of 100 gallons per day. (This is equivalent to less
than a half-hour flow from a garden hose, oYX one-sixth the
nominal wastewater £low from a three-bedroom house.} The
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cesspool will be sized and located to satisfy all State
Department of Health regulations.

It is unlikely that wastewater will percolate

beyond the immediate site area. There are no known
springs downslope from the site. 'he depth to ground
water is unknown, but is expected to be hundreds or
thousands of feet, The antenna site 1s extremely

isolated, roughly two miles from and 3,000 feet higher
than Hale Pohaku, the closest development downslope. Lake
Waiau is roughly 1,000 feet higher than the site and about
10,000 feet to the northwest, so could not be affected by
wastewater seepage. Therefore, no adverse impact is
expected from wastewater discharged into a cesspool at the
site (Appendix D).

9.3 Electrical Power

The estimated demand for electricity is 100 kW;
about 40,000 kWh are projected to be used per month.
Electric service will be provided by an underground
connection to the HELCO system; the capacity of the system
is sufficient to accommodate the electrical needs of the
VLBA antenna; there will be no adverse impact on other
users of the system. The standby generator will only
operate during a commercial power interruption, it will
not impact other facilities within the Science Reserve.

9.4 communications

The telephone requirements of the VLBA are four
digital grade circuits back to the nearest exchange.
Service will be provided by an underground connection to
the trunk 1line whith will run from the summit to Hale
Pohaku. From there, transmissions will be relayed to
other Hawaiian Telephone facilities in Hilo. The trunk
line is scheduled to be installed by the end of 1988,
pefore the VLBA antenna becomes operational. This system
will eliminate a source of potentially harmful RFI.

9.5 Additional services

Solid waste generated at the site will be kept in
mongoose-, rat-, and cat-proof refuse containers. It will
be carried down to Hale Pohaku daily by NRAO staff. Fronm
there, it will be trucked daily to a dumpster located at
the headquarters of the Mauna Kea Support Services (MKSS)
in Hilo.
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The facility will have an appropriate number of
fire extinguishers and a fire escape plan. NRAO personnel
will be responsible for fire protection at the antenna
site.

The operation of the station does not present any
particular type of safety threat to people or animals.
Even so, the entire facilities area will be enclosed in a
security fence to prevent inadvertent or unauthorized

entry to the site.

Because the nearest medical facilities are located
in Hilo, and the response time for these services is
longer than one hour, NRAO personnel will be trained in
first aid. In the event of an emergency that they cannot
handle, they will either utilize the services of the
emergency Yroom which is located in the common area of OCIA
or call for the ambulance which is parked between the
UKIRT and the 88~inch telescope buildings at the sumnmit.

PROBABLE ADVERSE ENVIRONMENTAL EFFECTS WHICH CANNOT BE
AVOIDED

Short-term Impacts

1;1 Traffic

An increase in traffic will be unavoidable during
the construction phase of the project. This traffic,
which includes large construction equipment and workers'’
vehicles, will end when construction is completed.

1.2 Air quality

Increased vehicular traffic and internal
combustion engines on heavy construction equipment will
result in +the generation of emissions into the air.
Engine emissions will be mitigated by wusing properly
functioning emission control devices as required by law.

1.3 Visual

Construction equipment, related materials and
temporary structures will be located on-site during the
construction phase of the project. This impact will be
temporary since all equipment and materials will be

removed at project completion.
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Long-term impacts
2.1 Flora/Fauna

Biota within the designated construction area will

be destroyed. This impact will be minimized by
instructing the contractor to confine activities to
specified areas. NRAO will also direct its personnel not

to disturb areas surrounding the facility, and ensure that
predators are not inadvertently brought to the area.

2.2 Vvisual Character of the Area

The  VLBA facility and spur road will be
constructed on land that 1is currently undeveloped. The
antenna site and the spur road will be covered with
compacted gravel to blend intc the existing terrain. From
the MKO Access Road below the summit area, only the
facility spur road and the top of the antenna will be
visible, and then for only two short stretches. It will
be totally visible from the summit area looking down to
the site.

The view of the antenna will be blocked out from
most areas outside of the Science Reserve. It will not be
visible from downtown Hilo. Long-range visual impact of
the antenna facility will be low.

2.3 Historical/Archaeological Sites

Four = archaeological sites were located in the
project area; none are within the proposed construction

site boundaries. 1In order to prevent inadvertent damage
to the sites during construction, each will be fenced and
its location plotted on construction drawings.

Construction personnel will be made aware of the existence
and location of the sites so that they will be avoided.
If remains are uncovered, an archaeologist will be
notified immediately.

Indirect Impacts
3.1 Flora, Fauna and Archaeological Sites

The presence of the facility and spur road could
generate indirect impacts on the surrounding area. These
impacts could include: disturbance of archaeological
sites, geologic features, and habitat of endemic arthropod
fauna by off-road vehicle use; and, increased mortality of
birds (should they be present in the future) due to
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rodents and feral predators associated with the facility
and 1light attraction 1leading to collision with facility
structures.

In order to minimize these potential impacts,
archaeological sites will be fenced and a sign near the
entrance to the spur road will warn people of the
penalties for disturbing them. Signs will also be placed
along the facility spur road warning people that off-road
driving is prohibited. Mongoose-, rat-, and cat-proof
refuse containers will be used and refuse will be removed
from the area frequently so that these mammals do not
establish themselves at the site. Shielded lights will be
used at the facility so as not to attract night-flying
Petrels.

3.2 Radio Fregquency Interference (RFI)

Potentially harmful RFI from transmitters would be
nitigated by negotiations between NRAO and the applicant
or licensee. In the case of FM and TV broadcasting and
other high-power emitters, which could potentially create
harmful RFI, NRAO would carefully analyze the proposal and
negotiate with the applicant to mitigate problems when the
transmitter is being designed.

F. RELATIONSHIP OF SHORT-TERM USES AND ENHANCEMENT OF
LONG~TERM PRODUCTIVITY

The proposed project will add to the State’s growing
research and development industry and will make long-term
contributions to the advancement of our understanding of the
universe. This can be accomplished without any significant
disruption to the environment or to other activities on Mauna

Kea.

G. IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES

Construction and operation of the proposed VLBA project
would involve the irretrievable commitment of money,
construction materials, manpower and energy. The irretrievable
commitment of land will be minimal since the buildings and
above-ground structures would be removed in the event the
facility is permanently closed. Through limited grading and the
use of compacted gravel instead of pavement on areas used for
the facility, the area could be returned to nearly its natural

state.
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H. SUMMARY OF UNRESOLVED ISSUES

Means to control public access to the VLBA antenna and
“off-road driving are being discussed by IFA and NRAO. At
present, it is planned to allow public access along the VLBA
spur road. signs will be placed along the road warning people
that off-road driving is forbidden. Those ignoring this warning
will be ' reported to MKSS personnel who will then call
enforcement officers of DLNR or Hawaii County Police to remove
them from the mountain. People seen disturbing archaeological
sites will also be reported.

The situation will be monitored. If off-road driving
cannot be controlled by signs and warnings, other methods to
restrict  access will be developed in cooperation and
coordination with DLNR personnel.

IV - 22

71

[}

-

-
1
——

1

e e B2 ogc”



-}

N

-3

1

1 L

| P

PART V: ALTERNATIVES TO THE PROPOSED ACTION

A. ALTERNATIVE SITES

1.0 Ooverview

Tt is the policy of the UH Institute for Astronomy (IFA)
to reserve the summit siting areas for telescopes that will take
maximum advantage of the attributes of the summit; a prime
high-altitude site should not be used for a facility that does
not need it. The VLBA antenna belongs to an entirely new class
of facility than the existing and planned telescopes on the

summit of Mauna Kea. It has entirely different siting
requirements from the optical, infrared and
millimeter/submillimeter-wavelength telescopes in operation
there. As long as the VLBA antenna is above the tropical

inversion layer, there is no scientific advantage to putting it
at a higher elevation.

Because the VLBA does not require the extreme altitude of
the summit area for optimal operation, six alternative siting
areas, both within and outgide of the Mauna Kea Science Reserve,
were evaluated, they are: Haleakala, Maui; Hualalai, Hawaii;
Mauna Loa, Hawaii; and three locations within the Science
Reserve. A site at about the 12,200-foot elevation of Mauna
Kea, within the Science Reserve, was selected as a result of
this process. :

2.0 Site Selection Criteria

At minimum, a potential site for the Hawaii antenna must
have the following attributes:

(o} Tntermediate to High Altitude. Because of the
distance between the Hawaii station and the other
antennas, it is especially important to the

performance of the arxray that the antenna operates
in an atmosphere of dry, stable air in order to
assure that image gquality is optimized and high
quality data are received. Consequently, the
antenna should be sited above the tropical
inversion layer, which usually ranges from 8,000 to
9,000 feet above sea level.



o low horizon to the east. All ten antennas of the
VLBA must 1look at the same object simultaneously.
In order to assure maximum coordination with other
antennas in the array, from a site considerably
west of the others, it is important that the line
of sight to the eastern horizon be comparatively
free of obstructions, such as terrain features or
man-made structures.

o Low levels of man-made radio _signals, The radio
signals emitted from distant astronomical objects
are very faint. In order to receive these radio

signals without interference, the antenna should
not be directly exposed to strong transmitters
closer than 20 miles.

3.0 Preliminary Site Identification

The first phase of the site selection process looked for
jocations at elevations high enough to assure that the antenna
would operate in a dry stable atmosphere almost all of the
time. As a result, all potential sites located at elevations
below the normal tropical inversion layer of 8,000 to 9,000 feet
(such as available locations on Oahu) were eliminated from
further consideration. Six potential siting areas that met the
criterion were identified (Figure V-1), they are:

o Haleakala, Maui, The summit area, within and
adjacent to Science City;

o "~ Hualalai, Hawaii. The immediate summit area;

o] Mauna JT.oa, Hawaii. The north slope, above the

8,000-foot elévation;

) Mauna Kea, Hawaii. Three locations within the
Mauna Kea Science Reserve (Figure V-2):

(a) Telescope Siting Area C (SRCDP): the saddle
area between the summit cinder cones at an
elevation of 13,300 to 13,400 feet (a.k.a.

Millimeter Valley) near the existing
millimeter and submillimeter-wavelength
telescopes.

(b} The 12,200-foot elevation of the Science

Reserve: a saddle area between two cinder
cones, about 2,600 feet northeast of the
Mauna Kea Observatory (MKO) Access Road.
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(c) The 11,800-foot elevation of the Science
Reserve: an area about 200 feet west of the
MKO Access Road.

4.0 Second Screen Evaluation

A field visit was conducted to each of the six identified
locations in order to observe site conditions, to verify whether
the area in question would meet the basic siting criteria for
the VLBA and to identify any other limitations and constraints
that could affect its suitability as an antenna site. As a
result, Haleakala, Hualalai, Mauna Loa and Telescope siting Area
C at the Mauna Kea summit were eliminated from further
consideration as potential VLBEA sites. Two potentially suitable
jocations (sites at the 11,800 and 12,200-foot elevations within
the Mauna KXea Science Reserve) were selected as candidates for
further, more detailed, evaluations.

The following subsections describe the characteristics of
four siting areas and the reasons each was rejected.
(Evaluations of the two candidate Mauna Kea sites are presented
in subsection 5.0):

4.1 Haleakala (Figure V-3)

Haleakala is a large shield volcano which makes up
most of the eastern portion of the Island of Maui. The
summit of the mountain (Red Hill, elevation 10,023 feet),
is an isolated peak which rises high above the surrounding
terrain. Tt is above the tropical jnversion layer most of
the time.

Science city, situated on an l8-acre site owned by
the University of Hawaii (UH), is located to the southwest
of Red Hill. Tenants of the complex include: the U.S. Air
Force Maui Optical Station (aAMOS) ; the UH Mees Solar and
LURE observatories; a repeater station for Aeronautical
Radio, Inc.; the Airglow Observatory; a radar antenna;
and, the Smithsonian Tracking station. Three television
repeaters, a U.S. Air Force building, a remotely
controlled Federal Aviation Administration (FAA) facility
with transmitter repeater, and repeater stations for Maui
and Hawaii County police radio are located nearby (U.S.
Department of the Air Force, 1987).

There are two sites available within the Science
city complex that have topography suitable for the VLBA
antenna. After calculating the building envelope for the
antenna and associated facilities, it was discovered that
the presence of the antenna on either of these sites would



-.
oy
it

o / |'- / . e
g A '-// "'I T Wil l?l:mh.
/, s frl"alnn.an '\
e l'/’ C I'\\ -

‘ - vt Ilo\ 117
/ / /._\‘(‘.‘ ,.) "¢}
/. o 'n_:-d Ty

. -:-.v

" ":---/SCIENCFJ TYJm.m u-r",’/‘ \ :\-.-...\:.:.-.-u

‘ M r-h'-;'-n\-ul S‘.nlvm -_ -' b h“' - : /l S
-4 ./ lln-l.i l:vuu] ‘lllunu\mun Ly hoatt \

i / e l‘lamsmlr paal
" . v
/ 4 . ,Snl(‘l(uld i_::- e

. lf i
/ /I'\a:l.u pmmy., xaun\uml' ' w ,.runk'l 7T nesERVE Y e |'
- -..._"‘.. "~ PR [
)\ { }’ ll-ulra lfwam S S . gy T e -x
( . ,,u.',- . Tt

." I3 i~ / e, . e S,

- . P R TR T ] 1o . . -
S e
a-..-"-“ v:&'f + -

» - /,'_n ._',_,.-

-
- " -
s -
\\' . “er —— T - s
/’ Lo - I VoL .
gt / N v -
’-,('n . - ) L. . ——
o~ e L L R et ——tnge
+ -/.___f'-' -..’,./-. . . -
v -
/l . ) ’ P IS ’ a a—"..l‘\ Y . -’ ‘I i
Wata i TR L S
——— e , . ,-
"N, TR "' - - -

HALEAIKALA SUMMIT
MAUI

0 tonn 2000 3000
§== == boomrmend - -—"--|

SCALE INFEET

\\’

- -‘I.l'l hl s MhOp ey
i

-
[}
L]
]
\ i
Y
! _ s.'“
- 9157 ¢

- . 4
.
~,
o

.
'k"“ |
.\:‘ .
“

re e —— p————- 1 by

&l"" .

'A'

k3 .,.., 1)

'\—'-..4"’

e iy gy _,1001 .o

"\..-./—-—._...- il QU PABINIPLY g

Py
UYL //—
s

,.-—.__-7-

FIGURE V-3

LOCATION

MCM PLARNING

O

NORTIH

6/00




(-}

-4

cause severe sky blockage for the LURE Observatory:; one
would also interfere with the Mees Observatory.

Possible  RFI from civil transmitters in the
vicinity of the Haleakala summit was assessed (Brundage
and Peery, 1983). The findings revealed that these
transmitters generate a level of RFI that is above harmful
interference levels for the VLBA.

The Haleakala summit is exposed to winds from all
directions. Data collected during 1985 show that wind
velocities exceeded 25 mph 30 percent of the time, ranging
from a low of 13 percent during September to a high of 55
percent during March (Deuel, 1986). Operation of the VLBA
antenna in precision pointing mode requires that the wind
not exceed 25 mph.

Haleakala was rejected as a site for the VLBA
antenna because of the potential adverse impacts of the
facility on existing operations at Science City; the
potentially harmful levels of RFI which could adversely
affect the antenna’s operation; and frequent high wind
conditions.

4.2 Hualalai (Figure V-4}

The summit of Hualalai volcano, elevation 8,275
feet, is located eight miles east-northeast of the town of
Kailua-Kona, on the western side of the Island of Hawaii.
From the summit, the horizon is practically clear except
for the summits of Mauna Kea (ENE, elevation 2.0°) and
Mauna ILoa (SE, elevation 2.5°). All of the upper
portion of Hualalai is owned by the Bernice Pauahi Bishop

Estate. It is closed to the public.

Even though Hualalai is one of the oldest volcanoes
on +the island, it erupted as recently as 1800 - 1801. The
area is classified as risk zone de; risk increasing from a
through £ (Figure V-5). Future eruptions of Hualalai
would be expected to originate in the summit area and
along the northwest and southeast rift zones. "The next
eruption of Hualalai could conceivably occur within the
life-span of persons now living (Mullineaux and Peterson,
1974)".

There is little published meteorological data
available about the summit of Hualalai. Extensive field
testing would have to be undertaken to determine weather
conditions at the summit.
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Infrastructure on the upper slopes of Hualalai is
primitive. A paved road reaches to about the 5,000 foot
elevation. Several radio transmitters, ranging in
elevation from 5,400 feet to 6,100 feet, are located a
short distance above this point. Vehicular access from
above the transmitters to the summit is limited to rough
jeep trails. rhere is no electrical power above the
transmitters (Wade, 1987).

Hualalai was rejected from further consideration
because of the high probability of unacceptable RFI from
existing transmitters in the area and potentially high
construction costs (e.g. in order to provide access and
electrical power to the site, over three miles of
transmission 1lines and 12 miles of new road would have to
be built over very rough and steep terrain). In addition,
not enough is known about prevailing weather conditions at
the summit to make an informed decision as to the
suitability of the site based on the prevalence of dry,
stable air in the area.

4.3 Mauna Loa (Figure V-6)
Mauna Loa, elevation 13,677 feet, is the second

largest of the five shield volcanos which make up the
Island of Hawaii. It is an active volcano, last erupting

in 1984. The area considered for the VLBA antenna is on
the north slope of the Northeast Rift Zone of the
mountain. A site at the 8,990-foot elevation, was

selected for analysis because of its suitable topography
and unobstructed line-of-sight to the eastern horizon. 1In
addition, the tropical inversion layer on Mauna Loa is
usually well below that elevation.
[}

Existing facilities in the area include: the Mauna
Loa Observatory (MLO), a meteorological station operated
by the U.Ss. National Oceanic and Atmospheric
Administration (Noaa), at the 11,100-foot elevation; the
Kulani Mauka climatological station at the 8,300-foot
elevation, also operated by the MIO; and, three
transmitting towers containing microwave relay and VHF/UHF
repeater facilities, located near Kulani Mauka. Access to
these facilities is wvia a paved road which runs from the
saddle Road to MLO; vehicular access above the 11,100
elevation is restricted to four-wheel-drive vehicles.

Rainfall in the area averages about 30 inches per

year. puring 1986, winds averaged 12 mph, ranging from 8
mph during September to 17 mph in February (NOAA, 1987).

v - 10
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potential impacts of the project on the environment
in the vicinity of this site was assessed by Frederick R.
warshauer 1in August 1987 (Appendix H). He concluded that
the major impact of the proposed project would be the
destruction of about 1.5 acres of sparse, but relatively
mature plant comnunity (and any associated sessile
arthropeods) during construction. Since only 0.02 percent
of this community type on Mauna Loa would be destroyed,
the loss could be considered insignificant.

Tf the Mauna Loa location is selected, Warshauer
recommends monitoring the site for introduced plants at
least twice following construction, in order to prevent
the spread of weeds into adjacent native vegetation. In
addition, because the endangered ‘ua‘u (Dark-rumped
Petrel) could be affected by lights on or next to the
facilities, ‘all exterior lighting associated with an
antenna on this site would need to be kept to a minimum
and effectively shielded to prevent upward and ocutward
escape of light.

Lava flows are a hazard at the Mauna Loa site
because of its 1location directly downslope from the
volcano’s active northeast rift zone. Mullineaux and
Peterson (1974) classify the area as risk zone f for
volcanic hazards; risk increasing from a through £
(Figure V-5) .

In order to more precisely characterize the
volcanic hazard in the immediate area of this site, a
detailed geological map of the area surrounding the site
(about 12 sq. miles) was prepared and the number and ages
of exposed flows were jdentified (Lockwood, et al., in
press) . Although $ixteen distinct lava flows were found,
almost 66 percent of the area is covered by flows
occurring during filve historical eruptions that traversed
near the site between 1843 and 1935. If the historical
coverage rate continues, the probability that the site
will be covered by lava during the proposed
25-year-life-span of the facility is about 1 in 6. A lava
diversion structure constructed upslope of the site could
offer some protection from future lava flows in the area
(Ibid.).

The Mauna Loa site was rejected for two reasons.
First, it appears that the antenna will not only be in
direct line-of-sight of existing radio transmitters
located at the Kulani Mauka station, the Humuula
electronics site and the Army Pohakuloa Training Area, but
also of several high powered AM, FM and TV transmitters
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that may be constructed in the area in the near future.
The potential risk of harmful RFI from these sources is
high and above acceptable limits for operation of the VLBA
antenna. Secondly, the risk of lava inundation was too
high, especially since other, less hazardous, sites are
available.

4.4 The Mauna Kea Summit (Figure (I-5)

siting Area C, also called Millimeter Valley, is
one of four telescope siting areas at the summit that were
delineated in the Mauna Kea Science Reserve Complex
Development Plan (SRCDP). It is a flat area, located
between the 13,300- and 13,400- foot elevations, about 450
feet lower than the summit cinder cone (Puu Wekiu). The
conditions in the area are ideal for submillimeter and

millimeter-wavelength astronomy; both the Ccaltech
Submillimeter Observatory and the James Clerk Maxwell
Telescope are located there. According to the SRCDP

(RCUH, 1983a), there is sufficient space in the area for
one or two more similar telescopes.

The siting area js well above the tropical
inversion layer: the surrounding cinder cones shield it
from the wind. Data collected at the James Clerk Maxwell
Telescope between October, 1987 and April, 1988, show that
average winds ranged from a high of 10 mph during the
month of February, 1988, to a low of 6 mph during the
monthe of October and December, 1987 and January, lo8s.
The peak wind speed recorded during this period was 60
mph, which occurred in March, 1988.

Until recently, RFI did not affect the cperations
of summit telescopes. At the present time, personnel from
the millimeter-wavelength telescopes and IRTF report that
incidents of RFI are increasing. The source of the RFI
has not been identified (Longfield, personal comm. ) .

According to the SRCDP FEIS (RCUH, 1983a),
Millimeter Valley is not a sensitive botanical area.
Because of the limited amount of vegetation, birds are
rarely seen in the area. The elevation is too high and
the climate too cold and windy to provide a suitable
habitat for Dark-rumped Petrels.

Arthropods inhabiting the 1lavas in the area

include: the moth Archanarta, the spider Lycosa and the
centipede Lithobius. No specific measures for mitigating

impacts on resident invertebrates, other than to minimize
dust, were recommended by the SRCDP consultants
(RCUH., 1983b).

v - 13



There are two archaeological sites located
approximately 450 feet and 700 feet respectively from the
Caltech Submillimeter Observatory (Caltech, 1982). These
sites are described as shrines. It is doubtful that
construction of an antenna in this area would affect these
sites.

There are three major reasons for not siting the
VLBA antenna in Millimeter Valley (Siting Area C):

o] Snow tends to accumulate in the area and when
temperatures become low enough ice 1loading is
likely to occur. The antenna would have to be

housed in a radome if it were sited there. The
signal degradation caused by the radome would
largely cancel the advantage of placing the antenna
above the tropical inversion layer.

o It would be a particularly poor site for the
antenna because of the high (10 to 15 degree)
horizon to the east and northeast, the directions
in which it is most important to observe (since the
Hawaii antenna is far to the west of the others).
Tnability to observe at or near the horizon in this
guadrant would seriously compromise the performance
of the array as a whole,

o As stated previously, there 1is no scientific
advantage to putting the antenna at an elevation
higher than just above the tropical inversion
layer. It is counter to the policies of the
Institute for Astronomy in regard to the Science
Reserve to use a prime high-altitude site for a
facility that'does not require it.

Selection of the Preferred Site
5.1 Evaluation criteria

A detailed analysis (including field surveys for
flora, fauna and archaeological sites) and comparative
evaluation of the two remaining candidate sites within the
Mauna Kea Science Reserve vwas based on the following
criteria:

o Radio frequency interference. Is the site well
protected from harmful radio frequency
interference?

vV - 14
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o] lLow eastern_ horizon. Is the view of the eastern
horizon clear and unobstructed?

o Endangered species. Will construction of the
antenna disturb rare or endangered plants or
animals?

e} Archaeological sites. Are there important

archaeological features in the area that could be
disturbed during construction?

o Visibility. How visible would the antenna be from
populated areas of the island and from other areas
within the Mauna Kea Science Reserve?

5.2 Mauna Kea at the 11,800-foot Elevation
(Figure V-7)

The site is just north of the southern boundary of
the Mauna Kea Science Reserve, adjacent to the MKO Access

Road. A four-wheel-drive vehicle trail crosses a portion
of the site. The area is flat and covered with ground
moraine deposits. The soils are mostly coarse gravels,

with cobbles as large as several feet in diameter. A
cinder cone to the west rises about 100 feet above site
elevation. As viewed from the site, the horizon is
generally clear of obstructions, except for a small
portion in the northeast which rises to about 5 degrees.

The 11,800-foot elevation of Mauna Kea Iis well
above the tropical inversion layer and cinder cones in the
vicinity of the site would protect the antenna from strong
westerly winds. According to Dr. Andre Erasmus, UH IFA
Meteorologist, average temperatures increase by 1°c for
every 100 meters of decreased elevation, thus the
temperature at the site would be about 6°C warmer than
at the summit. It hardly ever snows at this elevation,
precluding problems of snow and ice loading.

Preliminary analysis revealed that from this site,
the antenna would be in direct line-of-sight of the Kulani
Mauka transmitters on Mauna Loa. That area is also the
most 1likely location of future AM, FM, and TV relay
stations because signals emanating from there can reach
more people than from any other place on the island.

There are no federally 1listed threatened or
endangered species present on the site. Two field surveys
failed to locate any remains or evidence of nesting
activity of the ‘ua’u (Appendix F).
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As described in Appendix E, the site is almost

barren of vegetation. Small numbers of Hawaiian bent
(Agrostis sandwicensis) and he’u-pueo (Trisetum

glomeratum), members of the grass family Poaceae, and two
species of lichen, Candelariella vitellina and Lecidea
skottsbergii, were found on the site. Each of these
species grows elsewhere and the site is not an important
habitat for them.

Endemic wolf spider (Lycosa) skins were found under
large stones on the site, but only one spider was

sighted. Limited  numbers of other invertebrates,
including species of spiders (Erigone) and springtails
(species undetermined) were also observed. The most

common invertebrates in the area are exotic economic pests
Hydrellia and Pollenia, members of the fly family
Diptera. Impacts on native invertebrates inhabiting the
site would be minor (Appendix G).

No cultural features are present on the site
(Appendix C). The western boundary of the site is within
several hundred feet of the Mauna Kea Ice Age Natural Area
Reserve, therefore, indirect impacts of the antenna on the
features within the Reserve must be considered if the
facility is located on this site.

Both the short-range (within the summit area) and
long-range (island-wide) visual impact of the VLBA antenna
was evaluated (Appendix H). As shown in Figure V-8, at
short-range the antenna will be visible along about two
miles of the MKO Access Road from about 500 feet below the
site to a point near Puu Hau Kea. It will be also be seen
from a 2,500-foot stretch of the MKO Access Road at the
13,400-foot elevation near the summit. Because the
terrain in the vicinity of the site is open and level, the
entire complex (antenna and support facilities) will be
visible from these vantage points.

As shown in Figure V-9, the antenna will be
visible from Leleiwi Point, portions of the Saddle Road,
all of Waiakea Homesteads, all of Keeau, Puna, portions of
Hawaii Volcanoes National Park and the north face of Mauna
Loa. There are no minor topographic variations which
might obscure the lower portion of the antenna from the
viewer, therefore the entire telescope may be visible from
much of the area shown on the Figure.
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5.3 Mauna Kea at the 12,200-foot Elevation
(Figure II-2})

This . site is described in detail in previous
sections of this SEIS. To summarize, the proposed antenna
site is on'a flat plain between two cinder cones, roughly
2,600 feet northeast of the MKO Access Road. The area is
essentially barren with no ground cover. Several species
of grass and lichen grow there in small numbers.
Invertebrates in the area are limited to several species
of moths, spiders, and flies. There are no rare or

endangered species present.

Four archaeoclogical sites were located during a
field survey of the area (Appendix C}. Three of these

sites, probable shrines, may have cultural or religious

significance. The fourth is described as a rock shelter.
None of the sites is within the proposed construction
area.

Weather conditions (water vapor, temperature, and
wind) are similar to those at the 11,800-foot elevation.
The temperature at this site is estimated to average about
59¢ higher than at the summit. Snowfall and freezing
temperatures are rare in the area. The proposed antenna
site ' is well protected from the occasional high winds from
the west. Cloud cover conditions are similar to those at

the summit, except during the midday hours when cloudiness

may be more prominent.

RFI is not expected to be a problem at the site.
The cinder. cone to the south of the site will shield the
antenna from transmitters on Mauna Loa. The eastern
horizon, as viewed from this site, is not obstructed by
natural or man-made features.

Two cinder cones, which rise from 230 to 380 feet
above site elevation, are expected to block out the view
of the antenna from most areas. At short-range the
antenna will be partially visible from two locations along
the MKO Access Road; it will be completely visible form
selected areas at the sumnit (Figure IV-2). The antenna
would not be visible from downtown Hilo. As shown in
Figure 1IV-3, it may be partially visible from other areas
outside of the Science Reserve such as, Leleiwi Point,
portions of Waiakea Homesteads and portions of the Puna

District from Keeau to Kapoho.
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5.3 Comparative Evaluation of Sites

o Radio frequency interference. The site at the
12,200~-foot elevation is superior because the
cinder cone to the south will shield the antenna
from transmitters on Mauna Loa. The risk of
harmful RFI from present and future sources in
direct 1line-of-sight of the 11,800-foot elevation
site is high and may be above acceptable limits for
operation of the VLBA antenna.

o Low eastern horizon. The two sites are equally
suitable.
o Endangered species. There are no rare or

endangered species  present on either site,
therefore, the sites are equally suitable.

(o] Archaeological sites. There are four
archaeological sites present near the upper site.
They will not be affected by construction
activities and can be preserved. However, because
there are no cultural remains on the lower site, it
would be more suitable. '

o Visibility. An antenna sited at the 11,800-foot
elevation would be more visible from both short and
long-range than an antenna at the 12,200-foot

elevation site. The upper site, sheltered by
cinder cones, is therefore superior to the lower
site.

5.4 Results of the Analysis

The site at the 12,200-foot elevation was selected
as the preferred location for the VLBA facility primarily
because it is protected from potential RFI from existing
and proposed transmitters on Mauna lLoa and secondarily
because it would be barely visible from populated areas of
the island. Even though construction at the selected site
would probably be more costly, the risk of harmful RFI
compromising the effectiveness of the antenna led to the
rejection of the lower site.
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B. NO ACTION

The no action alternative means the western most antenna
of the VLBA would not be in Hawaii, thus 1imiting the project’s
ability to achieve its desired scientific goals. The purpose of
the VLBA is to produce the most detailed radio images of
astronomical bodies that can be obtained with a ground-based

instrument. The number and configuration of antennas Wwas
determined in order to optimize the resolution from within the
United  States. A key factor in achieving this optimal

resolution is the baseline length between elements in both
north-south and east-west directions. For this reason, Hawaii
is a critical element to the VLBA. Elimination of Hawaili as a
site would significantly impair the performance of the array.

If the VLBA antenna is not built, the proposed site would
be left in its natural state for the foreseeable future. At
some later date, however, other antennas or telescopes, not
requiring high altitude sites, may choose to locate there.

‘C. ALTERNATIVE ACTIONS

There are no alternative actions that would achieve the
.project’s goals. All ten antennas of the array are identical in
design, and must operate in a coordinated manner. There are no
facilities in Hawaii which could substitute for the proposed
antenna. Without an antenna in Hawaii, the array would still
function, put with such impaired performance that its
construction would be hard to justify.
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PART VI: RELATIONSHIP OF THE PROPOSED PROJECT
TO POLICIES AND PLANS FOR THE AREA

A. HAWAII STATE PLAN

The Hawaii State Plan (Act 100) sets forth long range and
comprehensive goals, objectives, and policies to guide future
development in the State of Hawaii. It further details priority
directions which indicate areas of statewide concern meriting
immediate attention (DPED, 1978).

One stated objective of the State Plan is "increasing and
diversifying Hawaii’s economic base." The proposed VLBA
facility fulfills this objective. It also fulfills a related
policy of ‘"promoting Hawaii’'s geographic, ?nvironmental and

technological advantages to attract new economic activities into
the state."

Characteristics of the type of new industry considered
desirable for the State are described in Part III, Priority
Directions, Section 103, subsection (e). These characteristics

include:

o An industry that can take advantage of Hawaii’s
unique location and available manpower resourcesj

o A new industry should be a clean industry that
would have minimal effect on Hawaii’s environment;
and, ’

o An industry which is willing to hire and train

Hawaii’s people to meet the industry’s labor needs.

Astronomical development in general, and the VLBA facility

'in particular, possess these characteristics. Part IV of this

SEIS demonstrates that the facility would have only a minimal
impact on the environment. In addition, NRAO has stated that

" antenna staff would be hired locally.
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B. GENERAL LEASE NO. S-4191

on June 21, 1968, the UH entered into an agreement with
the BLNR to lease 'an estimated 13,000 acres on the summit of
Mauna Kea for a Science Reserve. The lease ends on the last day

of the year 2033.

The lease specifies that . . . "the land hereby leased
shall be used by the Lessee as a scientific complex, including
without 1limitation thereof an observatory, and as a scientific
reserve being more specifically, a buffer zone to prevent the
intrusion of activities inimical to said scientific complex."
Activities inimical to the scientific complex include but are
not 1limited +to 1light and dust interference to observatory
operation . and certain types of electric or electronic

installations.
C. CONSERVATION DISTRICT POLICIES and REGULATIONS

The VLBA site is within the Resource Subzone of the
conservation District. The objective of this subzone is to
develop, with proper management, areas to ensure sustained use
of the natural resources of the area. The proposed VLBA antenna
is adding to the research capabilities of the Mauna Kea
Observatory and meets the objective of the Resource Subzone by
utilizing the excellent astronomical resources that Mauna Kea
possesses with minimal impact on the environment.

D. 1977 DINR MAUNA KEA PLAN

Mauna Kea is an ideal site for a variety of scientific
endeavors and recreational activities. It is also the location
of a number of rare plants and birds found nowhere else in the
world. In order to control development on the mountain and
resolve conflicting demands on the area’s natural resources, the
Board of Land and Natural Resources (BLNR) adopted The Mauna Kea
Plan in February 1977 (DLNR, 1977).

The area covered by the Mauna Kea Plan includes all of the
conservation District 1land on the mountain from the summit to
the Saddle Road. The Plan created management areas for various
resource areas on the mountain (Figure VI-1) and states that the
Science Reserve Area is to be used primarily for scientific
research, in accordance with existing lease arrangements with
the UH. At the request of UH, and with the approval of the

VI - 2

L

S

for



L . -

Foresi Reserve e\l{oh:;;.alga
b

0,
Un dﬂ'y

Aedrawn from 1977 DLNR Mauna Ken Pinn

LEGEND:

277 palila Critieat Habitst 1977 DLNR Mauna Kea Plan
Management Areas

VE25 Silversword Area
5$% + Mamane-Nalo and Associaled Ecosystem

[

0

2

XY Hatural Area Reserve 2
bl Military Area m

Scale in Miles

Figure Vi-1

North  Locatlon




BLNR, the Plan was amended in 1985 to allow overhead powerlines
from the saddle road to Hale Pohaku and paving of the MKO Access

Road.

E. UNIVERSITY OF HAWAILI RESFARCH DEVELOPMENT PLAN FOR THE
MAUNA KEA SCIENCE RESERVE AND RELATED FACILITIES

The UH Research Development Plan (UH RDP) serves as the
programmatic master plan for the continued development of the
Mauna Kea Science Reserve. Adopted in January 1982, the plan
sets forth future actions to be taken in the Science Reserve.
Tt also addresses the procedures by which the University will
review and assess applications for nev facilities, and the types
of agreements required of all new users of the summit and Hale
pohaku areas (University of Hawaii, 1982).

The proposed VLBA facility meets the guidelines in the UH
RDP for locating facilities within the science Reserve because:

o The proposed facility serves significant,
identified needs;

: , o The identified objectives are achievable and the
! proposal realistic;
|
: o The facility, in its unique qualities, matches the
! excellent properties of the site;

o Mauna Kea is the best site for the facility:

o The project enhances the overall capabilities of

the Mauna Kea Science Reserve;

o NRAO has taken note of public policies and the
concerns of interested  groups in Hawaii in
formulating its proposal; and,

o The project fills a unique and desired place in the
UH progran.

F.  MAUNA KEA SCIENCE RESERVE COMPLEX DEVELOPMENT PLAN

The Mauna Kea Science Reserve Complex pevelopment Plan

(SRCDP) was approved by the UH Board of Regents in February

! 1983. It incorporates the policies and criteria set forth in
: plans described above (in addition to the 1980 DINR Hale Pohaku
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Mid-lLevel Facilities Complex Development Plan) and recommends
amendments to these plans where appropriate. The primary
objective of the SRCDP is to guide and control planned
development in order to preserve the scientific, physical and
environmental integrity of the mountain (RCUH, 1983a).

The SRCDP identified four siting areas for future
telescopes at the summit of Mauna Kea. These siting areas were
selected specifically for optical, infrared, and
millimeter/submillimeter-wavelength telescopes which require the
extreme altitude of the summit area of Mauna Kea. The VLBA
antenna belongs to an entirely new class of facility not
included in the projection of telescopes anticipated through the
year 2000.

The VLBA has entirely different siting requirements than
the types of facilities discussed in the SRCDP. These
requirements have led to the need for an assessment of a new
site at an intermediate altitude within the Mauna Kea Science
Reserve, The SRCDP will be amended to incorporate the new site
and to include the VLBA antenna as an additional facility.

UH IFA also proposes to amend the SRCDP by deleting
references to future communications facilities in the summit
area. The amendment will state that "no transmitters of any
kind will be allowed within the Science Reserve in the future;
those operating there now will be removed as soon as suitable
alternative locations are found."

G. HAWAIT COUNTY GENERAL PLAN

The Hawaili County General Plan contains general economic
policies which pertain to NRAO’S proposed antenna:

o Strive for an economic climate which provides its
residents an opportunity for choice of occupation;

(o} Continue +to encourage the expansion of the research
and development industry by working with and
supporting the university, private sector, and
other agencies’ programs developed to aid the
County of Hawaii;

o) strive for diversification of its economy by
strengthening existing industries and attracting
new endeavors; and,
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o Encourage the research, development and

implementation of advanced technologies and
processes in existing and potential econonic
endeavors.

Hawaii County has encouraged scientific research and
development, along with other types of economic activities, as
preferred industries to broaden and diversify its economic
base, The proposed project will create two to four new jobs,
and will add to the critical mass necessary to support related
jobs such as computer technicians and mechanical engineers. In
doing so, the VLBA facility will contribute to the potential of
creating a new range of jobs for Hawaii’s youth.

H. POLICIES AND PLANS INCORPORATED BY REFERENCE

Policies and plans incorporated in this document by
reference include:

o 1980 DINR Hale Pohaku Mid-Level Facilities Complex
Development Plan

o Chapter 343 HRS - EIS Regqulations

o Chapter 344 HRS - State Environmental Policy aAct

o State Higher Education Functional Plan

o Northeast Hawail Community Development Plan

o Endangered Species Act of 1973 (U.S.C. 1536) and 1978
amendments to the Act

(o] Clean Air Act, as amended (42 U.S.C. 1857h-7 et. sedq.) =--
no adverse effect expected

o National Historic Preservation Act of 1966, as amended (16
U.S.C. Sec. 470 et. seq.) =-—- no adverse effect expected.

o Clean Water Act of 1977 (33 U.S.C. 1251 et. seq.) -- no
adverse effect.

o . Potable Water Systems, (Chapter 20, formerly Chapter 49,
HRS) -- no adverse effect.
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I. AN INDICATION OF WHAT OTHER INTERESTS AND CONSIDERATIONS
- OF GOVERNMENTAL POLICIES ARE THOUGHT TO OFFSET THE ADVERSE
ENVIRONMENTAL EFFECTS OF THE PROPOSED ACTION

Adherence to the policies and conditions set forth in the
Mauna Kea Science Reserve Complex Development Plan concerning
development in the area act to curtail adverse environmental

o impacts of new projects. The Conservation District Use Permit
- required before the facility is constructed will also assure

that important environmental aspects have been considered in the
- design of the facility and that all restrictions placed on the
. permit as a condition of approval will be strictly adhered to.

— vl - 7

I

[

i s A e e e e s




PART VII: LIST OF NECESSARY APPROVALS

The following list of necessary approvals does not include
environmental compliance activities to be undertaken by the
National Science Foundation.

State of Hawaii
Board of Land and Natural Resources
Conservation District Use Permit
Right of Entry
Sublease
Department of Health
Individual Wastewater Disposal System Approval
University of Hawaii '
Amendments to the Science Reserve Complex
Development Plan
Memorandum of Understanding
Sublease
County of Hawaii
Planning Department

CDUA Review Process
Plan Approval

Building Department
Grading Permit
Building Permit

Other required permits and approvals will be determined
during the design phase of the project.
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PART VIII:

AGENCIES, ORGANIZATIONS AND INDIVIDUALS

CONSULTED DURING THE PREPARATION OF THE

SUPPLEMENTAL EIS

Associated Universities, Inc. (AUI) has entered into
Contract No. NSF AST 84 -~ 03744 with the United States of
America, represented by the National Science Foundation (NSF), ‘
to construct, operate, and maintain a Radio Astronomy ;

Observatory.

This SEIS for the Hawaii antenna of the Very Long :

Baseline Array (VLBA), which will be part of the instrumentation ,
of the National Radio Astronomy Observatory (NRAO), was prepared :
under Subcontract VLBA - 131 between AUI and MCM Planning. .

A. AGENCIES, ORGANIZATIONS AND INDIVIDUALS CONSULTED

The following individuals, agencies and firms were
contacted for professional services and/or specialized advice

during the preparation of the SEIS.

Sub-Consultants to MCM Planning

char & Associates

Winona Char

Maile Kjargaard

Steven Montgomery, Ph. D.
Cultural Surveys Hawaii

Harding Lawson Associates

R. M. Towill Corporation

sub-Consultants to AUT

Frederick Warshauer

U.S. Dept. of Interior,
Geological Survey

VIII - 1
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Flora and Fauna
Botany i
Vertebrates ;
Invertebrates

Archaeological Studies

Soils, Drainage and
Erosion

Topographic Maps

Flora/Fauna Assessment :
of the Mauna Loa Site [

Volcanic Risk
Assessment of the
Mauna Loa Site



Federal Government

National Science Foundation

Ludwig Oster, Ph. D. Astronomy Division

Julian Shedlovsky, Ph. D. Chair, Committee on
Environmental Matters

U.S. Department of Commerce —
National Oceanic & Atmospheric Administration

Elmer Robinson Director, Mauna Loa
' Observatory
Saul Price Meteorologist, National

Weather Serxrvice
U.S. Department of Interior - Geological Survey

John P. Lockwood Geologist, Hawaiil
Volcano Observatory

State o awai

Board of Land and Natural Resources

Wwilliam W. Paty chairperson
Herbert Arata Hawaii Island Member

Department of pudget and Finance

Ernest Shima Telecommunications
Manager

Department of Land and Natural Resources

Libert K. Landgraf Deputy to the
Chairperson

Ross Cordy, Ph. D. Historic Sites

Roger C. Evans conservation and
Environmental Affairs

Ronald L. Walker Forestry and Wildlife

Maurice Marsuzaki conservation and
Resources Enforcement

Noah Pekolo conservation and

Resources Enforcement
Research Corporation of the University of Hawaii

Thomas Krieger Mauna Kea Support
Services
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University of Hawaii - Institute For Astronomy

Donald N. B. Hall, Ph. D. Director
- Andre Erasmus, Ph. D. Meteorologist
Richard Longfield Assistant Director
Beverly T. Lynds, Ph. D. Scientific Assistant to
the Director

county of Hawaii

chair, Econonic
Development Committee
- Hawaii County Council
, Tim Lui Kwan Planning Department
- Ralph Yoshigami Fire Department
Richard Matsurami Police Department

Lorraine Jichaku-Inouye

Ronald Okamura
Glenn Miyao
Larry Mosher

Albert Nakano
Steven Todd

Parks & Recreation
Department

Parks & Recreation
Department
Legislative Auditor
Safety

Research & Development

Bruce McClure Planning Department

. organizations and Individuals

- AUI - NRAO

Head, VLBA Site
Development Group
Project Engineer
Systems Scientist
Frequency Coordinator
Project Engineer

- Ccampbell Wade, Ph. D.

William Brundage, Ph. D.
- patrick C. Crane, Ph. D.

= Buck Peery

AVCO Research Laboratory, Haleakala, Maui

o)
' Rob Deuel, Ph. D. Senior Scientist,
= Atmospheric
characterization
-
- VIII - 3
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GTE Hawaiian Tel

J. Eric Anthony Senior Engineer,
. Transmission Systems
Mary Matsuda Land & Buildings

James Clerk Maxwell Telescope

Graeme Watt, Ph. D. Deputy Astronomer

in Charge
National Ski Patrol

Thomas Fake Leader,
Mauna Kea Ski Patrol

Ski Association of Hawaii

Terry D. Krutzler Secretary

B. COORDINATION WITH THE NATIONAL SCIENCE FOUNDATION

The National Science Foundation, Committee on

‘Environmental Matters (NSF), distributed copies of the SEIS

Preparation Notice (NOP) to six federal agencies; none responded
with comments. A copy of the NSF transmittal letter is
reproduced in this section. Agencies receiving NOP’s from NSF
were:

Advisory Council on Historic Preservation, Washington D.cC.
Attention: Don Klima

Environmental Protection Agency
Office of Federal Activities

U.S. Department of Agriculture, Forest Service
Attention: Wildlife and Fisheries

U.S. Department of the Army
U.S. Army Engineering and Housing Support Center

U.S. Department of Commerce
National Oceanic and Atmospheric Administration
Attention: David Cottingham

U.S. Department of Interior
Assistant Secretary of Fish & Wildlife & Parks
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C. COMMENTS ON THE SEIS PREPARATION NOTICE (NOP)

The SEIS Preparation Notice was officially filed with the
state Office of Environmental Quality Control (OEQC) on March
16, 1988; notice of availability was published in the OEQC
Bulletin on March 23, 1988. Comments on the NOP were requested
on or before April 22, 1988. All comments received up to May
15, 1988 were acknowledged. A total of 24 letters were
received; 1l expressed 'no comment" and therefore did not
require a response. The following agencies, organizations and
individuals received copies of the NOP; those identified with
asterisks (%) responded. Those with substantive comments are
jdentified by double asterisks (**):; these letters, together
with the UH Astronony responses, are reproduced in this section
of the SEIS.

Federal Agencies

Advisory Council on Historic Preservation
Golden, Colorado

U.S. Department of Agriculture
% Soil Conservation Service

U.S. Department of the Army
*% Army Engineer pistrict, Hawaii
HQ Army Support command, Hawaii

U.S. Department of commerce
National Oceanic & Atmospheric Administration
Mauna Loa Observatory

U.S. Department of the Interior
Fish and Wildlife Service
% Office of Environmental Services
Geological Survey
. %% Hawaiian Volcano Observatory
* Water Resources pivision
National Park Service
Hawaili Volcanoes National Park
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State of Hawaiil

* Department
* Department
** Department
** Department
* Department

Department
* Department
** Department

Department

of
of
of
of
of
of
of
of
of

Agriculture

Accounting & General Services
Budget & Finance

Business & Economic Development
Defense

Hawaiian Home Lands

Health

Land and Natural Resources
Transportation

Office of Environmental Quality Control
Office of Hawaiian Affairs
Hilo Office
Office of State Planning
University of Hawail

** President’s Office
Board of Regents
Chairperson
Hawaii Island Member
Environmental Center
Institute for Astronomy
UH 88-inch Telescope
NASA Infrared Telescope
Lyon Arboretum
Water Resources Research Center

State legislature

Senate

President

Senators, Island of Hawaii

Senate Committees ‘ )
Business Development and Pacific Relations
Planning & Environment '
Housing, Hawaiian Programs & Natural Resources

House of Representatives

Speaker

*% Representatives, Island of Hawaii
House Committees
Planning, Energy, Ececlogy & Environ. Protection
Water, Land Use, Development & Hawaiian Affairs
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County o wai

** Mayor’s Office
Hawaii County Council
Chairman’s Office
Committee on Economic Development
* Fire Department
* Parks and Recreation
Planning Department
** Police Department
Public Works Department
Research and Development
** Water Supply Department

Organizations and Individuals

Big Island Amateur Radio Club
california Association For Research in Astronomy
W. M. Keck Observatory
california, France, Hawaii Telescope Corporation (CFHT)
california Institute of Technology (Caltech) Submillimeter
Observatory
Conservation Council for Hawaii
*% GTE Hawaiian Tel
Hamakua District Development Council
%% Hawaii Audubon Society, Mrs. Mae Mull
Hawaii Electric Light Company, Inc.
Hawaii Environmental Land Planning
Hawaii Island Chamber of Commerce
Hawaiian Electric Company
Hilo Chamber of Commerce
Life of the Land
Mauna Kea Ski Tours
Mauna Kea Support Services
James Clerk Maxwell Telescope
Power Sogo, Ph. D.
Sierra Club
*% Ski Association of Hawail
Sportsmen of Hawaii
United Kingdom Infrared Telescope (UKIRT)
Frederick Warshauer
West Hawaii Amateur Radio Society
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NATIONAL SCIENCE FOUNDATION
WASHINGTON,. D.C. 20530

. MAR 22 1988

Environmental Protection Agency
Office of Federal Activities
Mailstop A-104

401 M Street, S. W.

Attn. Ken Mittelholt
Washington, DC 20460

Dear Sir or Madam:

Enclosed please find a copy of a document entitled "Environmental
Assessment and Notice of Preparation: Supplemental Environmental
Impact Statement for Construction and Operation of a VLBA Antenna
Facility Within the Mauna Kea Science Reserve" submitted by the
Institute for Astronomy of the University of Hawaii for the
National Radio Astronomy Observatory (NRAO), a national
observatory funded by the National Science Foundation.

NRAO is currently constructing the Very Long Baseline Array, an
aperture-synthesis radio telescope with 10 antennas located in the
continental United States, the Island of Hawaii, and the U. 5.
Virgin Islands. The enclosed document refers to siting the
antenna on the Island of Hawaii. o

T would appreciate receiving written comments on the enclosed
document by COB April 15, 1988, for forwarding to the University

of Hawaii.

Very truly yours,

\2\

Dr. Julian Shedlovsky, Chair
Committee on Environmental Matters
Directorate for Geosciences, Rm. 641
National Science Foundation

1800 G Street, N. W.

Washington, DC 20550

Enclosure

AST:0ster:WLC:03/22/88:X5079

"



UNITED STATES SOIL
DEPARTMENT OF CONSERVATION
AGRICULTURE SERVICE

Dr. Donald N.B. Hall, Director
University of Hawaiil
Institute for Astronomy

2680 Woodlawn Drive

Honolulu, HI 96822

Dear Dr. Hall:

p. 0. BOX 50004
HONOLULU, HAWALI
96850

April 18, 1988

RECEIWED

| 7 1388

DIRECIOR
IHETITYTE fCit A'.II':CN..M'I

Subject: Environmental Assessment and Supplemental Environmental

' Impact Statement Preparation Notice (EISPN) -
Construction and Operation of a Very Long Baseline Array
(VLBA) Antenns Facility within the Mauna Kea Science Reserve
by the National Radio Astronomy Observatory (NRAO),

Hilo, Hawail

We have no comments to offer at this time, however, we would appreciate the

opportunity to review the draft ELS.

Sincerely,

Ly M ™

TCHARD N. DUNCAN
State Conservationist

ces
Ms. Marilynn C.

Metz, MCM Planning, 703 Honua Street, Honolulu, HI 96816
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University of Hawaii at Manoa

Institute for Astronomy
2680 Woodlawn Drive « Honolulu, Hawaii 96822
Telex: 723-8459 « UHAST HR

Ofice of the Director

June 8, 1988

Richard N. Duncan

State Conservationist

U.S. Department of Agriculture
Soil Conservation Service

P.0O. Box 50004 :
Honolulu, Hawaii 96850

bear Mr. Duncan:

Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice
-Construction and Operation of a VLBA Antenna

. Facility within the Mauna Kea Science Reserve

Thank you for reviewing the subject assessment and notice.
We look forward to your comments on the draft SEIS.

Yours sinderely,

A. ruie = D.Hals.

Donald N. B. Hall
Director

DNBH:nll

cc: MCM Planning
C. Wade
William Porter
Dr. Julian Shedlovsky, NSF

AN EQUAL OPPORTUNITY EMPLOYER
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REPLY TO
ATTENTION OF:

Planning Branch

DEPARTMENT OF THE ARMY
U.S. ARMY ENGINEER DISTRICT, HONOLULU

BUILDING 230

hpril 11, 198¢

FT.SHAFTER, HAWALI 96858-5440

RECEIVED

APR 13 983

) LIRC oy
NS HIGTE ICh astney O,
SIRCH DMy

Dr. Donald N. B, Hall, Director
Institute for Astronomy

University of Hawaii
2688 Woodlawn Drive

Honolulu, Hawaii 96813

Dear Dr. Hall:

Thank you for the opportunity to review the
Environmental Assessment and Supplemental Environmental
Impact Statement Preparation Notice for Construction and
Operation of a Very Long Baseline Array (VLBA) Antenna
JFacility Within the Mauna Kea Science Reserve. The
following comments are offered:

i

a. No work is planned in waters of the U.S5. or
adjacent ‘wetlands. A Department of the Army permit is
therefore not required.

b. According to the Flood Insurance Study for the
County of Hawaii, the project site is located in an area
outside of the 5@8-year floodplain (Zone X, unshaded).

Copy Furnished:

MCM Planning

ATTN: Ms. Marilynn C.
763 Honua Street
Honolulu, Hawaii 96816

Metz

Sincerely,

4

Kisuk Lhéung
Chief, Engineering Division

r
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University of Hawaii at Manoa

Institute for Astronomy
2680 Woodlawn Drive ¢ Honolulu, Hawaii 96822
Telex; 723-8459 « UHAST HR

Office of the Director

June 8, 1988

Mr. Kisuk Cheung, Chief
Engineering Division
U.S. Army Engineer District, Honolulu

Building 230
Fort Shafter, Hawaii 96858-5440

Attention: Planning Branch

Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice
-Construction and Operation of a VLBA Antenna
Facility within the Mauna Kea Science Reserve

Thank you for reviewing and commenting on the subject
assessment and notice. The information that you provided is
noted. We look forward to your comments on the draft SEIS.

Yours sincerely,

1 the L D Helo
bonald N. B. Hall
Director

cc: MCM Planning
C. Wade
William Porter

AN EQUAL OPPORTUNITY EMPLOYER




United States Department of the Interior

FISH AND WILDLIFE SERVICE

Y.

300 AL.A MOANA BOULEVARD ES
P.O. BOX 50167 Room 6302
HONOLULU, HAVIAII 968350
APR 2 1 1988
ﬁﬂyw
Dr. Donald N. B. Hall, Director Q:&
University of Hawaii o il
Institute for Astronomy W (O
2680 Woodlawn Drive Sl
Honolulu, Hawaii 96822 vﬂ«ﬂ‘

Re: Environmental Assessment and Supplementnl Environmental
Impact Statement Preparation Notice for Conatruction and
Operation of a Very Long Baseline Array (VLBA) Antenna Facility
Within the Mauna Kea Science Reserve by the National Radio
Astronomy Observatory (NRAO).

Dear Dr. Hall:

We have reviewed the subject document and find that fish and
wildlife resources and issues within our jurisdiction have been
adequately identified and will be addressed in future
environmental documents prepared for the proposed action. We
have no other specific comments to offer at this time.

Thank you for providing us with this opportunity to review this
document.

Sincerely,

¢F2£&01n~~3,c:}0-£2

Brnest Kosaka, Field Supervisor
Environmental Services
Pacific Islands Office

cc: RD, FWS, Portland, OR (AFWE)
MCM Planning, Honolulu, HI

CONSERVE
AMERICA'S

ENERQY

Save Enerev and You Serve America!

[
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University of Hawaii at Manoa

Institute for Astronomy
2680 Woodlawn Drive « Honolulu, Hawaii 96822
Telex: 723-8459 « UHAST HR

Office of the Director

;J

R M b

June 8, 1988

Mr. Ernest Kosaka, Field Supervisor
Environmental Services, Pacific Islands Office
U.S. Department of the Interior

Fish and Wildlife Service

P.O. Box 50167

Honolulu, Hawaii 96850

Dear Mr. Kosaka:
Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice

—Construction and Operation of a VLBA Antenna
Facility within the Mauna Kea Sclence Reserve

Thank you for reviéwing the subject assessment and notice. We
look forward to your comments on the draft SEIS.

Yours sincerely,

£.L. Cour A D.N.B.HogE

Donald N. B. Hall
Director

DNBH:nll
cc: MCM Planning
C. Wade

William Porterx
Dr. Julian Shedlovsky, NSF

AN EQUAL OPPORTUNITY EMPLOYER
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United States Department of the Interior

Hawaiian Volcano Observatory
P.0. Box 51
Hawaii National Park
Hawaii 96718

April 18, 1988

University of Hawall

Institute for Astronomy

2680 Woodlawn Drive

Honolulu, HI 96822

AMTN: Dr. D.N.B. Hall, Director

Dear Dr. Hall:

Thank you for sending me the Environmental Assessment for the proposed VLBA
antennae facility within the Mauna Kea Science Reserve. I am happy to review
the geological aspects of this E.A. for you, although in the future such
requests would be better directed to the Scientist-In-Charge of the Hawailan

Volcano Observatory.

The geological description of the site is concise but adequate, and correctly
points out that voleanie hazards are minimal. Although the site is not
directly located along or above any fault zone, the presence of loose cinders
underlying this area will likely cause amplification of gseiamlic waves from
distant sources; structural design should assume the potential for significant
ground shaking. Considerable experience in evaluating seismic intensities on
Mauna Kea was gained during the November 1983 earthquake and can be used for
structural design.

I also note'that the Mauna Loa site was rejected for the VLBA facility only
because of radio interference (p. 14,b}. In fact, the relatively high
voleanic hazard in this area was another critical factor which led to

rejection of this site.

I Feel that the location chosen on Mauna Kea is a good selection in view of
the other options evaluated, and find the Environmental Assessment very

adequate.

Sincerely,

YA /77/!\

John P. Lockwood
Geologist

ce: T.L. Wright, HVO Scientist-In-Charge

APR 2 0 1988

y 3 ’ LIECTOR ‘
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University of Hawaii at Manoa

Institute for Astronomy
2680 Woodlawn Drive ¢ Honolulu, Hawaii 96822
Telex: 723-8459 « UHAST HR

Office of the Director
June 8, 1988

Mr. John P. Lockwood

Geologist

Hawalian Volcano Observatory
P.0O. Box 51

Hawaiil National Park

Hawail, 96718

Dear Mr. Lockwood:

Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice
~Construction and Operation of a VLBA Antenna
Facility within the Mauna Kea Science Reserve.

Thank you for reviewing and commenting on the subject
assessment and notice. The EA was sent to you personally as a
courtesy because of your known interest in the proposed

project.

Additional information on the volcanic hazards at the Mauna Leca
site will be included in the draft SEIS.

Yours sincerely, .

A . Coute (v D.Hale,
Donald N. B.Hall
Director

cc: MCM Planning

C. Wade
William Porter

AN EQUAL OPPORTUNITY EMPLOYER

B e e L Fa i e ALy mh s s nna

e e e e A b Tt e



T — BF(T)-88.340

JOHN WAIHEE YUKIO TAKEMOTO

GOV HNGH DIRECIOK
ROBERT P. TAXUSHI
OLPUTY DIRECTON
THOMAS ). YAMASHIRO
DEMUTY DIKLCIOR
DIVISIONS:
LA, R R ST oo STATE OF HAWAIl e St msetsame "
OFFICE OF THE PUBLIC DEFENDER DEPARTMENT OF BUDGEI' AND FINANCE nu:é%fauumcanou
PUBLIC UTILITIES COMMISSION STATE CAPITOL TEL H]
P.Q. BOX 150
HOMOLULU, HAWAIL $6810-0150
April 20, 1988
MEMORANDUM RECEIVED
TO: Donald N. B. Hall, Director MAY 4 1988
University of Hawaii )
Institute for Astronomy
DIRECTOR
i : INSHTUTE FCR ASTROMOMY
['ROM: Director of Finance

SUBJECT: ENVIRONMENTAL ASSESSMENT AND NOTICE OF PREPARATION:
SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT FOR
CONSTRUCTION AND OPERATIONS OF A VERY LONG BASELINE ARRAY (VLBA)
ANTENNA FACILITY AT MAUNA KEA

Thank you for the opportunity to comment on the subject
environmental assessment and the Notice of Preparation of a Supplemental
Environmental Impact Statement (SEIS).

For your information, the State, through the Hawaii Public
Broadcasting Authority, Department of Commerce and Consumer Affairs, will be
installing a 6 GHz microwave system at Humuula (sheep station) at
approximately the 7500 foot elevation on the Mauna Kea Access Road.
Currently, the Hawaiian Telephone Company, Hawaiian Electric Company, Comtec,
and Telnet are all located at the Humuula site. We also understand that you
are planning a microwave system from Hale Pohaku to Mauna Loa for data
transmission.

Considering existing and future radio systems to be installed in an
area approximately 2 through 4 miles fraom the proposed VLBA site, a thorough
discussion of radio fregquency interference should be included in the SEIS to
insure that the present and planned microwave systems will not interfere with
the millimeter-wave telescope (300 GHz). If for example, your microwave link
to Mauna Loa would cause RF interference with the National Radio Astronomy
Observatory's VLBA, an alternate solution must be identified and funds
budgeted to implement that solution. Another question raised is whether VHF
or UHF radios will interfere with the VLBA since these radios are
omnidirectional.

i
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Mr. Donald N. B. Hall
April 20, 1988
Page 2

while we support the research opportunities that Mauna Kea offers
the international astronomy community, it is imperative that the consultant
review and analyze all known or planned radio systems, as well as the physical
environment, to determine the impact and sensitiveness of radio frequency
interference. By doing this, the consultant can develop mitigating solutions
to identified problems, thereby alleviating future conflicts.

Once again, thank you for the opportunity to comment on the subject

project, Please feel free to call Mr. Ernest Shima at 548-2104 if you or your
staFf have further questions in regard to this matter.

e

YUKIO TAKEMOTO

e m kv R T b L e R A £ Y ST s 22




University of Hawaii at Manoa

Institute for Asironomy
2080 Woodlawn Drive  Honolulu, Hawaii 960822
Telex: 724-8459 s UHAST HR

Qlficu of the Director

June 16, 1988

Mr. Yukio Takemoto

Department of Budget and Finance
State Capitol

P.0. Box 150

Honolulu, Hawaii 96810-0150

Dear Mr;'Tékemoto:

Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice -
Construction and Operation of a VLBA Antenna
Facility within the Mauna Kea Science Reserve.

Thank you for reviewing the subject notice and sending Mr. Shima
of your staff to a briefing on the VLBA project at the BLNR
boardroom on June 2, 1988. We hope that we were able to
alleviate some of your Department’s concerns. In response Lo

your specific comments:

1. The proposed 6GHz microwave system at Humuula should not
effect the VLBA operations. Cinder cones located to the
south of the VLBA site will shield the antenna from the
Humuula electronics station. In addition, the frequencies
you propose to use would not generate a level of radio
frequency interference (RFI) harmful to the VLBA.

2. The University of Hawaii microwave link to Mauna Loa 1is
being reconsidered. If such a 1ink is established, it will
be designed so that it does not cause RFI which would be

harmful to the VLBA.

3, Recent studies indicate that radio communication emitters at
rhe kilowatt or lower EIRP level, such as VHF and UHF
radios, create little harmful RFI at the VLBA site.

- v . )
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Mr. Yuklio Takemoto
June 16, 1988
Page 2

4. NRAO has analyzed existing and proposed radio systems that
might affect the VLBA. The facility site was selected

because surrounding terxain will shield the antenna from
harmful RFI sources.

We appreciate your thought ful comments and we look fogward to
your review of the draft SEIS.

Yours sincerxely,

A ) P
Ddnald N. B. Hall

Director

/,

DNBH: jec

cc: MCM Planning
NRAO:
W. Porter
C. Wade

e e = [ —

u....-—-.h_;...-—-‘_.--_..,___..—.u

b o e e T T ..‘.



JOHN WALIIEE
GOVERNOR

ROGER A. ULVELING
DEPARTMENT OF BUSINESS BARBARA K A
AND ECONOMIC DEVELOPMENT LESLIE S N PTon
KAMAMALU BUILDING, 2150 £OUT KING ST, HONGLULU, HAWAL
MAILING ADDRIESS: £0. BOX 1, HONOLULU, HAWAL] 96804 TELEX: 7430150 HIDPED
April 19, 1988
RECEIVED
APR 2 6 1988
MEMORANDUM CIECTOR
— INSTITUTE FC3 ASTROHDMY

TO: Dr. Donald N. B. Hall, Director
University of Hawaii, Institute for Astronomy

FROM: Roger A. Ulveling

SUBJECT: Environmental Assessment and Supplemental Environmental Impact
. Statement Preparation Notice -- Construction and Operation of a Very
Long Baseline Array (VLBA) Antenna Facility within the Mauna Kea
Science Reserve by the National Radio Astronomy Cbservatory (NRAO),
Mauna Kea, Hamakua, Island of Hawaii.

We have reviewed the subject Enviromnmental Assessment and
Supplemental Environmental Impact Statement Preparation Notice. It is our
understanding that the VLBA antenna facility has entirely different siting
requirements from the telescopes in operation at the summit which has resulted
in the need for an assessment of a totally new site between the 12,200 and
12,400-foot elevation on Mauna Kea. Due to unforeseen advances in technology,
the proposed location of this site for the antenna was not assessed in the
University of Hawaii Mauna Kea Science Reserve Complex Development Plan
(SRCDP) or the original EIS for the Plan.

Siting criteria includes a clear eastern horizon, low radio frequency
interference, and an elevation of approximately 12,000 feet to avoid wind,
snow and ice loading on the structure.

Based on our review of the proposed VLBA facility, we find no
apparent areas of State concern and have no comments to offer.

We appreciate being notified of the subject proposal and this
opportunity to provide comments.

) , /)
0 Z{x@?

J

cc: MM Planning
Mr. Harold S. Masumoto
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University of Hawaii at Manoa

Institute for Astronomy
2680 Woodlawn Drive » Honotulu, Hawaii 96822
Telex: 723-8459 » UHAST HR

Ofice of the Director

June 8, 1988

Mr. Roger A. Ulveling, Director

Department of Business and Economic Development
P.0. Box 235

Honolulu, Hawaii 96804

Dear Mr. Ulveling:
Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice

—Construction and Operation of a VLBA Antenna
Faci;ity within the Mauna Kea Science Reserve

Thank you for reviewing the subject assessment and notice.
We look forward to your comments on the draft SEIS.

Yours sincerely,

L. lawe & Dol | :
Donald N. B. Hall

Director

DNBH:nll_

cc: MCM Planning
C. Wade
William Porter

AN EQUAL OPPORTUNITY EMPLOYER
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_ RECEIVED
JOHN WAIHEE WILLIAM W. PATY, CHAIRPERSON
GOVEAMOR OF HAWAl BOAHD OF LAND AND NATURAL RESOURCES ~—
) ;
APR 2 6 1986 LIBEAT K. LANDGRAF
Puty
DIRECTCR
INSTITUTE G2 ASTROMONNT AQUACULTURE DEVELOPMENT -
PROGRAM
STATE OF HAWAII CONALAVATION ARG '
DEPARTMENT OF LAND AND NATURAL RESOURCES Constnarion ang AR —
P, O. BOX 821 w:::‘?“l-'l:::csﬁ: ENFORCEMENT !
HONOLULU, HAWAII 968809 FOHESTRY AND WILOLIFE '
LAND MANAGEMENT
STATE PARXS
APR 2 5 ]966 WATER AND LAND DEVELOPMENT
DOC, NO.: 3226E
FILE NO.: 88~427
University of Hawaii
Institute for Astronomy
N =
2680 VWoodlawn Drive !
Honolulu, Hawaili 96822 .

Attn: Dr. nald N. B. Hall, Director
Dear Dr. G
SUBJECT: Environmental Assessment and Supplemental

Environmental Impact Statement Preparation
Notice-Very Long Baseline Array, Mauna Kea

i

We have reviewed the document cited above and have the
following comments to offer you.

M

The proposed VLBA appears to be incompatible with radio
transmitters and related appurtenances. We are concerned that
this will affect the future use of Mauna Kea and will effectively

exclude all others that are "incompatible."

1

1

™

The major concern is the stated need for "minimum radio
interference". Despite the statement on page 14 to the contrary,
the Division of Forestry and Wildlife presently has a two-way
radio repeater on the summit of Mauna Kea (100 watts). It is one
of our key repeaters, servicing much of Hawaii, and also some of
Eastern Maui. It is also our main radio link to the Big Island.
The University of Hawaii has tried in the past to get us to
relocate this repeater, but we have not been able to find a site
that gives us similar performance. As this radio link serves a
public welfare and safety purpose (fires, search and rescue, and
employee safety) relocating our repeater is not negotiable.
Therefore, conditions we would requre are:

[

1

L1

-
'

1. The present 2-way radio equipment of the Department of Land
and Natural Resources remain on Mauna Kea and not be
compromised in any way.

g

© odrd

2. That the rights for future development of State
telecommunications on the summit of Mauna Kea in the

interests of public safety be reserved.

Mo M
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Dr. Donald N. B. Hall - 2 - POC. NO.: 3226E
APR 2 5 1988

This facility should not preclude other radio emissions
within a 20-mile radius. This would effectively allow the
influence of astronomy to éncompass much more than the Mauna
Kea Science Reserve. The U.S. Army at Pohakuloa may object
to this also.

Other comments include:

Page 10. If it is determined that petrel inhabit the area, then
lights should be placed on top of the towers to alert
night flyers.

Page 12. Cesspools should not be acceptable with the increased
activity on Mauna Kea. Portable "luas" should be used.

Page 14.(d) In the interest of aesthetics having the facility
visible from the summit road is better than from
Hilo. A roadway of approximately 1/2 mile wouldn't
be necessary if the facility was closer to the
existing roadways.

Page 25, G Any areas to be posted asg safety zones or no
hunting areas should be identified and posted by
the University of Hawaii.

Furthermore, the project may possibly provide more
undesirable opportunity for illegal vehicular joy-riding.
Regarding the latter, the report comments erroneously on "existing
Jeep trails". The only legal roads are the summit access road and
the transmission easement road (which is closed to the public)
next to the summit road. Off-road vehicle trespass, causing
erosion and leaving unsightly scars, is the most serious and most
often occurring violation in the Mauna Kea Ice Age Natural Area
Reserve. The impact on aesthetic quality and how off-road driving
will be prevented are concerns that should be properly addressed
in the EIS.

Thank you for the opportunity to comment on this project.

Very/tr

ILLIAM W. PATY, Chairperson
Board of Land [and Natural Resources

cc: MCM Planning

g, e




University of Hawaii at Manoa

Institute for Astronomy
2680 Woodlawn Drive o Haonolulu, Hawaii 96822
Telex; 723-8459 ¢ UHAST HR

Office of the Director

June 16, 1988

Mr. William W. Paty, Chairperson
Board of Land and Natural Resources
P.0O. Box 621

Honolulu, Hawaiil 96809

Dear Mr. Paty:

Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice -
Construction and Operation of a VLBA Antenna
Facility within the Mauna Kea Science Reserve.

Thank you for reviewing the subject assessment and for allowing
us to brief members of your staff about the VLBA project on June

2, 1988, In response to your specific comments:

1. Transmitters on the summit of Mauna Kea would not affect the
operations of the VLBA unless they are directed toward the
antenna. These emitters are, however, beginning to
interfere with observing activities of the optical
telescopes in the area. Although the University recognizes
that Mauna Kea is a premier site for telecommunications as
well as astronomy, the two activities are not compatible.

The University leased 13,000 acres from BLNR (S-4191) for
the Mauna Kea Science Reserve so that there would be a
buffer zone adequate to prevent the intrusion of

activities inimical to observatory operations at the summit.
Activities defined in the lease as being "inimical to the
scientific complex" include light and dust interference to
observatory operation and certain types of electric or
electronic installations.

AN FQUAL VPPORTUNITY EMPLOYFR
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Mr.

William W. Paty

June 16, 1988
Page 2

. No Petrels were found during avian surveys of the project

The Institute for Astronomy (IFA) has received many
proposals to install new or upgrade old transmitters at the
summit; some of these requests have come from astronomy
users themselves. It is the policy of IFA to reject all
such proposals because they are inimical to the sclientific
complex within the Science Reserve.

In the context of our mission to preserve the qualities of
the Science Reserve, so that Mauna Kea remains the premier
site for ground-based astronomy in this hemisphere, we have
asked your Department to find an alternative location for
the Forestry and Wildlife repeater on the summit. IFA
promises to do everything possible to assist you in this
endeavor so that an amicable solution to this potential
problem can be found. We assure you that no new
transmitters of any kind will be allowed in the Science
Reserve.

The VLBA will not be affected by radio emissions from known :
sources on the island of Hawaii. The antenna site was ;
selected because it is shielded from these sources by cinder
cones.

area. These surveys will be described in detail in the
draft SEIS.

Wastewater discharge is estimated to be 100 gallons per day.
Because it is unlikely that wastewater will percolate beyond
the immediate site area, a cesspool is being considered for
the facility. There are no known springs downslope from the
site. The depth to ground water is unknown, but is expected
to be hundreds or thousands of feet. The antenna site is
very lsolated, roughly two miles from and 3,000 feet higher
than Hale Pohaku, the closest development downslope. There
will be no cumulative effect of wastewater seepage from the
VLBA facility and the telescopes at the summit. In
addition, Lake Waiau is roughly 1,000 feet higher than the
site and about 10,000 feet to the northwest, so could not be
affected by wastewater seepage from a cesspool located at
the 12,200-foot elevation. Wastewater discharge will be
addressed in the draft SEIS.

e e mecra e ket eaFmab . e mmaai

The antenna will not be visible from Hilo. A visibility ?
analysis will be incorporated into the draft SEIS. A site !
closer to the road was evaluated during the site selection
process, We agree that it would have been more suitable
from the standpoint of amount of land disturbed and
construction and maintenance costs, however, the site was in
direct line-of-site to transmitters on Mauna Loa which could
generate potentially harmful radio frequency interference.



Mr.

William W, Pacy

June 16, 1988
Page 3

6.

The University of Hawaii, in cooperation and coordination
with your Department, will identify and post safety zones
and no hunting areas required by the presence of the VLBA
facilicy.

We are also concerned that the project may possibly provide
more undesirable opportunities for illegal vehicular joy-
riding. We recognize the problems caused by off-road
vehicle trespass. At present, NRAO plans to post signs
along the road warning that off-road driving is illegal.
Violators will be warned; if they do not cease their illegal
activity, the proper authorities will be called (either DLNR
Division of Enforcement of the Hawaii County Police). This
concern will be addressed in the SEIS.

We look forward to your review of the draft SEIS.

Yours ,sincerely,

Donald N.
Director

DNBH: jec

cc£ MCM Planning

NRAO:
C. Wade
W. Po;ter
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Vice President for Finance and Operations

April 21, 1988

MEMORANDUM

TO: Donald N. B. Hall
Director, Institute for Astronomy

FROM: Ralph T. Horii, Jr-{77bﬂ(L—' I

vice President for Finance and Operations

SUBJECT: Very Long Baseline Array (VLBA) Antenna Facility

The proposed National Radio Astronomy Observatory
{(NRAOQ) antenna installation requires an amendment to the
Complex Development Plan (CDP). The proposed Supplemental
Environmental Impact Statement (SEIS) indicates that the CDP
would be revised after the antenna siting location is
approved by the Department of Land and Natural Resources
(DLNR) .

Proper sequence would have the matter:
1) addressed in a revised CDP, 2) approved by the Board of
Regents (BOR), then 3) DLNR's approval.

The proposed SEIS would still require the amended
cpp for BOR's review, and the proposed agreement with NRAO
would also be needed.

The SEIS should also explore the following items:

1. In the event that endangered flora and fauna
are found, what measures will be taken?

2. What will be the effects of thermal and
discharge pollutants from the emergency
generator on the existing observatory sites?

3. ‘The visibility analysis should be explored
beyond the summit site.

9444 Dolg Steeet « Honaluln, Hawaii 1825, table Addrss: UNIAW
An Equal Opportanity Employor




Memo to: Donald N. B. Hall
Page 2
April 21, 1988

4, Present CDP plans include provisions for
microwave and satellite communication dishes.
What impact would such installations have on
the NRAO facility?

Please call Michael Yoneda, Director of Facilities

Management Office, at ext. 8961 if there are any gquestions
on this matter.

cc: Marilynn C., Metz, MCM Planning
Allan Ah San
Michael Yoneda
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University of Hawaii at Manoa

Inslitulc for Aslronomy

MEMORANDUM ‘

June 16, 1988

TO: Ralph T. Horii, Jr.
Vice President for Finance and Operations

FROM: Donald N. B. Hall, Director
Institute for Astronomy

SUBJECT: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice

~Construction and Operation of a VLBA Antenna
Facility within the Mauna Kea Science Reserve

Thank you for reviewing the subject assessment and notice. In
response to your specific comments:

CDP AMENDMENT

The Mauna Kea Science Reserve Complex Development Plan (SRCDP)
did not address amendments. The amendment process described in
the subject NOP was developed in 1985 in order to incorporate
housing for construction workers at Hale Pohaku into the plan.

I would be happy to discuss an alternative process with you at
your convenience. The SEIS will, however, emphasize that
amending the SRCDP is an essential component of the action being

assessed.

It is the present policy of IFA to recommend rejection of
proposals for new transmitters at the summit of Mauna Kea.
Existing transmitters will be removed as soon as alternative
locations are found. We intend to amend the CDP to remove the

provision allowing microwave and satellite communication dishes.

OTHER CONCERNS

The SEIS will address mitigating measures for any endangered
flora or fauna on the site and the visibility of the antenna
from Hilo, Puna, Mauna Loa and the Saddle Road. In regard to



Ralph T. Horii, Jr.
June 16, 198&
Page 2

emergency generators, each telescope within the Science Reserve
has such a generator in order to insure that operations can be
efficiently shut down in the event that the commercial power
fails. The emergency generator will not be used for ongoing
operations. '

We look forward to your comments on the draft SEIS.

DNBH: jec

cc: MCM Planning
NRAO:
C. Wade
W. Porter
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HOUSE OF REPRESENTATIVES
THE FOURTEENTH LEGISLATURE
STATE OF HAWAI
STATE CAMTON,

HONGLULU, HAWAIL 96813

April 26, 1988

RECEIVED
Donald N.B. Hall, Ph.D.
Institute for Astronomy APR2 9 1888
2680 Woodlawn Drive S

Honolulu, HI 96822

IMETITRLE TR ASTRTHIOMY

Dear Dr. Hall:

Upon reviewing the environmental assessment for
the proposed Very Long Baseline Array (VLBA), I have the
following concerns:

First, it is my understanding that therxe is an
ancient Hawaiian "shrine" complex in the area--if so,
this should not be disturbed as it is important histor-
ically. It is also possible that this Scientific area
overlaps the Natural Area Reserve System (NARS) and
that would need to be addressed.

Second, I believe the SEIS should reflect the
impact to the area as a result of the construction.
Since the ecosystem at this elevation is fragile and
the habitat for the endemic dark-rumped petrel, unique
arthropods and high altitude plant life, there could
be a negative impact from off-road travel and accident-

ally-introduced species.

Third, what will be the follow-up monitoring of
the surrounding environment? There should be some
comparative study of the area once the station is
operational.

I request that these concerns be addressed in
the SEIS.

Sincerely,
O . .
Virginia Isbell
State Representative - Kona

EVI:ds

Dr. C.M. Wade
Nat'l Radio Astronomy Observatory

cC:
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University of Hawaii at Manoa

Inatitute for Astronomy
2660 Woodlawn Drive » Honolulu, Hawaii 98822
Telex: 723-8459 « UHAST HR

Office of the Director

June 8, 1988

Honorable Virginia Isbell
State Representative - Kona
State Capitol - Room 427
Honolulu, Hawaii 96813

Dear Representative Isbell:

Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice
_=~Construction and Operation of a VLBA Antenna
Facility within the Mauna Kea Science Reserve

Thank you for reviewing and commenting on the subject
assessment and notice. Your concerns about historical/
archaeoclogical sites, preservation of fragile eco-systems,
impacts from off-road travel and accidentally introduced
species and follow~up monitoring will be addressed in the SEIS.

We look forward to your review of the draft SEIS.
Yours sincerely,

(.0 Cowre [, D.N.B.HalZ .

Donald N. B. Hall
Director

DNBH:nll
cc: MCM Planning

C. Wade
W. Porter
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HOUSE OF REPRESENTATIVES
+HE FOURTEENTH LEGISLATURE
STATE OF HAWAIL
STATL CAPITOL
HONOLULU, HIAWATI 96813

May 3, 1988
A d«?
ne®
\hv u,‘oo“ cr‘\i"-)“\:l
.o\\;‘c-"" *

pr. Donald N.B. Hall, Director
INSTITUTE FOR ASTRONOMY

2680 Woodlawn Drive

Honolulu, Hawaii 96822

Dear Don:

It is my understanding that you have received
expressions of concern from the Hawaii Audubon Society
fwith respect to a proposal . to build a VLBA Antenna
Facility on Mauna kea.

I know you will give this matter your serious
attention, and I would like. to be kept informed. I
would appreciate receiving a copy of any response you
send to the Audubon Society as well as any additional
information which you think might be of value to me.

Very truly yours,

: A
e ‘(f (_u-c._.,‘_-

ANDREW LEVIN

State Representative
First District of Hawaiil
AL:sr

cc: Mae E. Mull
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Dr. Donald N. B. Hall
Institute for Astronomy
University of Hawaii at Manoa
2680 Woodlawn Drive

Honolulu, HI 96822

Dear Dr. Hall:

This is to acknowledge the receipt of your
letter dated March 23, 1988 transmitting

a copy of the Environmental Assessment and
Notice of Preparation of a Supplemental En-
vironmental Impact Statement.

Thank you for providing me with this useful
reference source, .

Please be advised, however, that at this time
I A1 reserve comment on the subject.

personal regards.

Il - ROMY M. CACHOLA

Sy — KAKREN K. HURITA

M == TOM OKAMURA

2ud — CLARICE Y. {IASHIMUTO
Sind — DAVID Y. IGE

b — ROLAND M. KROTANI

ASth — MITSUO AITS® ST
S6th = PAUL T, OSHIRGD

ANl - MIKE CROZIER

AM — HENRY HAALILIO PETERS
dthli -~ PETER K, AN

Stah - BZRA R KANCHIO

Sl o= BERTHA 5 KAWARAMI

tMinoriy Laader
EMmeisy Floor Leinler

4
{AYNE METCALF

Chairman
House Committee on Judiciary

WM:mn

il




e
[

University of Hawaii at Manoa

Institute for Astronomy
2680 Woodlawn Drive e Honolulu, Hawaii 96822
’ Telex: 723-8458 ¢« UHAST HR

Office of the Director

June 8, 1988

Honorable Wayne Metcalf
House of Representatives
State of Hawaili

State Capitol

Honolulu, Hawaii 96813

Dear Representative Metcalf:
Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice

-Construction and Operation of-a VLBA Antenna
Facility within the Mauna Kea Science Reserve

Thank you for reviewing the subject assessment and notice.
We look forward to your comments on the draft SEIS.

Yours sincerely,

£. Coste b D .Hol2.

Donald N. B. Hall
Director

.DNBH:nll
cc: MCM Planning

C. Wade
William Porter

AN EQUAL OPPORTUNITY EMPLOYER
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KECEIVED

APR 13 1968

LIRELTON
IHENIYTE FOR ASTRORDIAY

Office of the Mayor

Dante K. Carpenter

. Mayor
April 7, 1988

Dr. bonald N.B. Hall, Director
University of Hawaii
Institute of Astronomy

2680 Woodlawn Drive
Honolulu, HI 96822

Dear Dr. Hall:
Re: National Radio Astronomy Observatory

Very Long Baseline Array (VLBA) Telescope
Environmental Impact Statement Preparation Notice (EISPN)

Thank you for including the Planning Director and myself as
consulted parties in the review of this EISPN, We are certainly
intrigued with the technology required to make these astronomical
observations.

We note that a key to selecting the proposed site is a clear eastern
horizon with minimum radio frequency interference and that several
alternative sites were rejected on the basis of potential radio
interference. Your Supplemental EIS should describe the existing
and projected levels of radio interference. Since our Police and
Fire Departments as well as our local utilities use relay stations
within 20 miles of your proposed site, the Supplemental EIS needs to
discuss the conditions above which all operations would be
compromised.

We look forward to reviewing the Supplemental EIS.
incerely,
*7Z(l Téqodzfsr—_
DAN K. “SAREPANTER
Mayor
RKN:1lv
cc: Planning Director

Police Department
Fire Department

Connty of Hiawaii 25 Aupuni Street ¢ Hilo, Hineaii 96720
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University of Hawaii at Manoa

Institule for Astronomy
2680 Woodlawn Drive e Honolulu, Hawaii 96822
Telex: 723-8459 « UHAST HR

Office of the Director

June 18, 1968

The Honorable Dante Carpenter
Mayor, County of Hawaii

25 Aupuni Street

Hileo, Hawaii 96720

Dear Mayor Carpenter:

Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice -
Construction and Operation of a VLBA Antenna
Facility within the Mauna Kea Science Reserve.

Thank you for reviewing and commenting on the subject assessment
and notice. The VLBA site was selected because it is protected
from radio emissions by two cinder cones. Because there is no
direct line-of-sight to Hilo from the antenna site, it is
unlikely that the agencies and organizations mentioned in your
letter will be affected. The supplemental EIS will address your

concerns.

We look forward to your review of the draft SEIS.
Yours sincerely,

7

Doffald N. —Hall
Director

DNBH: jec
cc: MCM Planning
NRAOQ:

C. Wade
W. Porter

AN EQUAL QPPORTUNTTY EMPLOYER



RECEIWYED
COUNTY OF HAWAII APR 4 1988
349 KAPIOLANI STREET CHECTOR
HILO, HAWAII 96720 IMSUIUTE FC ASTRONDIMY
GUY A. PAUL
OUR REFERENCE CHIEF OF POLICE
Y OUR REFERENCE WAYNE G. CARVALHO

DEPUTY CHIEF
March 30, 1988

Dr. Donald N. B. Hall, Director
University of Hawaii

Institute for Astronomy

2680 Woodtawn Drive

Honolulu, Hawaii 96822

The construction and operation of the VLBA antenna facility
within the Mauna Kea Science Reserve by the National Radio
Astronomy Observatory (NRAO) will not affect police radio
communications. We express concerns, however, regarding the

possibility of police transmission causing interference with
the VLBA antenna. :

Your reply to the following questions will satisfy our concerns
and eliminate unforeseen conflicts in the future.

1. Were in-depth studies and measurements made to
ensure that any interference from the radio
communications stations operating within a 25-mile
radius of the selected site will be negligible?

2. Does NRAO assure us that after the facility is in
operation, NRAO will not tell us to modify our
communications stations because they find that the
interference level is too hight?

We appreciate the opportunity to comment on this EA and look
forward to your response.

sl

GUlY A. PAUL
CHiEF OF POLICE

RM:amy

cc: Marilynn Metz
MCM Planning
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University of Hawaii at Manoa

Institule for Astronomy
2680 Woodlawn Drive » Honolulu, Hawaii 96822
Telex: 723-8458 « UHAST HR

Office of the Director

June 16, 1988

Mr. Guy A. Paul
Chief of Police
County of Hawaii

344 Kaplolani Street
Hilo, Hawaii 96720

Dear Chief Paul:

Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice -
Construction and Operation of a VLBA Antenna
Facility within the Mauna Kea Science Reserve.

Thank you for reviewing and commenting on the subject assessment
and notice. 1In response to your concerns:

A new radio astronomical observing site and antenna must operate
within the radio spectral environment existing at the time of
construction. The radio environment includes all radio
communication and broadcast emissions authorized by Federal
Communications Commission (FCC) Regulations and by National
Telecommunications and Information Administration (NTIA)
Regulations. Recent studies indicate that radio communication
emitters (such as police) at the kilowatt or lower EIRP level,
and at current electronic sites, create little harmful radio
frequency interference at the VLBA site. In addition, the
primary reason this particular antenna site was selected is
because it is shielded from potentially harmful radio emission

sources by two cinder cones.

AN EQUAL OPPORTUNITY EMPLOYER




Mr. Guy A. Paul
June 16, 1988
Page 2

We look forward to your comments on the draft SEIS.

Yours sincerely,

yv s

Donald N. —Hall
Director

DNBH: jec
cc: MCM Planning
NRAO:
C. Wade

W. Porter
D.Carpenter
H. W. Sewake
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DEPARTMENT OF WATER SUPPLY e COUNTY OF HAWAI

25 AUPUNI STREET . HILO, HAWAII 98720

April 27, 1988
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University of Hawaii

Institute for Astronomy

ATTENTION: DR. DONALD N. B. HALL
DIRECTOR

2680 Woodlawn Drive

Honolulu, HI 96822

ENVIRONMENTAL ASSESSMENT AND SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT
PREPARATION NOTICE - CONSTRUCTION AND OPERATION OF A VERY LONG BASELINE
ARRAY (VLBA) ANTENNA FACILITY WITHIN THE MAUNA KEA SCIENCE RESERVE BY THE
NATIONAL RADIO ASTRONOMY OBSERVATORY (NRAO)

Thank you for the opportunity to review the subject report.

Because the Department of Water Supply does not have a technical radio
section, we requested assistance on this matter from the Radio Section of
the Hawaii County Police Department.

We agree with their comments whereby we feel the proposed installation will
not affect our radio communication system; however, we feel that a study

should be made on whether our radio communication system will affect your
proposed operations.

dillion. Acad..
H. William Sewake
Manager

KO
cc - MCM Planning

ves Wafer éringd progress...
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University of Hawali at Manoa

Office ol the Direclor

June 16, 1988

Institute for Astronomy

2680 Woodlawn Drive » Honolulu, Hawaii 96822

Telex: 724-8459 » UHAST HR

Mr. H. William Sewake, Manager

County of Hawaiil

Department of Water Supply

25 Aupuni Street
Hilo, Hawaii 96720

Dear Mr. Sewake:

3

i

Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice -
Construction and Operation of a VLBA Antenna
Facility within the Mauna Kea Science Reserve.

Thank you for reviewing and commenting on the subject assessment
and notice. We are attaching a copy of our letter to Mr. Guy
Paul, Chief of Police. We hope that it also responds to your

)

1

concerns.,

Yours sincerely,

Director

DNBH: jec
Att,

cc: MCM Planning
NRAO:
C. Wade
W. Porter
G. Paul

AN EQUAL OPPORTUNITY ENPLOYER
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MAY -6 1903

RECEIVED

RAY 10 1958

LIRECTOR
RISHTLTE FO AT TROH DAY

University of Hawall

Institute of Astronomy

2680 Woodlawn Drive

Honolulu, Hawail 96822

Attention: Dr. Donald N. B. Hall
Director

Gentlement

Environmental Aggsessment and Supplemental
Environmental Impact Statement Preparation Notice —
Construction and Operation of
(Very Long Base Array) VLBA Antenna Facility
Within the Mauna Kea Science Reserve

Eric Anthony of our Transmigsion Systems Engineering Section, has had
discugaions with Campbell Vade, a gcientist with National Radio Astronomy
Obgervatory (NROA), and was {nformed that the proposed facility is a Receive
Only antenna. There is no potential for jnterference into our microwave
facilities.

it should be noted that we discovered three of twelve frequency bands which
they will be working with are common carrier bands (2.15 ~ 2.35 GHz, 5.9 - 6.4
GHz, and 10.2 - 11.2 GHz). This was mentioned to C. Wade during the
discussions. He, however, has assured us that there is no 1line~of~sight path
from our microwave facility to the proposed antenna location. Furthermore, he
ig aware that the microwave equipment which HTC uses is highly stable and is
not a potential source of interference into his receivers. He also mentioned
that they have a facility on the mainland which is in close proximity to an
ATT facility and an MCI facility, and they have no problems with the
co—-existence of all these facilities.

Engineering recommends that the NRAO carry out a gtudy, before the
congtruction of the facility, to determine, if indeed, there is no
1ine-of-sight path from their proposed antenna location to our faciliities.
This precautionark gtep will ensure both parties that there will be no future



Univgrsity of Hawaii

MAY =G 1
Page 2

microwave interference problems between HTC and the NRAO. We will be prepared
to assist in the study to ensure its accuracy.

Should you have any questions, please call me at 546-2688.
Sincersely,

GTE HAWAIIAN TELEPHONE COMPANY
INCORPQORATED

L Gl
Frank C. K. Cﬁ:;g

Engineering Manager
Land & Buildings

cc: MCM Planning
Attn: HNs. Marilyn C. Hetz
703 Honua Street
Honolulu, Hawaii 96816
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-Yours

University of Hawaii at Manoa

Institute for Astronomy
2680 Woodlawn Drive « Honolulu, Hawaii 96822
Telex: 723-8459 « UHAST HR

(?Efice of the Director

June 16, 1988

Mr. Frank C.K. Chang
Engineering Manager

Land and Buildings
Hawaiian Telephone Company
P.0. Box 2200

Honolulu, Hawaii 96841

Dear Mr. Chang:

Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice -
Construction and Operation of a VLBA Antenna
Facility within the Mauna Kea Science Reserve.

Thank you for reviewing and commenting on the subject assésément
and notice. NRAO has selected a site at the 12, 200-foot

‘elevation for the VLBA. This site is shielded from transmitters

on Mauna Loa by two cinder cones. In addition, there is no
line-of-sight from the antenna to Hilo. Dr. Campbell Wade and
pDr. Patrick Crane from NRAO met with members of your staff on
June 2, 1988. I hope that they were able to assuage your

concerns.

e look forward to ybur review of the draft SEiS.

incerely,

V5~

Donald N. B. Hall

Director
DNBH: jec '
cc: MCM Planning
NRAQ :
C. Wade

W. Porter

AN EQUAL OPPORTUNITY EMPLOYER




AWA, For the Protection of Hawaii'’s Native Wildlife -
® y P.O. BOX 212331
HONOLULU, HAWALl 96822

:4p(t  HAWAIl AUDUBON SOCIETY  :.o. socm

SoN <O Volcano, HI 96785
April 21, 1988 o
RECEIVED
Dr. Donald N. B. Hall, Director X
Ingtitute for Astronomy APR 2 5 1968
2680 Woodlawn Drive
Honolulu, HI 96822 LIRECTOR

SISTITUTE RO ASTRSHTIVY
Re: Supplemental Environmental Impact Statement for the Construction and Operation
of a Very Long Baseline Array (VLBA) Antenna Facility Within the Mauna Kea Science

Reserve, Mauna Kea, Hamakua, Island of Hawaii, to be prepared by the Institute for
Astronomy, University of Hawaii

Dear Dr. Hall:

Thank you for sending the EIS Preparation Notice and soliciting the Society's
comments on the proposed new radio telescope. Audubon concerns involve the
increased negative impacts on the highly fragile and vulnerable aeolian ecosystem
in the summit region — already degraded or destroyed in part by construction,
roads and powerlines for the nine existing telescopes,

Entomologists F. C. Howarth and F. D, Stone made a signal contribution to
Hawaiian biology with their 1982 report, "An Assessment of the Arthropod Fauna and
Aeolian Ecosystem Near the Summit of Mauna Kea, Hawaii," 18 pp., that was published
in the EIS for the Mauna Kea Science Reserve Complex Development Plan., They found
seventeen species of resident arthropods in this remarkable high-elevation aeolian
ecosystem. What is astonishing is that in this newly recognized ecosystem at least
eleven of these invertebrate species turned out to be new to sciencel

These newly discovered Hawaiian animals that adapted to a wind-swept environ-
ment of snow, tephra cinders and slopes, lava flows and talus slopes include such
creatures as predatory "seed" bugs, moths, several kinds of spiders, springtails,
gentipedes and mites. These endemic animals evolved in Hawaii and occur nowhere else.

Mauna Kea's oceanic aeclian ecosystem far above treeline has scarcely been studied
by scientists, and most of those small animals without backbones have yet to be des-
cribed. There may be more species awaiting discovery. It is essential that astrono-

mers and construction crews know of the existence of this marvelous ecosystem where they

work, and that they take precautions not to destroy or degrade this unesual habitat
through ignorance or carelessness.

In their report, Dra., Howarth and Stone described the destructive impactis of

_off-road vehicle use and road constiruction on the fragile summit habitats. The heavy

off-road traffic needlessly destroyed jdeal habitat for some of these uncommon animals.
Howarth and Stone made eleven carefully reasoned recommendations for environmental
protection of summit habitats. They are attached here.

We request that you adopt an environmental protection plan that encompasses these
eleven recommendations, so that Hawaii's rare aeolian ecosystem is properly recognized
and maintained by all who visit or work in the Mauna Kea Science Reserve.

‘We welcome your reply to the issues raised here, Sincerely yours,

encl. Mee E. mu1l MAAL . Mu bl

Island of Hawaii Representative
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principal habitat of the moth Archanarta new species, (fide
Riotte, pers. comm.) the larva of which feeds on foliose
lichens. The spider, Lycofd species, and the centipede,

species, are also most common in this habitat. The
most diverse habitat in terms of number of resident species
near the summit appears to be in the ash and loess and under
stones at the base of these lava cliffs. The centipede
burrows in the silt and aeolian debris in the cracks and under
rocks. The Wekiu bug appears to be relatively rare in much of
this habitat, presumably because of the rarity of suitable
microclimate and the lower surface area within the cracks and
voids of the rocks.

5). Talus slopes and highly fractured rock
outcrops: This habitat is a special subdivision of no. 4 and
usually occurs as islands within no. 4. It combines several
environmentally favorable features of both no. 2 and no. 4,
and often supports greater diversity. The greater number of
smaller voids with the large underground surface area adjacent
to stable rocks provide favorable microclimates for arthropods
and plants. The Wekiu bug population is locally moderately
high. Also included in this category are many of the
depressions between the lava flows on the north and west
slopes where glacially deposited rounded cobbles and rocks lie
on fine loess. This material has been sortd by frost and wind
so that the larger rocks lay on the surface with smaller
material neatly graded in layers below. Where the rocky

. layers are shallow, the habitat intergrades with no. 6.

6) Compacted ash, silt, and mud: This habitat is
found on roadways, disturbed areas, and in areas where fine
aeolian debris (loess) has accumulated. The interstitial
voids are mostly filled with fine-grained material and are,
therefore, no longer suitable habitat for the Wekiu bug and
spiders. Some of the springtails and mites were found in this
habitat, and the centipede was rarely found here. In general,
gspecies diversity was low. The inside slopes of Poliahu,
which contain £ine loese substrate, are included here.

mmnmwmmmmmm

Several segments of new roadways totalling about one
kilometer were established mostly by tire tracks (legally?)
within the project area during June, July, and August, 1982,
by skiers,astronomers, and other visitors. Most of this
recent activity occurred on the plateau betweeen Poliahu and
Puu Wekiu and was done in an effort ‘to gain access across the
snow fields to the proposed telescope sites and the north
slope. These tracks are nev alignments of an existing road,
which crosses the plateau and which was buriedl under snow.
The relatively heavy traffic on these tracks by off-road
vehicles to date has created in many places well-defined dirt

. roads paralleling the existing roadway and permanently
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defacing the landscape. A shorter track about 200 metres long
wag made between 12 July an August by a vehicle
driving out onto the west rim of Puu Wekiu south of the Air
Force telescope. The yehicle crossed once ideal bug habitat
and destroyed one of our pitfall traps. —

The tephra cinders are easily crushed to dust-sized
particles, and vehicular tra

ffic quickly and permanently
changes the character of rocky tephra habitats to compacted
silt and mud. Purthermore, this crushed gilty tephra, when
dry, becomes the dust which is detrimental to telescope
viewing, plant growth, and animal dispersal. Besides the dust
problem, the roads restrict the percolation of water, and,
therefore, roadways become channels for drainage of surface
water, which greatly increase erosion, especially on the
steeper slopes. Significant erosional gullies are now forming
along the summit road to Puu Wekiu telescope sites.

RECOMMENDATIONS

1) In view of the above impacts of road construction,
it is recommended that off-road vehicle use be prohibited or
severely restricted and that new road alignments be-carefully
planned and kept to a minimum size and length.

2) There is an oil spill covering about 18 sq. meters.
and originating from the generator at the base of Puu Wekiu.
In this cold, dry, environment, such oil spills will remain a
very long time and be highly damaging to 1ife, especially when
this oil is tracked over the summit area by hikers, skiers,
and off-road vehicles. It is strongly recommended that oil
spills be prevented and any that do occur be expeditiously
cleaned up.

3) sensitive areas: Even though all the animal species
found living within the project area appear to be widely
distributed on the summit. for some species the major

populations occur only in relatively limited thin the
project area. Thus, proper planning of construction

activities and monitoring their impacts are essential for -

their continued survival. Monitoring should include one or

~ site visits by a biologists during cong ion and a

1imited bioclogical survey that assesses the resultant impacts

after completion in order to develop additjonal mitigative
The special vulnerability .of the Tephra habitats

are given below. ’ :

4) The distribution and biology of the Wekiu bug and
its close relationship with the tephra cinder ‘cones’are now
more clear. Unfortunately, these tephra habitats are
particularly vulnerable to_degradation by human activities.
These tephra habitats quickly and permanently degrade to
compact silty habitats during construction activities and
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become unsuitable as a habitat for the Wekiu bug, the spiders,
and some of the mites and springtails. Therefore, mitigative
measures, and monitoring of the impacts should be required for
any construction activities in this habitat, particularly near
the three craters on Puu Hau Oki and Puu Wekiu. Monitoring
recommendations are given above in no. 3. Mitigative measures
should include (1) keeping all construction activities within
the mininum possible defined area, (2) preventing cinders or
debris from falling downslope on the cones, (3) preventing
wind dispersal of trash and material outside of construction
area, (4) keeping new road alignments to ninimum. size and
length with no unnecessary vehicle movement or grading
activity off the designated alignment, (5) cleaning up oil
spills and other pollutants promptly and removing them from
the mountain, not just burying them, and (6) minimizing
disturbance to sensitive areas, such as the inside slopes of
the cinder craters on Puu Wekiu and Puu Hau Oki. It was
understood that the summit of Puu Wekiu, at least, is not
glated for telescope development; but the new vehicle track
there points to the necessity for a more formal management

plan with enforcement power.

5) The lava flows on the north and west slopes are more
problematical. It is more difficult to inventory the species
present in this environment, and some additional new or
undetected species may be expected there. On the other hand,
except for the dust and pollution problems, this habitat
appears to be less vulnerable to human impacts than are the
tephra cinder cones. It is strongly recommended that further
site specific surveys be done in the lava flow areas,
particularly the sheltet cave areas on the western slope, if
they are selected as potential telescope sites.

6) Because of the strongly seasonal nature of the
environment near the summit, a longer term study will be
needed to answer some management questions. The baseline data
on the distribution and biology of many of the resident
animals are now available to assess the impacts of future
construction activities; however, monitoring, as outlined
above, the impacts should be required for future construction
projects.

7) Debris from construction and existing facilities
must not be allowed to litter the mountain top. In addition
to being an eyesore such materials may contain compounds toxic
to arthropods. Construction materials, equipment, and debris
should be kept on site or removed from the mountain.

8) vehicles should not park with the motors .xunning, in
order to reduce lead and other toxic emissions into this
environment.

9) Agencies importing components for the observatories
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should ensure that cking mat and shipment are free
of animal pests and weeds. Proper quarantines and inspection

procedures should be stipulated before import into Hawaii.

10) In view of the special fragile nature and
vulnerability of the aeolian ecos¥sEem to human disturbance,
an enforcible access plan that inrorms visitors of the special
management problems found on Mauna Kea and limits their
activities in seneitive areas should be developedu.

.11) Since many specific impacts caused by land use
changes cannot be assessed until specific information becomes
available on the location, construction methods,

infrastructure needs, road alignments, etc., site s ecific
assessments will still be needgd_fn;fggg,dgveIEEﬁEﬁEE which
are outside of the four prime %gggg_ino. I, II, IV, VI on the
draft Development an Map o ctober 1982) and also is
recommended for significant alterations within those areas.

The site specific surveys in this study were hindered by the
jlity of maps of the proposed si d
alignments and other in rastructure needs indicated.

- a—



University of Hawaii at Manoa

Institute for Astronomy
2680 Woodlawn Drive « Honolulu, Hawaii 96822
Telex: 723-8459 ¢ UHAST HR

Office of the Director
June 8, 1988

Mrs. Mae E. Mull

Island of Hawali Representative
Hawaili Audubon Society

P. O. Box 275

Volcano, Hawaii 96785

Dear Mrs. Mull:

Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice
-Construction and Operation of a VLBA Antenna
Facility within the Mauna Kea Science Reserve.

Thank you for reviewing and commenting on the subject
assessment and notice. Our botanical and biological
consultants (which include an entomologist) have been given
copies of your letter and attachments. Your concerns will be
addressed in their reports which will be appended to the draft
SEIS. '

A management plan for the Mauna Kea Science Reserve was .
approved by the Board of Land and Natural Resources in 1985.
This plan addresses your management concerns. At present, the
University of Hawaii, Institute for Astronomy, is working with
the Department of Land and Natural Resources to resolve some
remaining jurisdictional issues, including enforcement, so that
all aspects of the plan can be implemented.

We look forward to your review of the draft SEIS when it is
published.

Yours sincerely,

4.Cur L D.Hot2.

Donald N. B. Hall
Director

cc: MCM Planning
C. Wade
William Porter
Representative Andrew Levin

AN EQUAL OPPORTUNITY EMPLOYER
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“35

University of Hawaiil

Institute for Astronomy

2680 Woodlawn DNrlve

Honolulu, HI 96822

Dr. Hall;

Enclosed you will find a ski map of Mauna Kea ski runs.

Adverse effect that the spur road would cut off a whole ski run., '

Also please delete Dick Tilson and address all further correspondence to
"President" of Ski Association of Hawail,

Thank you

rry . Krdtfier

Seceraty

Copy to: MCM Planning
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Advanced registration and de

MALNA KEA SKI CORPORATION

SKIGUIDE SHAWAI

Ski Services
‘ALYF SkiTour $250per person

An exclusive, one of Da-Kind Ski Experiences. You'll
never forget the backside, hidden places on the
mountaln, spectacular vistas and miles of wide-open
expansive skiing. Mauna Kea VIP luncheon and
Mountain Ski Services all inclusive.

DayTour $125700 perperson

Our most popular ski tourl  All tours inciude 4-by-4 'ski
ondola’ with driver, ski equipmeni, Red Cross Cenlified
ki Guide, homemgdg mountain lunch.

SkiRenlals $25.00perday for Skis, Boots and Poles

SkiSpecials
Ski Guides Hawait give more kick to the glide!

Qut-of-Bounds gc()B) Single Runs
Cross Country (XC) Tours

Ski School-7 days perweek
Designer Tours

Skitothe Sea

Inter-1sfand Airfare & Tour

Prices Available Uport Request.

sils are recom-mended
due to the popularity and tgih demand during the
geason (November through July). A $20 deposit is
required to hold and confim all reservations; this is

~ applicable toward skiservices.

IMPORTANT INFORMATION

Mauna Kea Is a national sclence reserve and is not
maintained as a ski area. Skiing areas may have un-:
marked and exposed rocks. Adverse weather conditions -
may arise unexpectantly— be prepared wilh adequale.
clothing.  Dark sun glasses and good sun-screen lotions

are also a must. Due to the high altitude of Mauna Keay!|’
(there Is a third less oxyi;en availablel),: it is advisable 1o},

check with your personal physician in al cases, including -
heart, lung and obesily problems. : .

SKI § HAWAII

(0B8) 885-4188 -
‘The Big Islend 1S Hawaeil’

MAUNA KEA SKi CORTONATION

M
O O
D00 g s 200
O HAWAIl
undersea base of -19,000 feet to the windswept peaks
of 13,796 feet, it's the world's highes! mountain! Il offers

o, ¢ O
SKi
@ O @,
The name is Mauna Kea or White Mountlain, from ils
some of the world’s highest skiing.

This massive extinct volcano is blessed with the finest

snow in the world, opening aimost 100 square miles of

skiable terrain. At this latilude the conditions are spring

Iii:ke;dthrp snow is sugar corn. We call it ‘Pineapple
owder'.

The access is by road in four-wheel drive vehicles. The
road serves the internationally famous observatories on
the summit, bul it also makes accessible numerous pu'us
(volcanic cones) that are a skier's delight. Consider five-
mile plus runs and the possibility of 2500’ to 4500' of
vertical per runt Add to that a 360° panorama of Mauna
Kea's moonscape, lush tropical veﬁetalaog_below, the
encircling ocean and Maul's Haleakala visible on the
horizon.  This is one of the most exolic skiing
experiences anywhere. You can ski in the PmeanIe
Powder and surf off a ropical beach allin the same day

If you thought that Hawaii could offer anly sun, sand, surf
and Hula dancers, think again! We'd like to take you high
above the clouds for a ski experience you'll never forget.

MAUNA KEA SKI CORPORATION's
SKi GUIDES HAWAII
P O BOX 2020, KAMUELA, HAWAII 96743
(808) 885-4188 or 883-6398
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By Dlck Tellson

High above the beauliful blue Pacificand the

tropical beaches, I start my descen.

I drop and turn lg the right, and the snow
crackles as I drop and turn again. I am ski-
inginparadise, high above the clouds, on the
edee of space. I am skiing on Hawaii's
sacred while mountain, Mauna Kea.

kiing the snows of Mauna Kea is excit-

ing and exotic. With fine powdery
snowinthe early season and dry corn snow
(Hawaiiansugar corn) later, Hawaii's skiing
has an excellence ali its own,

Equipped with parkas, sweaters, sun-
screen, shorts and bikinis, we ascended
Mauna Kead, an extinct volcano. We drove
up and Unloaded on thie rim at the top cra-
ter, then skied across a small saddle and
climbed 100 feet to the very top of Mauna
Kea, 13,796 {eet above sea level.

The day is clear above the clouds, with
strong sun and a strange silence. Sound
does not travel far in the thin air, and you
often hear your pulse beat above the gentle
breeze, For a moment we were spell-
bound, lost in the silent beauty of this place
where the Goddess of the Snow, Puliahu
(Madam Pele’s sister), dwells.

Blue ocean lies for miles around, with a
lush, green carpet of ranches just below.

The chain of Hawaiian islands stretch
away to the northwest, and on the clearest
of days [ have seen the clills of Mokapu on
Qahu, 175 miles away. The south is domin-
ated by the tong mountain Mauna Loa,

SKIING THE VOLCANO:

MAUNA KEA'S SNOWY SLOPES

13,680 feet, sister to Mauna Kea (the white
mountain). Its almost flat, gently sloping
top seemstostretch for miles, andits snow
capis 25 miles across, a challenge for cross
country skiers.

We skied over to the comnice at the top of
King Kamehameha's Run, looking down to
the wide sloping plateau below. The slope
angles 45 to 60 degrees all the way down
the big smooth face. You can almost hear
the ancient Hawaiian conch shells trumpet-
ing, inviting you to challenge yoursell and

ski with Hawaiian gods. A near-vertical ,

takoff on this 1,000 foot slope is a little bit
unnervmg until you make lhe first turn.
The rest is easy.

I hear the others yell close behind, but 1
cannot look back. I reach oul and sel my
poic. lift and turn, set, and lift and tum
agam Thesnow fecls bollomless. I am float-
ing. I set and lift and turn again and agais.
I hear someone fall and anather yell. But 1
can't stop yel, and I lurn and tura again, My
legs are on fire. Now il's time to siop and see
how the others are doing.

The criss-cross iracks form a figure eight
halfway down the slope. The yells of excite-
ment lell me they are doing well. As they
calch up and sicp, one of them says "'l could
ski like this forever.” I smtle. we are only
halfway down,

We skidown King Kamehameha'srunto
the sloping plateau with miles of rolling,
d:pplng valleys that wind through out-crop-
pings ol smooth lava rock I{ollow the ridge
untii 1 find a litle corice and ski down the
valley.

Fromhere it becomes an open, easy run.
We ski around the base of Puu Lilihou,
across a big open valley, and wiggle
through a lava flow dike, keeping a little
speed to calch the pass between two big
cones below. We cross through Keanaka-
koi, where ancient Hawaiians stayed in
shallow caves for days, chipping the fine
basalt stone and shaping it into tools.

The snows have been here in Hawaii for
a long time. Part of the mountain is an lce
Age preserve, where signs of the glacier
are obvious. Mauna Kea's {irst skiclub was
formed in 1936-37 by hardy alpincers
Kamada, Ide and [wamoto and joined by

g Tty '
3 muﬂf IR ) --s.p-p'r!f-,f--- :
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Higashi, Ho and Pence. They had to hike
from 7,000 leet to reach the snow,

Today, although there is a road built for
the Mauna Kea Observatory, difficult
access and the lack of {acilities still discour-
age the less adventurous skiers, The snow
line, which varies [rom 9,000 [cel Lo 13,000
feet in little over a month's lime, would
make a fixed ski lift very limited. But our
four-wheel-drive pick-up, which we call our
“gondola on wheels,” allows us to ski four-
and live-mile runs for a few weeks and then
adjust to one-mile runs and 600 fcet of ver-
tical as the snow line moves. On the best
day last season, we skied 29 miles of runs
with 15,000 feet of vertical.

Mauna Kea hosts the world's highest
schieduled ski races and races in carly
March, late April and early June, Perhaps
the most unusual event is the King Kame-
hameha Holua Ski in early June, leaturing
demonstrations with the Hawaiian holua
(wooden) sleds and even holua snow-
boards.

The big 4 x 4 pick-up is coming down the
road, aitd a skier glides lo a sted and falls
downt laughing. He just lies there, exhausted
and happy. Now he knows “The Snows of
Maung Kea" are real. O

Dick 7.‘cilson has skied Mauna Kea for 20
yearsand still teaches skiers the joys of the
mowrtam For more information, conlact

Box

SKI ASSOCIATION OF
HAWAL I

P.0. BOX 8327

HONOLULU, H1 96815



By Suson Manvel
Stue-Jinlictm Weiter

OME  of " the riskiest
: skiing in the country

happens on the Big 1s
land, the gamble  being
whether it snows oo a trope-
cal istand.

\Wihien snow dues pack the
slopes and puus of Mauna
Kea=—and [ hasw't w any
consistent degree (ur the past
twu ycars—Its a skiler's para-
dise. The granular *‘corn™

*snow- iy heavy enough to

puide 2 wen, lpht enough 1o

transtors interinediates, inte

expestsfor-aday, unlil. the
sun sticks a thick crust in the
aflernoun. .

Fhe. simooll mountainside
never develups anbguls, Lhe
humps that delight and con-
found skiiers o the sest of
the world, ‘Fhe runs ¢an
streteh for (ive niles with
vertical draps of up 10 4,500
fect, Awmd the volcano hasw'l
crupted for 2807 years.

Punchdrunk from the low-
oxypen altitude of 1,796 {eet,
higlier than any chairlift will
clunb  on  the  Mainland,
skiiers Lake a Joudepree view

Riding the Snow Cones

Cuatioued from I'sge C-1

drivers at the bollom of each
fun, .

The lack of oxygen—35 (o
40 percent less than at sca
tevel—~can make peopie dizry
and nauscous. Ski patrol
wiembers  parry oryaers
fuazky, but Pue fecomanenids
being In basc good shape bee
:{Ute atlenpting to ekl Mauns

L7 PN

*I's sounaliinp not to be
taken lightly,” he sald, alse
warning pafeats o leave
small ehlldren  hehind.
“Wetve had people tnake one
rut and Just glve up”

. Taklng aspirin alicad of

tine amd dutlop the day, aml.

thilng at hallspecd can help’

ol red, black and green (elds
aud cunes of furmer voleayy
spuuls  hecoming - carth]
Everything's topsy-lurvy. et
yomsd the clouds the ocean
rises. Mauj haunats the hori:
tun below,

s all wonderfud when it
happens, In the meantime ca-
reers have risen and fatlew
un Mauna Kea, Dick Tillson,
the Massachuscits man whu
led most skliers around the
mountain over the past 20
yeass hias “disappeared.” The.
Ski Association of . llawall, a
non-prolit social, group that
sponsored (rips with Tillson,
has scen neither “hde.nor -
hale of hbn,” according 10
vice president Ed Dunbar.

‘e

et sits unused in Kamucela, '’
where two of his [orier
paliles  have
Mauna Kea. 5ki Corp. as, Ski
Guides Hawail. : H
Two snuwleas years led (o s
diverce fur Pal Doe,- who,
with pariper Cheistopher
taup®n, is waillw; out yet
anollier scason. Without the
finances lor a shop, they
eperale vut of 3 house and a+.

ruck. T
L]

sopgues altitude sickness.
Good dark glasscs and layers
af sunsceeen are absolute
nccessitles. On a single week-

. Biu af peopte and no money,” .

. this:

e e phn -n-,utr‘llc-bwndmlma—iqhm.l—o

Skiing Mauna Kea Is a Rarified -;E;{pér_ience

."Wc'rc Irying 10 FUn En L ) vlouds and luts of precipita:
« bice shizarea with Just 4 cou

va said, "iUs tough 10 gt
back!n‘: for a business like
[ -tucy ~dunt

have

Liuat.

Some trivia abuut Maunu
Kea suow: [ doesn't melt; it
“sublimates.y  turning  to
waler Aapur because of low,

. coouph faiil-in iy Ldo e = 0 air pressure on the veolcane

» Somoe years skl races have -

.

‘e snow usually.cotws in
heaps din March and April.

been*held on e Fourth ol
uly. It dumped 1ast year on
Thanksgiving, then nothing

e o unl” some sporadic days Ip
Vethe spring.” MaubatKea has)
received only '3l wamentaty |
s dugling'so far this year,

Bui Pee, a former Tellu”' -

* ride, Colo, ski shop owner,'is*
"o L

+ optimistics. , o . -
s supply of ski cquip- . .° . CLINL82 was the lasi ‘goud
year of skling. We've already™

surpassed the rainfall-for thaty,

taken . over L this year” ot

[} R
Natlonal Weathor* Servled
furecaster Mike Morrow- says
rainfall duesn’l indicate any-

*tilng for Mauna Kea, The

-

+

<white stull “aboulsthe Hne it

weather service can predict

*islarls snowing.”

md, 22 mnowwalchers de-
reloped snow blindness; a |

{ew liad permanent eye dam.
[T

Doc and Langan, boih certl-
fics Jaciaders of tae Fiatisnal
ski 1atcol, have bLig vislons
far this wintler's wurs, possi-
bly Including portalle rope

tlaw sysiems, and snowingblle °

‘or helicopier pick-ups from
areas nol reached by lhe
o, ‘
‘They plan to olfer day
tours al 3120 a yperson, 8-
and-ski packages Trom Huonw-
Julu at $175 3180, “alil™ tuurs
1o (he volvane's backside aver
10 mtes ol lercaln at §250 a
persun, cewscountry ski

. P neeessary ingredients
L are feeezing wiiperatures at

or bLolow the sununil, thick

(A
¥

L
“e

e
I N

fe
B

.

M the . Saddle

slopes,

For snuw and road condi-
tions, call We Unlversity ol
1lawalli’s’ Mauna leﬁnn
Seevices o Milo 2t .

If and when it docs snow, 2
few oplions uarc avallable;
Skiicrs can [y into Kamucla
or KalluaKona, rent a [our-
wheeldrlve vehlele and ski
cquipment from Lhe” two
wide oulfits ad drive 2%°
wours 10 Vhe summil, takiog
ltoad  from
Kamuvla, oF AVaituea foward
tlito and tacning ull: the fo-
ward the summil al Hunuula
Junction. .

‘Although the skiing sl
st dil(icult=the slupes are
steep bul unclutiered, and
mwembers of a volunteer ski
patrol cruise Lhe voleano—
petting dost in she hava or In
a2 Llizzacd can happer, Guides
fuow the lergain and provide

& depend og Iv,” sald Tersten-
wre . et Jak, who has & lumber busi-
3 % poawss, “in 19283 | wade real
RO L G -fond money. | could make

L3100 2 day.
P4y .7
SKI GUIDE .
6398 :

tours, *ckl to sea” tours, .

camping trips and skl school..

Ucl: ancrs  should Inform
f" des alicad of vime of thele "
nexpeclence. .

Doe brought 260
skis {ramn his shop In Colors.,
do-and says he can servico

up 19 60 skilers, 1la's uperal: o
g Tiomi les Lowse sRd WL
meet skilers with. 2 fours
wheel drive vehicle, Contact

Ski Guides at 1.0. Box 20720,

Kamucla, 11 90743 or BB.'.;".',
A,

160, . .
Nick Terstenjak, a formog
skl schionl director al Tellu:

rlde, puldes up 10 30 sklers a

day on the valvanu and fenls |
oul eyuipnont, 1lo charges
$10 fur thurists and 330 .,
kamaalnas for a whole day of |

skllnp . .
*IU's a sidellne. Yod canpnot

pah:s of ,

3083_389' .

The ki Assoclation of la-
will also sponsots Lrips to
Mutna Kea on s shared cost
basls, Members sign a st and
sro notiflod when Lhe snow
adequate, Thie sssvciation alw
csponsors three Malnland ahi
Lips a yeur, Leginulug in
Januacy, and It hosls severa]
non-skling cvents llke sailln
(7] I:ce[n nembors  occuple
during lhe sunny winler days
hore. -

The group meels the st
Thursdav of sach menth st

PiZZA HUT on
Keeaumoku St at
6:30 pm.

LA
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University of Hawaii at Manoa

Institute [or Astronomy
2680 Woodlawn Drive » Honolulu, Hawaii 96822
Telex: 723-8459 ¢« UHAST HR

OHfice of the Director

June 8, 1988

Mr., Terry D. Krutzler, Secretary
Ski Association of Hawaii

P. 0. Box 8327

Honolulu, HI 96815

Dear Mr. Krutzler:

Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice
- Construction and Operation of a VLBA Antenna
Facility within the Mauna Kea Science Reserve

Thank you for reviewing and commenting on the subject assessment
and notice. In response to your concern about the project
cutting off a ski run:

Based on the map which you attached to your comment letter, it
appears that the "King Kam" ski run originates on the southeast
slopes of the summit area, travels downward on the eastern
slopes of cinder cones in the area and terminates at the Mauna
Kea Observatory (MKO) Access Road at about the 12,300-foot
elevation. The run crosses the saddle areas between two cinder
cones in the vicinity of the proposed VLBA antenna. A second
run, known as the "Ono Trail," ends in the same general area.

According to people contacted during the preparation of the
environmental impact statement (including Dr. Andre Erasmus,
meteorologist for the UH Institute for Astronomy and Tom Fake,
Leader of the Mauna Kea Ski Patrol), it rarely snows in the area
of concern. If snowfall does occur, it melts rapidly. As a
result, the ski runs in question are seldom used.

In any event, the proposed access road to the VLBA facility will
not cut off either the "King Kam® or the "Ono Trail™ runs. The
access road originates at about the 12,100-foot elevation and
proceeds in a northeasterly direction to the antenna site.
Skiers on the "King Kam" run will have sufficient space to

" traverse the saddle area above the proposed facility. In

AN EQUAL OPPORTUNITY EMPLOYER




Mr. Terry D. Krutzler
June 8, 1988
Page 2

addition, the "Ono Trail" will not be
to the VLBA access road is at a lower
termination point of the trail at the

We look forward to your review of the

Yours sincerely,

4. fwee Ky . Hote

Donald N. B. Hall
Director

cc: MCM Planning
C. Wade
W. Porter

L]

affected as the entrance
elevation than the
MKO access road.
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The Very Long Baseline Array

K. 1. Kellermann and A. R. Thompsen

The earliest radio telescopes had bare-
ly enough resolving power to distinguish
one consiellation in the sky from anoth-
er, and for many years it was widely
accepted that, because radio telescopes
operale ot such long wavelengths, their
angular resolution must be fundamental-
ly poorer than that of optical telescopes.

Actuaily, this is not the case, for two
reasons. First, the resolution of large,

been one of ever-increasing angular reso-
lution achieved by increasing the dimen-
sions of the instruments and operating at
the highest frequencies (shortest wave-
lengths) technically feasible. But even
the largest single-radio antennas, such as
the 100-m steerable reflector ncar Bonn,
Germany, operating at their shortest
wavelengths (~1 cm) provide only an
angular resolution {(A\/D) of approximalte-

Summary. The Very Long Baseline Array Is a high-resolution synthesis radio
telescope consisling of ten anlennas, each 25 melers In diameler, located throughout
the Uniled Stales from Puerlo Rico lo Hawail. Each antenna will be equipped with
low-nolse recelvers spaced throughout the frequency range from 330 magaheriz lo
43 gigahertz, a hydrogen-maser frequency sfandard for time and {requency refer-
ence, and broadband digital tape recorders, Tapes recorded al each anlenna wiil be
simultaneously replayed and correlated In a specially built digital correlator, and the
correlalor oulpul will, by Fourler translormalion, be used to construct images of
celestial radio sources wilh an angular resolution betler than one thousandth of an arc

second,

ground-based optical telecscopes is ordi-
narily limited to about I arc second, not
by the size of the tciescope but by irregu-
larities in the earth's atmosphere. Al
radio frequencics, the atmospheric fluc-
tuations in the path {ength of the incom-
ing signal are small compared with the
wavelength of radio waves, so that the
effect of atmospheric irregularitics is less
important. Second, to form clear images,
the phase of the signals must be pre-
served over the entire dimensions of the
instrument. Because of their longer
wavelength, radio waves are easier o
manipulate than light waves, so thal ra-
dio telescopes of very large size can be
built and operated close to the theoreti-
cal diffraction limit given by the ratio of
wavelength, A, to overall array dimen-
sions, D.

This history of radio astronomy has
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ly 1 arc minute, which is comparable to
that of the unaided human eye (D, reflec-
tor diameter).

For this reason, radio .astronomers
long ago turned to interferometric. tech-
niques to increase the effective aperture
size beyond that feasible from a single
structure. A radio interferometer can be
regarded as a radio analog of the well-
known optical instrument developed by
Michelson in the early part of this centu-
ry to measure stellar diameters. Two
antennas, spaced by a baseline of length
D, are connected to a receiving system
(Fig. 1A). After amplification and hlter-
ing, the sipnals are combined in a corre-
lalor. The difference A in the path
lengths of an incoming wavelront from a
dislant source determines the delay dif-
ference of the lwo signals and thus their
relative phase. Signals of the same

A-1
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phase, which occur when A is an intcgral
number of wavelengths, produce a maxi-
mum in the correlator oulput, and signals
in antiphase produce a minimum. With
respect to the angle of incidence of the
radiation, 0, the responsc is proportional
lo

F(8) = cos[(2mD/))sin0)} n

F(0)-is the [ringe pattern shown in Fig.
1B. The [ringe spacing varies with the
wavelength. Qver the finite bandwidth of
the recciving syslem, this variation
causes the fringe amplitude to decrsase
for large values of the relative delay. The
corresponding effect in optics is the

“white-light fringe phenomenon ({).

The fine structure in the fringe pattern
enables the position and structure of a
source to be studied with an angular
resolution comparable to the [ringe
width, which is AM(D sind) radians. In
terms of Fourier analysis, the interfer-
omeler responds to the Fourier compo-
nent of the source with spatial frequency
on the sky cqual lo (D sin0)A at a
position angle given by the projection of
the baseline onto the sky. To obtain a (ull
two-dimensional map of a radio source,
it is nccessary to scan it with fringe
patterns covering a wide range of fringe
widths and position angles. The rotation
of the earth provides part of this required
variation because an observer looking
down at the earth from the direction of
the source sees the position angle of the
baseline rotate through 180° in 12 hours
(Fig. 1C). Thus the required information
can be obtained by using antennas that
track a source across the sky, together
with different baseline lengths obtained
by using a number of antennas or by
moving the positions of the antennas and
repealing the obscrvation on another day
{or both}. The range of spatial frequen-
cics included in the measurements is
conveniently presented in the Fourier
transform plane, which shows the pro-
jected interferometer spacings as seen
from the direction of the source. Figure
1D shows an example of the form of the
coverage for an array consisting ol three
antennas in an east-west line (sec Fig.
1C). Although a linear arrangement is

The nuthors are at the National Racdio Astronomy
Obscervalory, Edgemont Road, Charlottesvilte, Vir-
ginia 22901,
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adequate for mapping sources at high
declinations, a two-dimensional array is
needed for sources near the celestial
cquator, where the earth's rotation intro-
duces loreshortening rather than rotation
of the basclines.

The measured response 1o a radio
source is expressed in terms of visibility,
a complex quantity thal represents the
mngnitude and phase of the fringe oseil-
lations at the interferometer output. The

source brightness distribution is recon--

structed from the two-dimensional visi-
bility function by an inverse Fourier
transformation, 2 technique known as
synthesis mapping (2).

The recently completed Very Large
Array {VYLA) radio telescope gives, for
the first time at radio wavelengths, im-
ages of high sensitivity with angular res-
olution and image quality cqual to or
better than that given by optical tcle-
scopes. The VLA consists of 27 anten-
nas, cach 25 m in diameter, located at
intervals along the three linear arms of a
Y-shaped configuration. The arms run
outward from the array center at 120°
intervals in azimuth and extend to 21 km.
A double railroad track allows the nine
antennas on each arm to be moved be-
tween four sets of foundations to provide
four configurations with arm lengths
ranging from 600 m to 21 km. With the
largest configuration, the resolution is
better than 1 arc second, which is com-

Recelving
systam

parable with that of large optical tele-
scopes at the best observing sites; the
lower resolution of the more compact
configurations enables extended objects
{such as nebulae) to be observed withoul
loss in sensitivity. Circular waveguide is
used to carry the phase-reference signal
to cach antenna and to carry the received
signals back to the main control building,
where they ore combined in o digitol
correlator, Each of the 351 [{(27 X 26)12)
interferomeier outputs, corresponding o
a different antenna pair, is averaged and
sampled at intervals as short as | second
and then Fourier transformed to produce
a high-resolution image.

The VLA is the most powerful radio
telescope in the world and has given a
tremendous improvement in angular res-
olution, sensitivity, and image quality
over previous radio lelescopes (3, 4).
More than 500 scientists each year use
the VLA for a wide variety of extragalac-
tic, galactic, and solar system studies. Of
particular interest have been the obser-
vations of the radio emission from galax-

ies and quasars. Up to 10% J of cnergy is

found in clouds of relalivistic plasma
ejected from these objects, and under-
standing the source of this energy has
been one of the most challenging prob-
lems of modern astrophysics. Observa-
tions made with the VLA indicate that
the origin of the energy may be traced to
a remarkably compact but highly lumi-

-
ety
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Fig. 1. (A) The two antennas of a basic interferometer showing the differential path length A for
a wavefront incident ot angle 0. The receiving system contains a ¢corrclator that forms the lime

“average of the product of (he volluges, thus giving the cross-correlation, (B) The form of the

fringe pattern given in Eq. 1, which represents the interferometer response (o a puint source at
position 8. ln practice, the number of fringes in the 180° interval shpwn varies from _hum!rcds o
more than a million. (C) An east-west array of three antennas as viewed from the direction of 2

radio source at three instants of time, £, f;, and fy, showing how the position angle of the -

bascline changes with time. (D) The projected antcnna spacings for the three-clement array in
(C), N and E being the dircclions on the celestin sphere. The full fines represent a 12-hour
juterval; during the remaining 12 hours (indicated by the broken curves), the snme spacings wd
position angles arc sepeited and no new information is obtained.
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nous core found in quasars and in the
puclei of active galaxics, from which
long thin jets extend up to millions of
light years toward the giant extended
radio clouds (5). These compact nuciei
radiate as much as 10 W (the radio
power of 100 million normal galaxies)
from a volume of space only a [ew light
years ncross, or shout 1077 of the vol-
ume of the Milky Wy system (sce Fig.
2).

The angle subtended by the radio nu-
clei is very small, typicaily about one-
thousandth of an arc second, or a factor
of 100 to 1000 beyond the resolution limit
of the VLA. In order to obtain radio
pictures on this angular scale wrray, di-
mensions comparable to the radius of the
carth are needed, However, for dimen-
sions much larger than those of the
VLA, physical interconnections of an-
tcnnas by transmission lines become
costly, and there are practical problems
of avoiding obstacles such as rivers and
hills.

As carly as the 1950's, radio astrono-
mers in England and Australia exper-
mented with microwave radio links (o
connect the distant elements of interfer-
ometer sysiems, Although baselines of
more than 100 km were used, there were
too few antenna elements 10 synthesize
the structure of radio sources in detail.
Several years ago, the Nuffield Radio
Astronomy Laboratory at Jodrell Bank

brought the multiclement radio-linked in-

terferometer (MERLIN) system into op-
eration, which uses up to six simulta-
neous antennas with overall dimensions
of 134 km (7). Operating primarily at
wavelengths of 18 and 70 cm, MERLIN
‘has been used 1o investigate the angular
structure of rmdio sources with sizes as
small as 0.1 arc second.

In principle, there is no limit to the
dimensions that can be achieved with
radio links, but the need to install repeat-
ers every 50 km or so would make the
cost prohibitive for an array of continen-
tal dimensions. Satellile repeaters have
been used to distribute a phase-reference
signal 1o distant antennas and to link the
received signals at intermediate frequen-
¢y {IF} 1o a central station. But the opera-
tion of a multiclement, broad-bandwidth
array would require the full capacity of a
modern communications satellite, and so
far only experimental satellites have been
used for briel periods (8).

Fortunately, it is nol necessary Lo
have a direct, real-lime connection be-
tween interferometer clements. A more
cost-eMective method is to record the IF
signals on magnetic tape at each antenna
and to transport the tapes to a central
facility where they are replayed simulta-
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adequate for mapping sources at high
declinations, a two-dimensional array is
needed for sources near the celestial
cqualor, where the carth’s rotation intro-
duces forcshortening rather than rotation
of the baselines.

The measured responsc 10 2 radio
source is expressed in terms of visibility,
n complex quantity that represcnts the
magnitude pnd phinse of the fringe vscil-
lations at the interferometer output. The
source brightness distribution is recan-
structed from the two-dimensional visi-
bility function by an inversc Fourier
wransformation, a technique known as
synthesis mapping (2).

The recently completed Very Large
Array (VLA) radio lelescope gives, for
the first time at radio wavelengths, im-
ages of high sensitivity with angular res-
olution and image quality equal to or
better than that given by optical tele-
scopes. The VLA consisls of 27 anten-
nas, each 25 m in diameter, Jocated at
intervals along the three linear arms ofa
Y.shaped configuration, The arms run
outward from the array center at 120°
intervals in azimuth and extend to 21km.
A double railroad track allows the nine
antennas on cach arm to be moved be-
tween four sets of foundations lo provide
four configurations with arm lengths
ranging from 600 m to 21 km. With the
largest configuration, the resolution is
better than 1 arc second, which is com-

A=D sin 8

A
"l A\
Recelving
sysiem

D

parable with that of large optical lele-
scopes at the best observing sites; the
lower resolution of the more compact
configurations cnables extended objects
(such as nebulae) 1o be observed without
loss in seasitivity. Circular waveguide is
used to carry the phase-reference, signal
10 each antenna and to carry the received
signals bick Lo the main control building,
where they wre combined in o digital
correlator. Each of the 351 [(27 % 26)12)
interferometer outputs, corresponding to
a dilferent antenna pair, is averaged and
sampled at intervals as short as } second
and then Fourier transformed to produce
a high-resolution image.

The YLA is the most powerful radio
telescope in the world and has given a
tremendous improvement in angular res-
olutjon, sensitivity, and image quality
over previous radio telescopes (3, 4).
More than 500 scicnlists each year usc
the VLA for a wide variety of extragalac-
lic, galactic, and solar system studies. Of
particular interest have been the obser-
vations of the radio emission [rom galax-

ies and quasars, Up to 10% J of energy is.

found in clouds of relativistic plasma
ejected from these objects, and under-
standing the source of this energy has
been one of the most challenging prob-
lems of modern astrophysics, Obscrva-
tions made with the VLA indicate that
the origin of the encrgy may be traced to
a remarkably compact but highly lumi-

N
o
e '-'-'::\—\\ E
‘\.:""-: :j//

Fig. 1. (A) The two anlcpnas of a basic interferometer showing the differential path length & for
a wavelront incident ot angle 0, The receiving sysiem contains a correlatos that forms the time

" average of the product of the valinges, thus giving the cross-correlation, (U} The form of the

fringe pattem given in Eq. 1, which represents the interferometer response (o 2 puint source al

position 8. In practice, the number of fringes in the 180° interval shown varies from pundrcds to
more than a million. (C) An cast-west arruy of three antennas as viewed from the directionof &

radio source at three instants of time, £, fa, and 1, showing how the position‘angle of the

baseline changes with time. (D) The projecied antenna spacings for the three-clement array in
(C), N and E being the directions on the celestial sphere. The full lines represent a 12-hour

.

imerval; duing the remaining 12 hours (indicated by the broken curyes), the same spacings vud
posilion angles arc repeated ond no new information is obtained.
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nous core found in quasars and in the
nuclei of active galaxies, from which
long thin jeis extend up to millions of
light years toward the giant extended
radio clouds (5). These compact nuclei
radiate as much as 10" W (the radio
power of 100 million normal galaxies)
from a volume of space only a few light
years across, or about 107 of the vol-
une of the Milky Wy sysiem {sec Fig.
2).

The angle subtended by the radio nu-
clei is very small, typically about one-
thousandih of an arc sccond, or a factor
of 100 to 1000 beyond the resolution limit
of the VLA. In order to obtain radio
piclures on this angular scale array, di-
mensions comparable to the radius of the
earth are necded, However, for dimen-
sions much larger than those of the
VLA, physical interconnections of an-
tenpas by transmission lines become
costly, and there are practical problems
of avoiding obstacles such as rivers and
hills.

As early as the 1950's, radio astrono-
mers in England and Australia experi-
mented with microwave radio links to
connect the distant elements of interfer-
ometer sysiems. Although baselines of
more than 100 km were used, there were
oo few antenna elements to synthesize
the structure of radio sources in detail.
Several years ago, the Nufficld Radio
Astronomy Laboratory at Jodrell Bank
brought the multiclement radio-linked in-
terferometer (MERLIN) system into op-
eration, which uses up to six simulta-
neous antennas with overall dimensions
of 134 km (7). Operating primarily at
wavelengths of 18 and 70 cm, MERLIN

*has been used to investigate the angular

structure of radio sources wilh sizes as
small as 0.1 arc second.

In principle, there is no limit to the
dimensions that can be achieved with
radio links, but the need to install repeat-
ers every 50 km or so would make the
cost prohibitive for an array of continea-
tal dimensions. Satellite repeaters have
been used to distribute a phase-reference
signal 1o distant antennas and to link the
received signals at intermediate frequen-
cy (IF) to a central station. But the opera-
tion of a multiclement, broad-bandwidth
array would require the full capacity of a
modern communications satellite, and so
far only experimental satellites have been
used for bricl periods (8).

Fortunately, it is not nccessary to
have a direct, real-time connection be-
tween interferometer clements. A more
cost-efective method is to record the IF
signals on magnetic tape at cach antenna
and to transport the lapes 10 4 central
facility where they are replayed simuita-
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neously, Time synchronization of the
recordings is provided by atomic fre-
quency standards at each anlenna, which
also supply a stable reference signal lor
the local oscillators. This technique of
using independent oscillators and tape
recorders is known as Very Long Basc-
line Interferometry (VLBI) and was de-
veloped in the late 1960's, primarily in
response Lo the need for ultrahigh resolu-
tion to study the compact radio nuclei in
quasars and active galactic nuclei (9).

Since that time, more than 25 inde-
pendently operated radio telescopes
throughout the world have been used in
coordinated YLBI programs, with up to
18 anlennas being employed simulta-
neously, Approximately every 2 months,
1 to 2 weeks are set aside at six or more
radio telescopes in the United States for
simultaneous VLBI observations, In Eu-
rope, similar sessions are scheduled four
times per year. Frequently a number of
European and North American antennas
are combined to form a global network.
Regular VLBI observations are also
scheduled by NASA, the Nationa! Geo-
detic Survecy, and the Jet Propulsion
Laboralory. for a variety of terrestrial
experiments lo study globnl tectonics,
polar motion, earth rolation, and time
synchranizatlion., Many pioncering dis-
coverics have been reported from these
networks of existing antennas, but by
1975 the need for a full-time dedicated
array of speciaily designed and strategi-
cally located antennas had become ap-
parent {10).

. The VLBA

In 1982, after 7 years of study and
evaluation, the National Radie Astrono-
my Observatory submitted a request to
the National Science Foundalion to con-
struct a dedicated Very Long Baseline
Array (VLBA) to provide high-quality
radio images of very small galactic and
extragalactic radio sources (/J). The
VLBA is being designed to give resolu-
tions ranging from a few tenths of a milli-
arc second to a few hundredths of an arc
second, which correspond to the planned
wavelength range lrom about 1 ¢m to |
m, The VLBA will consist of ten preci-
sion antennas, each 25 m in diameter,
located throughout the United States,
including Puerto Rico and Hawaii. The
configuration of the elements (Fig. 3) has
been chosen to oplimize the resolution
from within the United States while
maintaining uniform coverage of project-

. ed interferometer spacings to minimize

the sidelobes. However, it is also neces-
sary to choose locations that minimize

12 JULY 198§

Declination {1950.0)

30

ika

Declinstion (1950.0)

Fig. 2. Structure of the
active radic galaxy
3C120 over a wide
range of angular scales.
The resolution is varied
by changing the base-
line length and observ.
ing frequency. The im-
ages shown here were
made with maximum
basclines of (A) DI =
1.9 x 10'(D, 3.4km; \,
18 cm); (B) DI = 5.7
x 10° (D, 3.4 km; X, 6
em); (C) DIA = 6 x 10°
(D.34km; X, 6 cm); (D)
Dix = 1.8 x 10* (D, 34
km: A, 2 cm}; (E) DiA
= 5.5 x 107 (D, 10,000
km: A, 18 em): and (F)
Div=17x10" (D,
10,000 km; A, 6 cm) (6).
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Fig. 3. The VLBA configuruion showing the antennis in Hawaii. California, Qregon, Arizona,
New Mexico (two), Teans, lowa, Massachusctts, simd Puerto Rico,

radio interference and atmospheric wi-
ter vapor, which introduce phase fluctu-
alions, Proximity to major transportation
centers has been an important consider-
ation and, wherever feasible, sites
existing radio observalorics or other
sources of technical support have been
preferred,  Considerable  weight  has
therefore been given to lucating as muny
elements as possible in the relatively
dry, cloud-frec southwestern  United
States. Itis also desirabile that the resolu-
tion gap between the VL.BA ‘and the
largest configuration of the VLA be kept
to a minimum. This in particular infu-
ences the locution of the elements near-
est the VLA to allow courdinated ubser-
vations 1o he made with the combined
V1A and VEBA 1o cover angubinr sciles
that range over a factor of more thin
100,000,

Each VLBA antenna will be equipped
with tidio receiving systems covering
assigned wdio astronamy bands in e
frequency range from 330 MHz 10 43

Gllz, giving a broad range of resolution
and swiface brightness sensitivity. The
principal bands covered are listed in Ta-
ble 1. Feeds for 330 and 610 MHz will be
located at the prime focus of each anten-
na, and for the other frequencies (eeds
will be at the Casseprain focus. The
Cassegrain fecds will be arranged on a
circle 1.7 m in diameter, and the subre-
fector will be mounted so that it can be
adjusted under computer control to di-
rect the received rindiation to any desired
feed element. Each feed will have oul-
puts for opposite senses of circular po-
larization, and two low-poise amplifiers
for each band will allow both polariza-
tions 1o bLe received simultancously.
Most of these ampliliers will use gallinm
arsenide  lield-ellect ansistors {GAS-
FIE1"s), and for frequencies above |
Gllz they will be cooled to 15 K by
closed-cyele helium  refrigerator  sys-
tems. By couling the amplificrs, system
noise teaperitares in the range of W K
10 70 K can be obtained, thus providing

Iable 1. Sensitivity and angular resolution in various frequency bands.

Receiver input stale Sysiem Angular
Frequency - "'_-"‘_';;;;;;J noise Noise resolution
(Gitle) . Type* (eHiperie temperi- levelt {milli-are
ture 1K) wre (K) sceonds)
0.312 to 0,342 GASFET R 120 0.2 24
0.608 to 0.604 GASFET v 75 0.1 13
1.3 w LTS5 GASFET 15 3 0.04 5.4
2015 w 235 GASFET 15 3 a.04 . )5
46 10 5l GASFET 1§ 35 0.4 1.6
8.0 1o B8 GASFET 15 45 0.06 09
144 tol5.4 GASFET 15 05 0.08 0.5
222 1246 HEMT 15 70 0.1 0.4
42, w0 ddS SIS mixer } 75 0.1 0.2

*ligheelection mabatity timsistuss EIEMT'S) may replace the stamlard GASEET" at wher high-fiequency

bapds as developinent perasits,

1 Rout-mean-square_nise level fur an 8-honr obiservation, measuied i
mitlijzanskys (1 miltijansky iv equivalent 1o 1077 W™ He .

A=4

high seasitivity. At the two highest fre-
quency bands, high-clectron mobility
transistors (HEMT s} and superconduc-
tor-insulistor-superconductor (S18) mix-
ers will be used,

Recording Systein

[n recording the signals on tape, a
digital rather than an analog representa-
tion is almost always used. The signal is
then sumpled periodically, and the accu-
racy with which the phase is preserved
depends on the timing of the sampler, In
u digital system, the accuracy of the tape
speed and similar mechanical fuctors are
less critical, For preserviog the informa-
tion in the signal, the sampling [requency
should be no less than the Nyquist rate,
which is twice the signal baadwidth.
‘Thus, if the received bandwidih is A/, the
bit rate (number of bits per second) that
must be recorded is

Jo=2fn, (2)

where #, is the number of bits per sam-
ple. The overall sensitivity (signal-to-
noise riatio) increases as 4f and #, are
increased, ln the common  situation
where the limit on the received band-
width is imposed by the lape recorder,
which limits f; in Eq. 2, optimum per-
formance is oblained by using two-level
or three-level quantization for which #,
is 1 or sbout 1.6, respectively. In two-
level quantization only the sign of the
signal vollage is recorded, and informa-
tion about the magnitude of the voliage is
lost. However, the output of the interfer-
omeler is the cross-correlation of the
signals received in two antennas, which
take the form of Gaussisin vadom pro-
cesses. The ellect of two-level quantiza-
tion in this case is simply the reduction
of the outpul signal-lo-noise ratio by a
factor of 0.64 relative to thit for similar
signals without quantization. Because of
its simplicity, two-level quantization has
been used almost vaiversally in VLB
systems, with the signal bandwidth equal
to hall the recorded bit rate, However, in
cases where the signal bandwidth is lim-
ited by factors such as the width of a
spectral line or an interference-frec fre-
quency band, increasing the number of
quantization levels offers an increase in
sensilivity. .

When the first VLBI system wenl into
operation in the United States in the late
1960's, convenlional computer lape
drives were used, and the recorded
bandwidth was restricted to a few hun-
dred kilohertz (£2). Since that time, in
response 1o commerciul and consumer
needs, bandwidths and bit densities have
increased significantly.

B
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Two VLBI recording systems are in
common usc loday. One, the MKII sys-
tem, is based on a modificd home video
cassette recorder (VCR) that is used to
obtain 4 hours of unintcrrupted digital
recording with a sampling rate ol 4 mega-
bits per second for a 2-MHz bandwiith
with (wo-level quantization. More than
25 radio telescopes throughout the world
have recording systems of this type. The
recorded data can be replayed at any one
of three processing facilitics located at
the Max-Planck Institut f0r Radioastron-
omic in Bonn, Germany; at the National
Radio Astronomy Observatory in Char-
lottesville, Virginin; and at the Californin
Institute of Technology in Pasadena,
California.

The newer MKIIL system, devcloped
at the Massachusetts Institute of Tech-
nology Haystack Observatory largely
under NASA sponsorship, uses a 28-
track longitudinal instrumentation re-
corder to obtain data rates up to 224
megabits per sccond (112-MHz signal
bandwidth) wilh a tape speed of 270
inches per second. But because the bit
density of the MKIII recording system is
an order of magnitude [ess than that of
the MKII system, the high data rate is
achieved only at the expense ol using
prodigious amounts of magnetic lape.

In recent experiments at the Haystack
Obscrvatory, good signal reproduction
has been achieved with nasrow recording
heads machined from gap bars used to
fabricate standard VHS heads for the
home VCR market. The VLBA will usc
32-track head stacks, with each track 20
pm’ wide, writing at a data rate of 4
megabits per second for a recording rate
of 128 megabits per second. A piczoclec-
trically controlled mechanism will be
used to reposition the head stack to
allow 26 passes of l-inch-wide tape. In
this way a single 16-inch reel of tape
(13,000 fect) will last for 8 hours and will
hold approximately 3 x 10" bits of in-
formation. Even longer recording times
may be possible with thinner tapes or
larger reels (or both). Tests run with a
prototype system at the Haystack Obser-
vatory have been successful in keeping
the position of the recorded (rack to
within 1 pm over tape lengths of up to

" 9000 feet (13).

The recording rate of 128 megabits per
second will accommodate a total band-
width of 64 MHz with two-level quanti-
zalion. Provision will also be made for
use of four-level quantization for spec-
tral-line observations. Higher recording
rates will be possible for short periods of
lime to increase the sensitivity for spe-
cial experiments. The total recorded
bandwidth may be subdivided into as
many as 16 subbands, over which the
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Fig. 4 {lef1), (Top) Unprocessed image of the radio galaxy Cygnus A oblained with the VLA by
Petley, Dreyer, and Cowan. The splotchy background does nol represent real structure but is
the result of the inability of the VLA to meosure the entire Fourier transform of the object,
{Hottam) Top image corrected for incomplele coverage of the Fourier transform plane
{CLEAN) and atmospheric phase lluctuations (sell-calibration). The dynamic range {entio of
peak brightness lo rool-mean-square naise) has been improved from about 100:1 to 4000:1, and

structural details obscured in the top image arc now readily discernible.

Fig. 5 (right}.

Coverage of Fourier transform plane of VLBA (solid lines) with proposed extension lo space by
means of the QUASAT satellite (dotted lines), « and v are the projected interferometer spacings

in wavelengths at a frequency of 22 GHz.

received signals can be distributed in
frequency and polarization. For exam-
ple, the most common form ol observing
is likely to make use of a single [rcquen-
cy band with both senses of circular
polarization being received and with half
the recorded bandwidth assigned to each
ane. Tt will be possible 1o posilion the
subbands contiguously in frequency or
lo spread them out over a wide range {up
to 500 MHz). It will also be possible to
make simultancous observations in cer-
tain pairs of frequency bands.

Time and Frequency Standacds

The VLBA will usc a hydrogen maser
frequency standard at cach anlenna as an
independent time and frequency slan-
dard. A hydrogen maser makes use of
the well-known line of atomic hydrogen
at 2l-cm wavelength that is cmitted
when the spin vector of the electron
changes sign relative to that of the pro-
ton in the ground-state atom. In the
maser molecular hydrogen is dissociat-
ed, and atoms with the desired excitation
are selected by a magnetic field and
passed into a cavity that is resonant at
the line frequency of 1420.405 MHz, The
resulting stimulated emission provides a
signal that is stable in frequency to the
order of 1 part in 10'* for periods up o a
few thousand seconds. The maximum
possible integration time is sct by the
requiremient that the relative oscillator
phase must drift by no more than, say,
0.2 radians, Then at the maximum
VLBA f[requency f of about 40 GHz,
with 0.2/(2nf7) approximately cqual to

A-D

10™", the maximum integration time (1)
is about 1000 seconds.

In maintaining coherence over the en-
tire signal bandwidth, the incoming
wavefront must be sampled at the (wo
antennas of each interferometer with an
accuracy of the order of the reciprocal
bandwidth, and this accuracy must be
preserved on playback, With. a band-
width of 50 MHz, time synchronization
accurale to 20 nsec is required to detect
interference fringes. In actual praclice,
the signals are combined with a range of
possible delays, so that the necessary
timing accuracy is easily achieved with
hydrogen maser clocks.

The Playback System

Approximately 7 miles of data tape
will be accumulated each day at each
antenna clement and sent by commercial
transport 1o the YLBA Operating Center
in New Mcxico, where it will be simulta-
ncously played back and correlated with
tapes from cach of the other aniennas.
The processor system will allow for up to
20 playback recorders, so that additional
antenna systems in the United States and
other countries can be used to enhance
the sensitivity and resolution of the
VLBA. This processor, which is being
devcloped at the California Institute of
Technology, will contain about 50,000
complex digital correlators and will pro-
vide playback rates of at least up lo 256
megabits per second (bandwidths up to
128 MHz2) in the continuum mode. For
spectroscopic applications, the received
bandwidih can be subdivided into as



iy as S12 drequency channels with
channel bandwidths as narrow s 125
Hz, Anattached fringe processing com-
puter will generate the lrequency chan-
nels by Fourier teansformation ol the
weasured delay function and will per-
form other routine normalization and
calibration tasks (/4).

Iage Formation

The image of a radio source obtuined
by Fourier trapsformaton of the mea-
sured visibility is the true brightness
distribution convaolved with the syathe-
sized beam pattern. which is the re-
sponse of the array 10 a source ol infini-
tesimal angular dimensiops. The beam
pattern is determined mainly by the
range of spatiad {requencics covered in
the observations (see Fig. 1D) and is
derived easily. It is desirable that the
beam pattern should have a well-delined
main beam with a minimum of sidelobes.
This constrains the diswibution of the

Apr, 1081

July 1982

Feb, 1683

Ocl, 1983

Jan, 1684

0,001

40 light yeara

Fig. & dlefi). Five images of the quasar 3C345
showing the increase in separation of 21 light
years during 2 2.75-year period, or an appir-
ent average expamsion velocity of uboui Be
(7). Fig. 7 tright). Image of the OH maser

in the envelope of 4 newly formed star in the constellition Cassiop

128

buselines and was i majar consideriation
in selecting the antenna sites, However,
with unly ten antentils there are side-
lobes with amplitudes of the order ol §
percent of the synthesized masin beam,
Because the pattern of the residunl side-
lubes is accurately Known, their effect on
the radio image can be ellectively re-
duced by numerical computition with an
algorithm known as CLEAN. In this
process e radio image is analyzed into
a set of beam patterns lincluding side-
lobes), and then the image is reconstruct-
ed with a clean beam {that is, one with-
out sidelubes) (Fig. 4).

The ¢lfect of rropospheric and iono-
spheric irregularities on the signal phise
is mure serious because the resulting
Nuctuations are not predictable and are
olten too rapid to remove by using a
separate calibration source, especially at
short centimeter and millimeter wave-
lengths, However, adaptive calibration
techniques have been developed that use
preliminary  images  conlaminated by
phase errors to estimate the unknown

A-6

pliaes by itertive procedures. For v
antennas there are many more measured
interferometer phases, MN ~ D2, than
unknown relative  antenna phases.,
N — |; because of this, the procedure
converges rapidly, Several practical al-
gorithms now exist under the names of
“hybrid mapping,”* **self-calibration,”
or “wdaptive-calibration™ (£5). Howev-
er, the atmospheric etfects are mitigited
at the expense of increased computing
time because the procedures require
many iteritions of the basic mapping
processes, These procedures are pres-
ently in use at the VLA, and the two
instruments will largely share the same
software and computing facilities.

Operation

The operation of a radio telescope
with elements dispersed over 8000 km
presents 8 pumber of problems. With the
present ad hoc VLBI activities, each
antenna is operated by the local resident

eit. The colors indicate Doppler velocities of recession increasing from blue to
red, Each spot is & maser source emitting radio padiativn equivalent to a tilack buddy hested 1o 10" K., This image was formed from an eight-station
VLBI ubscrvation with antennas i Massachusetts, West Vieginia, Texas, Winvis, Maryland, Calilornia (twol, and Camuda (18}
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stall who carry out a prearranged ob-
scrving program. All the clements of the
VLBA will be controlled from an Opera-
tions Cenler in Socorre, New Mexico.
This location was chosen to simplily the
combined operation with the VLA, in-
cluding some shating of personnel and
cquipmient.

Normally, cach anienna will be unat-
tended, but a technician-operator will be
available at each site for inspection, rou-
linc mainlenance, and the simpler un-
scheduled repairs. The local stafl will
also updale the operating systems at the
tocal control compiier, change the data
tapes, and ship them Lo the Operations
Center and will be responsible for securis
ty, emergency intervention, and routine
start-up and shut-down procedures.

The Operations Center will provide for

major maintenance and repair requiring
personne! with special  skills, special
equipment, or major replacement parts.
Howaver, because there arc plans to
build much of the electronics in modular
units and to replace complete modules in
the case ol lailure, most such replace-
ments can be performed casily by the
local site personnel. Defective modules
will be returned to the Operations Center
for repair. This procedure, although re-
quiring a somewhat larger than normal
inventory of sparc parls, will reduce
travel and personnel costs. The modular
packaging was used in the design of the
VLA and has proved to be highly practi-
cal.
. The VLBA will be operated by means
of a preplanned program under the con-
tro! of a central computer that will simul-
tancously monitor the performance of
the antennas and receivers as well as the
meteorological conditions at each site.
An array control operator will be present
at all times at the Operations Center to
intervene when necessary and to camry
out various bookkeeping tasks. From
time to time brief samples of the received
signal at each antenna will be sent to the
Operations Center via telephone lines
and corrclated in nearly real time to
check that all components of the VLBA
are functioning properiy.

For special expcriments, additionat
antennas such as the VLA and antennas
in North America, Europc, Japan, and
Australia may be included to increase
even further the resolution, sensitivity,
and image quality of the array. Of portic-
ular importance will be the dedicated
VLBI antennas now being construcied in
Italy and an array of four to mine ele-
ments under discussion in Canada,

These global systems will approach
the best practical resolution obtainable
from the surface of the carth, but cven
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higher resolution will be possible from
space. Plans alrcady cxist for a joimt
European Space Agency-NASA project
to orbit a 15-m radio telescope known as
QUASAT to operate together with the
VLIBBA aml other teerestrinl - nrrays.
QUASAT will give a further increase in
bascline lenpth over the VLBA by a
factor of about 3 (Fig. 5), But perhaps
more important, it will be the first step
towatd larger and more distant antennas
in space that will permit cven further
improvemenl in resolution.

fesearch with the VLIA

Compiction of the full VLBA, which
will give high-quality radio images with
unprecedented angular resolution, is
planned for 1990. When completed, the
array will allow detailed studies of the
tiny cnergetic cores of galaxies and qua-
sars, as well as pulsars, radio stars,
interstellar molecular masers, and other
compact sources of radio emission. In
addition to astronomical studics, the ar-
ray will be of importance in peodetics,
crustal dynamics, and space navigation.

VLBI observations made with exisling
radio (clescopes have already given a
glimpse into the heart of quasars and
galaxics, but the nature of the central
cnergy source still remains a myslery.
With the VLBA it will be possible to see
in detail the dynamics of the encrgy
gencration process. Of particular interest
will be the apparent faster-than-light mo-
tions resulting from the explosive cjec-
tion of relativistic material from quasars
and galactic nuclei (16) (see Fig. 6}

Even within our own galaxy, there are
various compact radio stars of interplan-
elary dimensions that are unresolved by
conventional radio tclescopes but can be
studied with the VLBA. Onc of the most
important problems in galaclic astrono-
my is understanding the lile cycle of
stars. Clouds of OH, H,0, and Si0 are
often found in regions where stars arc
formed and in the atmospheres of very
old stars. They are excited by the stellar
radiation and act as interstellar mascrs.
High-resolution radio picturcs made with
the VLBA will be used to probe the
dynamics and magnetic ficlds in these
regions on a scale of 10" to 10'* em and
to pive information on the birth and
death of stars {sec Fig. . .

Hydroxyl radical masers conlain mag-
netic ficlds of the order of a few milli-
gauss thal cause the spectral features to
exhibit Zeeman splitting. Observations
of this splitting reveal the three-dimen-
sional magnetic ficld vectors throughout
these regions, which give some insight

A=T

into the manner in which the magnelic
ficld affccts clond collapse and star for-
mation. The high resolution of the
VLBA will also extend the range of
direct dislance measurcments by trigo-
nomelric parallax, Observations of prop-
cr motions will be possible both through-
out our galaxy and in other galaxics. This
will open up an exciling range of astro-
metric solutions to the important prob-
lems of the structure and rotation of the
galaxy.

One type of 11,0 maser sourcc con-
tains clusters of hundreds of bright spots
whose relative motions are nearly ran-
dom. The distance o such sources cin
be determincd by statistical parallax
methods, that is, by comparison of dis-
persions of the radial velocity and angu-
Jar motions. The distances (o the maser
sources in Orion and W3l (1,600 and
23,000 light years, respectively) have al-
ready been measured by this technique
with an accuracy of about 20 percent
(19). With the VLBA it will be possible
to make similar measurements on a larg-
er number of objects, including H,0
masers in nearby galaxies, thus extend-
ing this relatively direct distance mea-
surement by a factor of about 100. This
will have major implications for cosmol-
ogy becausc knowledge of the correct
scale of the universe will lead o a belter
understanding of its mass, encrgy con-
tent, age, and eventual evolution.

The VLBA will also be used for a
broad range of problems in physics and
geophysics as well as for astronomy and
astrophysics (20), Because the spacing of
the interferometer fringes depends on
the separation of the anlennas, precise
analysis of the received signals makes it
possible to measure the antenna scpara-
tions with great accuracy. ‘This measure-
ment has a variety of applications o
geodesy and crustal dynamics (plate tec-
tonics). VLBI techniques have already
been usced lo measure transcontinental
distances 1o an accuracy of a [ew centi-
meters (21), and syslematic measure-
ments made over a period of lime may
well detect the small changes in scpara-
tion among the various VLDA clcments
that are due to motions within (he carth’s
crust. Tides in the solid carth amount to
several tens of centimeters cach day, and
the ability to make syslematic measure-
ments of their effect will lead to a betler
understanding of the interior of the
earth. In particular, measurcments of
this type may lead to the predictions of
carthquakes and the detection of conti-
nental drift over lime spans of several
years.

Becausc he directions of the basclines
connecting the individual clements can
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also be determined from the celestial
observations, the YLBA muy also be
used Lo locate the inslantancous position
of the Earth’s rotation axis and the wan-
dering of the poles. Accurate determina-
tion of the rate of the carth’s rotalion
(time) and a better evaluation of the rate
of its slowing dowa will also be possible.

The VLBA can also be used 10 mea-

_sure with great accuracy the relativistic

bending of radio signals as they pass
close 1o the sun. Classical optical mea-
surements of stars near the limb of the
sun made during times of solar eclipses
provided onc of the first experimental
demonstrations of general relativity. But
even now, it is difficult to measure the
bending of starlight with an accuracy
better than 10 percent, Radio measure-
ments made with connected clement in-
terferometers have already givea an or-
der of magnilude improvement in accu-
racy, and the much greater resolution of
the VLBA will lead to further improve-
ments. Indeed, the sensitivily to relativ-
istic effects will be so great that even
position measurements made 90° away
from the sun will need to be roulinely
corrected for relativistic bending.

130

References and Noles

1, The response af a tadiv inlerferomerer is de-
scribed in detail by G, W. Sweason, Jr., and N.
€. Muthur, Proc. JEEE 56, 2114 (1968).
2. M. Ryle. Science 188, 1071 {1975). Ryle was
awarded the Nobel Prize for the development of
synihesis mapping,
3. D. S, llceschen, Telescopes for the 1980°s, G.
Burbidze and A. Hewilt, Eds. (Anaual Reviews,
Palo Allo, 1981}, r 1.
The priaciples of opcration and carly results
from the VLA have been deseribed by R. M.
Hjellming and R. C. Bignell, Science 216, 121
{1982, Far detailed technical descriplions sce P.
J. Napier, A, R. Thompsun, and R. D. Ekers
| Proc, 1EEE 71, 1295 L1 83)) and A. R, Thonp-
son, B. G. Clark, C. M. Wade. P, 1, Napier,
{Astrnphys, J. Suppl. 44, 151 (1950)).
. D. 8. D¢ Young, Science 225, 677 (1984).
" R.C. Walker, ). Denson, S. Unwin, unpub-
lished observations. .
7. 1. G. Davies. B. Anderson, L. Morison, Nature
{Londun) 248, 64 (1980).
5. 1. L. Yen el af., Science 198, 289 (1977
9. C. Bare, B, G. Clask, K. L, Kelierman, M. H.
Cohen, D. L. Jauncey, ibid. 157, 189 (1967) N.
W. Drotea ef al,, ihid. 158, 1592 (1961); 5 M.
Maran ef al., ibid. 157, 676 (1967),
10. G. W. Swenson, Jr., and K, [. Kellermann, ibid,
188, 1263 (1973}, i

I1. Preliminary design studies werc issued by the
National Radio Astronamy Observatory in 19
and 1981 and by the California lnstitute of
Technology in 1980,

12, M. H. Cohen ¢f al., Sefence 162, Bb {1968).

13. The dala-acquisilion system is being developed
at the MIT Haystack Observatory under con-
wract 1o the Nationa! Radio Astronomy Obscrva-

4

[- 301

tory.

14, The playlmek sysiem is belng devcloped »i the
Californin Snstitule of Technology under cone
teact Lo the Nationa! Radio Astronuimy Qbserva-

fary.
15. T. ). Pearson and A. C, 5. Readhead, Annu,

2l
1.

Rev. Astron, Astrophya, 13, 97 (1984). Penrion
and Reudhead dexcriic the use of scll-calibra.
tion techniques Lo remove instrumental as well
as atmospheric errurs in the measured interfer-
ometer amplitudes and phases,

. M. H. Cohen and S. C. Unwin, Ini, Astron,

Union Symp. 110, 95 (1983),

. 1, Barewta, thesis, California Institute of Techs

nology, Pasadena (1983}

From M. 3, Reid ef af., Astrophys. J. 139, 89
{1980},

&, Genzel ef al,, ibid. 247, 1039,

. On 8 and 9 April 1983, the National Rescarch

Council organized a 2:day workshop lo discuis
these nonastronomical uses of the VLBA [Pro-
ceedings of the Workshop on A_luhlducl’phnary
Uses of the VLB Array {Natjional Academy
Press, Washington, D.C., 1983)).
A. E. E. Rogers et al., Science 219 51 (1983).
The VLBA hus been sclected by the National
Academy of Science, Astronom Survey Com-
mittee (Field Commitiee) as the nexl major
ground-based facility for astronomy IR{{"M of
the Astronomy Survey Committee (National
Academy Press, Washingion, D.C., 1982} Pre-
liminary [uading (or detailed enginceny and
design was made available 10 the Notional Radio
Astronomy Laboratory in 1984, and Congress
eyproved. a construction start in 1983, The
'LBA will be construcied by the National Ra-
dic Astronomy Laboratory and will be operated
as a national facility open to all qualified scien-
tists. Allocation of observing time will be based
solcly on the scientific merit of the proposed
cbscrving ‘rrngram. Many individuals through-
oul the radio asironomy communily have con-
tributed 1o the design and devcleﬂ:mem of the
VLBA, We thank especially M. H. Cohen, M.
S, Ewing. J. M. Moran, M, . Reid, A. C. 5.
Rendhend, J. 1. Romoey, A B, It. Rogers, G,
W, Swenson, Jr., and K. C, Walker for many
useful discussions and comments on the manu-
script. The National Radio Astronomy Labora-
lon;r is aperated by Associated Universities, Inc.
under contract with NSF.

SCIENCE, YOL. 229

—

{0

: S

i Wl



————————

oW BT

-

e aen a e e e L T A

S

-

L

g

1

256

SCIENTIFIC
AMERICAN
NO

1988 VOL.

an Article from

JANUARY,
9

: . .
. ¢ - .
- ) : CRAMSYIN EIWDRE THY D00 WYIIAY SUALBITS 43 BSH 0 LHDALAIDD

-h-‘—--—-,____up—hn__, [

p S R e | _Hq. Cc1 oo Uy 53 il I

AT ST A



The Very-Long-Baseline Array

An array of 10 radio antennas across the U.S. will provide the most
detailed images yet of the universe. With it astronomers will explore
such cosmic puzzles as the mysterious processes powering the quasars

by Kenneth }. Kellermann and A. Richard Thompson

ver since Galileo pointed his

telescope to the night sky near-

ly 400 years ago, astronomers
have been building instruments of
ever increasing sophistication with
which to observe the unlverse. Each
Improvement in the resolving pow-
er of thelr instruments has enabled
them to examine the universe in in-
creasing detall and to discover new
kinds of objects unknown lo carll-
er generations. Galileo's telescope
achieved a twentyluld Improvement
in resolution and allowed human
eyes to see for the first time the
phases of Venus, the rings around
Saturn, the four bright moons of ju-
piter, the craters and mountains on
the moon and the myrlad stars of the
Milky way. The gtant optical instru-
ments of today, such as the 200-inch
Hale telescope on Mount Patomar,
can detect objects more than a mil-
lion times fainter than those Galileo
could see. But because of limits im-
posed by turbulence in the atmos-
phere, they can distinguish features
only one-tenth the size of those that
could be detected with Galileo's rudi-
mentary telescope,

The development of radio lechnol-
ogy in World War i opened a com-
pletely new window on the universe.
when astronomers turned radio an-
tennas to the heavens, they began Lo
find a previously unknown universe
of solar and planctary radio bursts,
quasars, pulsars, radio galaxles, gi-
ant molecular clouds and cosmic ma-
sers. Not oniy do the radio waves
reveal a new world of astronomical
phenomena but also—because they
are much longer than light waves—
they are not as severely distorted by
atmospheric turbulence or small im-
perfections in the telescope.

To the ploneers in radio astrono-
my. however, the long wavelengths
appearced to be a severe handicap.
The resolving power of a telescope

depends on the wavelength divid-
¢d by the diameler of the aperture.
To obtain a resolution comparable to
that of an opiical telescope operating
at a typical light wavelength of 5,000
angstrom units (5% 10-7 meter), a ra-
dio antenna operating at a onc-me-
ter wavelength would have o be a
million times as large. Therefore
although the carly radio telescopes
could detect signals from remote gal-
axies that are faint or invisible with
even the larpest optical telescopes,
they had such poor resolution that
they could not always tell indlvidual
sources apart. Even the largest steer-
able single-dish antenna, a 100-me-
ter reflector in Germany operating at
wavelengths of about one centime-
ter, can attain a resolution of only
one minute of arc, roughly the same
as that of the unaided eye. To build a
radio telescope with a resolution of
one second of arc, comparable to that
of the Hale telescope, would require
an antenna with a diameter in the
tens of kilometers.

Fortunately there is a way around
the dilemma. About 25 years ago ra-
dio astronomers became aware that
they could synthesize a resolution
equivalent to that of a large aperiure
by combining data from smaller ra-
dio anlennas that are widely separat-
ad. The effective aperture size would
be about equal to the largest scpara-
tion between the antennas. The tech-
nique is called synthesis imaging and
is based on the principles of inter-
ferometry. Radio astronomers In the
U.S. are now building a synthesis ra-
dio telescope called the Very-long-
Baseline Array, or Vi.BA. With 10 an-
ennas sited across the country from
the Virgin 1slands to Hawail, It will
synthesize a radio antenna 8,000 kil
ometers across, nearly the diameter
of the earth. The vLBA's angular reso-
Jution will be less than a thousandth
of an arc-second—about three orders
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of magnitude better than that of the
largest conventional ground-based
oplical telescopes. Astronomers ea-
gerly await the completion early in
the next decade of the visa, which
Is expected, among other things, to
give an unprecedentedly clear view
into the cores of quasars and galactic
nuclel and to reveal details of the
processes—thought to be powered
by black holes—that drive them.

Radio Interferometry

The basic principle of the VLBA Is
that of the radlo interferometer, a
system that combines the signals re-
ceived from a radlo source by two or
more anlennas, The resulting inter-
ference pattern indlcates the differ-
ence in the path lengths from the
source to the antennas. If the paths
differ by an integral number of wave-
lengths, wave crests will arrive at the
antennas in phase, or shnultaneous-
ly, and produce an intensity maxi-
mum when the signals are combined.
Conversely, If the paths differ by an
odd number of half wavelengths, a
crest and a trough will coincide and
cancel, thureby creating an intensity
minimum in the combined signal.
Because the path lengths are deter-
mined by the position of the radio
soufce in relaton to the aniennas,
the Interference pattern contains In-
formation about the location and de-
tailed features of the source and can
be used to construct animage.

When a celestlial object is observed
with a radio inerferometer, the ro-
tation of the carth causes the path-
length dilference Lo vary and the re-
ceived signal to oscillate between be-
ing in and out of phase, crealing a
sinusoidal pauern of maximums and
minimums called interference fring-
¢s. The carth must rotaie through a
greater angle between one maximum
and the nexi for short baselines than
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It must for lonp ones. Closely spaced
antennas therefore produce broad
frinpes and respond only o the
coarser stricture of a source. Anten-
nas with wider spacings respond to
finer detail. Ta gather full informa-
tlon on the structure ol & source it
Is necessary 10 have an arvy ol an-
tennas with a varlely of baseline
lengiths, Morcover, the baseline ori-
entations must be carelully disteibu-
ed I oorder e abtale o two el
pienstonal Tnapes, The rotathm of
Use earth itself causes foreshortening
and reorientation of a baseline in re-
Jatlon 1o the source, so that a serles of
observatlons over a period of tme
has the effect of adding more base-
lines to the array.

The most powerlul radlo lelescope
operating wday, the Very Larpe Ar-
ray {VLA), is a giant y-shaped array
spread out on a high desert platcan
in central New Mexico. It consists of
27 fully steerable parabolic antennas
distributed atong the three arms of
the Y. A 21-kilometer railroad track
runs along each arm with [ixed sta-
tions along the way that provide
bases for the antennas. The antennas
are connected by buried waveguides
10 a central facility where the incom-
ing signals are combined to produce
the interference fringes. The nine an-

tennas on cach arm can he moved
along the track and arranged in four
differemt configurations so that the
arm lengths range from GO0 meters
10 21 kilometers. The antennas oper-
ate in several frequency bands [rom
A4 mepahentz (D0-centimeter wave-
length) 10 23 pltahertz (L3-contine.
ter wavelength). The via ylelds hilgh:
sensitivity images with a resolution
as pond as a tenth of an aressecand,
aared e b ot diey eaquals o sue-
pabsises Lhint ol e hest prouad-lused
optical 1elescopes. With the Via as-
wronomers have obtained radio im-
apes of such objects as sunspots, the
ringgs of Saturn, dark clouds in our
palaxy and the mysterious cnerget-
ic Jets emanatlng from quasars and
fram the center of radio palaxies.

Kut many cosmic radio sources,
such as the enigmalic quasars, are
much too small 10 be resolved even
with the via. They can be studied
only by extending the antenna spac-
ings to thousands of kilometers.
Because of the distances involved,
the antennas cannot be physically
interconnected. Instead signals re-
ceived at each antenna are reccord-
ed on magnetic tapes, which are
transported to a central laboratory
and there replayed simultancously
to simulate the resolution of a single

enormaus anlenna, This technique s
called very-long-baseline interferom-
ctry (v, and It has been exploited
with preat success since the [960's
{sce "ladio Astronomy by Very-
Lonp-Baseline  Interferometry,” by
Anthony C. 8, Readhead; SCINTING
AMERICAN, June, 1982). Fvery few
months radlo observatories around
the plobe, mainly in the U.S. and Eu-
rope hut including at limes anteanas
Iy Avsteadln, eozll, Cannda, Chilon, o
i, Jsymin, Sonthy Aleteaand the Sovd-
et Union, courdinate their schedules
to track sclected oljects. Tapes re-
corded at each of the antennas are
then replayed at one of Wthree proce
essing locations: the Max Planck In-
sthiute for Radio Astronnmy In Bonn,
the National ltadlo Astronmmy Obser-
vatory in Charlottesville, Va,, and the
California Instilute of Technology. As
many as 18 antennas have taken part
in this vint system to obtaln remark-
able images of quasars, active galac-
tic nuclel, cosmic masers and other
compact radio sources.

Details of the vLRA

This ad hoc vLB! system none-
theless leaves much to be desired.
It Is not casy to arrange for a suffi-
clent amount of coordinated observ-

VERY-LONG-BASELINE ARRAY (vina) of 10 radio antennas will  ces, and the data will be correlated at 2 central facility to gener-
extend 8,000 kilometers acrass the US. and have a resolution  ate interference patlerns from which images can be obtained.
comparahle to that of a single antenna nearly as wide as the  The Y-shaped symbol marks the location of the Very Large Array

carth. Each antenna will record radio signals from cosmic sour-  {ViA), which will provide additional data to supplement the vipA.
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ing time, and individual antennas are
not properly sited to give good Image
quality. Moreover, the antennas vary
in accuracy and sensitivity. In order
1o exploit the vim technique better,
the National Radio Astronomy Obser-
vatory, with funds fron: the National
Science Foundation, began in 1985 lo
construct the vLua, a dedicated vil
network of 10 antennas, Each anten-
na will be 25 meters in diameter and
designed to operate at wavelengths
as short as 3.5 millimeters. The an-
tennas will be at sites throughout the
U.S. chosen so that the distribution of
basclines will provide good image

quality. Other important objectives
in the choice of antenna sites were lo
avold strong manmade radio signals,
to minlmize atmospheric water va-
por, to be near major transportation
centers and to have access 1o local
1echnical support. Five of the anten-
nas will be at high elevations in the
relatively dry, cloudless southwest
ernstates.

Fach antenna will he controlled
through a local computer that will
receive Instructions over lelephone
lines from the vLea Operations Cen-
ter in Socorro, N.M. The array will
follow a planned program under

WAVELENGTH (CENTIMETERS)

the contro! of a central computer that
will monitor the antennas and receiv-
ers as well as weather condldons at
each site. An array-control operator
will be able to make changes on short
notlce If there Is an unexpected cos-
mic event, such as a supernova. The
operator will also be able to inter-
vene when necessary, for example if
there are technica! problems or poor
aimospheric conditions. For special
experiments requiring even better
Images It will be possible to Include
data from as many as 10 other radio
telescopes around the world.

Al the present time the first VLBA
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RESOLUTION OF RMADRIO TELESCOPES is plotted against the
frequency of observed radio emissions for various antennas
and arrays. The larger the effective aperture, the finer the reso-
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varlous types of astronomical radio sources. The Bonn telescope
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A aA-12

sists of 27 movable antennas physically linked by waveguide,
MERLIN, operated by the Nuffield Radio Astronomy laboratories
In England, is a seven-anienna array extending over 200 kilome-
1ers and linked by microwave transmission. The vLBA, with a
minxdmum baseline of 8,000 kilometers, will use recorded data.
Quasat and Radioastron orbiting telescopes will cmploy both
milcrowave Jinks and recordings to extend baselines into space.
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antenna, In Ple Town, N.M., is coming
into operation, and [live others are
in varlous stages of construction.
The full visa should be completed
by 1992. By the mid-1990's aslrono-
mers hope to sec the first antenna for
radio inteslfcrometry launched Into
space. The vLBA will at that time pro-
vide pround-based gbservations to
be combined with the data pathered
from space. The VIRA, then, is not
only a major advance in high-resolu-
tion astronomy but also a sicp to-
ward the even more powerful space-
bascd arrays of the {uture.

Clocks and Recorders

Fifty ycars of innovations, from hy-
drogen-maser clocks o home video-
cassette recorders, have contributed
to the technologics that make the
vLnA possible. The highly accurate
clocks are needed to synchronize the
data (rom the antennas; the mag-
netic-tape recorders store the huge
volumes of data coliected at each
antenna. The radio receivers al each
antenna will be among the most
sensitive avallable. Most of the re-
celvers will have transistor preampli-
fiers that will be cooled to 15 degrees
Kelvin (degrees Celsius above ab-
solute zero) to minimize nolse in
the Instruments. Each antenna will
be equipped to cover nine separate
bands in the frequency range from
330 megahertz {(90-centimeler wave:
length) to 43 gigaheriz (seven-milli-
meter wavelength). In the future the
frequency range may be extended
to 86 glgahertz {3.5-millimeter wave-
{ength), which approaches the opera-
tional limit of the anlennas.

In order for the vi.Bi technique 10
work there must be an accurate clock
at each antenna so that the data can
be synchronized. In addition, be-
cause the data are converted into a
lower [requency, there must be an
extremely stable [requency standard
so thal the phase of the signal is pre-
served. Both functions will be carried
oul in the viBA by a hydrogen-mascr
clock, which bases its time standard
on a characteristic frequency of the
hydrogien atom. {Maser stands for mi-
crowave amplification by stimulat-
ed cmission of radiation—the micro-
wave counterpart of the laser.) The
clock’s frequency is stable to a few
paris in 10 for periods of up to an
hour. This means that at the VLEA'S
highest [requency of 43 gipaherz
the data from separate antennas can
be synchronized over a time interval
of about half an hour before the rela-
tive phases drift by an appreciable

amount. It is therefore possible ©
condense hall-hour segmunts of data
by taking the average and thus to
greally reduce the amount of compu-
tation nceded to obtain an image.
vLa signals are recorded digitally
on magnetic tape. The timing of indi-
vidual samples is controlicd by the
maser clock and is not affected by
mechanical factors such as the accu-
racy of the lape speed. Wwhen the first
visl system went into operation in
the early 1960's, conventional com-
puter tapes were used and the re-
corded data rate was limited o a few
hundred kilobits per sccond. Today
modilied home videocassette record-
ers are employed 1o record digital
samples of the signal at a rate of four
megabits per second. This system,
called Mark il, provides four hours
of uninterrupted recording at a two-
megahertz signal bandwidth on asin-
gle cassctie. More than 25 radio tele-
scopes around the world have re-
cording systems of this type. The
newer Mark 1if recording system de-
veloped at the Massachusells Insti-
tute of Technology's Haystack Ob-
servatory, largely under the sponsor-
ship of the National Acronautics and
Space Administration, uses a reel-to-
reel Instrumentation recorder to ob-
wain data rates of up to 224 megabits
per second. This recorder provides
for signal bandwidths of 112 mega-
herlz, bat it consumes a full 10,000-
foot recl of tape every six minutes.
The vLbA requires bandwidths of
at least 100 megahertz in order to
be sensitive 10 weak celestial radio
sources, but this must be balanced
against a nced lo hold down the vol-
ume of tape. The Haystack Observa-
tory has devised a new syslem for
the vLna that has 512 tracks and will
be able to handle 256 megabils per
second while using up tape more
slowly than Mark iil. A single 16-inch
reel holding cight kllometers of tape
will last for more than 12 hours and
store about seven trililun bits of
data—enough to contain the informa-
tion found in 1,000 years' worth ofis-
sues of a major dally newspapcr.
Two reels of tape will normally be
recorded every day atecach of the an-
tennas and flown to the VLBA Oper-
ations Center, where they will be
played back and the data combined
with data from the other antennas.
Up to 20 tapes can be played back si-
multancously, so that non-vLiA radin
telescopes can also contribute data
to enhance the sensitivity and reso-
lution of the viBA, Even with many
basclines the data will contain gaps.
which can cause spurious featurcs,
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called sidelobes, tn show up in the
computed image. These sidelobes,
however, are well understood and
can generally be removed from the
image by means ofa well-tested com-
puter algorithm. More serious errors
can be causcd by unpredictable ef-
fects In the carth's atmosphere, but
praclical algorithms exist for han-
dling these as well,

Jets and Stellar Cvolution

The vwsa will give high-quality ra-
dio Images with a resolution of a few
ten-thousandths of an arc-second,
which Is equivalent to the angle sub-
tended by a pea in San Francisco as
seen from New York. On an astro-
nomical scale this corresponds to an
ability to detect features with diame-
ters as small as 100 miliion miles any-
where in our galaxy or as small as a
few light-years even in the remeiest
parls of the cosmos. High on the list
of targets will be the cores of galaxies
and quasars, the most powerful ob-
jects known in the universe.

The ad hoc viBi networks have
already enabled radio astronomers
to glimpse the inner regions ol qua-
sars and active galactic nuclel, where
plasma Is expelled In narrow Jets,
These violently energetic events are
among the most perplexing prob-
jems in astronomy today. The blobs
of plasma are cjected at velocliles
close to the speed of light and cre-
ate several remarkable relativistic ef-
fects. First, the radiation becomes
focused Into a narrow beam along
the direction of motion. If the object
is moving close 1o the line of sight
and toward the observer, a relatively
weak galactic nucleus may appear to
be as bright as a guasar. There is con-
siderable debate among astronomcers
over whether the intense luminosity
of quasars resulls from this effect.

Anh even more remarkable conse-
quence of relativistic motion s the il
Juston that the plasma blobs are mov-
ing faster than the speed of light. This
arises because the object Is mov-
ing toward the observer so fast that it
nearly keeps up with Its own radia-
tion. If the object travels for many
hundreds of years, radiation emitted
at intervals of hundreds of years will
reach the observer only a few years
apatl. As secn from the ecarth, the
path of travel can be foreshortened
and appear to be tens of light-years,
giving rise to the ilusion that the ob-
jecthastraveled tens of light-years in
only a [ew years. The phenomenonis
called superiuminal motion and of-
ien occurs when a radiating plasma



blob is ejected from the nucleus of a
quasar. These ejections seem Lo take
plice every lew years, and it is spec-
ulated that the engine driving the ac-
tivity is a massive black hole. The

VLIA'S resolution will enable astron-

onmers to understand in greater de-

tall the processes gencerating the jets,

Closer 10 home, aslronomers are
studying objects In our own galaxy
in an auempt  understand the life
cycle ol stars—how they are born
and how they die. Here o the VLA
can probe radio phenomena associ-

ated with stellar activity that cannot
be resolved with conventional radio
telescopes. Of particular interest is
the intense microwave radiation
from cosmic hydroxyl (OH), and wa-
ter-vapor masers that are found in
the gaseous envelopes ol very young
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ATOMIC FREQUENCY
STANDARD
(HYDROGEN MASER)

\ A TAPE RECORDER  TAPE RECORDER | ¥
LOW-NOISE ‘ ' LOW-NOISE
SIGNAL SIGNAL
= RECEWVING [* @ @ @ <E- bl RECEIVING &
SYSTEM DIGITIZATION ") _ —Y,_\¢" /|| picimizaTiON SYSTEM
i |
] I
¥ ¥
y ‘ .
N '. A /
h 4 \
 ‘CENTRAL FACILITY CORRELATOR
RECEIVED = ™~ 7 /7N TN 2
POWER o TIME -

VERY-LONG-BASELINE INTERFEROMETRY {vLaI) makes use of

~ widely spaced aniennas to observe cosmic radlo sources. A hy-

drogen-maser clock at each anlenna synchronizes the observa-

. tjons and provides a frequency standard so that phase refations

will be preserved when the daia are recorded an magnetic tape,
The recordings are taken to a central facility and replayed into
the correlator, which comblnes the signals, The resulting in-
terference pattern yields an image by Fourier transformation.

IN PHASE

THE EARTII'S ROTATION causes a pairof radio-interferometer
antennas 1o nscilline between being in phase and out of phase
witls each other. The amount of rotation needed 1o change the
phase relations depends bothon the wavelength of the observed
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QUT OF PHASE

radio waves find-on the distance separating the antennas; the
shorier Ui wavelength or the greater the antenna separalion,
the less rotation required. This in wwrn determines the amount of
detail that (he pair of intennas can resolve as they scan the sky,
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stars as well s i the dusty e bods
around aging red giants,

Fhese cosmic masers, amang the
briphtest microwave sources in the
skv, emit radiation when clouds ol
hvdronyt radicals or water molecules
are stimulated to drop Irom o high
energey stale o dower one, The exe
cess enerpy is released as intense
narras-himed microwave signals at
clharacteristiec wavelenpths near I8
centimeters tor the hydronyl vadical
and 3 centimeters lor water, Maser
soltrces alien contain mahy separae
bright spats whose velocities can be
determined by the Doppler shilks of

thete eacdistion, The vies images of

maser motions should reveal mueh
about the dynamics of the turbulent
viouds, such as whether they are ro-
tatitsge or arce ving apart in the aller-
math of i cosmic explosion.

The hydroxyl maser may also act
as a sensitive probe of magnenic
ficlds jo the maser cloud. Maphetic
liclds create small dillerences in the
energy levels of the hydroxyl radi-
cal. The eminted radiation is splitinto
paies of spectral lines whose wave-
lenpths are stightly different, a phe-
nomenon called the Zeeman ellect,
Nigh-resolution observations of the
splitting can reveal details of the
magnetic field in three dimensions
throughoul the maser cloud and so
make It possible [or astronomers 10
study the role of magnetic fiekls in
causing cionds to eollapse and lorm
embryonic stins,

Measuring Cosmic Distances

The vi.na will also be able (o yield
the most accurate measurcments yel
of cosmic distances, a problem af
fundamental importance in astron-
omy. An accurate scale of the uni-
verse is vital toany anderstand-
fog of its total mass and energy and
of {is past and future evolution, and
yet the overall scale of the uni
verse is uncertain by a factor of two,
High-resolution instruments provide
a way to determine distance direct:
ly. Tor example, in the case ol a su-
purnova remnant that is assumetd
to he expanding evenly in all direc
ions, the veloeity of the expansion
cin e measured by the Doppler shil
in its raciation. Then, by comparing
the velocity with observinions ol the
changing diameter, one can infer the
distance. The technigue was recently
applied by an internatinnal team o
raclin astronomers o determine the
distaner 10 i supernova that oc.
curced in the Viego clusier in I,

VI observalions gave an anstular
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RADIO GALANY 3C 120, halla billion light-vears away, reveals more detail as the resa-
Tution ol the image improves. The top image, made by the viaat 1,667 megahertz, lias o
resohdion af nine seconds ol are, 10 1he middle imape, made at 15 gigahers2 with the
artav'sarms extended to the Tufl 28 Kilometers, he v resolves featires as simallas 15
ave-second aned shows o garrow jet curving away Trenn the active nucleus. The hattom
insagre, nhtained vy an Thantenna Vil ahservirtion made at five gigaherty, reveals de-
tils as stallas 00T arc-second. The virnebservations measuced the apparent supor-
Naninal motion of plasma btabs inthe jetas being ahont seven times the speed ol light,
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expansion rate of about 003 arc-sec-
ond per year. Optical and ultraviolet
spectra indicated that the supernova
is expanding at 11,000 kilometers per
secand, which corresponds 1o .003
wreseeonel e year o distanee ol
about GO Hpht-years, So far the techs

nique is about 35 percent accurate,
Lut the VLA I8 expected o Inprove
the performance significamly.

viit has aiso provided a highly pre-
cise measurement of the relanvisiic
Prenneblange of radba seaves by Lhe pravt
tatlomad leld ol the sun, Qeglinally

POWERFUL ENERGY SOURCE inside quasar 3C 380 appears in this vLs image as a
bright spot less than 10 light-years wide, 1t is thought the intense energy can be gen
erated only by a black hole. The visa will be able to reveal details of such precesses.

INTENSE RADIO QUTBURST in binary star UX Arictis was recorded in July, 1983. The
image, made by a six-antenni viil system operating at five gigahertz, is barely able to
distinguish the two parts of the binary. The radio emissions are thought to be generat-
ed by relativistic clecirons acceterated In the stars' magnetic field. The vi.ua will be abie
1o ohserve the phenomenon in greater detail throughout the orbital cycle of the binary.
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proposed as one of the three classical
tests of general relativity, the effect
was conlirmed in a landmark experd-
ment in 1919, when stars observed
during a total solar eclipse appeared
e D aledieetsd by b pravitational
Bl ol the st b apileal olservie
tions, however, have been plagued
by the difficulties of carrying oul ex.
perimients In remote corners of the
globe during the few minutes whena
solar eclipse darkens the sky. Radio
waves, on the other hand, can be ob-
served at any time. Using data col-
lected by two vl projects, POLAR-
1S (Polar-Motlon Analysis by Radio
Interferometer Surveying) and RIS
{International Radio Interferometric
Surveying), investigators at the U.S.
National Geodetic Survey have meas-
ured relativistic bending over almost
the entire sky. Thousands of obser-
vatlons over several years confirm
the accuracy of theoretical predic-
tivns 1o a few tenths of a percent.

Measuring the Earth

Although it was concelved as an as-
tronomical tool, the vika will be em-
ployed 1o study a variety of kmpor-
tant terrestrlal phenomena as well,
such as plate-tectonlc motlon, rota-
tion of the carth and distoriions in
the solid earth caused by tidal forces.
These geodetic applications are pos-
sible because the response of the ra-
dio interferometer depends not only
on the source under observation but
also on the earth's rotation and the
length and position of the baseline
separating a palr of antennas. The
technique is based on repeated ob-
servations of reference sources, such
as quasars, so distant that they can
be treated as fixed polnts in the sky.
Changes In the earth’s shape or rota-
tion alter the results from one obser-
vation to the next [see "Studying the
farth by Very-long-Baseline Interfer-
ometry,” by William E. Carter and
Dougias S. Roberison; SCIENTIFIC
AMECRICAN, November, 1986]

With peodetic vib1 it is possible to
determine the distance beiween two
widely separated antennas with a

precision somewhat better than the

wavelengih at which the observation
is made. vt can therefore detect
changes in the carth'’s dimensions of
less than one centimeter, The Jet
Propulsion Laboratory’s project ARIES
(Astronomical Radio Interferometer
Earth Surveying)ls making extensive
measurements in an effort o relate
the incidence of earthquakes to small
shifts across fault lines. Not surpris-
ingly, carthquake-plagued countries



such as China, ltaly and Japan have
shown great interest in geodetic v
and have already built radio tele-
scopes dedicated to fauftline meas-
urements. Because v fringe oscilla-
tions are caused by the rotation of
the earth, geodetic observations can
measure the carth’s rate of rotation
in unlts of time provided by the ma-
ser clocks. The length of the day has
thus been measured to an accuracy
of a tenth of a millisecond, and the lo-
cation of the carth's spin axis has
been pinpointed to within a few tens
of centimeters on the carth’s surface.

To make the geodetic measure-
ments, one needs o diseatangle the
terrestrial elfects from the astronomi-
cal data. This Is a complex problem
and is made more diflicult by the
Huctuations in the radio sources, the
unpredictable effects of the earth's
atmosphere and lonosphere on the
radio signals, the slow drilt of the
atomlc clocks at the various siations
and even the relativistic bending of
radio waves by the sun. In order
10 refine the important geodetic and
penphysical paramceters, radio tele-
seopes thiroughont the worlld have
combined forces under the aepis ol
NAsA’s Crustal Dynamilcs Project and
the poLARIS and IS projects men-
tioned above, With the viBa 1t will be
possible to obtain accurate images of
the cosmlc radio sources that pro-
vide the geodetic reference points. At
the same time the vLBA will provide
regular observations to supplement
and extend the geodelic vLBI net-
works already in operation.

VLBI in Space

Still another application of the ver-
satile vi.sa will be in interplanctary
navigation. viLir nctworks demon-
strated this capabllity with spectacu-
lar success during the recent Soviet
Vepa mission to Venus and Halley's
comet. In the largest {niernational
VLBl venture yet organized, a not-
work of 20 antennas around the
world tracked the two spacecraft de-
ployed in the mission. Lach of the
spacecralt, which reached Venus in
June of 1985, released a balloon car-
rying a 1.7-glgahertz transmilier intn
the planet’'s lorbidding atmosphere.
The vint network tracked the bal
loons as they were bulfeted by the
Venusian winds and measured gales
of up to 140 miles per hour,

Following the encounter with Ve-
nus, the two spacecrafll continued on
to rendezvous with Halley's comet
on March 6 and 9, 198G, a week be-
fore 1the scheduled flyby of the Cu-

ORBITING RADIO TELESCOPES will extend interferometer baselines inte space. Dur.
ing the 1990° the US, and Turope plan 1o launch Quasal into orbit 1three earth-diane-
ters away, and the Soviet Union plans an even higher orbit for its Radioastron satellite.

ropean Gielte spacecralt, Turopean
Space Agency scientists hoped 1o
steer Gioito 10 the sunny side of the
camet in artder to 1ake pictures, hut
hecause they could nm be sure ol the
camet’s precise location, there was a
real danger that their cameras would
end up on the dark side. Oplical im-
apes ol the comet made by Vepa,
combined with visr data on the
spacecralt positions, enabled the Eu-
ropeans to make last-minute correc-
tions 10 Giotto's trajectory and bring
it to within a few hundred miles of
the sunlit side of the tcy core. There
Gioito's cameras were able to make
spectacular photographs of Halley's
comet on March 14, during Its closest
approach, just before communica-
tions with the spacecralt were cut off
by collisions with the comet's debris.

Lven when the visa is used in con-

Jjunction with ather radio telescopes

around the world, its resolution will
ultimately be limied by the size of
the earth. To achieve higher reso-
lution the baselines will have to be
extended into space, perhaps to the
moaon or even to the planets, Space-
based vent will present a challenpe to
enpincers, who must develop larpe,
precise antennas and sensitive radio
receivers that can operate unatiend-
ed in the harsh space environmeni.
The Icasibility ol space vint has al-
ready Been demonsirated by a team
of American, Australion and  Jap-
ancse scienlists, who employed a
small antenna aboard a Nasa satellite
as one element of an carth-space vint
system,

Plans for dedicated v satellites
are already being discussed in Lhe
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LL.S., Western Burope, Japan and the
Soviet Union. It has heen proposed
that NAsSA and the Luropean Space
Apency fnintly ieunch a satellite to he
called Crrrsart, which would cirry 2
[0to-15-meter anlenna into  earth
orbit by the middle of the next dec-
ade, Recent sethacks to the Nasa
spiace-science program have made
1.5, participation in this project un-
certain, The Sovict Union has afso an-
nounced a space vLHl program and
expecls to launch two or three Radio-
astron satellites in orbits of up to 75,
000 kilometers. European and Ameri-
can sclentists have been invited to
take part, but the U.S. Government's
reluctance to share advanced space
technology with the Soviet Union
may limit U.S. involvement.

In the more distant future, some So-
viet scientists envision building giant
anlennas, each as much as several
kilometers across, to be placed in or-
bit around the sun, This array would
provide baselines up o several hun-
dred million miles long and an angu-
lar resolution that could be betler
than a millionth ol an arc-second. A
radio telescope of such power would
apen upa new [rontier of astronomy.
n theory it would enable scientists o
observe "sunspots” on other stars in
our palaxy and to resolve features in
ncighboring galaxies comparable 1o
the supposed size of black holes. Fas-
cinating as itis 1o speculate about the
future, there remain many uncertain-
tics about the Feasibility and effec-
liveness of such an array. These is-
sues should become clearer as we
gain experience with the viBA and
carth-orbiting antennas,
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THE RESPONSE OF THE VERY LONG BASELINE ARRAY

TO INTERFERING SIGNALS

Patrick C. Crane

11 September 1985

I. Introduction

Radio astronomy studies the nature of the Universe, based upon the reception of
radio waves of cosmic origin. These cosmic emissions constitute the “"cosmic
background noise" of communications engineering. The emissions are random,
noise-like signals that are indistinquishable from the noise generated in the
receivers or from the Earth and its atmosphere. Furthermore, the intensity of
cosmic radiation is usually much weaker than that of the noise (the weakest
cosmic signal detected is about -234 dBW/m?2.)

The National Radio Astronomy Observatory began construction of a new radio
telescope, the Very Long Baseline Array (VLBA), in May 1985; construction should
be completed by 1992. The characteristics of the VLBA have been described by
Kellermann and Thompson (1985). Like any other radio telescope the VLBA will be
sensitive to radio interference but several features of its design will greatly
reduce its sensitivity to such interfering signals. :

In the following sections I will summarize the responses of a single antenna
and an aperture-synthesis radio telescope to interfering signals, followed by
a discussion of the response of the Very Long Baseline Array.

II. A single antenna

The harmful interference level for observations with a single antenna has been
analyzed in CCIR Report 224-5: The harmful interference level is that level of
interference which equals 0.1 of the rms noise level which sets the fundamental
limit of the data. For a total-power receiver the harmful interference level
is given by

where £ is the observing frequency; k, Boltzman's constant; Tg, the system
temperature; B, the observing bandwidth; c, the speed of light; Gg, the gain,
with respect to an isotropic antenna, of the antenna in the direction of
arrival of the interfering signal; and t, the total integration time. As
derived in the report, the harmful interference levels, for continuum
observations with modern receivers and an integration time of 2000 seconds,
range between -202 and -114 dBW/m% at 20 MHz and 235 GHz, respectively.

III. An aperture-synthesis radio telescope

As discussed by Thompson (1982a), two effects reduce the sensitivity to
interfering signals of an aperture-synthesis radio telescope:
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The first is an averaging effect that applies to any interfering signal. The
motion of an astronomical source across the sky results in changes in the
relative phases of the signals received at the antennas, so that if the signals
from any pair of antennas are multiplied together, the output voltage will vary
quasi~-sinusoidally with time. The frequency of the output signal is called the
natural fringe frequency and depends upon the spacing of the antennas and the
position of the radio source on the sky (it ranges between a few milliHertz and
tens of Hertz for existing radio telescopes.) On the other hand, a terrestrial
source of interference is fixed with respect to the earth, and the
corresponding output voltage will be constant. If the data are averasged for a
time T, the interfering signal will be reduced by a factor of sinc(WfT), where
f is the natural fringe frequency. Thompson's complete analysis includes the
variations with the position of the socurce and the spacings of the antennas,
and the harmfu)l interference level for a twelve-hour observation time is given
by

where Wo is the angular rotation velocity of the earch and L is a measure of
the physical size of the array.

The second effect mentioned above reduces the sensitivity of an aperture-
synthesis radio telescope to broadband interfering signals. Because the
signals from cosmic radio sources have the characteristics of broadband noise,

.such a telescope introduces computer-controlled delays to equalize the time

delays from the source through the antennas to the multipliers and to maintain
the coherence of the signals. For broadband interference entering the antenna
sidelobes, the delays will generally differ from those of the cosmic signal,
and the interfering signal will be decorrelated by an amount given by
sinc(iYBty), where tg is the delay inequality. The maximum delay inequality is
given by twice the delay corresponding to the maximum baseline. Obviously, for
an interfering signal arriving from the same general direction as the cosmic
signal, the delay inequality may be near zero. The decorrelation factor is not
amenable to a general analysis, but will vary significantly wich bandwidth,
declination of the radio source, and the configuration,

IV. The Very Long Baseline Array

The Very Long Baseline Array (VLBA) will be much less sensitive to interfering
signals than any other radio telescope, primarily because of its vastly greater
geographical scale: Because the antenna spacings in the VLBA range between 200
and BO00 km (L is about 3950 km), the natural fringe frequencies are much
greater (of the order of kilollertz) than for other aperture-synthesis radio
telescopes, and the averaging effect reduces the sensitivity to interfering
signals by about a factor of 10,000 over a single antenna. Also the delay
inequalies and the decorrelation factor are corresponding greater. Finally,
except for an interfering signal originating from a satellite, such a signal is
unlikely to be present at a harmful level at more than -one antenna.

More significant for the VLBA will be the degradation of its performance by the
addition of uncorrelated power at the individual antennas which effectively
increases the noise level. The harmful level for such interference is estimated
to be one percent of the system noise level (Thompson 1982b), or
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At much higher levels interfering signals occurring anywhere within the passband

of the front-end receiver will cause gain compression and other nonlinear
behavior. The harmful levels for such interference depend upon the design of
the receiver but can be estimated for each observing band.

Table 1 presents the harmful interference levels for the thirteen observing
bands planned for the VLBA, which were calculated for a Gg of 1 and bandwidths
of 8 MHz (1.6 MHz at 75 MHz). The estimates of the interference levels that
will cause one-percent gain compression are from Thompson and Schlecht (1985).
We see that the averaging effect increases the harmful jinterference levels of
the VLBA to values comparable to those which will increase the system noise
level by one percent. The 70-dB differences between the interference levels
adding one percent to the system noise level and causing one-percent gain
compression allow considerable leeway for processing at the IF.

V. Conclusions

The Very Long Baseline Array is far less sensitive to interfering signals than
any other radio telescope. The sites of the VLBA antennas have been selected,
furthermore, to minimize the potential for terrestrial sources of interference,
but the VLBA will be particularly susceptible to interfering signals from air-
and satellite-borne transmitters. A transmitter in geostationary orbit,
isotropically broadcasting one watt, produces a signal level of -162 dBW/mz at
the earth's surface. Allowing for a more powerful transmitter or more antenna
gain at the receiver or transmitter, we see that such a transmitter could '
easily interfere with the VLBA.

Table 2 lists the VLBA observing bands and the adjacent and overlapping'U.S.
frequency allocations (international and U.S. footnotes are noted in
parentheses when appropriate.) Most of the allocations for radio astronomy are
adjacent to or share allocations for aeronautical radionavigation,
mobile-satellite, radicnavigation-satellite, metecorological-satellite, and
broadcasting-satellite. Radio astronomers have already encountered problems

with the U.S. Global Positioning System and the corresponding Soviet GLONASS
system. )
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312.0-

580.0-

1350.0-
(1300.0-

74.6 Miz

342.0 MHz

640.0 MHz

1750.0 MHz
1800.0)

54,
72.
73.
74,
74.
75.
76.

225,
322,
328.
335.

512,
608.
614,

1240.
1300.
1330.
1350.
1400,

1427.

1429.
1435,
1530.
1544,
1545,
1559.

i610.
1610.
1626.
1645,
1646,
1660.
1660.
1668.

1670.

169¢.
1700.

1710.

Frequency Allocations

72.0 MHz
73.0 MHz
74.6 Miz
74.8 Mz
75.2 Miz
76.0 MHz

108.0 Miiz
328.6 MHz
328.6 tlliz
335.4 MHz
399.9 MHz
608.0 MHz
614.0 Mz
 806.0 MHz

1300.0 MHz

1350.0 MHz

1400.0 MHz

1400.0 MHz

1427.0 MHz

1429.0 MHz

1435.0 MHz

1530.0 MHz

1544.0 MHz

1545.0 MHz

1559.0 MHz

1610.0 Milz

1626.5 MHz

1613.8 MHz

1645.5 MHz

1646.5 MHz

1660.0 MHz

1660.5 Mz

1668.4 MHz

1670.0 MHz

1690.0 MHz

1700.0 MHz

1710.0 MHz

1850.0 Miz

B-5

Broadcasting

Fixed. Mobile

RADIO ASTRONOMY

Fixed, Mobile

Aeronautical Radionavigation
Fixed, Mobile

Broadcasting

Fixed, Mobile

Radio Astronomy (644)
Aeronautical Radionavigation
Fixed, Mobile

Broadcasting
RADIO ASTRONOMY
Broadcasting

Radiolocation

Aeronautical Radionavigation
Radio Astronomy (718)
Radioclocation

RADIO ASTRONOMY

Earth Exploration-Satellite (1).

Space Research (1)

Fixed, Mobile (6)

Space Operation (2)

Fixed, Mobile

Mobile (7)

Maritime Mobile~Satellite (3)
Mobile-Satellite (3)

Aeronautical Mobile-Satellite (3)

Aeronautical Radionavigation
Radionavigation-Satellite (3)
Aercnautical Radionavigation
Radio Astronomy (734)
Maritime Mobile-Satellite (2)
Mobile-Satellice (2)

Aeronautical Mobile-Satellite (2)

RADIO ASTRONOMY

Aeronautical Mobile-Satellite

RADIO ASTRONOMY

Space Research (1)

RADIO ASTRONOMY
Meteorological Aids
Meteorological Aids
Meteorological-Satellite (3)
Radio Astronomy (US211)
Meteorological Aids
Meteorological-Satellite (3)
Fixed
Meteorological-Satellite (3)
Fixed, Mobile



1718.8-

2150.0- 2350.0 MHz 1990.0-
(2100.0- 2600.0) 2110.0-
2200.0-

2290.0-
2300.0-
2310.0-
2390.0-

2450.0-
2500,0-

2655.0~

2690.0-

4600.0- 5100.0 MHz 4400.0-
: 4500.0-

4800.0-

; 4825.0-
; _ 4950,0-
; - 4990.0-
5000.0-~

5900.0- 6400.0 MHz 5850.0-
5925.0-

8000.0- 8800.0 MHz 7750.0-
(7900.0- 8900.0) 7900.0-

8025.0-

i . 8175.0-

8215.0-

8400.0-
8450.0~

8500.0-

1722.2
2110.0
2200.0
2290.0
2300.0
2310.0
2390.0
2450.0

2500.0
2655.0

2690.0

2700.0

4500.0
4800.0

4990.0
4835.0
4990.0

5000.0
5250.0

5925.0
6425.0
7900.0
8025.0

8175.0

8215.0

8400.0

8450.0
8500.0

9000.0

10200.0-11200.0 MHz 9500.0-10550.0
10550.0~10600.0

B-6

Mz
MH=z
MHz
MHz
MHz
Miz
MHz
Mz

MHz
MHz

MHz

MHz

Mz
MH=z

MHz
MHz
Miz
MHz
MHz
MHz
MHz
MHz
MHz

MHz

MHz

MHz

Miz
MHz
MHz

Mz
Miz

Radic Astronomy (US256)

Fixed, Mobile

Fixed

Fixed (8), Mobile (8)
Space Research (3,4)
Space Research (3,5)
Fixed, Mobile (6)
Radiolocation
Radiclocation, Mobile
Radiolocation

Fixed, Mobile
Broadcasting-Satallite
Fixed

Radio Astronomy (US269)
Broadcasting-Satellite
Fixed

Radio Astronomy

RADIO ASTRONOMY

Earth Exploration-Satellite (1)
Space Research (1)

Fixed, Mobile

Fixed, Mobile
Fixed-Satellite (3)

Fixed, Mobile

Radio Astronomy (US203,778)
Radio Astronomy (US257)
RADIO ASTRONOMY

Aeronautical Radionavigation
Radio Astronomy (US211)

Radiolocation
Fixed-Satellite (2)
Fixed ,
Fixed-Satellite (2)

Fixed

Fixed-Satellite (2)
Mobile-Satellite (2)

Earth Exploration-Satellite (3)
Fixed

Fixed-Satellite (2)

Earcth Exploratjion-Satellite (3)
Fixed

Fixed-Satellite (2)
Meteorological Satellite (2)
Earth Exploration-Satellite (3)
Fixed

Fixed-Satellite (2)

Fixed

Space Research (3,5)

Fixed

Space- Research (3)
Radioclocation

Radiolocation
Fixed

o L

)

-

»

.

L
-

. §

B B



B

14400.0-15400.0 MHz

21700.0-24100.0 MHz
(20000.0-26300.0)

10600

10680

10700

14200
14470
14500
14714
15136

15350

15400.

19700.

20200,

21200.

21400

22500

22550.

22810
23000

23070.
23550.
23600.

24000.

24050.

.0-10680.0

.0-10700.0

.0-11700.0

.0-14500.0
.0+-14500.0
.0-14714.5
.5-15136.5
.5-15350.0

.0-15400.0

0-15700.0

0-20200.0
0-21200.0

0-21400.0

.0-22000.0
22000,
22010.
22210.

0-22210.0
0-22210.0
0-22500.0

.0-22550.0

0-23000.0

.0-22860.0
.0-23550.0

0-23120.0
0-23600.0
0-24000.0

0-24050.0

0-24250.0

24250.0-25250.0
25250.0~27000.0

B-7

Mz

M=z

Milz

Miiz
Miz
MHz
MHz
MH=z

MHz

MHz

MHz
MHz
MHz
MH=z
MH=z

MHz
MHz

MH=z

MHz

MHz

MHz

MHz

MHz
MHz

MH=z

MHz
MHz
MHz

Earth Exploration-Satellite (1)
Fixed

Space Research (1)

Radio Astronomy (US277)

RADIQ ASTRONOMY

Earth Exploration-Satellite (1)
Space Research (1)

Fixed

Fixed-Satellite (3)

Radic Astronomy (US211)

Fixed-Satellite (2)

Radio Astronomy (US203,862)
Fixed

Mobile

Fixed

Radio Astronomy (US211)
RADIO ASTRONOMY

Earth Exploration-Satellite (1)
Space Research (1)
Aeronautical Radieonavigation
Radio Astronomy (US211)

Fixed, Mobile
Fixed-Satellite (3)
Fixed-Satellite (3)
Mobile-Satellite (3)

Earth Exploration-Satellite (1)
Space Research (1)

Fixed, Mobile

Fixed, Mobile

Fixed, Mobile (6)

Radio Astronomy (874)

RADIO ASTRONOMY

Fixed, Mobile (6)

Earth Exploration-Satellite (1)
Space Research (1) "
Fixed, Mobile
Broadcasting-Satellite

Radio Astronomy (US211)
Fixed, Mobile
Inter-Satellite
Broadcasting-Satellite

Radio Astronomy (87%)

Fixed, Mobile
Inter-Satellite

Radic Astronomy (879)

Fixed, Mobile

RADIO ASTRONOMY

Earth Exploration-Satellite (1)
Space Research (1)

Amateur

Amateur-Satellite

Radio Astronomy (US211)
Radiolocation
Radionavigation

Fixed, Mobile
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42300.0-43500.0 MHz 40500.0-42500.0 MHz Broadcasting-Satellite
Broadcasting
Radio Astronomy (US211)
42500.0-43500.0 MHz RADIO ASTRONOMY
Fixed, Mobile (6)
Fixed-Satellite (2)
43500.0-45500.0 MHz Fixed-Satellite (2)
tjobile-Satellite (2)

86000.0-92000.0 MHz 84000.0-86000.0 MHz Fixed, Mobile
Broadcasting-Satellite
Broadcasting
Radio Astronomy (US211)
86000.0-92000.0 MHz RADIO ASTRONOMY
. Earth Exploration-Satellite (1)
Space Research (1)
92000.0-95000.0 MHz Fixed, Mobile
Fixed-Satellite (2)
Radiclocation.
93070.0-93270.0 MHz Radio Astronomy (914)
{1) Passive
(2) Earth-to-Space
{(3) Space-to-Earth
(4) Space-to-Space
{5) Deep Space only

{6) Except aeronautical mobile

(7) Aeronautical telemetering
(8) Line-of-Sight
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ABSTRACT

This archacological reconnaissance covered two allernative locations for a National Radio Astronomy
Obscrvalory Antenna sitc on the south eastern slope of the summit region of Mauna Kea. The [irst loca-
tion between 11,560 and 11,840 fect (3523.49 and 3608.83 m.) is a 15-acre (6.07 hectares) level arca on
the west side of the present summit road. No archacological sites were observed in this area. The
sccond and preferred location is an approximately 100-acre (40.47 hectarcs) arca on the cast side of the
summit road in a saddle between 2 cinder concs al 12,100 - 12,225 fect (3688.08 - 3726.18 m.) clevation.
Four archacological siles were obscrved in this projcct arca - 3 probable shrincs and a small rock shelter.
All four of these sites are removed from the proposcd access road and antcnna sile and can easily be
preserved in place withoul modifying construction plans. Prescrvation in place is recommended with
plotling of sitc locations on construction maps and rcflagging of sitcs before construction.
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I. INTRODUCTION, SCOPE OF WORK AND PROJECT AREA DESCRIPTION
This reconnaissance survey was performed at the request of
MCM Planning to assess archaeological impact of the proposed
_ construction of a VLBA (Very Long Baseline Array) radio telescope
within the Mauna Kea Science Reserve. The purpose of the survey
was to locate, map, and document the archaeological features
within two alternative antenna site areas (Figs 1-4). Each of

1 these areas is described below.

- A. Antenna Site 1

- This project area (Fig. 3) is located between the 11,560 and
11,840 foot (3523.49 and 3608.83 m.) elevation on the west side
of the main summit road at its junction with a utility line road.

"This project area is approximately 15 acres (6.071 hectares) of

- level terrain bounded on the east side by the main summit road
™~ and on the west side by a utility road. The southern boundary
- ' extends approximately 1,000 feet (304.8 m.) south of the junction

of the two roads. .

The proposed antenna site has been impacted by bulldozing on
the west side associated with the utility road, and bulldozing
f? ‘ tracks are evident in the northern portion of the parcel. ©On the
- edge of a bedrock knoll toward the southern end a few small
natural gelufluction terraces are present. A careful examination
of the ground surface showed no cultural features or materials
other than modern litter associated with road and utility line

- construction.
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B. Antenna Site 2.

The second alternative site for antenna construction (Fig.
3-5) is located on the east side of the main summit road between
elevations 12,100 and 12,225 feet above sea level. This proposed
facility includes an approximately 2,400 foot long access road
connecting the main summit road to an antenna and control build-
ing complex measuring 150 feet east/west by 250 feet north/south.

The area surveyed includes approximately 100 acres stretch-
ing eastward from the main summit road and encompasses an unnamed
cinder cone (elevation 12,430) to the south of the proposed faci-
lity, as well as two‘bedrock knolls to the southeast and slopes
of a larger, also unnémed cinder cone in the northwestern portion
of the projecf érea. The proposed access road and facility lie
on gently sloping to level terrain forming a saﬁdle between the
two large cones. '

It is of interest to note that Antenna Site 2 is partially
located within the boundary of the Mauna Kea Adz Quarry National
Historic Landmark. The northeast boundary of this Landmark area
is approximately 1,000 feet-east of the summit road and includes
the summit of the cinder cone to the northwest of the proposed

antenna site. This boundary line was designed to include all

sites within the adz quarry complex.

C. Surficial Geology of the Survey Areas
The main geologic activity which has shaped the terrain of

both study areas is glaciation. The 15-acre area of Antenna Site
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1, as it is in a low point between cinder cones has been glacial-
ly scoured. The ground surface is composed of rubbly ground mor-
aine deposits from the last phase of Pleistocene glacial advance
(25~-12000 Before the Present). The bedrock knobs at the south
end of the area are both glacially scoured and contain glacial
striations on smooth rock surfaces.

The saddle between the two cinder cones within the antenna
Site 2 (Fig. 5) also shows rubbly glaciated surfaces and scouréd
bedrock outcrops with striations. The two cinder cones which
rise to the northwest and south of this saddle were created by
secondary flank eruptions. During the Pleistocene a glacial till
thinly mantled the northwestern cone which indicates that its
formation predates the last glacial advance. Both cinder cones
have steep loose cinder slopes which are subject to continuous
colluviation.

Both the ground moraine in the low lying saddle area and the
cinder cone slopes are geomorphically active. Characteristics of
this alpine desert environment include lack of vegetation, ex-
treme diurnal temperature variations and fregquent frost, all are
conducive to gelufluction and other periglacial activity. These
processes tend to sort and rearrange surface rocks into natural
pavements, alignments, faced terraces, particularly on slopes.
These features can be mistaken for cultural constructs by those
unfamiliar with the dynamic nature of this landscape. They occur
in both survey areas and are typical features throughout the

Mauna Kea region.
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II. FIELD METHODS

A. General Methods

The purpose of this reconnaissance survey was to locate and
document all archaeological features within the two project areas
described above. The field work involved one day with four
archaeologists. There were, of course, no vegetational limits to
survey visibility and on February 24, when the field work was
performe&, there were only small isolated patches of snow in
partially shaded areas.

Antenna area 1 was surveyed first and the absence of cultu-
ral remains observed on a previous inspection (H.H. Sept.2, 1987)
wasragain confirmed by systematic coverage.

V‘The bulk of the time was spent in coverage of the approxi-
mately 100~acre (40.47 hectares) Antenna Site 2. The access road
was surveyed with 2 archaeologists spaced 100-200 feet (30.48 to
60.96 m.) apart on either side of the proposed road alignment.
The remaining area was surveyed in the same manner. The survey
areé extended up the slopes of the northwest cindgr cone to ap-
prqximately the 12,350 foot (3764.28 m.) contour. The south
cinder céhe and the two glaciated knobs to its east were entirely
surQeyed.

Each-site was described verbaliy with field sketches and
photographic documentation. In addition, a photographic record
was made of the general terrain of the project area, particularly

the geologic features.
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B. ILocating Sites

Naturally survey emphasis was placed on the areas of the
proposed access road and facility. There were eight previously
marked survey points along the proposed access road route. In
addition, a small stone cairn was erected by previous land sur-
veyors to mark the approximate location of the southwest corner
of the planned facility. The four archaeological sites were
1oca£ed by compass and tape or compass triangulation to adjacent
survey points. These site locations when plotted on the project
area map varied from where the sites would be located according
to the mapped topographic features. This disparity can only be
explained by assuming error in placing the survey points on the
project map. fThe site locations as shown on Fig. 4 are probably
not entirely accurate, except as in the case of Site 1 which
could be located to a prominent ridge line. In any case, given
this difficulty in map locations it is still clear that no
archaeological sites are within 100 feet of the proposed road or
building area.

State site numbers were kindly provided by Dr. Ross Cordy of
the State Historic Sites Section of the Department of Land and
Natural Resources. Each individual site number to be completed
should be preceded by 50-~10-23 signifying the state, Island and

Quad codes respectively.




ITI. PREVIOUS ARCHAEOLOGICAL RESEARCH

Previous archaeological research at or near the summit
region of Mauna Kea is summarized in McEldowney (1982), McCoy
(1982), and various publications and reports by McCoy (1976-
1985) . Most of these works focus on the Mauna Kea Adz Complex on
the southern flank of the summit region. There are more special~
ized studies of lithic technology of adz manufacturing processes
contained in q1eghorn {(1982). The most thoroughly reported ar-
chaeological excavations in the Adz Quarry area are those of the
Hopukani and Liloe Spring rock shelters near Pohakuloa Gulch be-

tween the 8,900 and 10,000 foot (2712 and 3048 m.) elevation.

Radiocarbon dates from these shelters range from A.D. 1,000 to

1,800 A.D. and are believed to relate to Hawaiian exploitation of
the lithic resources of the quarry complex (McCoy, 1986).

The Mauna Kea Adz Quarry Complex of Archaeological Sites was
designated a National Historic Landmark in 1962 and placed on the
National Register of Historic Places (Site 4136). Although the
designated boundaries for the registered site complex included
most of the larger adz quarrying localities, many other sites,
possibly associated with quarrying activities, especially
shrines, lie outside these established boundaries.

Specific arcﬂaeological reconnaissance surveys have focused
on small areas proposed for telescope development at, or near,
the summit. In 1982 Patrick McCoy performed a reconnaissance of
a larger area (1,000 acres) (405 hectares) on the summit and

north slope of the mountain (McCoy 1982). This survey, in con-
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junction with a 1984 survey of the east/southeast flank of Mauna
Kea (McCoy 1984), resulted in the location of over 40 sites.
These  were collectively given the state site number
50-10-23-10228.

A summary of the most common types of the archaeologicgl
remains occurrihg on the high flanks of Mauna Kea area is as

follows:

1) Adz Quarrxy Areas

These are the most visible cultural features on the land-
scape and consist of man-made talus deposits of flaked Hawai’i
basalt which are the by-products of systematic adz preform
manufacturing. These deposits of flaked stone occur around
quarried exposures of fine grained basalt both in level areas on
slopes. They vary from small scatters to extensive talus
deposits which reach considerable thickness. These deposits and
associated quarry areas collectively represent the remaips of
the largest native adz quarrying industry in the Haﬁaiian

Islands.

2) Shrines

Shrines of widely varying size and complexity occur both in
the adz quarrying area and along the north and east flank of the
summit and have been mapped and described by McCoy (1982, 1984).
The most common element of these features is thin tabular slabs

of rock set upright to form altars. These can occur as single

11

{ e i b e



vertical slabs or as clustered series of slabs held vertical by
rocks piled at the base (Types 1 and 2, McCoy 1982:A36). The

most complex forms are those termed marae (Emory 1928) which

consist of main upright altars with ‘smaller uprights set in a
constructed pavement or court area (Type 3, McCoy 1982:A36) .
There are well over 40 of these shrine sites recorded in the
summit area. Although they are clearly of religious function,
the exact nature of the rituals and the specific gods involved in
these rituals are wunknown. Thoée shrines occurring within the
adz quarrying area itself are considered “occupational shrines"”
because many contain offerings of stone tcols or by-products
(McCoy 1981, McCoy 1982:A36). In éeneral, the shrines appear to
indicate "a single coherent building tradition . . . although not

necessarily the same function or use" (Mccoy 1984).

3) Burials

There are many general historic accounts of the use of Mauna
Kea summit region as a burial ground (Alexander 1892, Preston
1895). The thin air and cold temperature would aid greatly in
long-term preservation of human remains. Archaeological surveys
have not located specific burial grounds or burial structures.
Given the frequent mention of the summit region as a burial place
in the historic and ethnographic literature, it is likely that
many of these interments were isolated and unmarked. Burials
would be placed in areas which are easy to dig and there are

three specific references to unmarked interments in loose cinder

i2

.

[ -

- LA



1

(

L~

deposits (Gregory 1921; Kilmartin 1974:15; Bryan 1927:106; Loo
and Bonk 1970:12-13). It is 1likely that many unmarked human
burials are contained within shallow graves on the slopes of
cinder cones in the summit region. A summary of ethnographic and
historic sources related to these high elevation burials is

contained@ in McEldowney (1982:A11).

4. Cairns and Trails
Anyone who has hiked or driven through the summit region of
Mauna Kea can observe stone piles and stackings. These are
common cultural features of stony alpine environments throughout
the world and were erected on Mauna Kea for similar purposes - to
mark travelling routes or survey points, to commemorate visits
and special places and to mark established trails. These
features are, of course virtually impossible to date and they
were certainly constructed from prehistoric times to the present
day. In the first historically documented ascent of the mountain
(1823) thé traveller Goodrich noticed a heap of stones "erected

by‘a former visitor" (Ellis 1969:401).
| The only established trail route which survives on historic
and modern maps is the Mauna Kea - Humuula Trail which goes
upslope from Hale Pochaku past the summit to Pu'u Mahoe. It
appears that the routes of earlier travellers, including ancient

Hawaiians, were not preserved in historic records (McEldowney

1982:1-12).
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IV. SITE DESCRIPTIONS
Mauna Kea Site Descriptions

Site 11,076 (CS1) is a probable shrine consisting of a dis-
continuous alignment of a low (max. 1 foot) pile of rocks with 6
to 7 slab-like boulders (Fig. 6-7). The alignment is a total of
27 feet (8.23 m.) long and the slab-like boulders are probably
collapsed uprights which were roughly evenly spaced along the
discontinuous alignment. This probable shrine is situated on an
outcrop at ca. 12,250 ft (3733.8 m.) elevation, some 450 feet
(137.16 m.) to the east of the summit road. There are no
artifacts or midden present and buried cultural deposits appear
to be absent. The site is considered prehistoric in age on the
basis of the assumed age of the other Mauna Kea shrines and
-.association with the prehistoric adz Quarry.

Site 11;077 (CS2) is a probable prehistoric shrine (Fig. 8)
lbcaﬁed at approximately the 12,240 ft. (3730.75 m.) elevation on
the. lower NW slope of a prominent pu'u. The site consists of an
ahu-like structure of stacked boulders, on a natural bedrock
outcrop. The stacking of boulders and cobbles is roughly 3 feet
( .914 m.) in diameter with a maximum height of 2 feet (.610 m.}.
At the top of the stacked rocks is a set in, sub-angular, upright
bdulder, with a similar shaped rock at the base of the ahu.
Adjacent to the shrine, on the eastern side, is a low (1-1.5 ft
or .305 to .457m.) 3 foot (.214 m.) long alignment of stacked
boulders with a 3 by 3 ft.(.914 by .914 m.) leveled area on the

north side, which may be a natural feature. No midden or arti-

14
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Figure 6

Figure 7
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Site 11076, Probable Shrine Showing Alignment
on Glaciated Knoll

Site 11076 Showing One of the Collapsed
Uprights, View to West.
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Figure 8 Site 11077, Probable Shrine Showing Upright
in Place, View to Northwest.

Figure 9 Site 11078, Overhang Shelter, View to South.
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factual deposits are present.

Site 11,078 (CS3) is a overhang shelter (Fig. 9) located ap-
proximately at the 12,225 ft. (3726.18 m.) elevation. The over-
hang area is 6 ft.( 1.829 m.) long by a maximum of 4 ft. (1.219
m.) wide and a maximum ceiling height of 2.5 feet (.762 m.).
There is a roughly level area, fronting the small overhang, which
measures 7 by 9 ft. (2.134 by 2.743 m.) with 1 ft. (.305 m.) high
stacked stone alignment on the eastern side. No cultural mater-
ial was observed at this site which is situated at the base of a
low bedrock ledge. If the shelter was used it was probably used
in prehistoric times.

Site 11079 (CS4) consists of 2 features; a probable shrine
and an ahu. The probable prehistoric shrine consists of 15 to 20
large cobble-sized rocks stacked on the top of a large, 4 to 5
ft. (1.219 to 1.524 m.) in diameter erratic boulder (Fig. 10).
The rocks on the top include one adz preform, which measures 13
cm. long, 5 cm. wide and 3.5 cm. thick, and is rectangular in
Cross sectidn. Within an afea 10-20 feet (3.948-6.096 m.) to the
south-of this boulder are 10-15 basalt flakes - by-products of
adz preform'flaking which indicate some minimal flaking was done
here. These flakes are scattered on the rocky ground surface
over ah area 6-8 feet (1.829-2.438 m.}in diameter. No other
culturalldeposits are present. o

Some 15 ft. (4.572 m.) to the NW (Fig. 11) is a low (1.5 ft.
or .457 m. max.) loose pile of rocks that probably represents a

collapsed prehistoric ahu-type structure. Site 11079 is situated

17



Figure 10 Site 11079, Probable Shrine
preform, View to Northeast.

Figure 11 Ahu at site 11079, View to West.
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at approximately the 12,235 ft. (3729.23 m.) elevation, at the
pase of the SE facing slope of a prominent pu'u. This ahu struc-
ture may be a trail marker type feature(s) as it is located in
the saddle between two prominent pu'u. It is generally on the
same elevation as the main adz quarry area which is some 4,000
ft. (1219.2 m.) to the west. An additional possibility is that
it represents an toccupational shrine" with the adz preform

representing an of fering (McCoy 1981, McCoy 1982:A-36).
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V. SUMMARY OF RESULTS AND SITE SIGNIFICANCE
At antenna site 1 no cultural remains were located and the
15-acre area has been impacted by road and utility line construc-
tion on the east and west sides.
Four archaeological sites were located and documented in
Antenna area 2. These are shown on Figure 4 and described in the
previous section. Each of these sites is briefly evaluated as

follows:

Site 11076 is a probable shrine which although not entirely
intact (the uprights have collapsed) may be the best expressed
example of this type of site in the project area. It is somewhat
difficult to separate natural glacial rubble from collapsed foun-
dation stones for the uprights, but one can visualize a former
shrine with multiple uprights aligned along the long axis of the
bluff. In terms of its present integrity the site is probably a
poor example of a Type 1 single feature shrine (McCoy 1982:A36)
compared to those previously recorded in the Adz Quarry and nor-
thern summit area by McCoy (1982, 1984). It is of interest to
note that this is the single site within the project area that is
inside thé boundary designated as the Mauna KXea Adz Quarry
National Historic Landmark. This site may have been examined
during previous archaeological surveys but is not recorded as a

site in any of the survey reports examined.

Site 11077 is an ahu or possible shrine with a single

20

{"}

]

[

(3

{7}

mz ms

| &




-1 €2

S

}

e

2% R L ¢ L,

‘i'é-‘-?:’:;-‘.:i:'a."h-. PR TSP PR L

_

upright boulder set in the top. A possible short alignment and
level area 1is associated. This could be another example of a
single feature, Type 1 shrine (McCoy 1982:A36), but could just as
well be a simple ahu. The upright is not of the typical or tabu-
lar shape associated with other recorded shrines. If it is a

shrine it is a poorly expressed example.

Site 11078 is a small rock shelter which does not have sur-
face indication of human modification or cultural use. However,
it was recorded as a site because as a natural feature it would
have been useful as a temporary shelter and may have subsurface
cultural material under the overhang or at the entrance. The -
size of the shelter would limit its use to only one person at a
time. It is one of many such features within the glaciated
regions of the Mauna kea Summit. If subsurface cultural debris
is present this debris would be severely limited by the shallow
depth of bedrock. If the shelter was used by Hawaiians, one

would expect some surface indication of this, which is not the

case.

Site 11079 consists of a small rock pile (10-15 cobbles) on
the top of a large glacially deposited boulder. There's a nearby
small marker ahu and a surface scatter of 10-15 basalt flakes.
The rock piling on top of the boulder would be interpreted as a
shrine and one of the cobbles is a rectangular adz preform. Its

presence reinforces the possibility that this piling may be a

21



small shrine, although it does not match the structural pattern of

those recorded in McCoy’s surveys (1981, 1982, 1984).

In summary, three of the four sites recorded in the project

area may have cultural or religious significance to the Hawaiian

ethnic group. None are good examples of site types. All four

(including both features of Site 11,079) are likely to yield

information important to prehistory or history and are part of the

larger context of the hawaiian religious and economic use of Mauna

Kea. A summary table of site significance evaluations is

presented below.

Site Description Function

Significance Codes*
Criteria
Comments

11,076 alignments of rock probable
(cS1l) . piles and fallen shrine
uprights

11,077 ahu with upright possible

1

(Cs2) shrine

11,078 rock shelter
(cs3)

11,079(a) rock piling on possible
{CS4) boulders with shrine
adz preform and
nearby ahu

probable religious a,d,e
structure, cultural
significance

possible religious a,d,e
structure, cultural
significance

minimal excavation a,d
potential, but ceculd
yield some informa-

tion on prehistory

possible religious a,d,e
structure, cultural
significance

may yield informa- a,d
tion important to
prehistory

site may be likely to yield information important to prehistory

11,079(b) small ahu trail marker
Codes*
a= site reflects major trends in the history of the State.
d =
or history
e = site has cultural significance,

(shrine, heiau or burial)

22
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VI. RECOMMENDATIONS FOR MANAGEMENT
The Mauna Kea summit area is a unique natural and cultural
environment in Hawai'i. Although the 4 sites located in this
- reconnaissance are not excellent examples of site types, they do

form a portion of a larger context of Hawaiian religious and

F- economic use of Hawai'i's only glaciated landscape and those
~ which can be identified as shrines have cultural significance to
% Hawaiians. One of the sites (11,076) is within the boundary of
= the Mauna Kea Adz Quarry National Landmark. This landmark was
~ designated in 1962 to provide Federal recognition of the impor-
F tance of the complex to the State and Nation. Since the proposed
: project will not impact archaeological sites included within the
_ Landmark area there is no necessity for further consideration of
~ the effects on the Landmark area. Since the adz quarry was
- designated as a National Landmark the main summit roads and-
"_ utility lines have been constructed through its eastern boundary.
- Similarly, there was no effect on archaeological sites.
: The nature of the antenna development proposed for the pro-
~ ject area would easily allow for preservation of all four archae-
i ological sites. Some visual impact is unavoidable, but this
"'}. should be minimal because the proposed facility is relatively
- closely confined and the sites are all elevationally above the
: proposed antenna. The sites are already flagged on the ground
. and they are located a reasonable distance from the proposed
. facilities. Even so, construction personnel should be made aware
t“‘ of the existence and location of these archaeological sites so
o

23



that even inadvertent damage by heavy equipment caﬁ be avoided.
The sites should be reflagged immediately before construction and
their locations plotted on construction maps. If these simple
procedures are followed archaeological monitoring during con-
struction should not be necessary. Since the access road and the
facility are both located on bedrock and glacial moraine (and not
on soft cinder deposits) the likelihood of discovering isolated
burials is very small. However, if remains are uncovered during
constructipn an érchaeologist should be immediately called. If
the above recommendations are followed there should be no adverse

effect on the archaeological resources.
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Harding Lawson Assoclates

May 3, 1988

18628,001.06

Mrs. Marilyn C. Metz, AICP
MCM Planning

703 Honua Street

Honolulu, Hawaii 96816

Dear Mrs. Metz:

Geotechnical Consultation

EIS for National Radio Astronomy Observatory VLBA
Antenna Facility

Mauna Kea, Island of Hawaii, Hawaii

INTRODUCTION

This report presents our evaluation of the geotechnical
aspects of the proposed Very Long Baseline Array (VLBA)
antenna facility on Mauna Kea, and the related environmental
impacts. Our understanding of the project is based on the
Environmental Assessment and Notice of Preparation for the
project published in March 1988, supplemented by discussions
with you and Mr. Buck Peery of the National Radio Astronomy
Observatory. Our conclusions are based on a review of
pertinent technical literature, a visit to the proposed
sites, and experience from other observatory and roadway
projects on Mauna Kea.

Two sites are being considered. The preferred site is at an
elevation of 12,200 feet and is approximately 2,000 feet east
of the Mauna Kea Observatory (MKO) Access Road. The alter-
nate site is at an elevation of 11,800 feet and is on the
west side of the MKO Access Road, roughly 4,000 feet south of
the preferred site. .

The site will be approximately two acres and graded
essentially flat. The central area will contain the antenna,
control building and eqguipment pads. It will be
approximately 150 feet by 250 feet and will be enclosed by a
chain-link fence. The antenna will be supported on a
50-foot-diameter concrete foundation. The control building
will be 1,350 square feet in area and supported by a concrete

Engineers Pearl City Business Pl Telephone Arizona Colorado Texas

and 803 Kamehameha Hwy, Rm. 404 808/455-6551 Alaska Hawaii Telecopy

Geoscientisls Pearl City, HI 96782 D-1 California Nevada 808/455-1507
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slab. Other concrete pads will support an emergency genera-
tor, an LPG fuel tank, a weather instrument tower, and miscel-
laneous other equipment.

Water usage will be less than 100 gallons per day, primarily
for human washing and waste. Wastewater will be essentially
the same volume, discharged into a cesspocl outside of the
fenced area.

A 2,600-foot-long access road will be required for the pre-
ferred site. A 40-foot right-of-way will allow all utilities
(telephone and electricity) to be buried along the roadway.
The road will be surfaced with compacted gravel. No access
road would be required for the alternate site.

- GEOLOGY, SOILS AND FOUNDATIONS

' Both sites are underlain by Pleistocene lava flows of the

Waikahalulu Formation (Porter, 1979a). The preferred site is
near the head of a flow of the Kuupahaau Stage, roughly
40,000 to 70,000 years old. The alternate site is on a dif-
ferent flow of similar, but less certain, age. All the rock
in the area consists of hawaiite a’a flows. Hawaiite is a
variety of andesite, typical of late-stage eruptions £from
Hawailan volcanoes. The a‘’a flows consist of layers of
massive, dense rock intermixed with volcanic clinker.

Both sites are covered primarily by ground moraine deposits.
These deposits consist of rocky debris accumulated in the
glacial ice cap which once covered the top of Mauna Kea. The
debris was then dropped when the ice melted. The soils are

‘mostly coarse gravels, with cobbles as large as 2 feet, and a

variable amount of volcanic ash of silt and sand sizes. The
thickness of the soil cover at the sites is not known but is
estimated to be several feet. This will be determined during
the soils investigation for foundation design.

Similar ground moraine deposits exist along most of the align-
ment for the access road to the preferred site. A bedrock

1
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ledge is exposed along the edge of the small channel crossing
the alignment. Where the road crosses the saddle between two
cinder cones just west of the site, most of the gravel con-
sists of volcanic cinder fragments smaller than 6 inches.
Soil thicknesses are unknown but are estimated to be less
than 3 feet along the western half of the road alignment and
thicker along the eastern half.

Foundations for all structures are expected to consist of
concrete slabs resting on natural soils if sufficiently dense
or on compacted, structural £ill.

Localized zones of permafrost have been reported within the
volcanic cinder deposits of two of the cones at the summit of
Mauna Kea (Woodcock, 1974), roughly 8,000 feet northwest of
and 1,000 feet higher in elevation than the preferred site.
No permafrost is known to have been found outside of cinder
cones and it is unlikely that any exists at either site.

The island of Hawaii is seismically active and is located in

Seismic Zone 3 for building design under the Uniform Building .

Code. Much of the seismic activity is associated with the
active volcanism at Mauna f10a and Kilauea volcanoes. Large
earthquakes have occurred elsewhere around the island, how=
ever, and are considered possible at any location. The geo-=
logy of Mauna Kea has been mapped in detail (Porter, 1979a),
put no tectonic faults have been observed. Foundation and
puilding design in accordance with the Uniform Building Code
is expected to be adequate for the structures. -

The last eruption on Mauna Kea occurred approximately 3,600
years ago (Porter, 1979b) . Future eruptions are possible,
but Mullineaux and others (1987) have classified the summit
and upper flanks of Mauna Kea as Zone 7 for lava flow hazards
on the island of Hawaii. A total of nine zones were defined,
with zone 9 being the least hazardous. Mullineaux and others
(1987) note that lava covered about 20 percent of the Zone 7
area between 3,500 and 5,000 years ago. The risk of the site
being affected by a voleanic eruption is judged to be very
low. '

EARTHWORK AND DRAINAGE

Both sites are relatively flat so that the amount of earth-
work will be small. The maximum topographic relief at the
preferred site 1is approximately 15 feet; and the maximum
amount of cutting and filling is not expected to exceed 5

D-3
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feet. Most of the excavated rocky soils will be usable for
£ill. Some finer-grained material may have to be imported
for finish grading. such details will be addressed by the
soils and foundation investigation during final design.

Earthwork for the access road to the preferred site will be
limited to that required to provide a smooth surface, involv-
ing cuts and fills mostly less than 5 feet thick.

There will be essentially no runoff from the flat area pre-
pared for the antenna facility. The limited precipitation
can be expected to percolate directly into the ground.

The access roadway to the preferred site will concentrate
runoff to some extent, primarily on the uphill side where a
shallow ditch will collect any runoff. The rocky material
along the roadway will not erode significantly, and one or
more culverts will pass runoff under the road before it
concentrates to the point where it could cause erosion
further downslope.

SEWAGE DISPOSAL

Wastewater will be discharged into a cesspool at the edge of
the antenna facility site. Seepage out of the cesspool like-
ly will be through the gravelly soils overlying bedrock and
through fractures and other openings in the bedrock. It is
anticipated that a s-foot-diameter cesspool can easily dissi-
pate the planned flow of 100 gallons per day. (This is equiv-
alent to less than a half-hour flow from a garden hose, or
one-sixth the nominal wastewater flow from a three-bedroonm
house.) Final sizing of the cesspool will be done following
the soils and foundation investigation.

It is unlikely that wastewater will percolate beyond the
immediate site area, soO that no impact from wastewater
discharge is expected. There are no known springs downslope
from either site. The depth to ground water is unknown, but
is expected to be hundreds or thousands of feet. The antenna
sites are extremely isolated, roughly 2 miles from and 3,000
feet higher than Hale Pohaku, the closest development down-
slope. Lake Waiau is roughly 1,000 feet higher than the
sites and 8,000 to 10,000 feet to the northwest, so could not
be affected by wastewater seepage.
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We trust this information is adequate for your purposes. If
you have any questions, please call.
Sincerely yours,

HARDING LAWSON ASSOCIATES

Damon R. Runyan

civil Engineer - 3121
Ronald L. Soroos
Geologist ~ 3455 (california)
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BOTANICAL SURVEY
NRAO VLBA ANTENNA FACILITY
MAUNA KEA SCIENCE RESERVE

MAUNA KEA, HAMAKUA, HAWAII

INTRODUCTION

The National Radio Astronomy Observatory (NRAO) proposed to
construct a Very Long Baseline Array (VLBA) antenna facility
within the Mauna Kea Science Reserve between the 12,200- and

12,400~foot elevations. An access road to service the facility
would also be constructed.

A botanical survey to assess the plant resources on the selected
site and access road, as well as an alternative site at the
11,800-foot elevation, was conducted on 10 April 1988.

A walk-through survey method was used. The areas which would be
directly impacted by the construction activities were more
jntensively surveyed. These areas had been previously staked out
by NRAO personnel. Less intensive surveys were made of the '
adjoining areas. Wherever possible, specimens were collected for
later comparison with herbarium material and the literature.

RESULTS AND DISCUSSION

Both the selected site and the alternative site are located on
ash with a shallow, top layer of irregularly-shaped, smaller
rocks, 2 to 4 inches across. Larger rocks, 1 to 3 feet or more
across, are scattered or form piles among the smaller material.
Both sites are almost uniformly flat without rocky outcrops.

3

Hawaiian bent (Agrostis sandwicensis) and he’u-pueo (Trisetum
aqlomeratum), members of the grass family (Poaceae), can be found
in small numbers on both sites (see Table 1), usually growind
among the larger rocks. Neal and Hartt (1940) and Ssmith et al.
{1982) have recorded both of these endemic grass species on the
summit area above 13,000 feet, along with the introduced hairy
cat’s-ear (Hypochaeris radicata) and dandelion (Taraxacum

officinale).

The only lichens observed on the two sites were Candelariella
vitellina and Lecidea ckottsbergii. Both species were associated
with the larger rocks and occurred just above the soil interface,
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Table 1. List of species on study sites.

Selected Access Alternative

--gite-- -road- ---site----
LICHENS

CANDELARIACEAE
candelariella vitellina (Ehrh.) _
Muell. Arg., E* + + +

LECANORACEAE
Lecanora muralis (Schreb.) Ach.,
I* , - + -

LECIDEACEAE
Lecidea skottsbergii Mag., E + + +
Rhizocarpon geographicum var.

hawaiiensis Raes., E - + -

UMBILICARIACEAE
Umbilicaria hawaiiensis Magn., E - + -
Umbilicaria magnussonii Llano, E - +

MOSSES

BRYACEAE
Pohlia cruda (Hedw.) Lindb., I - + -

GRIMMIACEAE
Grimmia sp., I - + -

VASCULAR PLANTS

PTERIDOPHYTA (Ferns)
ASPLENIACEAE :
Asplenium adiantum-nigrum L., I - + -

MONOCOTS (Flowering Plants)
POACEAE
Agrostis sandwicensis Hbd., E + + +
Trisetum glomeratum (Kunth)
Trin., E + + +

*Biogeographic status

E = endemic species

I

indigenous species

1
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usually facing north or west. Smith et al. (1982) notes that
these two species, along with Lecanora muralis, are the more
common lichens on the Mauna Kea summit area above 13,000 feet.

No bryophytes (mosses) were found as both sites lacked partially
shaded small caves, crevices, or large rock overhangs.

The access road crosses substrate similar to the selected site
but also contains areas with outcrops of andesitic lava and large
poulders. The grass and l1ichen species mentioned previously
occur here in low abundance. The rock outcrops and jumble of
boulders provided habitat for one specimen of Asplenium
adiantum-nigrum, a member of the bird’s-nest fern family
(Aspleniaceae). Among the boulders, small shaded pockets and
crevices with ash supported moss clumps of silvery-gray to black
colored Grimmia sp. and bright green Pohlia cruda. Other lichens
observed among the boulders were Rhizocarpon geographicum, two
species of umbilicaria, and Lecanora murabilis.

Just south and outside of the selected site, at the base of the
unnamed cinder cone, glacial till and andesitic lava boulders and
knobs provide a more sujitable habitat of small caves, crevices,
and overhangs for the lichens and mosses mentioned above. The
mosses form fist-sized clumps in small run-off channels among the
rocks. Other lichens found here include the whitish, crust
forming Lepraria sp. and Acarospora depressa. Lichen and moss
colonies in this area were generally associated with north,
northwest, and west facing rocks. Moisture from Snow melt and
even pockets of compacted snow were seen in some caves areas.

construction of the proposed antenna facility on the selected
site (or alternative site) and access road will have only a minor
impact on the botanical resources as they are sparsely vegetated
and the species occurring there are also found throughout the
Mauna Kea summit area.

of more concern, are the indirect impacts of the proposed
project, some of which have been expressed in various biological
surveys (Howarth and Stone 1982; Smith et al. 1982) conducted for

the Environmental Impact Statement for the Mauna Kea Science
Reserve Complex Development Plan,

only NRAO or other astronomy personnel should have access to the
proposed VLBA facility road. off-road vehicle use should be
prohibited as such use will disturb most of the geologic features
--glaciated surface, glacial ground moraine of the late Makanaka
ice cap, periglacial movement and sorting of rocks, etc. 1In
addition, access onto the nearby cinder cones may disturb habitat
for endemic arthropod fauna.



All construction activities should take place within the defined
areas of the antenna facility site and access road alignment.
Litter from construction material, packaging, etc., should be
collected and removed from the area.

Management policies already established by the University of
Hawaii for the preservation of biological and geological
resources within the Science Reserve Complex should be followed
and enforced.
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FAUNAL SURVEY FOR THE PROPOSED
VLBA ANTENNA FACILITY
MAUNA KEA, HAMAKUA, HAWAII

INTRODUCTION

The following report presents the results of a survey of the
vertebrate fauna of two sites between 11,800 and 12,400 feet
elevation of Mauna Kea. These sites are the selected and
alternate locations of a Very Long Baseline Array (VLBA) antenna
to be operated by the National Radio Astronomy Observatory; both
are approximately one acre in extent, and the selected site
requires an additional 2.5 acres for the construction of an
access road.

The field survey of these areas was conducted on 10 April 1988. A
supplemental nocturnal survey will be performed during May 1988
to determine whether Hawaiian Dark-rumped Petrel are present in
the area.

LITERATURE REVIEW

The major species of concern when considering the two sites is
the Dark-rumped Petrel (Pterodroma phaeopygia sandwichensis), an
endangered pelagic seabird endemic to the Hawaiian islands. It
returns to land only during an extended breeding season: at the
present time the major breeding localities for this bird are at
high elevation sites on Maui and Hawaii. A detailed study of the
Dark-rumped Petrel in Hawaii was completed by Simons (1983,
andSimons and Simons 1982) on the Haleakala population. Much of
the following information is excerpted from these reports.

Dark-rumped Petrel were formerly abundant throughout the main
Hawaiian chain (Olson and James 1982a, 1982b) but underwent a
serious decline in numbers due to habitat disturbance, predation
and hunting. On Hawaii, Dark-rumped Petrel were once abundant in
the saddle area between Mauna Loa and Mauna Kea (Henshaw 1902).
They may also have been present at elevations of up to 12,400
feet on Mauna Kea as indicated by skeletal material found in
these areas.

After a hiatus of many years, Dark-rumped Petrel were
rediscovered on Mauna Kea in 1954 by Richardson and Wocdside
(1954), who found five freshly dug burrows at Pu’u Kole, east of
Hale Pohaku. Since then there have been sporadic observations of
these birds from Pu‘u Kole around the eastern flank of Mauna Kea
as far as Pu’u Kanakaleonui (Banko 1982). In 1969 to 1970, Banko
(1982) spent a fair amount of time surveying this area for Petrel
but found them only in the vicinity of Pu’u Kanakaleonui.



The chronology of the breeding cycle of the Dark-rumped Petrel is
summarized in Figure 1 (Simons 1983). Breeding activity begins
when adults return to the breeding colony in February and March.
At this time, for a period of one or two weeks, the birds
re-establish territories, repair burrows and build nests, and
perhaps mate. A period follows shortly thereafter (throughout
much of April and into May) when the birds are absent from the
colony. It is thought that at this time the animals are feeding
at sea in order to increase their fat stores for the upcoming
breeding activity. During the summer months, eggs are laid, the
chicks hatch and undergo a growing period before finally leaving
the colony in the fall.

Dark-rumped Petrel nest in burrows dug into cliff sides or talus
slopes. In Haleakala most nest sites occur at the bases of rock
outcroppings or in areas with considerable local relief. Ninety
five percent of the Haleakala burrows were excavated out of soft
substrate beneath boulders or rock ledges. Most burrows were one
to 10 meters in length. Nests were built in burrows only in
locations where suitable materials (1. e., grasses) were present
in the immediate vicinity. .

The breeding success and adult longevity of Dark-rumped Petrel
are limited by a number of factors. The primary cause of
breeding failure appears to be precation by alien mammal species
such as mongooses, cats, and rats. While the adults are also
susceptible to predation, their deaths more frequently result
from collisions with obstacles such as wires, towers, or fences
while in flight. This problem is compounded by the fact that
Petrel are attracted to bright light sources and often crash to
the ground as a result of disorientation or collisions with
structures near the lights. 1In this state they are frequently
unable to fly and are at increased risk from predation. Young
birds leaving the breeding colony for the first time are
especially prone to such accidents (Reed et al. 1985).

SURVEY METHODS AND RESULTS

An initial survey of the two antenna sites was made on 10 April
1988. At both locations I walked through the site in a
systematic manner in an attempt to locate any bird or mammal
remains. During this diurnal portion of the survey I
concentrated my efforts on locating potential nesting habitat and
searching in these areas for evidence of nesting activity. A
nocturnal survey of both sites for active Dark-rumped Petrel will
be performed in May when the birds are actively breeding.

No evidence of Petrel breeding was found at either site, although
several areas appeared suitable for burrow construction. The
best areas for burrow construction were on the northern slopes of
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Fignre 4. Overview ol the study site, showing the proposed and
alternate VLBA antenna locations, amd potential ark-
rugped Petrel burrow localions (shaded arcas).
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the pu’u immediately south of the proposed antenna site, where
there is a combination of steep slopes and rocky terrain.

Both sites had been used by feral sheep or sheep-mouflon hybrids.
0l1d droppings were very common in both locations, particularly on
the western side of the unnamed pu’u south of the selected
antenna site. Much of the feral animal activity appeared
centered in protected areas in the lee of rock outcroppings; such
locations may have served as bedding sites. cConfirmation of the
use of the area by feral sheep comes from the discovery of
partial remains of a sheep in the area of the proposed VLBA
antenna. Because of the lack of forage in the area, it is
unlikely that either site was much used by feral ungulates except
as a refuge from intense hunting pressure at lower elevations.

mhere was no evidence of other vertebrates in the study area.
RECOMMENDATIONS

The recommendations regarding site selection and impact
mitigation given here are provisional pending the completion of
the breeding season survey of Dark-rumped Petrel.

site_selection

antenna construction at the alternate site would be farthest from
potential Petrel nesting habitat and would require the least
land, thus reducing the overall impact of the project. 1In
addition, since the area in the vicinity of the alternate site
has already been disturbed by road construction, additional
construction would cause a minimal amount of new impact.

Impacts and mitigation measures

No evidence of Petrel nesting was found during this study.
However, should Petrel populations be located in the study area
during the May survey, several kinds of impacts and mitigation
will need to be addressed in the supplemental report. The most
obvious of these is the direct disturbance of nest sites and
breeding birds by construction and operation of the facility.
Tndirect impacts are potentially as damaging as direct
disturbance. The primary indirect impacts include
increasedmortality of birds in the area due to rodents and/or
feral predators associated with the facility, as well as deaths
by collision and as a result of 1ight attraction.

The following recommendations are offered at present. If Petrels
are found on or near the sites, then more detailed mitigation
measures will be recommended in the supplemental report.



Trapping:; use of mongoose-, rat- and cat-proof refuse
containers; and frequent removal of refuse should be
implemented as soon as construction begins and should be
continued consistently as long as the facility is used.
These mammals, while not in the area at present, may quickly
become a problem once feeding opportunities become
available.

Use of bright unshielded lights at the site should be
prevented to reduce the potential for collisions, as light
related mortality is one of the most frequent causes of
mortality of Dark-rumped Petrel. Petrel are known to nest
on the eastern flank of Mauna Kea.

Use of the area by irresponsible ORV users attracted to the
area by the access roads should be prevented.
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SUPPLEMENTARY SURVEY FOR THE PROPOSED
VLBA ANTENNA FACILITY
MAUNA KEA, HAMAKUA, HAWAII

by
Maile S. Kjargaard

April 1988

This reporﬁ'presents the results of a nocturnal survey of the

_ proposed VLBA antenna site performed on 28 May 1988; the intent

of the survey was to determine whether breeding Hawaiian
Dark-rumped Petrel were present in the vicinity of the antenna
site.

The timing of the survey was planned so that the probability of
detecting Petrel (should they occur in the area) was maximized.
The survey was performed during the height of the breeding
season, and at a period of the lunar cycle where calling is
maximized.

An initial late-afternoon reconnaissance for burrow sites was
performed in portions of the study area that I was able to
explore during the April 1988 survey. As it became dark, I
remained at the VLBA antenna site in order to detect any calling
birds in the vicinity. I remained at the site until 8:15 PM,
about 1.5 hours after sunset.

I detected no Petrel at the site during the survey, nor was there
any evidence of burrow sites in suitable habitat nearby. Since
the evaluation of the proposed antenna site is several thousand
feet above that of the majority of Petrel breeding localities on
both Maui and Hawaii, the lack of Petrel breeding in the project
area is not anomalous. The proposed construction thus imposes
minimal impact on Petrel populations on Mauna Kea.
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A REPORT ON THE INVERTEBRATE FAUNA
FOUND ON THE PROPOSED NRAO VLBA ANTENNA FACILITY SITE,

MAUNA KEA SCIENCE RESERVE, MAUNA KEA, HAMAKUA, HAWAIZI

INTRODUCTION

A report on the invertebrate fauna (Arthropoda) found on the
selected NRAO VLBA facility site and access road follows. In
addition, the report also includes findings from the alternative
Mauna Kea site at the 11,800-foot elevation.

The survey work was conducted on April 10, 1988. A visual survey
was conducted on foot covering the proposed facility site and
access road, alternative site, and adjacent periphery areas.
Notes on animals observed, substrate type, aeolian debris, etc.,
were recorded. The undersides of rocks and the area beneath the
rocks were examined for animals and also to note presence of
moisture and debris.

This survey was greatly aided by Masako Nakamura, Ph. D., an
insect and anneliq ecologist.

RESULTS AND DISCUSSION

The alpine zone on Mauna Kea is habitat for several remarkable
invertebrates. Howarth and Stone (1982) found 11 native resident
species unique to Hawaii. In the 2 sites surveyed on April 10,

1988, only 3 Hawaiian species were recorded (see Table 1). The
only native herbivorous species seen was the lichen
feeding,diurnal cutworm moth, Agrostis. One was recorded in
rapid flight at the fork of the proposed access route. Because
no sizeable patches of lichen were growing along the access route

or on the facility site, the project is not expected to affect
its habitat.

The most unusual predator is Nysius wekiuicola, the Wekiu bug, a
lygaeid bug living off the fluids of insects carried to the
summit by winds (Ashlock and Gagne 1983). None were found in the
project area, probably due to the lack of moisture from snow in
slow melting drifts. Two liters of snow found between large
rocks yielded only alien flies, wasps and tiny spiders.

Endemic Lycosa wolf spider skins were frequent under large stones
in the alternative site, but only one spider was sighted. The
selected site, at about 12,250 ft., was more barren of life,
probably because no peaks concentrated aerial waifs there.
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Table 1. List of Invertebrates on Study Sites

Selected site
and access road

ARACHNIDA
Araneae (spiders)

Lycosidae:
Lycosa species, *

Linyphiidae:
Erigone species, *

INSECTA
Collembola (springtails)

Entomobryidae:
Species undetermined

Diptera (flies)

Ephydridae:
Hydrellia tritici, X

Calliphoridae:
Pollenia rudis, X
(cluster £ly)

Lepidoptera (moths)

Noctuidae: :
‘Agrostis new species, *
(Lichen cutworm)

Hymenoptera (sawflies, chalcids, ants,
wasps, bees)

Chalcidoidea:
Species undetermined--transient,
parasitoid, X

Alternative
———gite———=

* = endemic species
X = introduced or exotic species
- = absent on site

+ = present on site
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The exotic economic pests, Hydrellia and Pollenia, were by far
the most prominent arthropods, likely due to their vast numbers
at mid elevations.

Because the sites are small, flat and uniformly bedded with fine
ash and cinders, the biomass is much smaller than at higher
elevations, thus the impacts on native invertebrates are
projected to be extremely minor.

. T
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VISIBILITY ANALYSIS OF TWO ALTERNATIVE SITES
FOR THE VLBA ANTENNA FACILITY

I. METHODOLOGY

Two potential antenna sites within the Mauna Kea Science
Reserve, one at the 12,200~foot elevation and one at the
11,800-foot elevation (Figure H-1), were evaluated for

short-range (within the summit area) and long-range

(island-wide) visual impact. The analysis was based on the

following assumptions:

o The antenna is positioned towards the horizon, facing the
viewer.

o At its highest point in this position the antenna is 95

feet above ground

o The viewer is standing at ground level, viewing height is
five feet above ground.

o The viewer is standing on a flat area clear of
vegetation; there are no natural or man-made obstructions
nearby to block the view.

o ‘The weather is clear; cloud levels aré above 14,000 feet.

A detailed geometric analysis of potential view-planes,
based on the hypothesis that "if I can see you -~ then you can
see me", was undertaken. Figure H-2 illustrates the basic
assumptions of the analysis.

Using data from photogrammetric maps of the project area
and U.S.G.S. maps of Mauna Kea and Hawaii County, potential
lines-of-site were interpolated from the top of the reflecting
antenna to their intersection with points along the grade
below. calculations were made at 5° intervals for rural
areas:; 1° intervals for Hilo; and every 200 feet along the
Mauna Kea Observatory (MKO) Access Road from the 11,600-foot
elevation to the summit ridge. This resulted in the
identification and delineation of areas where visibility of the
antenna was not obstructed by natural terrain or other features.
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II. VISUAL IMPACT ANALYSIS
A. Potential Site at the 11,800-foot Elevation of Mauna Kea

The site is located just north of the southern boundary of
the Mauna Kea Science Reserve, adjacent to the MKO Access Road.
The area - is flat and covered with ground moraine deposits; an
unnamed cinder cone to the west of the siting area rises about
100 feet above ground level. There are no other landforms
nearby that could significantly reduce visual impact.

As shown in Figure H-3, at short-range the antenna will be
visible along about two miles of the MKO access road from about
500 feet below the site to a point near Puu Hau Kea. It will
also be seen from a 2,500-foot stretch of the MKO Access Road at
the 13,400-foot elevation near the summit. Because the terrain
in the wvicinity of the site. is open and level, the entire
complex (antenna and support facilities) will be visible from
these points.

Because the site is on the south face of the mountain, the
antenna would not be seen from the northern section of the
island. An unnamed cinder cone to the west would also obscure
views of the antenna from the west and southwest. Because there
are no minor topographic variations to the east and southeast
that would obscure the 1lower portion of the antenna from the
viewer, the entire telescope may be visible from much of the
area shown on Figure H-4, This area includes: Leleiwi Point;
portions of the Saddle Road; all of Waiakea Homesteads; all of
Keeau, Puna; portions of Hawaii Volcanoces National Park; and,
the north face of Mauna Loa.

B. Potential Site at the 12,200-foot Elevation on Mauna Kea

The proposed antenna facility site is in a low-lying
saddle between between two cinder cones which rise from 230 to
380 feet above site elevation. These landforms are expected to
block out the view of the antenna from most areas.

At short-range, the antenna will be partially visible from
the MKO Access Road for about 150 feet from a point about 600
feet north of the entrance to the facility access road and again
for about 250 feet from a point about 1,000 feet farther north.
The antenna will be completely visible along a 2,500-foot
stretch of the MKO Access Road at the 13,400-foot elevation. 1In

x5

B3]



Vo~ N\

iy ‘rRVT
N
YO - N
\ P:-
, . .‘-J

|
\

AR

\N
o

'
\
&

Y
-

N

.
\\

-

' LEGEND FIGURE H—3

|- VISUAL IMPACT AR
- * SITE LOCATION OF VLBA SITE AT ‘.
- : 11,800’ ELEVATION

o ®9® AREAS OF VISIBILITY

L o 1000 2000 LOCATION  NORTH

sl |

— I
i SCALE 1IN FEET MCM PLANNING 6/88



oy
o
-
NG
e T AN

T

.'"-! .

—

‘_"-‘
=
=
N

g d R %11

",
-y |

34
S
=,
i

-y

A

e
& S .
t o
e TG -
Jr z-}".’-""‘ .
- -‘ H

Fighe

.‘n}

|

'
Y

o S,

===t

L

A
‘J
r4
p—

e
s

ol

ﬂ*‘i‘."j.'-"-"'“ T

1 ! M, o)

.-!{l l -.-.:.. L 2 v
‘:hl‘ ;i(.‘t Wil

=] )

M
!

-

)
e

T1re

(]
D) -
L
e

.

"l("’"’ "‘,'." s A -..I :.i.‘ _;._!‘l g / " vy . -.:.‘. V\- ‘ il’_%_ ‘ & :
l - >

.A_.-;‘ Ny
..f*.‘-'-_". A '?-'-‘* -

——
i .
u’_r_ - - -
o o a1 LI Do
L} s

LONG RANGE VISUAL IMPACT

OF VLBA SITE
AT 11,800' ELEVATION

* SITE LOCATION |
o 5 10 15
Tl ; L [

AREAS OF VISIBILITY e —
SCALE IN MILES

LEGEND

Wr[IA . RSN T ' ¢! \
e L S . »
. " 1} . . \
1 R O IO W . L_:_[...-.L;f:_.: I S . '

FIGURE H—4 -

MCM PLANNING ¢/88



T gk

AT 73 LTS AU FE A Y B TR T LS T N YT

TN S ey ey R TR T L AT LS

addition, several hundred feet of the facility access road will
be visible from the MKO Access Road (Figure H-5).

Because the site is about 1,500 feet below the summit
ridge on the southern face of the mountain, the facility would
not be visible from the northern part of the island. As shown
in Figure H-6, the antenna will not be visible from downtown
Hilo. It may, however, be partially visible from Leleiwi Point,
portions of Waiakea Homesteads, a two-mile stretch of the Saddle
Road near Kaumana, portions of the Puna District from Keeau to
Kapoho, one small area near Onomea and an area near Kipuka Alala
in the Mauna Loa Forest and Game Reserve.

Visual impact of the antenna facility at the 12,200-foot
elevation will be low.
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INTRODUCTION

This environmental assessment addresses the probable ecological impacts
of the Very Long Baseline Array (VLBA) radio telescope proposed for
construction at approximately the 2,740 m (8,990 ft) elevation on the north
slope of the upper Northeast Rift Zone of Mauna Loa volcano. The VBLA site is
planned to consist of a fenced facilities site and access road of total areal
extent of about 0.6 ha (1.5 ac). This area would be cleared and grubbed,
removing the native vegetation, and would be contained within a larger
approximately 13 ha (32 ac) leased area immediately upslope of the Mauna Loa
Observatory (MLO) access road, Operational activities at the facility would
be limited to the fenced site and road, and no effluents or other farther-
reaching impacts would be expected to be produced.

METHQDS

This assessment's field work was a walk-through survey noting the
character and composition of the limited on-site vegetation, and comparing it
with that nearby. The area surveyed was a kipuka of older substrate from
where the MLO road transected it at about 2,710 - 2,730 m (8,890 - 8,960 ft)
elevation to its upslope end at 2,775 m (9,100 ft). Although the construction
site is proposed-to be in the lower portion of this area, this whole elevation
range was traversed to better characterize the vegetation.

As the region's youthful geology dominates the landscape and the ecology
of the region, use was made of recently processed unpublished findings of U.
S. Geological Survey geologist John P. Lockwood, who has been involved in
studying the eruptive behavior and surface geology of Mauna Loa for a number
of years. This information includes areal determinations of surface lava flow
segments, grouped into five age classes and sorted into elevation bands of 500

m altitude in width.

OBSERVATIONS AND INFORMATION

Rainfall.--On a median rainfall map of the jsland (Circular C88, Hawaii
State Dept. of Land-and Natural Resources, Honolulu, 1982), the project area
falls along the 800 mm (31.5 in) isohyet.

Plants.—Vascular plants in the area of the proposed VLBA site are
limited in occurrence to the oldest substrates, as plant colonization and
succession proceed very slowly under local conditions. Eleven vascular
plants, two lichens and two mosses were recorded (Table 1). None of these are
officially listed endangered or threatened species nor candidates for such
status. All of these species, plus others, were seen far more abundantly at
slightly lower elevations on similarly aged and younger substrates.

Vegetation.—The vegetation can be categorized as a low, sparse
micophyllous sclerophyll scrub. The vascular species were all shrubs and
herbs, mostly perennial, below about 75 cm (2.5 ft) in height. They occurred
both as scattered indaviduals or as small groupings of several species
occupying up to 1-2 m¢ of area, usually much less. The clumped plants usually
sheltered small amounts of soil. Total plant cover js very much less than 1
%, and the surface between is barren pahoehoe lava, somewhabt oxidized to 2
gray-brown color. The much younger ‘a‘a lava flows flanking the pahoehoe

I-1
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kipuka (remnant of older substrate) were not seen to support vascular plants
near the kipuka boundary, only a small amount of lichen.

Wildlife.--No birds were observed at the site, but three native species
might occasionally visit or fly over the site. The ‘oma‘o (Phaeornis

obscurus) is known to live in low numbers in this upper elevation vegetation,

and I have seen them 6 km to the northeast of the site at approximately 2,300
m (7,550 ft) elevation. The nene (Nesochen sandvicensis), and endangered
goose which ranges widely on Mauna Loa's middle and upper slopes, may utilize
the age "II" vegetation from this elevation occasionally, but is not site
specific to the area. The ‘ua‘u or dark-rumped petrel (Pterodroma phaeopygia
sandwichensis) is an endangered bird, and may possibly be affected by this
project. It is a pelagic bird which nests in the upper mountainous parts of
several islands, including Mauna Loa. From March through October it flies up
and down the mountain slopes in the dark hours to breed, nest, and feed young.
The fledging young, and to a lesser extent the adults, can be fatally
disoriented by bright lights.

Several introduced mammals may be expected to occasionally pass through
or utilize the area. These are feral goat (Capra hircus), feral cat (Felis
catus), mongoose (Herpesteg_auropunctatug), black rat (Rattus rattus) and
house mouse (Mus musculus).

lava tube.—A lava tube was observed running down the western side of the
pahoehoe kipuka, marked by several surface openings or "skylights". About 400
m of the tube's length was traversed just below the MLO road. No life of any
sort was seen, and, importantly no plant roots penetrated into the tube from
the sparsely vegetated surface above. As plant roots are the primary energy
source for the Hawaiian lava tube ecosystem, the likelihood of this tube
containing known native troglodytes is quite low.

DISCUSSION

In keeping with the site's desired design requirements, the location is
usually above the penetration of moisture-laden tradewind air. Consequently,
this dryness supplements the high elevation as limitations to the rate of
succession and the species diversity. Little vegetation occurs above this
elevation. The predominantly youthful nature of the lava flow surfaces
further limits the total amount of vegetation at these higher elevations.

Accordingly, it is appropriate to consider how much of the total upper
level vegetation would be removed by the project. The vegetated pahoehoe flow
is considered by Lockwood to be in age class "II", about 1,500 — 4,000 years
old. There are approximately 39,460 ha (97,506 ac) of total land surface in
the 2,500 - 3,000 m (8,200-9845 ft) elevation band on Mauna Loa. Of this
total, the age class "II" substrate occupies 5,240 ha (12,948 ac) or about
13.3 Z (J. P. Lockwood, pers. comm.). The other two flows mentioned are age
class "IV" (about 107-750 years 0ld) and "Historic" (1843-1984; 1899 in this
case).

1f one assumes that 1) the vegetated portions of the 2,500 - 3,000 m
elevation band extends only up to about 2,800 m (just above the top of the
"YI" pahoehoe kipuka), and 2) that all age class "TI" flows support similar
vegetation, one can get a Very rough estimate of the total amount of this
vegetation community on Mauna Loa, and the proportion of it which would be
consumed by the construction of the 0.6 ha VLBA facilities, the project's main
impact, Calculations indicate that this is about 0.02 Z.

I-2
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Total "II" vegetation: 2,800 - 2,500 m x (5,240 ha) = (0.6)(5,240 ha)
500 m

= 3‘1&& E‘o

Amount of "II" impacted: (0.6 ha) / (3,144 ha) = 0.02 %

CONCLUSIONS AND RECOMMENDATIONS

It appears that the major impact of the proposed. project would be the
destruction of about 0.6 ha of the sparse, but relatively mature plant
community (and any associated sessile arthropods) on the older pahoehoe flow
during construction. Consisting of only about 0.02 7 of this community type
on Mauna Loa, this loss can be considered relatively insignificant,
particularly in the context of natural losses due to lava flow inundation.

The construction of the proposed lava diversion barrier upslope on the
unvegetated young flows can also be considered insignificant biologically.

Two other sorts of potential impacts can be avoided if proper precautions
are taken. Any construction activities will change the physical nature of the
lava substrate and will likely bring introduced plant species into the
disturbed site. It is recommended that a botanist be arranged to monitor the
site for introduced plants at least twice following construction and to direct
or effect their removal in order to prevent the spread of these weeds into
ad joining native vegetation, Although the composition of the native
vegetation is relatively simple at this upper elevation, it is unusual in
Hawaii to find such a low presence of introduced plants and is valuable in
that regard. :

Lights on or next to VLBA facilities might disorient night-flying dark-
rumped petrels. It is recommended that, other than an aircraft warning light,
all exterior lighting be kept to a minimum and effectively shielded to prevent

upward and outward escape of light.



Table 1. Plants observed in the survey area.

Hypochaeris radicata
Pellaea ternifolia
Styphelia tameiameiae
Tetramolopium humile
Trisetum glomeratum
Vaccinium peleanum

Non-vascular plants

Grimmea sp.
Rhacometrium lanuginosum
Stereocaulon vulcani
Usnea sp.

Species Life form
Vascular plants
Asplenium adiantum-nigrum fern
A. trichomanes fern
Carex wahuensis sedge
Coprosma ernodeoides shrub
Gnaphalium sandwichensium herb

herb-introduced
fern

shrub

herb

grass

shrub

moss
moss
lichen
lichen
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NATIONAL SCIFNCT FOUNDATION
WASHIHGION D 2ob50

AJG 23 1988

ECCEmny,

AUB 2 9 1959

- LE Nt TR
Dr. Donald N. B. lall BISEIE 1
Director
Institute for Astronomy
University of Hawaili
2680 Woodlawn Drive
Honolulu, Hawaili 96822

(3]
Yedtng

Dear br. Hall:

In letiers, dated July 5, 1988, I invitled appropriote
Federal agencies to submit comments to my office on the
Draft Supplemental Impact Statement in the matter of
constructing a Very Long Baseline Array antenna on Mauna
Kea; copies of the Draft Statement were enclosed. The

following agencies were contacted:

1. Environmental Protection Agency
~Region IX
Office of Federal Activities
Attention: Dr. Jacqueline Wyland
215 Fremont Street
San Francisco, CA 94105

2. Environmental Protection Agency
Office of Federal Activities :
Mailstop A-104
Attention Ken Mittelholt
401 M Street, SW
Washington, DC 20460

3. Department of the Army
U.S. Army Engineering and Housing Support Center
Attention CEHSC-EP
Pulaski Building, Room 6123
Washington, DC 20314-1000

4. USDA Forest Service
12th.and Independence SW
Attention: Richard V. Smythe
Director
Forest Environment Research
P.0O. Box 96090
Washington, DC 20090-6090



Dr. Donald N. B. Hall

5. Department of the Interior
Fish and Wildlife Service
MAttention: Frank Dunkle

Director
Washington, DC 20240

6. Advisory Council on Historic Preservation
1100 Pennsylvania Avenue, NW, Sulite 809

Attention: Don Kliima
Washington, DC 20004

7. National Oceanic and Atmospheric Administration

EC Room 6222 HCHB

Attention: David Cottingham

Washington, DC 20230

We received two replies,
your: records.

Enclosures

copies of which are enclosed for

Sincerely,

T wlim S‘Mﬁm% -

Julian Shedlovsky

Chairperson

NSF Committee on Environmental
Matters

1800 G Street NW, Room 641

Washington, DC 20550
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United States  Fish and Wildlife Secvice

3 Lloyd 500 Building, Suite 1692
Department of the Interior  Love s Sedine S |

Pottland, QOregon 97232

In Reply Refer Tor Your Reference

JUL 22 1980

De. Julian Shedlovsky, Chair
Committee on Environmental Matters
NDirectorate for Gerosciences
National Science Foundation

1B00 G Street, N.W., Room 641
Washington, DC 20550

Dear Dr. Shedlovsky:

We have reviewed the Amendment to the Environmental Impact State-
ment of the Mauna Kea Science Reserve Complex NDevelopment Plan
for a Very Long Basel ine Array Antenna Facility at Hamakua on the
Island of Hawaii, State of Hawaii. We have no further comments
to of fer.

We appreciate the opportunily to comment.

Sincerely,
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Department of Service Office p.0. Box 96090
Agrioculture Washington, DC 20090-6090
Reply To: 1950-4-2
pate: July 20, 1988

Dr. Julian Shedlovsky

Chair, Committee on Environmental Matters
Directorate for Geosciences, Rm 641
Nationsl Scilence Foundation

1800 G Street, N.W.

Washington, DC 20550

Dear Dr. Shedlovsky:

Thank you for providing us the opportunity to review the arendment to the

Draft Supplemental Environmental Impact Statement (SEIS) entitled

®"Amendment to the Mauna Kea 'Science Reserve Complex Developmeﬁh Plan for a

comments on the amendment to the development plan.

Sincerely,

s 1 Yyt

RICHARD V. SMYTHE
Director of

Forest Environment Research

(Ot Lidrs, BT, Bm. 416

a5

Caring tor the Land and Serving People

- VLBA Anténna Fagility at Msuna Kea, lamekua, Hawaii." We have no
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STATE OF HAWAI# RFCF(wT™

DEPARTMENT OF TRANSPORTATION
340 PUNCHBOWL 8TAEET

HONGLULU, HAWAII PO813 ‘88 AUG -8 P4 A7

Al 3 U0 1 o Lot B
August 3, 198g OFC Of tafloe. ..

Dr. Marvin Miura, Director

Office of Environmental Quality Control
465 South King Street, Room 104
Honolulu, Hawaii 96813

Dear Dr. Miura:

Draft Environmental Impact Statement
Mauna Kea Science Reserve
Complex Development Plan

EOWARD ¥ HIRATA
DRICTOR

otrurY iR{CTONY
JOHN K. UCHIMA
AONALD N. HIRANO

DAN T. KOCHI
JEANNE K. SCHULT2

IN REPLY REFER TO:

STP 8.3046

tted
By letter dated June 14, 1988 (STP 8.2916), we submi
comments to Dr. Donald N.B. Hall, Director of the Institute for

Astronomy, University of Hawaii. Since the comments are

valid, we are attaching a copy of the letter for your
consideration.

Thank you for this opportunity te provide comments.

Very truly yours,

still

e iz el

Bdward Y. BEirata
Director of Transportation
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Dr. Douald d.B, wail, Dicector
Univecsity of dawasl

Insclitdbe for ABLOCI2NQINY

2640 woodlawi Dcive

Honolulu, Hawaii %6822

pear Dr, Hall:

Environmentcal Assessment and Ssupplemental

anvigonmencal Lupact Statenent Prepacration hotice

Antenna Facility Within the Maupna Kea Science Reserve

e are recwamunding thac clearances be obtained from the

Federal Aviation Aaministration (FAA)}. To assist you, we¢ nave
enclosced FAA Porm 7480-1 <awch should be comdietad and submttec
to FAA. - '

Thank ycu for ciiy opporTunity to vrovide Com2nis,

Very tculy yaurs,

EJdwagd Y. diraca
Dicector nf Transportation

DT: ko
BEnclosure
cc: AIR, sTrp(dt)
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University of Hawaii at Manoa

Institute for Astronomy
2680 Woodlawn Drive » Honolulu, Hawaii 96822
Telex: 723-8459 ¢ UHAST HR

Office of the Director

August 30, 1988

Mr. Edward Y. Hirata, Director
Department of Transportation
State of Hawaii

869 Punchbowl Street

Honolulu, Hawaii 96813

Dear Mr. Hirata:

Subject: Draft Supplemental Environmental Impact Statement
(DSEIS) - Amendment to the Mauna Kea Science Reserve
Complex Development Plan for a VLBA Antenna Facility
at Mauna Kea, Hamakua, Hawaii

Thank you for reviewing and commenting on the subject DSEIS. For
your information, a Notice of Proposed Construction or Alteration
was filed with the FAA on August 3, 1988. In addition, we sent a
copy of the DSEIS to the FAA office in Honolulu; they did not
comment.

Sincerely yours,

‘L . [,t.(,-\.:z, V. l'\c-./(é'

Donald N. B. Hall
Director

DNBH: jec

cc: MCM Planning
National Radio Astronomy Observatory
Office of Environmental Quality Control

AN EQUAL OPPORTUNITY EMPLOYER



University of Hawaii at Manoa
Office of Campua Operations PF P Bt
1441 Hast West Road

Honolulu, Huawan 96022 38 JL 28 An 53
Office of the Direclor
itly: 39,1988
QuaLillY L

Dr. Marvin 'T. Miura
465 So. King Streect, Room 104
Honolulu, Hawaii 96813

Dear Dr. Miura:

Subject: AMENDMENT TO 1HE MAUNA KEA SCIENCE RESERVE
COMPLEX DEVELOPMENT PLAN FOR A VLBA ANTENNA
FACILITY

After reviewing the draft of the Supplemental Environ-
mental Impact Statement (EIS), the following comments were
made by my staff on the subject matter,

1. Construction of the VLBA Antenna Facility will
overlap with the Mauna Kea Observatory Access Road
project, which is currently under construction and
scheduled for completion on December 11, 1989.
Access to the VLBA site will have to be coordinated
with the road contractor.

2. The fifth sentence in the last paragraph on page
II-8 mentions the possible use of the "skier's
parking lot™ as a concrete batching plant. This is
a potential problem since the access road contrac-
tor is already using the area for his operations.

If you have any questions regarding the above comments,
please call Mr. Clyde Akita at 948-7201.
Sincerely,
ottt A Al

Allan Ah Sa
Director of Campus Operations

AN EQUAL OPPOKITUNTITY EMPLOYER
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University of Hawaii at Manoa

Institute for Astronomy

MEMORANDUM

August 30, 1988

TO: Allan Ah San
Director of Campus Operations

FROM: Donald N. B. Hall 4¢ b owvés
Director, Institute for Astronomy

SUBJECT: Draft Supplemental Environmental Impact Statement
(DSEIS) - Amendment to the Mauna Kea Science Reserve
Complex Development Plan for a VLBA Antenna Facility
at Mauna Kea, Hamakua, Hawaii

Thank you for reviewing the subject DSEIS. Construction of the
VLBA facility will be coordinated with your office and the road
contractor. Because the concrete "pours" will be of short
duratin (one to two days each), alternatives to use of the
"skiers’ parking lot," such as hauling already mixed concrete
from the contractor’s base of operations or batching on site,
will be undertaken if the designated batch plant site is
unavailable.

DNBH: jec
cc: MCM Planning

National Radio Astronomy Observatory
Office of Environmental Quality Control
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University of Hawaii at Manoa -
RECENE
Preem e "Environmental Center !

Crawford 317 « 2550 Campus Road -

‘88 AUG -8 Pidonkfulu, Hawali 98822 ‘
Telephone {808} 848-7361 ‘

OFC- GF Eh’\.l‘;. t, . August 5, 1988 o
QUALITY CLo. o RE:0503

v

JHOr. Marvin T. Miura b

office of Environmental Quality Control .
465 South King Street, Room 104

Honolulu, Hawail 96813 -,

L

Dear Dr. Miura: -

Draft Supplemental Environmental Impact Statement .
Mauna Kea Science Reserve Complex t

(Development Plan for a VLBA Antenna Facility)
Mauna Kea, Hawaii A=

This document discusses the construction of a Very Iong Baseline Array

(VLBA) antenna facility on the slopes of Mauna Kea within the Mauna Kea ~—~
Science Reserve Complex at an elevation between 12,200 and 12,400 feet. L
The Mauna Kea siting is the westernmost facility for the VLBA which

includes similar antennas on the Virgin Islands, Puerto Rico and various .

states of the western United States, Construction activities will include
road building, utility installation, fencing of archaeological sites,
concrete foundation laying, and the final assembly of the antenna, which _
will be shipped to Hawaii from the continental United States. This review :

was conducted with the assistance of P. Bion Griffin, Anthropolegy; Edwin —
Murabayashi, Henry Gee and yu-Si Fok, Water Resources Research Center; Roy
Takekawa, Environmental Health and Safety; and Steven Armann,

Environmental Center.

Specific Comments: ‘|

Drainage and Erosion contral. The discussion of drainage and erosion
control would be improved by including more specific guantitative
information on relevant climate conditions. Seasonal information on wind
and rainfall at the site would appear to be important to assure that
construction schedules can be adjusted to minimize erosion and fugitive
dust impacts to other Mauna Kea science facilities.

gz

Archaeology. The archaeological studies reflect a minimally
acceptable level of study. Provisions are needed to assure that
mitigation measures for both short and long term protection, such as

i

A Unit of Water Resources Research Center

AN EQUAL OPPORTUNITY EMPLOYER
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Dr. Marvin T. Miura -2- August 4, 1988

fencing of the sites, are not overlocked when the construction begins. We
strongly urge that a trained archaeclogist be present when the fencing is
erected and before any construction, including roads and utilities takes
place.

Environmental Health. Since the antenna facility is "a receiving
instrument only" and does not transmit or radiate any radio frequency
energy, there should not be any harmful effects on humans,

EIS Organization. All four copies of our Draft EIS's were missing
pages. In addition, one entire section (V) was duplicated. Such major
cbvicus errors in collation of the document leads the reviewer to suspect
the adequacy of the content of the document as well. Considerably greater
effort should be given to the production of the Final Supplemental EIS to
assure that an adequate and factually accurate document is produced.

In conclusion, compliance with all the recommendations and mitigative
measures identified in the EIS should be made a part of any construction
contract to assure that all parties are aware of their respective
environmental responsibilities,

Thank you for the opportunity to review this document. We look
forward to your response and the final statement,

Yours truly,

acquelin N. Miller :
Associate Environmental Coordinator

cc: L. Stephen Lau
- Donald N.B. Hall

Yu-Si Fok
Henry Gee
P. Bion Griffin
Edwin Murabayashi .
Roy Takekawa -
Steven Armann



University of Hawaii at Manoa

Institute for Astronomy
2680 Woodlawn Drive « Honolulu, Hawaii 98822
Telex: 723.8456 ¢ UHAST HR

Office of the Director

August 30, 1988

Ms. Jacquelin N. Miller

Associate Environmental Ccoordinator
Environmental Center, Crawford 317B
2550 Campus Road

Honolulu, Hawaii 96822

Dear Ms. Miller:

Subject: Draft Supplemental Environmental Impact Statement
(DSEIS) - Amendment to the Mauna Kea Science Reserve
Complex Development Plan for a VLBA Antenna Facility
at Mauna Kea, Hamakua, Hawail

Thank you for reviewing and commenting on the subject DSEIS.
First, we would like to apologize for your incomplete copies. We
had some initial problems with the printer; however, we were able
to replace most of the defective copies before they were
distributed. Unfortunately, yours were not among those replaced.
We wish that you had contacted us as we would have been more than
happy to replace your copies. In rxesponse to your specific
comments:

1. There are no site-specific meteorological data available for
the VLBA site. Rainfall information for the Mauna Kea
Science Reserve is presented on Page III-4 of the DSEIS;
wind data for the summit is presented on that page and on
Page V-13. Although it is assumed that wind velocities at
the proposed VLBA site would be less than at the exposed
summit, seasonality is expected to be similar. Because the
location of the VLBA site is roughly 2.7 miles below the
summit area (Page II-1), fugitive dust impacts to other
Mauna Kea science facilities are not anticipated.

2. Archaeological mitigation will be coordinated with the State

Historic Preservation Office; all of their recommendations
will be followed.

AN EQUAL OPPORTUNITY EMPLOYER
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Ms. Jacgquelin N, Miller
August 30, 1988
Page 2

It is intended that compliance with the mitigation measures and
recommendations identified in the SEIS will be made part of any
construction contract.

Sincerely yours,

4. Guia bk Dy s.ueU
Donald N. B. Hall
Director

DNBH: jec

cc: MCM Planning
National Radio Astronomy Observatory
Office of Environmental Quality Control



COPY PLANNING DEPARTMENT COUNTY OF HAWAII
26 AUPUNI STREET HILO, HAWAII 68720

August 22, 1988

Dr. Marvin T. Miura, Ph.D.

Office of Environmental Quality Control
465 So. King Street, Room 104

Honolulu, HI 96813

Dear Dr. Miura:

Draft EIS - Amendment to the Mauna Kea
Science Reserve Complex Development Plan

We have no objections to the establishment of the VLBA facility
itself at the summit area of Mauna Kea.

However, the presence of transmitters already at the summit
appears to be a separate issue needing to be resolved even through
the proposed VLBA is not hampered by nor contributes to that problem.

Page S5-9, paragraphs 3 and 4 state the Institute for Astronomy
proposes an end to all transmitters at the summit. The Land Board
Chairman in one of his letters on this subject matter (letter dated
April 25, 1988, to Dr. Donald Hall, IAF Director) clearly states
otherwise. We were not aware until reading this report that UHIFA
was proposing the removal of all transmitters from the general

area. The County of Hawaii Police Department expressed concern over
future conflicts with their lower elevation based radio

communications facilities.

As this application is an amendment to the Mauna Kea Science
Reserve Complex Development Plan {SRCDP), we recall also that the
original SRCDP made mention of a Management Committee in 1983 to
include the County as well as other agencies. We have had no notice
of the Committee's formulation to date.

Sincerely,

ALBERT LONO LYMAN
Planning Director

DT/ALL:1v

cc: Dr. Donald Hall"
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University of Hawaii at Manoa

Institute for Astronomy
2880 Woodlawn Drive ¢ Honolulu, Hawaii 96822
Telex: 723-8459 ¢ UHAST HR

Office of the Director

August 30, 1988

Mr. Albert Lono Lyman

Planning Director

County of Hawaii Planning
Department

25 Aupuni Street

Hilo, Hawaii 96720

Dear Mr. Lyman:

Subject: Draft Supplemental Environmental Impact Statement
(DSEIS) - Amendment to the Mauna Kea Science Reserve
Complex Development Plan for a VLBA Antenna Facility
at Mauna Kea, Hamakua, Hawaii

Thank you for reviewing and commenting on the subject DSEIS.
In response to your concerns about the removal of transmitters
- from the summit of Mauna Kea:

A meeting was held with the Deputy Director and staff of DLNR
on June 2, 1988, to discuss their concerns about removal of
transmitters from the Mauna Kea Science Reserve. At the
conclusion of this meeting, it was our understanding that DLNR
will support IFA’s position on this matter. We, therefore,
responded to their comments of April 25, 1988, as follows:

"Although the University recognizes that Mauna Kea is a premier
site for telecommunications as well as astronomy, the two
activities are not compatible. The University leased 13,000
acres from BLNR (S-4191) for the Mauna Kea Science Reserve so
that there would be a buffer zone adequate to prevent intrusion
of activities inimical to observatory operations at the summit.
Activities defined in the lease as being ’inimical to the
scientific complex’ include light and dust interference to
observatory operation and certain types of electric or
electronic installations.

AN EQUAL OPPORTUNITY EMPLOYER
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Mr. Albert Lono Lyman
August 30, 1988
Page 2

*Phe Institute for Astronomy (IFA) has received many proposals
to install new or upgrade old transmitters at the summit; some
of these requests have come from astronomy users themselves.
It is the policy of IFA to reject all such proposals because
they are inimical to the scientific complex within the Science
Reserve. ‘

“Tn the context of our mission to preserve the qualities of the
Science Reserve, 'so that Mauna Kea remains the premier site for
ground-based astronomy in this hemisphere, we have asked your
Department to find an alternative location for the Forestry and
Wildlife repeater on the summit. IFA promises to do everything
possible to assist you in this endeavor so that an amicable
solution to this potential problem can be found. We assure you
that no new transmitters of any kind will be allowed in the
Science Reserve." :

As stated in the SEIS, UH IFA only intends to remove
transmitters from the Mauna Kea Science Reserve; no others will
be affected. A briefing on this matter and other Radio
Frequency Interference concerns, at which County of Hawaii
personnel (including two members of your staff) were present,
was held in the County Council Chambers on June 3, 1988. At
this meeting, as Director of IFA, I stated the intention of the
University to eventually remove all transmitters from Mauna Kea
Science Reserve. In addition, NRAO personnel assured members
of the Police Department and others present that there should
be no problem with their lower elevation based radio
communication facilities.

The Management Plan aspects of the original SRCDP have not been
completely implemented as yet. This will take place after the
road has been completely paved. At that time, the Management
Committee may be formed.

Sincerely yours,

S I 00 Tl TR
Donald N. B. Hall

Director

DNBH: jec

cc: MCM Planning
National Radio Astronomical Observatory
0ffice of Environmental Quality Control




et e e a1

T

(23

-1 A

i)

Bl RV T
P 6 588

EILTGR
DEPARTMENT OF WATER SUPPLY e COL’.N:E#Y-F_‘OETEHQWA"

2% AUPUNI STREET . HILO, HAWAIl 96720

June 30, 1988

Marvin T, Miura, Ph.D.
465 South King Street, Room 104
Honolulu, HI 96813

DRAFT SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT
AMENDMENT TO THE MAUNA KEA SCIENCE RESERVE COMPLEX DEVELOPMENT PLAN FOR A

VLBA ANTENNA FACILITY, MAUNA KEA, HAMAKUA, ISLAND OF HAWAII-STATE OF HAWAII

Thank you for the opportunity to review the subject report.

Our comments are the same as those indicated in our letter of April 27,

1988 to Dr. Donald N. B. Hall, Director, Institute for Astronomy, Universi-
ty of Hawaii, '

- ) | T,
I a5 ! /
(i, e 'cé_
H. WiT134% ‘Sewike ©
Manager .
KO

cc 4”6ﬁiversity of Hawaii - Institute for Astronomy
Mr. Guy Paul, Chief of Police
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University of Hawaii at Manoa

Institute for Astronomy
2680 Woodlawn Drive » Honolulu, Hawaii 90822
Telex: 723-8459 s UHAST HR

Office of the Director

August 30, 1988

Mr. H. William Sewake, Manager
Department of Water Supply
County of Hawaili

25 Aupuni Street

Hilo, Hawaii 96720

Dear Mr. Sewake:

Subject: Draft Supplemental Environmental Impact Statement
(DSEIS) - Amendment to the Mauna Kea Science Reserve
Complex Development Plan for a VLBA Antenna Facility
at Mauna Kea, Hamakua, Hawaii

Thank you for commenting on the subject DSEIS. A new radio
astronomical observing site and antenna must operate within the
radio spectral environment existing at the time of construction.
The radio enviroment includes all radio communication and
broadcast emissions authorized by Federal Communications
Commission (FCC) Regulations and by National Telecommunications
and Information Adminstration (NTIA) Regulations. RFI from
transmitters that comply with FCC and NTIA regulations (such as
yours) are not expected to be a problem at the site.

NRAC has analyzed existing and proposed radioc systems that might
affect the VLBA, The facility site was selected because
surrounding terrain will shield the antenna from harmful RFI
sources. In addition, as shown in Figure IV-2 (Long Range Visual
Impact), Page IV-16 of the DSEIS, because the antenna will not be
visible from Hilo, it will also not be in direct line-of-sight of
transmitters located there.

Sincerely yours,

d o loel o VHleCE

Donald N. B. Hall
Director

DNBH: jec

cc: MCM Planning
National Radio Astronomy Observatory
Office of Environmental Quality Control
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