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I. Introduction

Hawaii is presently dependent for over 90% of its energy needs on imported
petroleum products. Because of Hawaii's geological structure we do not
believe that it could have indigenous fossil fuel resources. Also, our
geographical location, approximately 2,400 miles from the continental United
States, makes the State of Hawali very vulnerable to shortages of strategic
materials such as petroleum during national emergencies or embargoes.

In order to alleviate our very high dependence on imported oil, Hawaii has
embarked on a program to develop alternate sources of energy such as geother-
mal, ocean thermal, solar, wind and biomass. All of these alternate energy
sources are for the production of electric power.

However, approximately 60% of our energy consumption is for liquid transporta-
tion fuels, including over 30% for aviation fuel.

Recognizing this lack of effort to find alternate sources of liquid hydro-
carbon fuels, Pacific Resources, Inc. (PRI) solicited and received a grant
from the Department of Energy to conduct a study to determine the feasibility
of commercial production of hydrocarbon fuels from biomass feedstocks avail-
able in Hawaii. The PRI study team includes the Institute of Gas Technology
(1GT) as the principal subcontractor responsible for the development and
design of the biomass to oll conversion process and the Hawaii Natural Energy
Institute (HNEI), for the technical and economic evaluation of growing and
harvesting a suitable biomass crop. (See Appendix I "Report on Energy Tree
Farm Workshop No. 1" by PRI and HNEI and Appendix II, "Final Report, Hydro-
pyrolysis of Biomass to Produce Liquid Hydrocarbon Fuels'" by IGT)

II. Objective and Scope of Study

The objective of the study is to provide a process design and cost estimates
for a biomass hydropyrolysis plant and to establish its economic viability for
commercial applications. A plant site, size, product slate, and the most
probable feedstock or combination of feedstocks were determined.

A base case design was made by adapting IGT's HYFLEX process to Hawaiian
biomass feedstocks. The HYFLEX process was developed by IGT to produce liquid
and/or gaseous fuels from carbonaceous materials. The essence of the process
is the simultaneous extraction of valuable o1l and gaseous products from
cellulosic biomass feedstocks without forming a heavy hard-to-handle tar. By
controlling reaction time and temperature, the product slate can be varied
according to feedstock and market demand. An optimum design and a final
assessment of the applicability of the HYFLEX process to the conversion of
Hawaiian biomass was made.

In order to determine what feedstocks could be available in Hawaii to meet the
demands of the proposed hydropyrolysis plant, various biomass sources were
studied. These included sugarcane and pineapple wastes, indigenous and
cultivated trees and indigenous and cultivated shrubs and grasses.



I1I. Biomass Feedstock

a. Crop Selection

Various candidate feedstocks were evaluated, including sugarcane
bagasse, sugarcane trash, whole sugarcane, pineapple field waste, guinea
grass, and eucalyptus, leucaena (Koa Haole), ohia and albizia woods. Charac-
terization of these feedstock candidates by chemical analysis and Fischer
assays showed no major differences in quality, except for a high ash content
of sugarcane trash. (See Appendix II, Section V)

Selection of the feedstock, therefore, was based on availability and
environmental requirements such as rainfall, altitude, topography, climate and
soil type. Selection of suitable sites for cultivation of the biomass was
based not only on the environmental criteria but the availability of land and
its ownership. (See Appendix I, Section 2)

Sugarcane bagasse and pineapple field wastes were eliminated because
bagasse is consumed as a fuel by the plantations and pineapple waste is not
available in sufficient quantities. Cane trash was also eliminated because
most of it is burned in the fields prior to harvesting and whatever is avail-
able is difficult to gather and transport to a central location.

Grasses were eliminated because the required climate, soil, and topo-
graphical requirements are similar to those for sugarcane and pineapple; our
major agricultural crops could not be displaced with grass.

Trees, therefore, were selected. Leucaena, albizia and various species
of eucalyptus were evaluated based on each species' growing criteria versus
the climate, soil, and topographical characteristics of the land available for
such cultivation. (See Appendix 1, Section I, especially Table 1-1; Environ-
mental and Growth Requirements of Leucaena and Eucalyptus for Biomass Produc-
tion)

Because of the differing characteristics of the several tree plantation
sites, four different species of trees were selected as most suitable for
cultivation and they are; Leucaena (Koa Haole), Eucalyptus Grandis, Eucalyptus
Saligna, and Eucalyptus Globulus.

b. Tree Farm and Plant Site

In order to support the 1,000 ton per day biomass to oil processing
plant, approximately 50,000 acres must be dedicated to the tree plantation.
This land requirement is based on an average yield of 10 BDT (Bone Dry Ton)
per acre per year on a 5-6 year crop rotation cycle. In addition to the 1,000
BDT per day feedstock to the plant another 464 BDT per day is required for
steam generation, power, and process heat.

The Islands of Hawaii (Big Island), Kauai, Maui and Molokal were closely
examined as possible tree farm sites. Four separate maps for each island
showing rainfall, elevation, soil type and land ownership were overlaid on
each other and the most suitable crops and sites were determined. The acreage
criteria was then imposed and those islands too small for the tree plantation
were eliminated.



Only the Big Island met all environmental and acreage requirements for a
tree farm based on the cultivation criteria set forth in Table 1-1 on page 6
of Appendix I. Since there are no available sites with 50,000 contiguous
acres of suitable land, the proposed tree plantation will be located on three
non-contiguous parcels in relatively close proximity to each other.

In order to minimize transportation cost we have tentatively selected
the outskirts of Waimea Town as a possible plant site. Waimea is centrally
located between the three plantation sites, namely, Kapaau (Kohala), Kukaiau
(Honokoa) and Puaakala.

IV. Process and Plant Design, Product Quality, and Economics

a. Process Design

The specific process to be utilized in the proposed project is Hydro-
pyrolysis of biomass to produce liquid hydrocarbon fuels. This type of
conversion is conducted in a high partial pressure of hydrogen and has a Short
Residence Time (SRT).gf only a few seconds. The essence of this SRT hydro-
pyrolysis, or HYFLEX process as IGT call it, is the simultaneous
extraction of valuable o1l and gas products from solid carbonaceous feedstock
such as biomass without forming a heavy, hard-to-handle tar. By controlling
reaction time and reaction severity (temperature) the product slate can be
varied according to needs and market.

Initial processing of feed consists of drying and size reduction using
conventional equipment. Since woodchip feed material contains about 50
percent moisture, it is dried in a rotary drum drier to a moisture content of
35 percent or less. It is then reduced in size by grinding machinery to less
than 1/16 inch particles (20 mesh). The feed then enters a lockhopper feeder.
Since this section of the process operates at a moderately high pressure
(200-400 psi) multiple lock hoppers are used. Combination dryer and surge
vessel is employed so that feed to the process is continuous. (See Appendix
11, Fig. 1, Block Flow Diagram of Hyflex Plant, pg. 1II-2 and Fig. 2, Process
Flow Diagram. pg I111-3).

In the dryer-surge vessel, feed is contacted in a fluid bed by products
in gaseous and vapor form. The feed is thus preheated and the products
cooled. Feed solids then pass through a standpipe and are admitted through a
slide valve into the bottom of the riser reactor where they are entrained
upward by a hydrogen-rich gas system. Conversion in the riser reactor takes
place in a few seconds and the reaction is immediately quenched in the dis-
engaging and quench vessel to assure that no polymerization products are
formed by "soaking'" at high temperature. Unreacted feed (char) passes through
a slide valve from the disengaging and quench vessel into the steam-oxygen
gasifier where it is gasified to produce the net hydrogen necessary for
conversion. Conversion products are cooled and separated into liquid and
gaseous products. Liquid products are fractionated to desirable products.
Gaseous products are burned as fuel in the process.

Utilities required for the process consist of fuel for firing the
recycle hydrogen heater and for steam generation, electricity for powering
moving equipment, water for cooling, and water for supplying the chemical
hydrogen required to upgrade the carbonaceous fuel. Generally about 0.5-1.0



pounds of water are required per pound of plant fuel. Fuel can be gas
produced in the process, coke from initial hydropyrolysis, wood chips, or
whatever else might be available to give the lowest cost of production.
Electricity will be generated and any excess will be sold to the utility
system.

A base case design for a 1,000 BDT per day HYFLEX processing plant was
completed. Further investigation, however, indicated that instead of deliver-
ing logs to be chipped at the plant as in the base case design, it would be
more desirable to do whole tree chipping (about 2' x 3/4" size) in the field.
(See Appendix 11, page IV-1)

Such a change in process procedure will reduce capital requirements by
$9.380 million from $47.549 to $38.169 million. It will reduce plant oper-
ating cost by $2.177 million from $16.685 to $14.508 million. This reduc-
tion, however, is not a cost savings but merely a reallocation of costs to the
field harvesting operations.

In addition to the foregoing capital and operating cost reductions,
power demand will be reduced by 3,730 KW, from 8,000 KW to 4,279 KW, with an
attendant reduction in wood requirement of 214 tons, from 1,678 to 1,464 BDT
per day.

An important consideration in our decision to chip in the field was
transportation of the trees to the processing plant. Large trees must be
trimmed so that only logs of suitable size would be transported and a lot of
the smaller branches would probably be left in the field. On the other hand,
whole tree chipping, which we witnessed in several areas in Michigan, Virginia
and North Carolina, recovers all parts of the tree including leaves and bark.
The chips are more bulky than logs, but can be loaded, transported and
unloaded very easily into large vans. Field chipping,therefore, results in
better recovery, and in easler transportation and handling of the biomass.

b. Product Quantity and Quality

Our primary objective is to produce the largest yield of liquid hydro-
carbon fuels. Acrording to Appendix II, page VI-l, and Figures VI-1 and VI-2,
the best yield and quality is obtained when the reaction temperature is about
970°F in the presence of hydrogen and a pressure of 100 psig.

The quality of the organic liquid is questionable because it has a
calorific value of only 10,493 BTU/1b. (See page VI-15) Chromatographic
Analysis of the oil (see page El4 of Appendix E of the IGT Report) shows that
about 56% of the oils are oxygen containing compounds. Of these compounds the
phenols predominate.

The low calorific value and high oxygen content of the oil indicates
that it is not suitable as a petroleum distillate substitute. Petroleum
distillates usually have a calorific value of 19,000 - 20,000 BTU/1b. with
only a small amount of oxygen. Therefore, an additional upgrading process
must be undertaken in order to make the HYFLEX distillate suitable for further
refining.



¢. Process Economics

(1) Feedstock Cost - Approximately 50% of the product cost can be
attributed to feed cost if we assume wood cost to be about $55 per dry ton.
Please note that the higher the feedstock cost the greater its portion of the
product cost, because the capital and other operating costs are relatively
fixed. (See Appendix I, Section 8, Financial Results and Appendix 11, page
VI1-3, Table VII-1, Capital and Operating Costs)

The average after-tax cash cost of $29.47 per dry ton of chips
(Appendix I, Section 8, page 79) is approximately 50% of the before tax cost.
This is the price which must be paid if the tree farm is an independently
operated business which sells chips to the processing plant. Therefore, the
actual feedstock cost is $57.78 per dry ton as described in a letter dated
August 10, 1982 from John S. Denges to Dr. Ping Sun Leung. (see Denyes'
letter attached to Section 8 of Appendix T)

(2) Product Cost - Based on the $57.78 per dry ton of chips,
product cost will be $9.17 per million BTU's (see Appendix 11, Table VII-1,
Capital and Operating Costs, page VII-3 and Figure VII-1, Combined Cost of
Organic Liquid and Char, page VII-4) or $55.02 per barrel of oil equivalent (6
million BTU's per barrel).

V. Conclusion

Biomass to o0il conversion by the HYFLEX process is not commercially
feasible with feedstock from a tree farm in Hawaii. The $55.02 per barrel oil
equivalent price is much to high compared to crude o0il which is currently
available for as low as $28 per barrel.

Because of the high cost of harvesting, which is estimated at about
$22.40 per dry ton (see Appendix I, Tables 7-1 and 8-6), it is highly improb-
able that the product cost can be reduced to about $32 per barrel to be
competitive with petroleum products even with the most efficient tree farm
operation. Feedstock cost must be less than $24.60 per dry ton in order to
produce a cost competitive product.



PRI PRI Tower 733 Bishop Street
Paciic Resources, Inc. P O. Box 3379 Honolulu, Hawaii 96842
Telephone B08 547-3111 Telex 0634238

August 26, 1982

TO: Receipients of Report on Energy Tree Farm Workshop No 1.

SUBJECT: Addendum to Report

Attached is a letter dated August 10, 1982 from John S. Denyes,
one of the authors of Section 8 of the Report, to Mr. Ping Sun Leung
concerning that section. The letter clarifies some confusion about
the meaning of the cost figures presented in Section 8. The letter

is self-explanatory, therefore I will not comment any further.
Sincerely,

T

Project Manager



& O
80

ALEXANDER & BALDWIN, INC.

August 10, 1982

Mr. Ping Sun Leung

Bilger Hall, #302

University of Hawaii

Dept. of Agricultural & Resource Economics
Honolulu, HI 96822

Dear Mr. Leung:

There has apparently been some confusion about the meaning of some of the
numbers discussed in Section 8 (Financial Results) of the 1982 report on
Hydropyrolysis of Biomass to Produce Liquid Hydrocarbon Fuels. In this letter
I will try to clarify the significance of my calculations so that readers of
that report can properly assess that analysis and accurately compare it to
other alternative energy sources.

The first paragraph of Section 8 states that growing, harvesting, ana chipping
of eucalyptus and leucaena as a source of biomass “can be done at an average
after-tax cash cost of $29.47 per ton". The confusion apparently arises in
the definition of what is meant by "“after-tax cash cost". Let me try to
illustrate this with a simple example.

Consider a corporation with a 50% marginal tax rate. Every increase in net
income is taxed at 50%; conversely, a decrease in net income due to higher
costs has only a 50% impact on net profit and cash flow. An additional dollar
in costs only reduces income by fifty cents; the other fifty cents are offset
by a reduction in income tax. In this case, if this corporation were to buy a
ton of chips costing $60 from the supplier, the "after-tax cash cost" of that
$60 ton of chips would be $30 (or $60 minus a 50% reduction in income taxes).

Thus, when the Hydropyrolysis report discusses "an after-tax cash cost of
$29.47" it must be realized that this is not the equivalent market cost of the
chips; instead, it is the cost after all income tax effects have been
considered. The equivalent before-tax market price of the chips would be some
higher number.

The structure of the enterprise producing these chips is assumed to be subject
to a combination of a 30% capital gains tax rate and an ordinary income tax
rate of approximately 49%. Further, much of the investment required for the
project will give rise to investment tax credits, having an effect on the
average tax rate. Finally, the average tax rate and the cash flows will vary
over time as the project is established and then comes into production at some
later date. Due to these complicating factors, 1 did not convert the $29.47
into a before-tax equivalent price. It is, however, easily possible to
convert it into the equivalent price of fuel o1l for a company with a 49% tax
rate:

7
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cc:

P. S. Leung
August 10, 1982

Page Two

$29.47/(100%-49%) = $57.78 per bone-dry ton; at two green
tons per bone-dry ton this is $57.78/2 = $28.89 per green
ton. Since one green ton is approximately egquivalent to
one barrel of oil, this means that implementing this pro-
ject to produce chips (if used as a replacement for fuel
0i1) is equivalent to purchasing oil directly at $28.8Y per
barrel.

I hope this has helped clarify the matter; if you have any further gquestions,
please do not hesitate to call.

JsD/cb1

1222C

Sincerely,

7
65574/30hn S. Denyes

Director, Corporate Development

Robert Fujita

James Holderness
Paul K. Yuen
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INTRODUCTION

Hawaii is presently 90 percent dependent upon imported petroleum for its energy needs.
Such import levels could be the Achilles’ heel of the state’s commerce and industry, as was
demonstrated during the oil crunches of the 70°s. Energy self-sufficiency, therefore is a state goal

and one of the objectives of this study.

Biomass, geothermal, occan thermal, solar, and wind energy are alternate sources to
imported finite fossil tuels. Since its inception 100 years ago, the sugar industry in Hawaii has
utilized biomass (bagasse) as an energy source, but more and larger scale use of biomass is needed
now. Tree crops, grass, row crops and even marine plantations of kelp are other examples of bio-
mass production that are being carefully assessed for their economic teasibility. A form of bio-
mass, the carbonaceous residue of farm and forest production, is a renewable energy resource
that, if large-scale plantations were demonstrated to be c¢conomically feasible and if its avail-
ability for continuous processing were made certain, could fill an expanding portion of the state’s

needs.

Perhaps greater use of biomass energy is currently being made in the state than is realized.
On the Island of Hawaii, clectrical generators powered by boilers fueled by bagasse supply about
one third of the consumer clectrical demand. On Kauai, bagasse fuels only a slightly smaller per-
centage of electrical production.  Guinea and Napier grasses fuel a power plant on Molok.i.
Chipped wood substitutes for bagasse for power generation in a growing number of instances, and
more wood chips would be used as boiler fuel if available. As a rule of thumb, one ton of wet
wood chips (2,000 1b) has the energy cquivalent of one barrel of oil. Many acres of Huwaii, not
presently ecconomically viable for food crops or pusture, now standing idle, are capable of pro-
ducing 20 green tons of harvestable biomass per acre-year. This is an energy equivalent of 20
barrels of oil per acre-year. Based on 1981 fucel oil prices of $32 per barrel delivered Hawaii. the

acre of biomass has a value of $640.

Biomass may be converted to encrgy by at least four processes: direct combustion (burn-
ing); hydropyrolysis (gasification):; hydrolysis; or anaerobic digestion. Direct combustion is the
most cfficient method of converting biomass to clectricity. By use of the hydropyrolysis process,
though, biomass can be converted to liquid hydrocarbon fuels or low BTU gas and char. Liquid
hydrocarbons are clearly suited as liquid fuels. Liquid hydrocarbons could also conceivably be
used to energize planting and harvesting equipment for the proposed extensive biomass planta-

tion.



Since August 1980, Pacific Resources, Inc., the Hawaii Natural Energy Institute of the
University of Hawaii, and the Institute of Gas Technology have been studying the economic
feasibility of hydropyrolysis of Hawaii biomass to produce liquid fuels under a U.S. Department
of Energy grant. The particular hydropyrolysis conversion method being examined is called
HyﬂexTM, which is the simultancous extraction of oil and gas products from solid carbonaceous
feedstocks without forming a heavy, hard-to-handle tar. By controlling reaction time and
severity (temperature) the product slate can be varied according to needs and market. A process
design has been completed for the conversion of forest biomass (specifically cucalyptus wood) to
LPG, oil, and char products. A prototype conversion plant implementing the HyﬂchM process
has been proposed, and it requires the sustained production from a tree plantation of 45,000 to

55,000 acres.

Since the early 70’s, a significant number of rescarch projects have considered single or
multiple phases of the potential for tree plantations as a source of biomass energy for Hawaii.
A 1977, five-volume study by the Stanford University/University of Hawaii Biomass BEnergy
Study Team indicated 12 extensive land areas on the Island of Hawaii deemed suited to, and
economically positive for, encrgy tree plantations.  This work suggested that perhaps 773,599
acres of grassland and wooded grazing land might be considered for terrestrial biomass produc-
tion. By and large these lands were situated above 2,000 ft clevation, were not under cultiva-

tion, were often partly woods, and usually were under-utilized.

Presently, arcas of the Island of Hawaii that offer the highest potential for economically
feasible encrgy tree plantations are parts of the Hamakua Coast and the North Kohala District.
On the Hamakua Coast virtually all of the land below 2,000 ft clevation is used for unirrigated
sugarcane production. Above the cane lands, however, is a belt of higher clevation often wetter
lands that are grazicg land or disturbed forest areas. At still higher clevations are less moist Jands
utilized only as pasture. Such lands, ranging in clevation trom 2,000 to 3,600 ft, appear to be
environmentally suited for cnergy tree plantations. On the Kohala side, abandoned cane land

might allow tree plantings to cxtend downward nearly to sca level where biomass yields could be

very high.

Forearmed with the production and conversion rescarch from the decade of the 707,
various groups are now meeting to assess biomass energy for Hawaii in the 80°s. In 1979 the
Hawaii Natural Energy Institute sponsored an international panel which considered a 1,000 acre
tree farm of giant leucaena for the Island of Molokai. During October 1981, a group of 24 scien-

tists, practitioners, and government and industry representatives convened a synthetic fuels work-



shop in Hilo. This workshop was planned to consider all aspects of amalgamating a hydro-
pyrolysis plant processing 1,000 bone dry tones of wood chips per day and an energy tree planta-
tion estimated at 50,000 acres. The workshop was sponsored by Pacific Resources, Inc. (PRI)

and the Hawaii Natural Energy Institute (HNEI). Other workshops are in the planning stage.

The biomass plantation under consideration here would approximate the size of two large
sugar plantations. Land suitability and availability, lease rates, and productivity were investigated
for the plantings proposed. Tree species, soil, and moisture requirements, were weighed. Actual
planting acreage requirements were determined so that tree nurseries and seedlings accommo-
dating the site proposal could be planned, seedling distribution plotted, and manpower require-
ments determined. Plantation establishment, harvesting, and utilization were budgeted. Envi-
ronmental concerns were e¢ntertained and processing plant sites proposed. In final, the financial
feasibility of the project was analyzed. Workshop participants sclected were assigned to work

areas based upon their considerable expertise and experience.

This report, based upon the deliberations of the participants of the Energy Tree Farm
Workshop No. 1, shows how a new biomass industry might be initiated on the windward side of
the Island of Hawaii to make better economic use of the upper belt, underutilized lands; to
provide new jobs for local people; and to reduce the state’s dependency on imported transport
energy sources. It is, the reader is reminded, only a propoéal. The report attempts to weave
together biomass rescarch and development of the past decade and the practical economics and
technological capabilitics of the next. The results are economically positive and become even

more positive as fuel prices rise during the decade of the 1980’s.

The workshop participants are confident that even if the particular processing plant envi-
sioned to process annually the equivalent of 935,000 barrels of oil energy from 45,000 acres of
energy tree plantation does not become a reality, the results of the sessions will be available and
useful for the consideration of other biomass assessments throughout the 80’s. The group
demonstrated unanimous confidence that biomass energy for both transport fuel and electric
power can be economical and will eventually play a much larger energy role for the Island of

Hawaii and the state than at present.

-Jim Holderness, Editor






Section |
SPECIES
Selection and Predicted Yields
K.G. MacDicken, C.K. Wakida, R.G. Skolmen

This section presents an overview of climatic and edaphic factors for three sites recommended for
biomass plantations on the northeast quarter of the Island of Hawaii. The environmental require-
ments of four species of trees believed suitable as planting stock — Eucalyptus saligna, E. grandis,
L. globulus, and Leucacna leucocephala—are matched with the potential plantation sites. Yield

projections are made for cach species in each area.

SPECIES SELECTION
The establishment of a 40,000 to 50,000 acre biomass plantation which can adequately
supply the requirements of a 1400 bonc dry ton (BDT)/day hydropyrolysis plant requires the

selection of tree species that provide optimum yields in short rotations.

The three sites recommended for inclusion in this study (see Scction 2) were assessed in
an cffort to match species requircments (Table 1-1) and specific site characteristics:
o Mean annual rainfall
o Elevation
o Soil characteristics
o Existing vegetation

o Growth data from existing stands and experimental plantings of eucalyptus and
leucaena

Data used in this selection process were obtained from available literature, unpublished
studies from the U.S. Forest Service (USFS) and the University of Hawaii (UH), and observations
ol State Division of Forestry, USES, and UH personnel. Subsequent yield projections were based
on information from these same sources. The following species were found to be suited to the
plantation sites:

o Leucaena leucocephala (leucaena)

o Eucalyptus grandis (rosegum)
o E. saligna (saligna)
0

E. globulus (blucgum)

Leucaena leucocephala (koa haole) is a member of the Leguminosae family (Fabaceae)

originating in Mexico and Central America. The common shrubby type grows extensively in



Table 1-1:

Environmental and Growth Requirements of Leucaena and Eucalyptus for Biomass Production®

Species Altitude (ft) Rainfall (in) Temperature (°F)
Optimum Marginal Optimum  Marginal
L. leucocephala below 1500 over 1500 50-65 as low restricted to the
as 20 tropics and subtropics
E. saligna 1500-3500 500-1500, 80-100 25-80, temperature limiting
- 3500-6500 100-300+ above 5000-6000 ft
E. grandis 0-2400 2400-4000 80-100 25-80, temperature limiting
100-300+ above 4000 ft;
cannot take frost
E. globulus 3500-5000 5000-7000 50-80 20-50, can tolerate about 20°F
- : best if 80-200 for short periods when
winter mature; seedlings are
maximum frost-susceptible
Species Soil Soil Soil Soil Soil nutrient status, ppm’
depth  texture drainage pH P Ca Mg K
(ft)
L. leucocephala 2 light- mod. well- 5.5-8.0 - - - -
heavy drained
E. saligna 3 light- well- 4.5-5.5 20-30 >1200 150 >200
medium drained
E. grandis 3 light- well- 4.5-6.5 - - - -
medium drained
E. globulus 3 light- well- 5.0-6.5 - - - -
medium drained

'Adapted from National

P is modified Truog method: Ca, Mg, ar®

1
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of Sciences (1980) and USDA Forest Service, Honolulu.

K are exchangeable bases (Y. N. Tamimi).
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Hawait al low elevations.  In much of the tropics, leucaena is used as a major source of feed and
tuel. The “Hawaiian giant™ varieties betng considered for this project are capable of very rapid

growth, and have the ability to fix nitrogen, thus eliminating the need for nitrogen fertilizers.

Giant leucacna has been planted extensively as a fuel and pulpwood species in the Philip-
pines and Taiwan. The high nitrogen content of the lcaves allows the use of the foliage as a valu-

able co-product of woody biomass.

The genus Fucalyptus (family Myrtaceae) is native to Australia.  Five to six hundred
species and varieties comprise 75 percent of the total flora. In the dense coastal rain forest of
its homeland, cucalyptus grow tall and straight to heights of more than 200 ft; dwarf, shrubby
forms appear at timberline and in the dry outback. Fucalyptus have now been in Hawaii over
110 years and have spready significantly from where first planted. They, however, have not signi-
ficantly reproduced in or taken over native forests, even where they have been planted inside
native forest arcas. Where planted on degraded Lunds just makai ot the native forest as along the
Hamakua Coast, they have served positively as a buffer against weed invasion into the native

forest.

Eucalyptus saligna, L. grandis (rosegum) and hybrids of k. grandis and L. saligna grow very
rapidly on favorable sites.  Annual increments in Hawaii average 1 inch in diameter at breast

height (dbh) and 10 tt in height.

Since 1960, b saligna has been used for watershed protection and timber production. The
Island of Hawaii has harvested over 14 million board feet of suligna sawtimber along the

Hamakua Coast above sugarcance fields.

In other countries (South America and Brazil) . saligna represents an important timber

species. When chipped, it provides fiber for paper, particle board, hardboard, and rayon.

An important difference between E. grandis and E. saligna appears to be the susceptibility
of 10, saligna to a stem canker found on Kauai. F. grandis appears to be more resistant to this

disease.

E. globulus (blucgum) has been planted in Hawaii since about 1880, mainly on the islunds
of Hawaii and Maui. It is casily established and adapted to many sites with its best growth

occurring above 2500 feet. Its wood is heavy and very hard with a large shrinkage in drying.



Bluecgum wood is dense (55 Ib/cu ft at 12 percent moisture) and light colored, well suited for

pulp and fiber products. Its bark is thin, smooth, and regularly shed in strips from above, result-

ing in a thinly clad, blue-grey mottled trunk. Bluegum may grow faster and produce a denser

wood than saligna at sites above 5000 feet.

All four species have the necessary attributes for this study:

o}

Rapid growth

Provided they are planted in sites to which they are adapted, cach has been
proven to grow at rates which equal or exceed a mean annual increment of 10
BDT/acre-year. These growth rates indicate economic harvesting of wood chips

on short rotations ot 4 to 7 ycars.

Coppicing ability

The stumps of cach of these species will produce coppice shoots after the stems
have been harvested.  Although actual coppice yiclds have not yet been ade-
quately studied, initial reports from here and abroad indicate that coppice yields

could exceed the yield of scedling stands.

Resistance to pests
Existing plantings of these species have thus far escaped major damage from
inscct, rodent, and discase pests.  The only notable exception is the current

problem with stem canker in L. saligna on the Istand of Kauai.

Adaptability to wide range of conditions
These species of cucalyptus and leucaena tolerate a wide range of soil and climatic
conditions, and arc generally more drought resistant than the other species

considered.

Existing plantings in Hawaii
Several exotic species were considered initially, but cucalyptus and leucaena were
selected because each has been studied for its wood production in Hawait for well

over a decade.

Suitability of wood as a fuel
The process envisioned for the proposed plant requires that 33 percent of the to-

tal tonnage of chips be used as feedstock to fuel the plant. Each of the species



selected produces good quality fuelwood (minimum specific gravity = .45, heating
value of 8000 BTU/Ib or more.)

o Suitability for puipwood

E. saligna, E. grandis, and E. globulus yield fiber that is suitable for the produc-

tion of high quality pulp or lumber. Therefore, there are alternate markets for

the products of this project. Leucaena is also known to produce desirable pulp.

PREDICTED YIELDS
Wood yields from each of the sites were estimated in BDT/acre-year on a whole tree basis
(Tubles 1-2, 1-3, 1-4). These estimates include stem, bark, branches, and leaves, and are based

largely on the limited data collected from E. globulus and E. saligna coppice stands growing in

the Kuka'iau arca. It is expected that after six years, over two-thirds of the dry weight will be

from stem wood and bark, and the balance will be primarily from branches.

Subzones were defined in cach area according to the following specific chracteristics:
o Mecan annual rainfall
o Prime Forest Lands Classification
o Elevation
o Windfall hazard

o Soil limitations
The subzones are described in Figures 1-1 through 1-3.

Assuming there are no serious limitations to growth, such as high winds, the most impor-
tant factors influencing the growth of cucalyptus are rainfall and temperature. Subzone bound-

I and contour lines. Secondary consideration was given

arics, therefore, were based on isohyets
to the Prime Forest Lands Classifications, as drawn up by the State Division of Forestry. These
classifications are designed to provide a means of estimating the relative suitability of lands for

wood production based on environmental parameters.

lMap lines connecting areas of cqual rainfall.
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Table 1-2: Environmental Parameters Describing Yield Potential at Kapa'au, Site I

'Prime Dominant ‘predicted 3Total
Forest soil yield yield
Species Elevation Rainfall Lands series (BDT/acre-year) Acreage (BDT)
L. leucocephala <1000 ft 40-75 in NS, P2 Hawi, Kohala 10 8,500 510,000
E. grandis 1000-2000 ft 40-100 in NS, P2 Ainakea 6-12 5,150 298,800
Pl Niulii
E. saligna 2000-3000 ft 75-100 in NS, P2 Ainakea 8-9 4,515 230,220
Pl Niulii
E. globulus >3000 ft 75-100 in NS, P2 Ainakea, Niulii 8-10 2,025 121,500
I Manahaa
Kehena (Marginal)
TOTAL 20,190 1,160,520

‘Not to be confused with Prime Agricultural Lands
(lowest suitability class)

NS = National Standard
P2 = Prime 2
Pl = Prime 1

ZMean annual increment

3Assuming - 6 year rotation

(highest suitability class)

Note: Total yield is the summation of weighted subzone yields.
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Table 1-3: Environmental Parameters Describing Yield

Potential at Kuka'iau, Site 2

'Prime Dominant Zpredicted ¥Total
Forest soil yield yield
Species Elevation Rainfall Lands series (BDT/acre-year) Acreage (BDT)
E. saligna 3000-4000 ft 40-50 in P2 Maile 8-12 8,060 497,040
E. globulus 4000-6000 ft 30-50 in NS, P2 Umikoa 8 7,650 367,200
I Hanipoe
E. globulus 4000-6000 ft 50 + in P2 Umikoa 12 4,530 326,160
Hanipoe
TOTAL 20,240 1,190,400

'Not to be confused with Prime Agricultural Lands

NS = National Standard (lowest suitability class)
P2 = Prime 2
Pl = Prime 1 {highest suitability class)

’Mean annual increment

3Based on a 6 year rotation

Note: Total yield is the summation of weighted subzone yields.
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Table 1-4: Environmental Parameters Describing Yield Potential at Pua'akala, Site 3

lprime Dominant Zpredicted 3Total
Forest so0il yield vield
Species Elevation Rainfall Lands series (BDT/acre-year) Acreage (BDT)
E. globulus 5400-6500 ft 100-125 in P2 Puu Oo 11 7,335 484,110
E. globulus 5000-6000 ft 125-150 in P2 Piihouoa 12 6,890 496,080
— Laumia
TOTAL 14,225 980,190

!Not to be confused with Prime Agricultural Lands

NS = National Standard (lowest suitability class)
P2 = Prime 2
Pl = Prime 1 {(highest suitability class)

’Mean annual increment

*Assuming - 6 year rotation

Note: Total yield is the summation of weighted subzone yields.
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Table 1-5: Species Yield Predicted by Sites and Subzones

Estimated
Subzone Gross Plantable annual Total wood yield
Designation Species acreage acreage yield/acre {(6-yr rotation)
Site 1, Kapa'au
LL L. leucocephala 10,000 8,500 10 BDT 510,000 BDT
Egr1 E. grandis 6,060 2,000 6 BDT 72,000 BDT
Egr2 E. grandis 3,150 12 BDT 226,800 BDT
Es1 E. saligna 6,020 2,250 9 BDT 121,500 BDT
E52 E. saligna 2,265 8 BDT 108,720 BDT
Egl E. globulus 2,700 2,025 10 BDhY 121,500 BDT
24,780 acres 20,190 acres 1,160,520 BDT
Site 2, Kuka'iau
EsSO1 E. saligna 4,250 3,400 12 BDT 244,800 BDT
EsS0, E. saligna 2,975 2,380 10 BDT 142,800 BDT
Esd0 E. saligna 2,850 2,280 8 BDT 109,440 BDYT
Eg140 E. globulus 9,562 7,650 8 BDT 367,200 BDT
EglSO E. globulus 5,662 4,530 12 BDT 326,160 BDT
25,299 acres 20,240 acres 1,190,400 BIOY
Site 3, Pua'akula
Egl, I;. globulus 9,842 7,335 11 BT 484,110 BOT
Egl, L. globulus 10,477 6,890 12 BDT 496,080 BDT
20,319 acres 14,225 acres 980,190 BDT
Total area 54,655 acres
Total predicted yield 3,331,110 BDT



Upon delineation of subzones, gross acreages were determined and adjusted to allow for
inaccessible, environmentally protected, or unusable acres. Adjustments were made by esti-
mating the percentage of each area that would not be planted or harvested. These estimates also

took into account land removed from production by access roads.

Thus, the acreages presented in Table 1-5 are the estimated net plantable acreages within

the project boundaries.

Yields (Table 1-5) were estimated as ranges per species per subzone.
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Section 2
SITE
Selection and Description
Arthur Seki and Gene Aguiar

This section describes the Big Island (Hawaii) sites chosen for tree plantations—abandoned sugar-
cane land near Kapa'au, the upper elevations of Kuka’iau, and a strip of land along Pua’akala. To
meet production requirements of 1400 BDT/day, a tree farin of 46,000 to 55,000 acres is
needed. Because of land availability constraints, the above three non-contiguous sites were cho-
sen. The latter two sites currently are used for grazing, but most of the land near Kapa'aiw is idle.
Leases on these sites vary in cost and in length, depending upon the value of the land and the
time the lease was consummated. Rents at the chosen sites range from $1.71 to $14.12 per acre

per yvear, with termination periods from 1984 to 2111. These areas are all zoned agricultural.

HAWAII COUNTY --GENERAL INFORMATION

The Island of Hawaii is the largest of the eight islands in the state (Figure 2-1). It is about
93 miles long and 76 miles wide and covers an arca of 2,584,320 acres, over 50 percent of the
state’s total area. The island is made up of five volcanoes, two of which are considered active.
The highest point on the island is Mauna Kea, 13,796 feet above sea level. The residential popu-
lation was about 92,000 in 1980.

The economy of Hawaii is based on agriculture (including sugar, macadamia nut, flowers
and nursery products, papayas, coffee, and cattle ranching) and a struggling tourist industry.
Sugarcane takes about 114,775 acres of land while the nonplantation agriculture takes up
820,053 acres. The landowner distribution is shown in Table 2-1: the State of Hawaii owns

less than 40 percent of the land, and the rest is privately owned.

Hawaii lies in the path of the northeast tradewinds and has an orographic (mountain-
caused) rainfall pattern. The prevalence of the trades accounts for the high annual rainfall of 75
to more than 300 inches on the windward northeast side of the island (Figure 2-2). Heaviest
annual rainfall occurs in the vicinity west of Hilo at the 2,000 to 3,000-foot elevation where it
exceeds 200 inches a year. In areas where the trades predominate, the dry months of the year
occur from May through September, and the wet months from October through April. Temper-
atures range between 8°C and 20°C and these differences result chiefly from variations in eleva-

tion.
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The sugar companies have acquired limited data on solar insolation for the cane lands, and
insolation potentials for the chosen sites can be derived from these. The low altitude areas have
relatively high insolation values, and because of cloud cover, these values decrease as elevation in-
creases (Figure 2-3). The Department of Meteorology at the University of Hawaii at Manoa also
has conducted wind surveys of the island (Figure 24). The Kohala area has very high wind
speeds, while the upper Kuka’iau and Pua’akala sites have low speed winds. Only at the Kapa’iau

site is the wind considered a potential problem.

The Island of Hawaii has slightly more than 60 percent of Hawaii’s commercial forest land.
Most of this, however, is a mixture of native ohia and koa trees, and is not being utilized exten-
sively for wood products. Planted eucalyptus comprise about 2 percent of the commercial forest

lands in the state, and represent 23 percent of the total saw timber volume.

Care must be exercised in developing forests for commercial use; Hawaii’s biologically
unique native forest is extremely sensitive to disruption. For example, Ohia, the dominant native

species in the forests of Hawaii, has been subjected recently to an unexplained decline.

Additionally, Hawaii’s forest and watershed areas are vital to agricultural use because the
state’s freshwater supply is dependent on streamflow and rainfall percolating into the freshwater
aquifers. Hawaii’s multiple use forests are also valued for timber, recreational areas, erosion con-
trol, wildlife habitats, and visual resources. Only one of the potential and valuable uses of forest

lands is as a biomass energy resource.

SITES SELECTION

The estimated acreage of the total land available was obtained through the state tax map
key and by calculating the useable area in question. The majority of the land users are cattle
ranchers who own, lease, or sublease the lands. The length of these leases vary as do the lease
rents, because some agreements were consummated many years ago when land values were consi-
derably lower. The lease rent worth is an estimated value of the present day cost of the lease,
assuming it will cost more to sublease the land now from the present occupant than is stated in

the original lease agreement.

SITE 1, KAPA’AU
The Kapa’au (Kohala) site is located northeast of the Kohala mountain road (Highway
250) from Upolu Point to about Kahua. The elevations of the area range from sea level to

approximately 4,000 feet. The mean annual rainfall ranges from 30 to 150 inches.
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Table 2-1: Major Landowners, Island or Hawaii: 1964

1T

Landowner Acreage Landowner Acreage

Total Land ..................... 2,516,978 Yee Hop, Ltd. ... ... ... ... .. .o . ... 22,270
T W. H. Shipman, Ltd. ................... 18,525

Public Ownership: Norman N. Inaba .......... .. ... . ... ... 15,158
Federal Government ........... 200,995.1 Kahua Ranch, Ltd. ..................... 14,013
State of Hawaii .............. 985,268.7 W. H. Greenwell, Ltd. ......... ... .... 11,925
County of Hawaii ............. 839.4 Hawaiian Ocean \iew Estates ........... 10,642
Hawailan Paradise Park Corp. .......... 5,502

Major Private Landowners: 1,287,595 Kapoho Land & Development Co., Ltd. ... 4,140
Parker Ranch ................. 258,173 Queen Liliuokalani Trust .............. 3,888
C. Brewer § Co., Ltd. ........ 207,633 Crawford 0il Corp. . ... i, 3,807
Samuel M. Damon Estate ....... 139,510 Hawaiian Evangelical Association ...... 3,151
Dillingham Investment Corp. .. 124,300 Elizabeth K. Booth ......... ... ... ..... 2,613
Theo H. Davies § Co., Ltd. ... 84,104 Mauna Loa Investment Co. .............. 2,283
McCandless Heirs ............. 61,277 Hawaii Mountain View Development Corp.. 2,000
Signal Properties, Inc. ...... 50,000 E. L. Wung Ranch, Ltd. ................ 1,900
Frank R. Greenwell ........... 35,791 Steward-Badbois Co. ................... 1,785
World Union Industry Corp. ... 33,000 Cresent Acres, Ltd. ........ ... .. ... ... 1,489
Thelma K. Stillman Trust ..... 31,857 Roman Catholic Church ................. 1,258
Bernice P. Bishop Estate ..... 31,799 Golden State Hawaiian Corp. ........... 1,165
Amfac, Inc. .................. 26,515 Nanawale Estates Co. .............c.... 1,064

James Campbell Estate ........ 25,630
Boise Cascade Propertiecs, Inc. 25,000

Castle § Cooke, Inc. ......... 24,428 Small Private Landowners .............. 43,120

Source: County of Hawaii Data Book, 1980.



Most of the commercial forest land is in grazing, and there also are many areas of non-
commercial forest land—brush kiawe forest in the dry areas and native forest on very steep, rocky
sites or swampy areas on the Kohala mountains. The total forest plantation land is about 500
acres, but only 280 acres are commercial types. The greater part of the commercial forests types

are in the Kohala forest reserve; most of the noncommercial types are outside the reserve.

The main roads for wood chip transportation would be Highway 270 and Highway 250.
The final destination would be an area outside of Waimea, roughly 25 miles from the plantation.
The town of Hawi would receive some truck traffic, but it is anticipated that Waimea town will

not, at least not after the new road has been completed (3 to 5 years).

The total acreage is roughly 24,780 acres for the crops of leucacna, E. grandis, L. saligna,
and E. globulus. It is considered, however, that some of the land designated near the Kohala
coastline is expensive agricultural land and may not be available. Assuming almost 20 percent of
the area is unworkable, too expensive land, or used for roads, the workable acreage is reduced to

20,190.

Kohala Corporation (formerly Kohala Sugar Company), a subsidiary of Castle and Cooke,
owns the majority of the land in question. Most of this abadoncd sugar land is not now in use,
but a small amount is in diversified agriculture and grazing. Richard Smart of Parker Ranch is the
next largest landowner in this area. All of his land is used for grazing. Kahua Ranch owns the

rest of the land under consideration, used also ¢ntirely for grazing.

Present leases in this area are from $1.75 to $13.46 per acre per year, and expire between
1984 and 2000. Some leases are longer running than others. The present worth of the leases, for

the sake of the study, has been cstimated at $40 per acre per year.

SITE 2, KUKA'IAU

The Kuka’iau (Honokaa) site is located along a 25-mile long section of the northeastern
coast of the Island of Hawaii, from Kcanakou to Hanaipoe. The elevational range within the
study area is from 3,000 to about 6,000 feet. Forestry resources are greatly influenced by the
annual rainfall variations across the study arca. The average annual rainfall varies from 30 inches

to more than 100 inches.

Forestry related resources within the site arc composed of six types of vegetation including

ohia-koa, commercial forest land plantations, noncommercial forest tund (tree and shrub types),

(28]
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grassland, and herbaccous and improved pasture. A total of 4,100 acres (rounded to nearest 100)
of plantation exists at the sitc, and 1,200 (rounded to the nearest 100) of these acres have been
cutover (harvested) during the period 1975-1979. This area is from just above the sugarcane
lands (about the 2,000-foot clevation) to approximately the 9,800-foot elevation, and has an
annual average rainfall of 35 inches or greater.

The gross amount of land available in the Kuka’iau arca is roughly 23,800 acres. An
approximate 15 percent was subtracted for unworkable land and roads, leaving 20,250 acies

available for planting E. saligna, E. grandis, and E. globulus.

The landowners here are the State of Hawaii, C. Notley Estate, and Theo H. Davies Com-
pany. All the land at this site has been leased or subleased to various ranchers. The termination
dates of these long-term leases vary from 1990 to 2111 with a lease rent range of $4.30 to $14.12

per acre per year. The estimated present worth of these leases is $20 per acre per year.

SITE 3, PUA’AKALA

The Pua’akala arca is located northwest of Hilo, mauka of the Hilo forest reserve, and
stretches from beyond Nauhi Gulch to the Saddle Road. The clevational range within the study
area is 5,000 to 6,000 feet on the flanks of Mauna Kea. The average annual rainfall in this area
is from 75 to 150 inches. Most of the commercial forest land lies in grazing with some bushy
growth near the lower elevations. The site may generally be characterized as a mixture of {lat

lands accompanicd by rolly hills and gullies.

All of the projected truck traffic would be on the Keanakolu Mana road (which wouid
have to be upgraded) on the upper clevations of Mauna Kea. This road ulso passes through the
proposed Kuka'iau site. A fully weighted truck would travel approximately 35 miles downhill to
an arca outside of Waimea. No major towns exist en route, so problems with the community are

unlikcly.

The Pua’akala site has a gross acreage of about 20,300, an unworkable value of 30 perceent.
and theretore a workable planting arca of 14,225 acres (for L. globulus). The major landowners
are Lilinokalani Trust, W.H. Shlipmun, the State of Hawati, and Hawaiian Homes Commission.
Thesc lands arc leased or sublcased to various ranchers also. Termination of these leases range
from as early as 1985 to 2111. The lease rents range from $1.71 to $10.86 per acre per year.

The estimated present worth of the land lease is $15 per acre per year.

bt
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Figure 2-2
LOCATION OF TREE FARM SITES
AND RAINFALL ISOHYETS (in inches)

Source: Atlas of Hawaii, 1973
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Section 3
SOILS
Description of Soils and Their Recommended Fertilization
for Leucaena and Eucalyptus Growth

H. tkawa, Y.N. Tamimi, H.B. Wood

Three sites with a combined arca of as much as 70000 acres have been proposed for the
establishment of leucaena and cucalyptus energy tree plantations on the Istand of Hawaii. This
section identifies the envirommental and soil requirements of the species selected, describes the
soils at the sites, suggests fertilization practices, and comments on the possible degradution of the

lund because of this use.

REQUIREMENTS OV LEUCALENA AND EUCALYPTUS

Determination of the suitability of soil or land for a crop demands some knowledge of the
environmental and growth requirements of the crop, as well as the characteristics of the soil or
land. For the assessment of suitability of land, performance data such as the site index. bio-
mass yicld, and volume of wood chips also are needed. The environmental and growth require-
ments of the leucacna and cucalyptus are presented in Table 1-1. Performance data, however, are

lacking and should be added as they become available.

DESCRIPTION OF SOILS

The soils of interest in this study are classified mainly as Andepts (voleanic ash soils) or s
soils having some influence of volcanic ash. Most of them are weathered to such an extent that
they are acid and low in nutrients, especially those in areas of high rainfall. The classification of
the soils of the study sites, according to Soil Taxonomy (SCS, 1975), 1s listed in Table 3-1. The
approximate acreages ot these soils are further tabulated in Table 3-2 and their location and dis

tribution are shown in Figures 3-1 and 3-2.

The soils of the lower slopes (0 to approximately 2,000 ft elevation) of the Kapa'au site
arc mapped in high intensity, while those of the upper slopes of that area and the other sites are
mapped primarily in low intensity. Thus, approximately 75 percent of the proposed sites are
mapped in low intensity or reconnaissance soil survey. More soils information, however, is
nceded to implement the project and manage the sites, and eventually o detailed soil survey, an

on-site mvestigation, must be made.

KAPA’AU SITE
AL Site 1, Kapa’au, seven dominant soil series occur in a climoscquence, where the rainfall

increases up to approximately the 3,000 1t clevation and then decreases above that elevation



Table 3-1:

Classification of the Soils of Kapa'au, Kuka'iau, and Pua'akala Sites'

Site

Soil Series

Subgroup and Family

Kapa'au

Kuka'iau

Pua'akala

Kohala
Ainakea
Niulii
Kehena
Palapalai
Kahua
Manahaa

Honokaa
Maile
Umikoa
Hanipoe
Apakuie

Piihonua
Puu Qo
Laumaia
Lalaau
Kahaluu
Mawae
Kekake

Ustic Humitropepts, very-fine, mixed, isohyperthermic
Andic Ustic Humitropepts, fine, oxidic, isohyperthermic
Hydric Dystrandepts, thixotropic, isothermic

Aeric Andaquepts, thixotropic, acid, 1sothermic

Tyvpic Eutrandepts, medial, isothermic

Typic, Placandepts, thixotropic, isomesic

Hvdric Dystrandepts, thixotropic, isomesic

Typic Hyvdrandepts, thicotropic, isothermic
Hydric Dystrandepts, thixotropic, isomesic
Tyvpic Dvstrandepts, medial, isomesic
Typic Dystrandepts, medial, isomesic
Umbric Vitrandepts, medial, isomesic

Tyvpic Hvdrandepts, thixotropic, isomesic
Hyvdric Dystrandepts, thixotropic, isomesic
Tyvpic Dyvstrandepts, medial, isomesic

Tvpic Tropofolists, euic, isomesic

Lithic Tropofolists, euic, isomesic

Typic Tropofolists, euic, isomesic

Lithic Tropofolists, dvsic, isomesic

1Adapted from Beinroth, Ikawa, and Uehara (1979).
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Table 3-2:

Approximate Acreage of Land in the Kapa'au, Kuka'iau, and Pua'akala Sites'

Site Soil series Intensity Soil series Associated rough
of survey area broken land
————————— (approx. acres)---------
Kapa'au Kohala high 6000 1200
Ainakea high 7000 2300
Niulii high 2800 600
Kehena low 3000 --
Palapalai low 3000 -~
Kahua low 1800 -~
Manahaa low 1300 --
Kuka'iau Honokaa low 200 -~
Maile low 8200 -~
Umikoa low 8400 -~
Hanipoe low 9600 -~
Apakuile low 4200 2600°
Pua'akala Piilhonua low 6200 --
Puu Oo low 9300 -~
Laumaia low 1400 -~
Mawae-Kahaluu- reconnaissance 3100 --

Lalaau association

'Adapted from Sato et al. (1973).

ZLava flows, aa.



(Figure 3-1). There is also a decrease in soil temperature with increasing elevation.

The taxonomic names (Table 3-1) show that the Kohala and Ainakea soil series are Tropets
(Inceptisols other than volcanic ash soils), have an ustic moisture regime (the soils are dry for
more than 90 cumulative days but less than 180 days), and have a mean annual soil temperature
of 70°F or above. The Niulii, Palapalai, Kahua, and Manahaa series are Andepts (volcanic ash
soils), and the Kchena series is an Aquept (Inceptisol with somewhat poor drainage and some

intfluence of volcanic ash).

The matching of the tree crop requirements (Table 1-1) and the soil characteristics (Table
3-3) suggests that leucaena is adapted to the warm and somewhat dry Kohala series with a near-
neutral pH but not adapted to the others because of cither acidity, too low temperatures, or

both.

Eucalyptus, on the other hand, appears to be well suited to the Ainakea, Niulii, and
Manahaa series. 1t is moderately well suited to the Palapalai and Kehena series, even though the
Palapalai series has low soil moisture content, and the Kehena series has somewhat poor drainage.
It is not suited to the Kahua series because this series has a placic horizon (thin cemented iron

pan) which may impede root distribution and also contribute to the poor drainage of this soil.

Compared to the other sites, many sotls of the Kapa’au site are generally not as well-suited
for biomass production because of their limitations mentioned above, the shallowness of soils

to the bedrock, and the prevalence of strong winds in sections of Kapa'au.

KUKA’IAU SITE

Examination of the soil map for this site shows that the dominant map units belong to
four series: Maile, Umikoa, Hanipoe, and Apakuic. Also included are small arcas of the Honokaa
soil series at the lower clevation. Information rclating to the environmental and land features are

listed in Table 3-4, and the location of the various soils are given in Figure 3-2.

In the Kuka'iau site, the Honokaa series and the four other soils occur in a climosequence
of increasing elevation and decreasing rainfall. Because of the increase in clevation, there is also
a decrease in soil temperature going from the Honokaa series at the lowest clevation to the
Apakuie series at the highest clevation. The Honokaa and Maile soil serics have a high moisture
content and are thixotropic: they can change from a gel-like phase to an alimost liquid phase with

a sudden application of physical force. Thixotropic characteristics are associated with phosphate
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Table 3-3: Environmental and Land Features of the Soils of the Kapa'au Site!
Soil Elevation Rainfall Soil Depth to Soil Drainage Soil Slope Erosion
series temperature  bedrock texture pH hazard?
(ft) (in) (°F) (ft) (%)
Kohala 0-1500 40-60 72-74 3-8 silty well- 6.1-7.3 0-3,3-12 mod.
clay drained 12-20,20-35
Ainakea 0-1800 60-90 68-71 2-3% silty well- <4.5-6.0 3-12,20-35 low
clay loam drained
Niulii 600-2000 80-100 69-72 1%5-3% silty well- 4.5-6.0 6-12,12-20 low
clay loam drained 20-35
Kehena 1700-2500 100-150 66-68 1%-4 silty somewhat 4.5-5.5 6-12 low
clay loam poorly
drained
Palapalai 3000-3500 40-90 62-65 4-6 silt well- 6.1-7.3 6-12 mod.
loam drained
Kahua 3500-4000 60-100 58 3-5 silty somewhat 4.5-5.5 6-12 low
clav loam poorly
drained
Manahaa 3500-5000 50-80 56-59 135-34 silt well- 6.1-6.5 6-20 low
loam drained
lAdapted from Sato, et al. (1973).

ZAdapted

from SCS (1981).



Figure 3.2
SOILS OF THE KUKAIAU SITE
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Table 3-4: Environmental and Land Features of the Soils of the Kuka'iau Site!

Soil Elevation Rainfall Soil Depth of Soil Drainage Soil Slope Erosion
series temperature  bedrock texture pH hazard?
(ft) (in) (°F) (ft) (%)

Honokaa 1000-3000 100-150 66-69 3%-6 silty well- 5.6-6.5 10-20, low

clay loam drained 20-35

Maile 2500-4000 60-90 57-59 5-7 silt well- 5.6-6.5 0-3, mod.
loam drained 6-20

Umikoa 3500-5000 40-65 55-58 3-6 silt well- 5.6-6.5 12-20 mod .
loam drained

Hanipoe 5000-6500 30-50 50-53 1%-6 silt well - 6.1-7.3 6-20, mod .
loam drained 12-20

Apakuie 5000-8000  20-35 50-53 2%-5 very fine well- 6.6-7.3 12-20 high
sandy drained
loam

lAdapted from Sato, et al. (1973).

Zpdapted from SCS (1981).



retention, smeariness, and certain limitations in physical properties, particularly trafficability.
The Umikoa and Hanipoe series, on the other hand, have lower moisture content and are not

thixotropic. All four series have low bulk density and low or moderate base saturation.

Although the Apakuie series also has a low bulk density, is less weathered, and possesses
more nutrient elements than the others, its lower soil moisture content (lower mean annual
rainfall) limits good plant growth. The temperature of the Honokaa series ranges from 66° to
69°F (isothermic temperature class) while that of the others ranges trom 50° to S9OF (isomesic

temperature class).
When the soil and site attributes (Tables 3-1 and 3-4) are compared with the environmental
and growth requirements of the four species in Table 1-1, the matching indicates that leucaena

is not adapted to the Kuka’iau site.

Assuming that the requirements of E. saligna and E. grandis are fairly similar, they both are

suited to all soils at the Kuka’iau site, except those of the Apakuie series with a low moisture
content and/or marginal raintfall. E. globulus also is suited to most of the soils at the Kuka’iau

site, especially those at higher elevations.

PUA’AKALA SITE

The dominant soils of the Pua’akala site are Andepts and Tropofolists with isomesic soil
temperatures (Figure 3-3). Tropofolists are shallow Histosols, organic soils underlain by cither
pahoehoe or aa lava rocks. The soils at this site have slopes ranging from 6 to 12 percent nor-
mally, but can be as much as 20 percent. The soil moisture decreases in sequence from the
Piihonua soil series at the lowest elevation, then to the Puu Oo, and finally to the Laumaia

series at the highest elevation. Only Piihonua and Puu Oo are thixotropic.

Approximately 3,000 acres of the southernmost portion of the Pua’akala site arc occupied
by Tropofolists (Mawac, Kahaluu, Lalaau, and Kekake-all extremely stony or rocky muck).
According to a 1973 reconnaissance soil survey, approximately 30 to 40 percent of the Tropo-
folists are Lithic Tropofolists (Histosols with pahoehoe substratum) and limit tree growth be-
cause of their shallow depths and poor tree footholds. The others are Typic Tropofolists (His-
tosols with aa substratum) and have less limitations but do not have the characteristics of the
Andepts and other mineral soils. The nutrient status is generally low in these Histosols, thus

rapid tree growth in these soils requires frequent application of fertilizers.
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Table 3-5:

Environmental and Land Features of the Soils of Pua'akala Site!

Soil Elevation Rainfall Soil Depth to Soil Drainage Soil Slope Erosion
series temperature bedrock texture pH hazard?
(ft) (in) CF) (ft) (%)

Piihonua 4500-6500 90-150 55-58 35-6 silty well-  <4.5-5.5 6-20 low
clay loam drained
Puu Oo 6000-6500 65-100 53-56 3%-6 silt well-  <4.5-5.5 6-12 mod.
loam drained
Laumaia 5500-6500 35-70 52-54 3-6 silt well- 5.1-6.0 6-20 mod.
loam drained
Lalaau 3500-7000 90-150 56-59 <1 stony well - 4.5-5.0 6-20 low-
muck drained
Kahaluu 3500-7000 90-150 55-57 <1 rocky well- 4.5-5.0 6-20 low
muck drained
Mawae 3500-7000 50-80 53-55 <1 stony well- 6.6-7.3 6-20 low
muck drained
Kekake 3500-7000 50-80 52-55 <1 rocky well- 5.1-5.5 6-20 low
muck drained
!Adapted from Sato, et al. (1973).

2Adapted

from SCS (1981)



According to Tables 1-1 and 3-5, leucaena is not adapted to these soils because it requires
a drier and warmer soil climate and a neutral to alkaline soil pH. Eucalyptus, however, is well
suited to these soils, but the extremely stony or rocky surfaces of the Andepts and the Tropo-

folists may present some limitations, even to it.

RECOMMENDATION FOR FERTILIZER

In general, soils that are classified as Hydrandepts and Dystrandepts (Table 3-1) require
applications of lime and more fertilizer than soils such as the Eutrandepts. Lime and fertilizer
recommendations, based on fertilizer trials with E. saligna in selected Hawaiian soils, are pre-
sented in Table 3-6. Time of fertilizer applications is presented through footnotes in the same
table.

KAPA’AU SITE

Although there is a diversity of soils at the Kapa'au site, the general lime and fertilizer
recommendations for these soils is | to 2 tons of CaCO3/acre, 200 pounds of urea/acre/year,
150 pounds of muriate of potash/acre, and 250 pounds of treble superphosphate/acre. The
phosphate and potash will be applied once, six months after planting, and once for cach coppice
crop. No lime is required for the Palapalai series and only 1 ton lime/acre is recommended for
the Kohala series. Also, the fertilizer application in the Palapalai series is 200 pounds of urea/

acre/year, with no phosphate or potash required.

At initial planting, 100 Ib of 4-14-14 fertilizer/acre is rccommended in a band width of

about 6 inches.

KUKA'IAU

For the lower elevation soils, Honokaa and Maile, an application of 1 to 2 tons of lime
(crushed coral)/acre is recommended prior to planting. In addition, 200 [b of urea/acre and
250 Ib of treble superphosphate/acre are to be applied once for every rotation at the early stages
of growth of the plant crop or the coppice. In most areas, application of potash may not be

necessary.
For the Umikoa, Hanipoe, and Apakuie soil series, no lime is recommended. Fertilization

is limited to a nitrogen fertilizer, such as urea, with applications of 200 lb/acre for Umikoa,
150 Ib/acre for Hanipoe, and 100 Ib/acre for Apakuie.

For all soils at this site, complete fertilizer 14-14-14 is to be applied at the initial planting
in band width of about 6 inches along planting lines at a rate equivalent to 100 1b/acre.
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PUA’AKALA SITE

No lime is recommended for the Laumaia series, but 1 to 2 tons of CaCOg are recom-
mended for the Pithonua and Puu Oo series. Fertilizer recommendations call for 150 1b of urea/
acre/year, 250 Ib of treble superphosphate/acre, and 100 Ib of muriate of potash/acre for the
Laumaia serics. The recommendations are 200 Ib of urea/acre/year, 250 1b of treble superphos-

phate/acre, and 150 Ib of muriate of potash/acre in the Piihonua and Puu Qo soil series.

Again, as recommended for the soils at the other sites, the initial application at planting

time is 100 1b of 14-14-14 fertilizer/acre in band width of about 6 inches.

SOIL AND LAND DEGRADATION

Because most of the soils are situated on uplands with slopes ranging normally from 6 to
12 percent and as much as 20 percent, and because of the moderate to high amounts and inten-
sities of rainfall, the removal of existing vegetation during land preparation and during the har-
vesting of the tree crops may lead to undesirable land degradation and cerosion. Soil compaction
of the sites may also be a problem and may lead to restricted root growth as well as to increased

water runoft and soil erosion.

As mentioned in Scction 6, however, no attempt will be made to remove the vegetation
completely from the planting arcas. The use of pasture grasses or residual sugarcane is further
reccommended. Tree production is based on staggered block planting and harvesting. Because the
second and third rotations are by coppicing, it is expected that the degradation effects of land

preparation will be kept to a minimum during rotation.

Proper construction and design of roads are also very important in erosion control and the
recommendations presented for roads, again in Section 6, must be followed. Furthermore, the
prevailing practices of the sugar plantations operating on similar lands must be consulted; for
example, field operations could be suspended during periods of excessive rainfall, and the
appropriate-sized-tractors or equipment with flotation tracks can be used, especially in areas with
thixotropic soils.  Studies have shown that when very heavy equipment is fitted with tracks
rather than rubber tires, soil compaction and compressibility can be minimized, especially in

thixotropic soils.

Further advice of the Soil Conservation Service, USDA, should be obtained before building

structures such as terraces and diversion ditches, or initiating other soil conservation practices.
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Removal of most of the above-ground biomass (stems, branches, and leaves) during harvest
operation precludes the recycling of certain nutrients. Thus, after each harvest, the recom-
mended fertilization given in Table 3-5 should be followed. Because the actual amounts of the
“lost” nutrients are unknown at this time, modification to the fertilization program should be

made as more research results on nutrient removal and addition are obtained.
Water repellent surface soils exist now in areas planted in cucalyptus. Studies should be

pursued to determine the role of water repellent soils on walter infiltration, percolation, and

other physical properties of the soils.
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Table 3-6: Recommended Fertilizers and Fertilization Schedule

It

Pre-Establishment Establishment® —  —-ccoeoooo__ Maintenance----------
Site Soil Series Crushed coral lﬁ;lﬁ—li Urea* TSP? Muriate of
(N-P205-K,0) Eotash3
(tons/acre) (1b/acre) (ecmmmmammo lb/acre/year-------- )]
Kapa'au Kohala 1 100 200" 250 150
Ainakea 1-2 100 200 250 150
Niulii 1-2 100 200 250 150
Kehena 1-2 100 200 250 150
Palapalai 0 100 200 0 0
Kahua 1-2 100 200 250 150
Manahaa 1-2 100 200 250 150
Kuka'iau Honokaa 1-2 100 200 250 0
Maile 1-2 100 200 250 0
Umikoa 0 100 200 0 0
Hanipoe 0 100 150 0 0
Apakuie 0 100 100 0 0
Pua'akala Piihonua 1-2 100 200 250 150
Puu Oo 1-2 100 200 250 150
Laumaia 0 100 150 250 150

lFertilized in 6-inch bands.

2Urea (45-56 % N); first application 6 months after establishment; two additional applications at
12 months and 18 months, each application 100 1b/acre.

3Treble superphosphate (46% P,0s) and muriate of potash (60-62% K,0), respectively; application after
6 months and at beginning of each rotation.

“Nitrogen fertilizer will be deleted if leucaena is planted on Kohala soil series (i.e., below 1000 ft.).

Source: Y.N. Tamimi



Section 4
SOCIAL AND BIOLOGICAL ENVIRONMENT
Impacts and Effects of a Nursery and Tree Plantations
P. Canan, S. Siegel, J. Melrose*

This section assesses the environmental (social and biological) impuct of establishing and
operating a tree nursery and several plantations at designated sites on the Island of Hawaii
(Section 2). The creation of a nursery capable of supplying 10 million seedlings annually. and
the layving out, planting, and harvesting of more than 45,000 acres of biomass plantation are the

activities considered.

SOCIAL

An assessment of social effects and impacts can be made for cach community by using an
already developed model (Figure 4-1). Social effects will be either primary (employment and
population changes), or secondary (community services and facilities, social structure, social well-
being). Only primary effects are predicted here because further study and analysis are required

for the other.

VALUES, INTERESTS, AND ATTITUDES
For the purposes of this preliminary study, expressions of community intent found in
recent planning documents were used as indications of existing community values, interests, and

attitudes. Three relevant county planning documents Hawaii County General Plan, 1971,

Northeast Hawaii Community Development Plan, 1979, Honoka’a Urban Design Plan- and four

unadopted planning drafts—Kohala Community Development Plan, Laupahochoe Rural Design

Plan, Waimea Design Plan, Hawi-Kapa'au Design Plan— were reviewed.

The Hawaii County General Plan lists three major goals: development of an e¢conomic

system that provides residents with opportunities to improve the quality of life; orderly econo-
mic development and improvement in balance with the physical and social environments; and

economic stability.

Community development and urban design plans express similar desires, but address
county planning issues on a regional basis, attempting to integrate County General Plan goals and
objectives into more specifically defined regional/community units. Most plans list jobs and
diversified agriculture as desirable, and the biomass plantation seems to fulfill both of these.
There could be debate, however, about how diverse tree and sugar plantations are from one

another, especially as preceived by the community.
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There has been repeated expression of community concern for the preservation of existing
native forests. A public survey, 1975, indicated that the residents value and wish to protect the
environment in which they live. When asked to choose one priority item, 32.8 percent of the
respondents indicated the need “to preserve natural beauty and control pollution.” This was the

number two response, following “‘economic development and new jobs.”

Most of the plans express concern over the redistribution of housing, a circumstance
closely connected with the future of the sugar industry. Honoka’a, Papa’aloa, and Laupahoehoe,
for example, may have a surplus of housing units soon, but these could be filled if and when nur-
sery and plantation operations begin for this project. Public services on the Hamakua Coast are
generally adequate, and in some areas like Laupahoehoe, educational and recreational facilities
can accommodate more patrons. Likewise, the Honoka’a hospital is underutilized. Emergency
and fire protection services in this area are deficient, however, and pressure to supply these ser-

vices may be increased by the initiation of the project.

The Waimea area, a likely location for a synthetic fuels plant (not addressed in this report),
is already changing and growing. According to the design plan, the town of Waimea sees itself as
a ranch town with a valued rural ambiance. It is also becoming an increasingly valuable place to
own land and an attractive location for new, often wealthy, residents. Any industrial develop-
ment, therefore, will probably be greeted coldly by some members of the community. An addi-
tional concern in Waimea is the availability of water for new development; any large use of water

will compete with existing residential and agricultural uses.

PRIMARY SOCIAL EFFECTS

Although the site of the processing plant has not yet been determined, it has been sug-
gested that it be located on the Mana Road, far enough away from the town of Waimea to be
minimally obtrusive. The chipping machinery used in harvesting is noisy: more than 90 decibels,
1000-2000 hZ, at close range. If, however, chipping occurs in the field only during weekday day-
light hours, the community will not be adversely affected by the noise. If the chips are trans-
ported to the plant on a 24-hour/day schedule, though, as is being planned, truck traffic around

Waimea will be significant.

Plantation Site I, Kapa’au, is close to residential areas and the operations would be visible
to the community, eventually becoming part-of their daily lives. Site II (Kuka’iau) and Site III
(Pua’akala), on the other hand, are located far enough from existing settlements so that the
communities would suffer little from plantation activities, but would still gain in employment

opportunities.
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Figure 4-1:
General Social Impact Assessment And Management Model

PROFILING PROJECTION EVALUATION MITIGATION

4 fA'_i'COO..65.0..00.)?"?“““3636000.0.l..‘..OI'...'...‘W“...W“T_!‘!!’!P_‘0“.0‘{‘.:”*“‘“‘:
o = — ———r = ® :
e ==t =
& == == E——— '8 8=

: ::_-_ = " e — '\‘: — _—V:“:",:;:_

= =L ) e —— e, e = e et—————— : .
=1- Exfsfrng m T : = = - e————

=|=Social& Economlc = = g:’:;‘g":‘;‘_y = == =

=k:vonditions === = ure=- = = =
= = = =

= =

= &

== — ®

S e — = -
o) iﬂoposgtﬂolicyg = S e

- =° = = e
= = S =

= — = = e

*

o

o0

|
sosee

ESTIMATION

= des—l1=—= Lk ' == Sl § :Assss!mé‘
———— = “}-Decisions — !

AN

l*!i
e
|
|

Jﬁpﬁs

—_—= Jmpict—‘ = =—=——e—
=F — = Amelioration- |I= _
=} -Existing—= |jemm— W] Requirements'jl= ={:Recommended |

:“Funmona&:' = e g = =] J‘mn]ng - 5’ :
Z;_BTa abilitl‘es_ = == — =V —= =| M?niﬁﬁmirﬂ—,
= = = -PreQI_qtgd__ = P—lahhiﬁ} e S Strategler ‘

l
I

~Planmng &—

~Management |
Capabllmes '

‘H”HUIHHHHIIIH




34

TABLE 4-1: RECENT HISTORY, LAND USE, AND SOCIAL IMPLICATIONS OF BIOMASS PRODUCTION FOR IMPACTED DISTRICTS

District

Recent History

Present Land Acreage
and Use

Project Activities

Possible Social Effects

Tract 219-221)

North Kohala Historically isolated sugar community Total acres: 79,593 Planting New jobs in biomass production
Hawi Planta?ion closed 1975 Ex-sugar lands now in Maintenance Noise, dust, and increase? traffic
Kapa'au Economic depress%on pasture Harvesting . Loss of land for altgrnatlve
Halaula New jobs developing as a result of Macadamia nuts Forestry operations: agrlcultur&l(graZlng purposes
Makapala South Kohala tourist industry Aquaculture planting Daily contact with tree plantation
Niuli development Residential maintenance operations

Population growth from 1970 to 1980, harvesting Existing public services utilized
+8.8% chipping

(gigz:SZIB) 1980 population: 3,620 Heavy trucking

South Kohala Ranching town Total acres: 171,219 Planting New jobs in biomass production
Waimea Developing business/commercial Cattle grazing Naintengnce and proces§ing o
Kawaihae center of North Hawaii Residential Harvesting Increased business activity

Hawaiian Homesteads Diversified agriculture Heavy trucking Continued population growth

(Census Population growth from 1970 to 1980, Resort development Increased trycF trgffic and nqise

Tract 217) 99.4% Commercial Increasgd utilization of public
1980 population: 4,607 services
Limited water availability
Major resort development on west
coast
Deep draft harbor facility at
Kawaihae underutilized

Hamakua/ Sugar communities Total acres: 570,185 Nursery operations New jobs in biomass production

__North Hilo Decreased employment due to Sugar Forestry operations Increased business activities
Pa'auilo mechanization Macadamia nuts in remote areas Population increase
Kukuihaele Cattle raising in mauka regions Pasture i.e., planting, Existing public services utilized
Honokaa lntermfttent forestry and maca- State forests maintenance, har-

Laupahoehoe dan1§ nut production, operations Residentia; vesting, chipping,
Papaaloa Population growth from 1970 to 1980, and transportation
Ookala 4.5%
1980 population: 6,825
(Census



In general, the project is expected to improve the employment situation of the island (6.7
percent unemployment, 1980) without requiring drastic shifts in occupational skills. The em-
ployment increase will be both direct and indirect and will vary in each community. Both the
North and South Kohala regions, for instance, face population increases caused by tourism and
related development. While a biomass plantation would probably be acceptable to local residents
now, resort growth may eventually absorb the available labor, causing a shortage of workers in
the area. That means that the comulative social impacts of two sources of rapid change need to

be considered.

Direct Employment

As presented in Figure 4-2, approximately 90 employees will be required for the first 6
years of the project, increasing sharply to about 330 for the duration of the project, an additional
18 years. The increase will be caused by harvesting and plantation needs beginning in the 6th

year.

Only nursery operations, requiring relatively few employees, will experience major cyclical
variations: 50 percent of the lesser skilled workers will be laid off by the 7th year and a full com-
plement of personnel will be required again at year 18. If opportunities for using the nursery and
personnel for other purposes during this 12 year period are found, the potential problem would

cease to exist.

Security guards, some repair shop personnel, and chip hauling crews probably will work in
round-the-clock shifts. Most other jobs will be carried out on a regular S-day work week. The
similiarity of agricultural work in this project with that of the sugar and pineapple industry sug-

gests pressure from organized labor to secure comparable working conditions.

Indirect Employment

Using a standard multiplier of 1.4 jobs created for each project job, there will be an addi-
tional 216 jobs available for years 1-6, and 792 for the years thereafter. The major employment
stimulation in the early years, obviously will be around the nursery, and increased employment
opportunities in the plantation harvesting years will probably be in the coastal communities of
the Hamakua District.

Since different socio-demographic groups usually generate different economic multipliers

because of differing propensities to save, varying purchasing patterns, and differing loss of trans-

fer payment effects; a more integral approach to allocating jobs to various demographic cohorts
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|dotted line indicates potential shutdown if plantation is not replanted |
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within the community is suggested. The multiplier process should be more finely tuned with
an analysis of the induced employment and jobs and opportunities that subsequently develop.

One such approach developed by Davis and Webster (1980) is represented in Figure 4-3.

Figure 4-3. A Compositional Approach to Socio-economic Impact Analysis

Direct - Increase in Publi

Plus Induced Population SU t]c
Indirect Employment Due to Eec]or .
Employment In-migration mploymen

Source: H. Davis and D. Webster, A Compositional Approach to Regional Socio-
economic Impact Assessment” Socio. Econ. Plan. Sci. 15:159-163 (1981).

PRIMARY SOCIAL IMPACTS

Community Participation

Major barriers to developments often stem from outsiders’ lack of knowledge of and sensi-
tivity to local conditions combined with the developers’ propensity to by-pass residents during
the planning stage. Therefore, assessment of local conditions and residents’ opinions of the pro-
ject are essential. In fact, the social impacts, the subjective evaluations of the consequences, re-
quire public input by definition. Evaluation by the residents themselves will assist in the devel-

opment of a mediation strategy for addressing community concerns.

We may suggest that positive recruitment and training programs become part of this pro-
ject, thereby avoiding the inequitable stratification of laborers along ethnic lines that has charac-
terized plantation work in the past. Recruitment and training programs would aiso insure that
workers in the area have opportunities for employment, thus lessening the need to bring in out-
siders. The ‘“boom-bust” syndrome, experienced in the Kohala area when sugar plantations
shut down, is a possibility with this endeavor as well. Frankness about this possibility is essential
so that residents may plan for their economic livelihood should one project be discontinued after
one generation. Additionally, a tree plantation would represent the substitition of a single eco-

nomic base for another and may not be the diversification residents desire.

Summary
In spite of some increases in noise, traffic, and population, it is predicted that the social

effects will be mainly positive, especially if the community is involved with the planning. A
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summary of the social implications of biomass production for the region is presented in Table
4-2.

6.

Table 4-2: Significant Primary Social Effects

. Increase in labor demands compatible with local skills.

Opportunity to pursue active training programs such that past inequitable ethnic stratification

of plantation labor need not be repeated.

. Additional jobs created by indirect and induced employment.

. Increase in heavy truck traffic.

Population increases requiring planning for pace and style of community development in har-

mony with residents’ values.

Opportunity to enhance ncarby residents’ ability to fulfill labor requirements, reducing the

need to import labor.,

. Opportunity to plan ahead for possible biomass plantation shutdown.

Opportunity to involve residents and community organizations in development planning and

mitigation of undesirable social effects.
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PHYSICAL

This assessment of physical impacts and effects on the environment of a tree nursery and
plantation includes evaluations of air, soil, and water quality. No adverse impacts are anticipated
during any phase of the project, but careful and continued monitoring are recommended as pro-

tective measures.

NURSERY

One reason nursery establishment and operation can be considered environmentally benign
is that all activities are done on a small scale. Even potential problems caused by this smallness
are easily avoided. Over-shooting during spraying, for example, can be controlled by establishing
a safe zone around the nursery that is either kept clear of vegetation through mechanical means
or planted with herbicide resistant ground cover. Throughout nursery operations, pesticide appli-
cations should be highly site specific. If any concern about pesticides entering the ground water
system and changing the water chemistry exists, a run off collection system could be developed

to prevent any hazard whatsoever.

One other possible problem of the nursery operation is that elevated nutrient levels in the
substratum (ground water and soil) caused by the use of fertilizers could stimulate the growth of
certain weeds as well as the growth of trees in the area. Slow-release fertilizer, however, could

mitigate such concerns by keeping nutrient levels at low concentrations.

A possible bio-ecological risk of the nursery operation is the upset of plant, bird, and wild-

life habitats. Care must be taken to insure that there are no endangered species in the arca.

Containment also can be a concern during nursery operations. No matter what plant s
grown, if it is closely related to native species in the surrounding areas, gene flow can be a threat.

A barren or sterile zone is indicated as a solution.

PLANTATION

During plantation site preparation, air problems caused by turbidity may arise as a result
of dust or burning rubble. Turbidity caused by dust in the air is a possible problem during
plantation operation also. The amount of dust can be minimized, however, through standard
wetting down practices, and the period of rubbish burning can be kept short to eliminate any

significant problems.

Erosion problems, possible at the Pua’akala site if at all, can be eliminated by shallow

terracing.
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During site preparation, no contamination of water quality is anticipated, but the intro-
duction of pesticides into ground water may present a hazard during plantation maintenance. If
readily bio-degradable products such as Sevin and Glyphosate are used, this hazard will be elimi-

nated.

As with the nursery, fertilization may stimulate the growth of weeds and exotic plants
which could eventually escape the plantation and cause problems in more sensitive surrounding
areas. Fertilizer, then, should be spread with care to avoid an increased need for herbicides to

control the resulting weed growth.

If there is a chance that endangered species of plants and animals can be harmed during
nursery construction, there is even more of a chance of this during plantation site preparation

and road building. Careful assessments of the areas will have to be made before site preparation.

HARVESTING

Major environmental impacts during harvesting will be created by the noise and dust of
chipping and transporting. Dust can be abated by hosing or spraying, though, and the noise is
primarily a workplace problem, likely to affect the local community per se only at the Kapa’au

site, if at all. The noise level, however, should be monitored.
SPECIAL CONCERNS

Baseline

Open arcas with a history of use as cane fields or pastures with some existing stands of
cucalyptus, require no special attention. Ohi’a forest areas, however, should be left untouched
and examined for rare, threatened, or endangered species. Gullies and small ravines often harbor
native, relict forests, and are wetter, shadier, and quieter to some degree than patches on high
ground. Therefore, they are the last habitates for rare birds, animals, and plants; they should be

surveyed and inventoried prior to any operation in the vicinity.

Monitoring
The ground water monitoring program for pesticides and fertilizer contamination can be

phased down to yearly testing after the first complete test series proves negative. If the results
are positive, though, more careful surveillance is required. Any wells not drawing upon basal

water should be tested for nitrate and pesticide organic chlorine.
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Biomass Waste Disposal

Biomass waste should be recycled into the land to reduce somewhat the depletion of soil

nutrients in nursery and plantation areas.

Possible Eucalyptus Problems

Drs. Otto and lsa Degener have called our attention recently to some aspects of eucalyptus
tree farms which require attention. Fire resistance, the ability of eucalyptus to regenerate
quickly after disasters, their flammable and toxic oils content, and frequent eucalyptus forest
fires in Australia, New Zealand, and Tasmania were listed by the Degeners as being the undesir-

able aspects of wide-scale eucalyptus plantings.

Whether or not these concerns apply to the Big Island, and whether or not they should
affect any decisions to plant eucalyptus tree farms have yet to be determined. Based on preli-
minary information, however, it is recommended that additional study be done, including re-

search into the Big Island’s eucalyptus fire history, provided large enough stands can be located.

*The authors would like especially to thank Mr. John Gilbert, East-West Center Resource Sys-

tems Ins*itute, for his contribution.
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Section 5
NURSERY
Establishment and Operation
R.G. Skolmen, T.D. King, H.H. Horiuchi

This section outlines the location, design, operation, and financial requirements of a nursery capable
of supplying the seedlings needed to stock 7,800 acres of plantation per year at a rate of 1,210 trees
per acre.  This nursery would have to be in operation 5 to 6 months before tree planting could be-
gin. During the first 6 years, the proposed energy tree planting will require over 10 million mixed
tree seedlings per year. The nursery needed is about three times as large as the largest one existing

in the state now.

LOCATION

The most important requirement of a large tree nursery is a constant, assured supply of
water. The location near the lands to be planted that appears most suitable is in the vicinity of
Honokaa. A well can be drilled there at reasonable cost and, in addition, seedlings will grow rapidly
because of the warmer average temperature of the lower elevation. At the proposed nursery site,
Ahualoa (elevation about 1,500 feet), it is currently possible to purchase suitable land at a reason-

able cost.

DESIGN

It has been determined by numerous tests that the tube container nursery system is best
for the tree species selected. The particular tube container system chosen governs the design and
siz¢ of the entire nursery. Two possible tube systems, both in use now in Hawaii, were compared to

determine their cost differences betore selecting one.

The systems compared were the Leach Pine Cell and Leach Tray used by the BioEnergy
Development Corporation and the Hawaii Dibbling Tube used by the Hawaii Division of Forestry
and Wildlife. It has not been proven at this time, but it appears that the Dibbling Tube system
produces eucalyptus seedlings that have a slightly higher survival potential than the Leach Cell sys-
tem. This is largely because the seedlings are spaced more precisely to accommodate eucalyptus

lcal area and the tube is larger, permitting a larger root mass.

Despite this, the Leach Pine Cell was chosen because of the considerably higher cost of using
the Dibbling Tube system. Use of the Dibbling Tube system would require an additional acre of
land, one additional greenhouse, higher priced pallets, and a larger irrigation system, resulting in a

cost increase of about $95.,000.
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The nursery has been planned to have the capacity to produce 10.4 million ssedlings per year,
more than enough to plant 7,800 acres per year at a rate of 1,210 trees per acre (6 ft x 6 ft spacing).
It will be possible to hold seedlings in the nursery for up to 4 months in the event drought prevents

planting.

The species grown will be Leucaena leucocephala, E. grandis, E. saligna, and E. globulus. The

three eucalypts will be grown on the same schedule. The leucaena will have slightly shorter green-
house and growth period requirements and will also require a modified seeding device. These are

minor concerns that will not significantly affect the costs or procedures outlined here.

The physical plant will consist of a 7-acre, nearly level, rectangular land area containing the
buildings and growing area. This fenced arca will contain a 3-bedroom caretaker’s home, an office/
storage/lunchroom building, a headhouse used for container loading cquipment and for storage,
eight 40 ft x 120 ft steel-pipe framed greenhouses, a small pumphouse, a 4-acre paved, irrigated
seedling growing/hardening space, and surrounding unpaved storage space. The fenceline area will
be pleasantly landscaped and will have a dense windbreak of trees and shrubs on its windward sides.
Water will be supplied by a well drilled on site, or alternatively by the County Water Board it a con-

stant supply can be guaranteed.

There will be two 4 x 4 pickup trucks, one 2-1/2 ton flat-bed truck, one large tractor truck
witha 9 ft x 9 ft x 30 ft van trailer, and two small forklifts.

The staff will consist of a manager, a supervisor, a nurseryman, a technician, a truck driver,
an electrician/plumber, a clerk-typist, 2 forklift operators, 7 laborers, a caretaker who will live on
site, and a night watchman. Employees will work normal 40-hour weeks except the electrician/
plumber, who will work 6-hour days, and the caretaker, who will work weekends with days off

during the week. Salaries and wages are based on those current for similar jobs in the Hilo area.

OPERATION

Seedlings will be grown in polyethylene tubes of rooting medium for periods of 4 to 5-1/2
months and then transported to the field for planting. This operation involves several steps: plac-
ing tubes in plastic trays (racks) for support, filling tubes with rooting medium, seeding the filled
tubes, placing gravel on top of the seeds, placing the tubes in greenhouses for germination and early
growth for 6 weeks, moving the tubes to an outdoor growing space for 3 to 4 months, hardening the
seedlings for planting by withholding fertilizer, loading the seedlings with tubes and trays into a van,
hauling to the field, and returning the empty tubes and trays to the nursery where they are steri-

lized and readied for the next crop. More specific details follow.
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Seeds will be purchased from commercial sources at these approximate prices: Leucaena
(8,000 seed/1b) $50/1b, E. saligna and E. grandis (1,000,000 seed/lb after cleaning and pelletizing)
$110/1b, and E. globulus (300,000 clean seed/lb) $§50/1b. E. saligna and E. grandis seed will be
purchased in lots of 120 Ib of uncleaned seed. They will be cleaned at the nursery and shipped to a

pelletizing company. E. globulus will be purchased in one lot of 360 Ib, and, because the seeds are
large enough for mechanical seeding, they will be cleaned but not pelletized. A 6-year supply of
seed will be stored in the refrigerator in sealed containers. The leucaena seeds will be scarified with
sutfuric acid before sowing and the media for leucaena will be inoculated with rhizobia. Procedures

tor these processes are outlined in the HNEI publication, Giant Leucaena Energy Tree Farm, 1980.

A specially constructed flat filler and precision seeder, already manufactured by a few con-
tractors, will be used for mixing planting medium, filling and compacting medium in the tubes,
sowing seed, and covering the tubes in the trays with gravel. The medium used will be 2:1 vermi-
culite: peat. The filling and loading machine and its auxiliary equipment will be operated by 7

employees.

The Leach Pine Cells and Trays last about 3 years, so they will be completely replaced once
during the first 6 years of operation. The tubes, including shipping, will cost $0.04 each and the
trays $5.00. These prices are very nearly the same for the Hawaii Dibbling Tubes.

After loading and seeding, the trays of tubes will be placed on 4 ft x 4 ft wooden pallets (8
per pallet) and set out in the greenhouse by forklift trucks. The pallets will be supported on con-
crete blocks both in the greenhouse and later in the outdoor growing area and arranged in rows with
2 ft wide access aisles between them. An overhead irrigation system in the greenhouse will be used
for both water and liquid fertilizer as needed. The greenhouses will be steel-pipe construction,
roofed with “clear” Tedlar-coated polyester roofing, a material which transmits about 50 percent

of ambient light. The seedlings will germinate and be kept in the greenhouse for 6 weeks.

After 6 weeks, the pallets of seedlings will be moved to the 4-acre seedling growing/hardening
area where they will be set out in rows on concrete blocks as in the greenhouses. Irrigation and
liquid fertilizer will be supplied by overhead sprinklers. Species will be separated so that they may
receive different watering and fertilizing regimes. Solenoid valves and several fertilizer injection sta-

tions will be used to control the varying water and fertilizer requirements.
If tests now underway at the BioEnergy Development Corporation so indicate, it may be

possible to mix fertilizer directly into the rooting medium in the amounts required for hardening-

off; the fertilizer will be used up at the end of the growing period. Because growth in the outdoor
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area will vary throughout the year with ambient light, temperature, and rainfall, however, it is now
safer to plan on the liquid fertilizer system which provides more effective control.

After approximately 4 months, hardened seedlings will be ready for planting. The pallets of
seedlings will be carried by forklift to the van truck which will carry the seedlings to the field. The
trailer will be a 9 ft x 9 ft x 30 ft van, specially constructed to hold up to 600 trays on shelves with
space for 1 ft tall seedlings. Seedlings will be loaded (still in trays) by two men with the aid of the
forklifts and will be removed by two men at the planting site.

Seedlings will be removed from the tubes by a crew at the planting site. It is hoped that a
mechanical device can be developed to perform this time-consuming chore. Once the seedlings

are removed, the tubes will be returned to the trays, and then to the van.

It is suggested that the seedlings be carried to the planting machine on polyethelene shects in
manageable size lots. When hand planting is done, the tubes can be kept on the roots until just

before planting and later returned by the tree planters to a central location.

After they are returned to the nursery, the tubes, still in the trays, will be washed in a vat of

10 percent clorox, rinsed off with a hose, and returned to the headhouse for re-use in the next crop.

SCHEDULING
It is suggested that the nursery be started about 6-1/2 years before the synfuels plant so that

planting can begin about 6 years before the plant requires a constant supply of biomass.

The nursery is intended to run at full capacity for 6 years. Early in the 7th year, after a
sufficient amount of harvesting of the first crop has been done to indicate how much re-planting
will be required to replace noncoppicing stumps, the size of the nursery will be reduced. It is esti-
mated that the nursery will operate at between 20 to 50 percent of capacity for the remainder of

the project term.

If 20 percent of the stumps don’t coppice, 2,100,000 seedlings per year will be required to
replace them. During the second coppice rotation, a larger percentage of stumps will not coppice,
so nursery capacity will have to be increased to maintain the necessary production. If a third
coppice rotation is sought, the nursery will have to be brought back to about 70 percent of ori-

ginal capacity at the end of 18 years. This will allow replanting of the many dead stumps.
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Therefore, the nursery would be simply scaled back, but kept well maintained during the
slack period. It may be possible to remain at nearly full production by supplying trees to other
outlets or producing ornamentals. For financial planning, we suggest a 50 percent reduction in
material and labor costs from year 7 to year 18.

VEGETATIVE PROPAGATION

Recent work in Brazil, Australia, and Florida has indicated that many eucalypts can be
grown from rooted cuttings, thus permitting mass propagation of superior clones. So far this has
not been done in Hawaii, but if it proves possible, the nursery system presented here can be modi-
fied to carry out vegetative propagation rather than raising seedlings.
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Above, eucalyptus plantings, and below seedlings at C. Brewer and Co.’s eucalyptus nursery, both

on the Big Island.
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Table 5-1: Nursery Establishment Costs

Cost Life
(Dollars) (Yr)
I. Site Preparation:
A. Paving 5 acres 1,089,000 20
B. Landscaping 2 acres 1,000 20
C. Fencing 7,200 12
D. Windbreak 2,000 20+
E. Land cost of 7 acres @ $18,000/ac 126,000
1I. Building and Structures:
A. Caretaker residence 60,000 20
(3 bedroom w/1-1/2 bath)
Operations building, 30' x 100' 100,000 20
Headhouse, 40' x 100! 150,000 20
Eight greenhouses, 40' x 120’ 200,000 20
(prestanding metal structure with
fiberglass roofing)
Fiberglass roofing replacement at the
end of 10 years 50,000 10
II1. Fleet Equipment and Vehicles:
A. Two 3/4-ton 4-wheel drive trucks
@ $11,500 23,000 5
2 1/2-ton flatbed truck 35,000 5
Truck tractor with trailer
9' x 9' x 30' trailer 100,000 10
D. Two forklifts, $20,000 each, 2000-1b
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