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INTRODUCTION

The H-POWER waste-to-energy facility is a large refuse derived fuel (RDF) facility on the island
of Oahu in Hawaii.  The H-POWER facility takes in annually about 572,500 tonnes (630,000
tons) of municipal solid waste (MSW) generated on that island.  Workers first inspect this MSW
to remove about 8,100 tonnes/yr (9,000 tons/yr) of bulky items that exceed the capacity of the
shredders, as well as explosive materials such as barbecue propane tanks. The MSW then goes
through waste processing equipment which shreds and removes a large portion of ferrous and
other noncombustible material to produce about 478,000 tonnes (527,000 tons) a year of a fluffy
material called RDF.  This RDF is fired in two boilers producing about 336,000 megawatt hours
of electric power.

About 97,000 tonnes (107,000 tons) of wet combined ash is produced by the H-POWER facility
each year.  About 60%, 58,200 tonnes/yr (64,200 tons/yr), of the ash is heavy material that falls
off the grates into a water bath at the bottom of the boilers.  This fraction is called bottom ash. 
The remaining ash fraction, fly ash, is carried from the combustion chamber in the flue gas and
collected in the hoppers of the superheaters, economizers, air preheaters, spray dry absorbers, and
electrostatic precipitators.

For each ton of MSW disposed of at H-POWER, sufficient electricity is produced to preclude
burning of approximately 227 liters (60 gallons) of fuel oil that would otherwise need to be
imported. The volume of the ash produced is approximately 10% of the volume of the MSW. 
This saving in landfill space is critical on a small island like Oahu.

Nevertheless, the disposal of 97,000 tonnes (107,000 tons/yr) of combined ash from this facility
is expensive and requires valuable landfill space.  The purpose of this study was to carefully
investigate alternative disposal of this ash material to help ensure that any proposed beneficial
uses are safe, economical, and in the public interest.  Three principal questions to be investigated
were:

1. Can the beneficial uses proposed save money over the current disposal cost (about
$1.8 million/yr) and extend the life of the ash monofill?

2. Can the proposed beneficial uses be carried out in full compliance with current
environmental, health, and safety standards, and in a manner that is in the best interest
of the public?

3. Will the proposed ash uses be able to meet or exceed civil engineering criteria that
apply to each use application?
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Three beneficial uses of H-POWER combined ash were investigated in this study.  They are an
intermediate cover for final closure of the Waipahu Landfill, a daily cover at the Waimanalo
Gulch Landfill, and a partial replacement for aggregate in road asphalt.  These proposed
beneficial uses all result in decreased landfill requirements and lower city operating costs.  All
three are enhanced by using combined ash that has been screened to remove pieces of metal,
glass, and stone larger than about 3/8-in. in diameter.
In August 1998, a bottom ash metal removal system was constructed at the H-POWER facility. 
This system results in a bottom ash that has better size, consistency, and quality characteristics,
and, when combined with fly ash, will yield improved physical and chemical characteristics of
the combined ash.  The removed metals are separated into ferrous and nonferrous fractions and
sold as scrap.

An important differentiating aspect of this study is that all proposed uses examine combined fly
and bottom ash from a modern waste-to-energy facility that meets the 1990 requirements of the
Clean Air Act Amendments for Maximum Achievable Control Technology.  This is important
because most studies of beneficial uses of ash from waste-to-energy facilities have focused only
on use of the bottom ash.  Because of the smaller industrial component of the MSW on Oahu and
the removal of metals before and after combustion, the resulting combined ash from this facility
may be unique.
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EXECUTIVE SUMMARY

This ash study investigated the beneficial use of municipal waste combustion combined ash from
the H-POWER facility.  The beneficial uses studied were grouped into the following three tasks
that are described and discussed in this report:

Task 1:  Intermediate Cover for Final Closure of the Waipahu Landfill

Task 2:  Daily Cover at the Waimanalo Gulch Landfill

Task 3:  Partial Replacement for Aggregate in Asphalt for Road Paving

This study is a follow on to a Phase I study(1) which investigated chemical and physical properties
of H-POWER bottom ash, fly ash, and combined ash alone and with certain admixtures.  This
report also updates the Phase I study by including additional U.S. Environmental Protection
Agency (EPA) Toxicity Characteristic Leachate Procedures (TCLP) and total chemistry data with
a corresponding refinement in the statistical analysis, particularly on the chemistry of the
combined ash.  The results of the additional chemical and physical data show that TCLP results
remain well below EPA TCLP standards and continue to trend downward for all metals except
barium, which appears to have stabilized slightly below EPA's barium drinking water standard
(Appendix A).

The additional total chemistry data found in Phase II provides strong evidence that the Phase I
total chemistry data for lead in combined ash was anomalous.  The Phase I total metal data
consisted of duplicate analyses of aliquots taken from a single ash sample.  One duplicate aliquot
was recorded at 15,809 ppm, the other at 3,172 ppm.  The average lead concentration was thus
recorded as 9,490 ppm.  The sampling in Phase II tested 68 separate samples for lead and found
that the data varied from a low of 890 ppm to a high of 5,100 ppm with an average of 2,221 ppm
(Appendix B).  A likely explanation for the anomalous high value is that a drop of solder from an
electronic circuit board was in this particular sample.  See discussion in Section II (b) of this
report.

Additional geotechnical engineering tests in Phase II showed that both 100% H-POWER
combined ash and a 90%-10% mixture of H-POWER combined ash and Ameron quarry fines
have low coefficients of permeability, superior to the best native soils currently used to inhibit
infiltration of rainwater and erosion in landfills.  Mililani soil, a lateritic silt soil excavated
throughout Oahu, is often used as landfill construction material.  These new engineering tests
also showed that both the 100% and the 90%-10% mixtures have good compressive and shear
strengths and were superior in shrinkage cracking tests following air drying.  These later tests are
critical because cracking would allow a direct flow path for rainwater or water applied to support
vegetation into the wastes disposed in any landfill using combined ash in the cover material
(Appendix C).
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In this Phase II study, health risk assessments were performed for the first two uses of combined
ash outlined in the tasks.  The assessments focused on lead exposure, assuming lead
concentrations at 2,449 ppm, which is the upper value of the 95% confidence interval around the
mean for the H-POWER combined ash.  Risk assessment for lead using the California
Department of Toxic Substances Control (DTSC) lead model projected upper 99 th percentile
blood lead concentrations of 3.41 µg Pb/dL or lower for children.  This is well below the
acceptable benchmark levels of 10 µg Pb/dL for children.  Background exposures accounted for
blood lead levels of 1.9 µg /dL for children, and site exposures accounted for blood lead levels of
1.5 µg /dL or less.  The 99th percentile of blood lead levels for workers during construction
activities was projected to be at 7.3 µg Pb/dL or less, well below the adult lead acceptable
benchmark level of 25 µg Pb/dL for men and 10 µg Pb/dL for women of childbearing age. 
Background exposures accounted for blood lead levels of 1.0 µg /dL for adults, and site
exposures accounted for blood lead levels of 6.3 µg /dL or less.  Most of the site exposures
resulted from the assumption that workers and members of the public routinely ingested pure ash.

Noncarcinogenic risk assessment for other metals of concern and dioxins/furans resulted in
estimated hazard indices of 0.6 and lower, which are below the EPA regulatory hazard index
ratio of 1.0.  In addition, the estimated daily intakes of dioxins and furans were 0.30 pg/kg/day or
less of 2,3,7,8-TCDD equivalents for all worker receptors and 0.14 pg/kg/day or less for all
members of the public for all beneficial use scenarios.  These values are significantly less than
EPA�s estimate of the public�s average daily intake from background exposures, which is 1-3
pg/kg/day (EPA, 1994).

The estimated excess lifetime cancer risks from all proposed uses involving H-POWER
combined ash were 5 x 10-5 or below for workers and 4x10-6 or below for members of the public.
 Most of this risk (55-70%) was due to arsenic, which has been decreasing in TCLP leachates. 
All lifetime cancer risks for members of the public are well within EPA�s acceptable risk range of
1x10-4 to 1x10-6 for members of the public.  Although EPA�s risk range used in the Superfund
program may not be administratively applicable to the use of H-POWER combined ash in
beneficial uses, this risk range is being provided to provide context for the risk assessment
results.  As a comparison point for worker risks, Travis et al. (1987) found that the individual
excess lifetime risk at which federal agencies always acted to reduce worker risk was
approximately 4x10-3, and the individual excess lifetime risk level considered to be de minimis
was approximately 1x10-4.  Additionally, many OSHA standards are set at exposure levels
associated with individual excess lifetime risks in excess of 1x10-3.  These risk comparisons
demonstrate that no adverse health effects are anticipated from any of the proposed beneficial
uses.



8

The Phase II activities also included a 6-day daily cover demonstration study to quantify airborne
dust and metal exposure levels when using ash as daily cover at the Waimanalo Gulch Landfill. 
Extensive air sampling was conducted during specific ash-related activities. It showed that the
combined ash was not a significant source of respiratory dust or metal exposure to workers or the
public.  Mining in an ash monofill was also investigated to see if this combined ash could be
recovered and used as daily cover in addition to the freshly produced combined ash.  This also
showed that a potential respiratory dust exposure risk was not significant.

A trial demonstration for the use of combined ash as a partial substitute for natural aggregate in
asphalt has been executed by resurfacing a segment of road at the H-POWER facility.  The
prepared asphalt was an approximately 5.5% ash mix.  Higher ash substitution was not possible
at this time, because of the high moisture content of the combined ash.  A comprehensive
environmental testing program is currently under way to determine whether metals contained in
the combined ash will leach from the ash-amended pavement under natural as well as simulated
environmental conditions.  When the test data are available, a comprehensive risk assessment
will be prepared to determine the environmental and human health risks posed by the use of H-
POWER combined ash as a partial aggregate replacement in road asphalt.
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H-POWER Facility at Campbell Industrial Park

I. BACKGROUND

Municipal waste combustion (MWC) combined ash produced at H-POWER, a refuse derived
fuel (RDF) type waste-to-energy facility, is currently being landfilled in a lined monofill at the
Waimanalo Gulch Landfill.  Approximately 97,000 tonnes (107,000 tons) of wet combined ash is
produced annually, and estimates indicate that the monofill will reach current capacity in about
10 years.  It will be difficult and expensive to find new areas to site, permit, and construct a new
ash monofill on Oahu when this one is full.

This study was initiated to find uses for the ash that would lower the present and future cost of
landfilling and extend the life of the present ash landfill.  This study explores ash use as a landfill
cover and in roadway applications.  It examines the current direct and indirect economic costs of
ash disposal, and examines the technical feasibility and health risks of three potential uses:

1. As Intermediate Cover for Final Landfill Closure (Task 1).

2.  As a Landfill Daily Cover (Task 2).

3. As Partial Replacement for Aggregate in Asphalt for Road Paving (Task 3).
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This ash reuse study began as a cooperative effort between the City and County of Honolulu
(City) and the National Renewable Energy Laboratory (NREL).  Utilization of Ash from
Municipal Solid Waste Combustion, Phase I (NREL subcontract No. XAR-3-1322) provided
biological, chemical, and civil soil engineering tests on the ash.  The major significance of this
study was the use of combined ash, rather than just bottom ash, which was the subject of
previous MWC ash studies.  Combined ash re-use is important because modern MWC facilities
are designed to produce combined ash for disposal.  The use of bottom ash only reduces the
beneficial cementitious properties of the combined ash, because the excess free lime from the
scrubber is found only in the fly ash, thus making certain re-use options less technically feasible.

a. Summary of Phase I Results

The results of Phase I of the study completed at the end of 1994 showed that:

1. All ash samples collected and analyzed quarterly from December 1989 until March
1994 (more than 400 samples taken over almost 6 years) have passed EPA's
Toxicity Characteristic Leachate Procedure (TCLP) test.

2. There was no enrichment of any of the trace metals (Al, Ca, Cd, Cu, Fe, Pb, Hg, and
Si) in the smaller sieve size fractions.  This is based on duplicate sampling of
combined ash collected over a 5-day period that was separated into seven sieve size
fractions ranging from sieve size #4 to smaller than #200. The samples were then
chemically analyzed for the eight trace metals.

3.  Three ash mixtures (H-POWER fly ash, three parts H-POWER fly ash to one part
sewage sludge, and one part H-POWER combined ash to one part Waipahu
Incinerator combined ash) were examined using the Falling Head Permeability test
(Das, 1986).  All ash mixtures exhibited very low coefficients of hydraulic
permeability, from 1.16 x 10-6 to 4.36 x 10-6 cm/s.  The lowest permeability mixture
was the mixture of one part combined ash from

      H-POWER to one part Waipahu Incinerator combined ash.  However, none          of
these permeability mixtures examined H-POWER combined ash by itself.

4. All but one of the ash mixtures tested exhibited greater erosion and cracking
resistance during drying than currently used landfill cover material.

5. MWC combined ash chemical analysis, hydraulic permeability, and erosion
resistance indicate that this ash is a viable alternative for a landfill cover.

6. MWC ash size fractions and chemical analysis show combined ash to be a viable
alternative for landfill cover and for certain road construction applications.
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b. Identification of Phase II General Areas of Investigation

From a plant operation standpoint, combined ash is the simplest and least costly form of ash to
use.  For these reasons the Phase II study focused on combined ash.  After examination and
discussion of the Phase I results with other City and Hawaii Department of Health (HDOH)
officials, the beneficial uses that appeared most appropriate to carefully examine are the three
listed in the opening paragraph of this section.  Another use that was considered but not further
studied at this time, was use as a soil amendment material to stabilize clay soils on embankments
which are subject to slides.  Mixing with sewage sludge and compost as a soil amendment for
agriculture uses was also considered but rejected at this time.  This Phase II study was designed
to collect data to determine if any of these uses were economically and technically feasible and
would offer an acceptably low environmental and health risk to workers and the public.

The Phase II study was organized into six general areas of investigation to support evaluation of
the proposed uses.  The general areas of investigation supporting each proposed use were:

1. Updating combined ash TCLP data from the Phase I study.

2. Analyzing sufficient additional ash samples for total chemistry data to develop a
valid statistical model of the total chemistry, then updating the total chemistry data
from the Phase I study.

3. Preparing health risk assessments for each proposed use based on the total
chemistry analysis data gathered.

4. Updating civil engineering soil tests on the combined ash using some new ash
mixtures.

5. Developing economic data that would facilitate an estimate of possible cost
savingsassociated with each beneficial use.

6.  Gathering airborne fugitive dust and metal data that result from the ash uses in the field.
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c. Summary of Similar Studies

The only studies found by searching the literature which address the use of combined ash for
landfill cover were:

1. Keith E. Forrester, "State-of-the-Art in Refuse-to-Energy Facility Ash Residue
Handling, Reuse, Landfill Design and Management - A Summary."(2)

2. Lee E. Koppelman and Edith G. Tanenbaum, "The Potential for Beneficial Use of
Waste-to-Energy Ash."(3)

Forrester examined combined ash field leachates and fugitive dust levels at ash landfills from
mass burn facilities and found that fugitive dust levels met all health standards established for
workers and the public.  He also found that field leachates were at worst only slightly above
EPA's primary drinking water standards.  He then reviewed combined ash uses from nine
Wheelabrator Environmental System facilities, pointing out that three of those facilities (Saugus,
Pinellas County, and Bridgeport) had active studies under way in 1989 using combined ash as
daily cover over unlined MSW landfills.  Results of those studies confirmed that the use of
combined ash as daily cover reduced complaints about odors, wind-blown MSW, and vectors.

Forrester reported results of falling head permeability studies on the combined ash and field
leachate analysis data.  However, there were no comparison data with natural soils used for daily
cover, and there were no reported shear strength tests, no shrink swell tests (Atterberg Limits)
and no tests for cracking on drying as were done in the H-POWER Phase II tests.  In addition, no
RDF facilities were studied as compared to the mass burn facilities where the proportion of fly
ash and bottom ash differs from those of mass burn facilities.

Although Forrester considered the health impacts of field monitored fugitive dust levels, he did
not do a complete health risk assessment, which would require considering all pathways of
exposure using approved EPA and state guidance for health risk assessments.  Finally, because
Forrester's study was done before EPA proposed criteria for final closure of MSW landfills, it did
not examine the specific use of combined ash as intermediate cover for the final closure of a
landfill.

Still, the observations and conclusions are in complete agreement with all the observations and
conclusions of this Phase II study.  One of those conclusions was that waste-to-energy ash should
be viewed as a civil engineering material.  Focus should be on developing ash into a useful
material for either low permeable layered landfill use or as an aggregate substitute.
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The Koppelman and Tanenbaum study provides a general review by the Long Island Regional
Planning Board of ash recycling potential.  This study occurred when New York's Part 360
Landfill Regulations severely constrained ash landfilling on Long Island.  The physical
information collected from five mass burn facilities in New York included elemental analysis; a
series of leaching tests, including TCLP; and engineering tests including size gradation, bearing
capacity, density, swell potential, water solubility, and compressive strength. A field
demonstration included in the study showed that the use of combined ash as a daily cover
material was technically feasible and acceptable from a health and safety standpoint.  However,
no quantitative health risk assessments were done, and none of the facilities studied were RDF
facilities.  The Planning Board, a quasi-political organization, made the following interesting
recommendation:

"In a landfill environment the use of combined ash in an unbound aggregate form as
daily or intermediate cover, or the use of treated ash as a landfill cover or as a grout
material for landfill stabilization was judged to be a suitable strategy for ash
utilization that is projected to result in no significant adverse environmental impact."
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II. REPORT ORGANIZATION, AREAS OF INVESTIGATION
AND KEY SUMMARY RESULT

a. Updated TCLP Test Data

Appendix A provides an update of the combined ash chemistry data as reported in the Phase I
report.  Table 1 in Appendix A contains all TCLP test results from December 1989 to July 1998
and routine test results for 2,3,7,8-TCDD and 2,3,7,8-TCDF.  Statistical analyses accompanying
the TCLP data are also reported in Appendix A.  Summarized below is a comparison of the
averages for TCLP data reported in the Phase I report and the averages for TCLP to July 1998:

TABLE 1: UPDATED TCLP TEST DATA COMPARISON

Leachate
Element

Average TCLP
results from 12/89
to 3/94 (reported
in Phase I report)
in mg/L

Average
TCLP results
from 12/89 to
7/98 in mg/L

EPA TCLP
Standard
In mg/L

EPA Drinking
Water
Standard in
mg/L

Arsenic 0.397 0.260 5.000 0.050
Barium 0.745 0.699 100.000 1.000
Cadmium 0.166 0.166 1.000 0.010
Chromium 0.048 0.035 5.000 0.050
Lead 0.709 0.508 5.000 0.050
Mercury 0.003 0.002 0.200 0.002
Selenium 0.156 0.107 1.000 0.010
Silver 0.056 0.038 5.000 0.050

These TCLP data show evidence of a decreasing trend in leachate results for all trace metal
TCLP elements.  Four of the trace metals (barium, chromium, mercury, and silver) are below
EPA's drinking water standards and the others are well below the TCLP limits.  Individual plots
of these data over time, showing the decreasing trend in TCLP leachate concentrations, are
provided in Appendix A.

Conclusion: The combined ash TCLP test results continue to show a trend of decreasing trace
metal leachate concentrations.  This is significant in that it indicates a continuing reduction of
these heavy metals in our environment.  Because there has been no change in the source of MSW
within the community, we believe this probably reflects a general trend throughout the
environment within the United States.  Known elements of this reduction include the removal of
lead from paint, the reduction in the mercury content of batteries and fluorescent bulbs, and the
elimination of lead in gasoline.
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b. Updated Total Lead Data

Total chemistry data for certain trace metals in H-POWER's combined ash were reported in the
Phase I report.  The HDOH focused on lead as its main health risk concern for the proposed uses.
 This was caused by one Phase I sample, which showed an unusually high lead content, discussed
below.  Such concern motivated the City to conduct further sampling and analysis for total lead
and other trace metals, and report these new data in this report.  The results of these additional
total chemistry combined ash data based on 68 samples gathered from March 1995 until April
1998 are presented in Appendix B.  In addition to total metal testing, two combined ash samples
were analyzed for all 2,3,7,8-substituted dioxin and furan congeners to obtain useful data for risk
assessment purposes.  These data are also presented in Appendix B.

The average lead concentration in combined ash from the Phase I sieve size analysis, taken from
one sample, was 2,155 mg/kg.  The average lead concentration in combined ash in mixture 3a
and 3b from the Phase I report, representing just one sample, was 9,490 mg/kg.  The average lead
concentration in combined ash from the 68 new samples collected from March 1995 to April
1998 was 2,221 mg/kg.  The 68 additional samples were collected using the EPA-approved
procedures for sampling used for the regular TCLP testing, and thus represent a valid sample of
the actual ash from this facility.

This focus on lead occurred because duplicate laboratory aliquots from one actual combined ash
mixture (mixtures 3a and 3b) sample reported an average value of 9,490 ppm in the Phase I
report.  This is a much higher lead concentration than typically occurs in combined ash from an
MWC, although it was not recognized as such when the Phase I report was prepared.

There are several likely sources of lead in MSW.  A principal source is lead solder from
electronic circuit boards.  From time to time these drops of solder show up as spikes in ash
samples.  Lead melts at 327�C (621�F) and boils at 1,620�C (2,948 �F).  Given the density of
lead, it is more likely to end up in the bottom ash than to appear in the precipitator with the fly
ash.

Sampling in Phase I was very limited because only one of the nine mixtures being investigated
was H-POWER combined ash.  That mixture consisted of one composite combined ash sample
from which duplicate subaliquots were taken for separate chemical analysis.  Sample 3b likely
had a drop of lead solder from a discarded electronic device. The anomalous nature of sample 3b
is seen by examining the total sieve size analysis data in Appendix B2 of the Phase I report. 
These data show total lead values for combined ash sieved into seven separate size fractions. 
Their weighted average was 2,155 mg/kg.  This compares well with the average of 68 new
combined ash samples not sieve sized.
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Conclusion: Additional data comprising a valid sample indicate that total lead in H-POWER
combined ash is in the range of 890 ppm to 5,100 ppm, with a mean concentration of 2,221 ppm
and an upper 95% confidence interval of 2,449 ppm.

c. New Health Risk Assessments for Potential Beneficial Uses

In order to analyze the potential health risk from chemicals in the combined ash from the three
proposed beneficial uses, health risk assessments were requested by HDOH.  These were
conducted by Ogden Environmental and Energy Services (OEES).

All natural substances, including soil and water, contain very minute quantities of various
chemicals.  Human exposure to such chemicals is thus ever present, and its significance depends
largely on the exposure concentration level, the relative toxicity of the chemical, and the duration
of the exposure.  The concentrations of most trace metals in the combined ash are higher than in
natural soil, but this study indicates low health risks from the proposed uses.  Reasons for this are
the low fugitive dusting characteristics of the proposed uses, coupled with the relative
inaccessibility of the ash to humans because of engineered and institutional controls associated
with the proposed uses, and the relatively low toxicity characteristics of the trace metals in the
ash because of low bioavailability.

The risk assessments all follow the four-step approach recommended by the National Research
Council (NRC).  Those steps are:

1. Hazard Identification

2. Toxicity Assessment

3. Exposure Assessment

4. Risk Characterization

Hazard identification involves the identification of nine trace metals as well as polychlorinated
dioxins and furans as compounds of potential concern (CPC) in the ash.  The identification of
these CPCs will be applicable in the health risk assessment of all three proposed beneficial uses.

Toxicity assessment involves establishing the level of exposure (dose) for each CPC that is
associated with specific adverse health effects; both carcinogenic and noncarcinogenic.  In all use
scenarios the same EPA-verified dose response criteria were used, except for lead, where there
are no EPA criteria.  Lead dose-response effects were evaluated by using the California DTSC
blood lead model.



18

Exposure assessment takes into account who is likely to be exposed, for how long, and in what
manner.  This assessment is different for each proposed use, because the exposure situations are
different for each proposed method.

Risk characterization combines the results of the exposure assessments with the results of the
toxicity assessments.  From this combination we then derive quantitative estimates of the
potential for adverse health effects as a result of exposure to the ash.  A number of conservative
assumptions are incorporated into these calculations, which usually result in the risks being
considerably overestimated.

The application of the California DTSC lead model estimated an upper 99th percentile blood lead
concentration of 3.41 µg Pb/dL or lower for children, well below the acceptable benchmark level
of 10 µg Pb/dL for children.  Background exposure accounted for blood lead levels of 1.9 µg /dL
for children, and site exposures accounted for blood lead levels of 1.5 µg/ dL or less.  The 99th

percentile of blood lead levels for workers during construction activities was projected to be at
7.3 µg Pb/dL or less, well below the adult lead acceptable benchmark level of 25 µg /Pb/dL for
men and 10 µg Pb/dL for women of childbearing age.  Background exposures accounted for
blood lead levels of 1.0 µg /dL for adults, and site exposures accounted for blood lead levels of
6.3 µg /dL or less.  Most of the site exposures resulted from the assumption that workers and
members of the public routinely ingested pure ash.

Noncarcinogenic risk assessment for other metals of concern and dioxins/furans resulted in
estimated hazard indices of 0.6 and below, which are below the EPA regulatory concern hazard
index ratio of 1.0.  In addition, the estimated daily intake of dioxins and furans were 0.30
pg/kg/day or less of 2,3,7,8-TCDD equivalents for all workers receptors and 0.14 pg/kg/day or
less for all members of the public for all beneficial use scenarios.  These values are significantly
less than EPA�s estimate of the public�s daily intake from background exposures, which is 1-3
pg/kg/day (EPA, 1994).

The estimated excess lifetime cancer risks from all beneficial uses were 5 x 10-5 or below for
workers and 4x10-6 or below for members of the public.  Most of this risk (55-70%) is due to
arsenic, which has been decreasing in TCLP leachates.  Thus, all lifetime cancer risks for
members of the public are well within EPA�s acceptable risk range of 1x10-4 to 1x10-6 for
members of the public.  Although EPA�s risk range used in the Superfund program may not be
administratively applicable to the use of H-POWER combined ash in beneficial uses, this risk
range is being provided to provide context for the risk assessment results.  As a comparison point
for worker risks, Travis et al. (1987) found that the individual excess lifetime risk at which
federal agencies always acted to reduce worker risk was approximately 4x10-3 and the individual
excess lifetime risk level considered to be de minimis was approximately 1x10-4.  Additionally,
many OSHA standards are set at exposure levels associated with individual excess lifetime risks
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in excess of 1x10-3.  In fact, if workers were exposed to airborne arsenic at the Hawaii OSHA
(HIOSH) standard, their lifetime cancer risk would be 4x10-2.  These risk comparisons
demonstrate that no adverse health effects are anticipated from any of the proposed beneficial
uses.

Appendix G presents selected summary tables from the risk assessment reports that provide
results for each exposure pathway.  As shown in these tables, the soil ingestion pathway is a
major pathway for both noncarcinogenic and carcinogenic risk.  This is an exposure pathway that
is greatly overestimated by assuming hypothetical behaviors that cannot and will not occur in
reality.  For instance, it is assumed in the risk assessment that workers will ignore HIOSH
regulations, remove their personal protective gear and actually ingest pure ash on a regular basis.
 Similarly, trespassers or landfill visitors are assumed to gain access to prohibited areas and
intentionally ingest pure ash repeatedly many times a year over the course of many years.  While
such unrealistic assumptions are commonly made in the practice of risk assessment, it must be
realized that they define the risks under high-end or worst case conditions and do not reflect the
risks under expected exposure conditions.  Risks posed by inhalation of airborne ash are also
greatly overestimated, because the risk assessment ignored the air monitoring data, which
showed no increase in respirable dust downwind of the ash-handling activities and no detectable
metals in respirable dust samples.  Instead, the risk assessment was extremely health-protective
and assumed, contrary to empirical fact, that the respirable dust was 100% ash-derived and thus
contained ash-derived metals.  Even with this conservative assumption, the assumed arsenic
concentration was below the OSHA standard by a factor of 600 or more and we assumed lead
concentration was below the OSHA standard by a factor of 70 or more.

Conclusion: No adverse health effects are anticipated from either of the two proposed
beneficial uses as a landfill cover based on detailed health risk assessments conducted for each
proposed use.  A health risk assessment for the beneficial use of combined ash as a partial
substitute for aggregate in asphalt will be executed when environmental testing data are
available.

d. Updated Civil Engineering Soil Tests

To evaluate the best final intermediate cover material for closure of the Waipahu Landfill, the
Civil Engineering Department at the University of Hawaii performed soil engineering tests, that
are discussed in the Phase I report.  The tests carried out were modified Proctor compaction tests
and falling head permeability tests on three ash mixtures as defined in Phase I.  Only one mixture
involved H-POWER combined ash.

The Phase II engineering investigations concentrated on three new combinations of H-POWER
combined ash screened to remove all 1-cm (3/8-in.) and larger material.  These were:
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1. 80% screened combined ash with 20% Ameron quarry waste fines.

2. 90% screened combined ash with 10% Ameron quarry waste fines.

3. 100% screened combined ash.

A baseline was established using Mililani soil, a lateritic silt soil excavated throughout Oahu
from previous sugarcane and pineapple fields; it is often used as landfill construction material.

Tests were performed to measure permeability and compressive strength and to characterize the
swell and cracking potential of the three combined ash mixtures as well as the baseline native
soil samples.  These tests and their results are described fully in Appendix C.  Ideal civil
engineering properties for landfill cover material are:

1. Low hydraulic permeability coefficients, which restricts water penetrating the cover
to preclude production of metal-containing leachate.

2. Ability to control moisture levels to optimize compaction.

3. Ability to compact in the field with conventional commercial compactors to
maximum dry density levels.

4. Relatively high compressive and shear strengths for erosion resistance and low
maintenance as tractors, trucks, and other heavy equipment run over of the cover
material.

5. Low swell rate when material becomes saturated with rainwater.

6. Low potential for cracking as the cover material dries after being saturated with
water.

7.  Plentiful and inexpensive.

Engineering tests showed the 90% H-POWER combined ash with 10% Ameron quarry waste
fines mixtures and 100% combined ash mixtures both had very low permeability coefficients,
good compressive and shear strengths, and both displayed excellent performance in shrinkage
cracking tests following air drying.

Hawaii Administrative Rules 11-58.1-17 (a) (2) specify a permeability coefficient no larger than
1 x 10-5 cm/s for the infiltration layer of the final cover in closure of a landfill.  There are no
equivalent criteria for landfill daily cover, but clearly a low permeability material helps in this
application as well.  The 90% H-POWER combined ash with 10% Ameron quarry waste fines
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mixtures and the 100% combined ash mixtures had permeability coefficients of 2 x 10-8 cm/s and
3 x 10-8 cm/s, respectively, well below the state infiltration layer criteria.  The swell test results
were low for both mixtures (4.9% and 1.4%, respectively), but the qualities that made the real
difference in showing the superior nature of these two mixtures, compared to the Mililani soil,
were cracking resistance and costs.  These cracking resistance tests are critical, because cracking
would allow a direct flow path for rainwater, irrigation water, or water used to control fugitive
dusting to migrate into the solid wastes disposed in the landfill under the daily cover.

Conclusion: The civil engineering soil tests show that the 90% H-POWER combined ash with
10% Ameron quarry waste fines and the 100% combined ash mixtures far exceed the Hawaii
criteria for landfill final cover, and, from a civil engineering standpoint, are much better than
Mililani soil because of the much lower potential for the ash to crack upon drying.  Further, this
material is excellent for daily cover material, exceeding the characteristics of soil.

e. Economic Data Relating to Beneficial Use

The direct economic savings in the use of H-POWER combined ash for the closure of the
Waipahu Landfill can be approximated.  It is estimated to cost about $15-$20/tonne ($14-
$18/ton) to deliver Mililani soil to the Waipahu Landfill for use as final infiltration layer
material.  It presently costs the City $17.98/tonne ($16.31/ton) to dispose of the combined ash in
the Waimanalo Gulch Landfill.  The added cost of delivery of ash to the Waipahu site instead of
to the Waimanalo Gulch Landfill is approximately $3.30/tonne ($3/ton).  There is therefore a
direct differential saving of about $28 for every ton of H-POWER combined ash used for the
Waipahu Landfill closure.

Combined ash has a maximum dry compaction density of 1,360-1,380 kg/m3 (85-86 lb/ft� or
2,308 lbs/yd3).  The Waipahu Landfill has a surface area of 0.174 km2 (43 acres), and assuming
an average depth of 61 cm (24 in.) for the infiltration layer, about 106,275 m3 (139,000 yd3) of
closure material would be needed for this layer.  That translates to a need for about 145,190
tonnes (160,044 tons) of combined ash for the closure, which translates to a potential cost saving
of more than $4 million dollars for the use of combined ash in place of Mililani soil.  In addition,
there are savings associated with avoiding the need to site a new ash monofill in 10 years.  The
cost for purchasing land is estimated to be $5 million for a 32,380-m� (8-acre) site, $1.5 million
to design and permit the new site, and $3.5 million for building roads, constructing a liner,
installing monitoring wells, and making other capital improvements at the new ash monofilll. 
This avoided cost element is estimated to be $10,000,000.

The economics for use of the combined ash for Waimanalo Gulch Landfill daily cover are not as
compelling as for its use for Waipahu Landfill closure.  Conservatively speaking, the value of
selling material from the quarry operation in the landfill, currently used as daily cover, is
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assumed to be only $1.10/tonne ($1/ton).  The principal cost savings are the potential savings
$17.98/tonne ($16.30/ton) from avoiding landfilling the ash in the ash monofill, and avoiding the
need to purchase, design, permit, and construct a new lined ash monofill.  In this beneficial use
alternative the future avoided cost is assumed to be $10 million.  This results in an assumed cost
saving of almost $38 million over a 15-year period, the projected remaining life of the H-
POWER facility for this use.

Table 2 summarizes the estimated economic benefits of the proposed use of combined ash for the
intermediate final cover of the Waipahu Landfill closure to the current ash monofill disposal
approach:

TABLE 2:  COST ANALYSIS FOR THE USE OF COMBINED ASH
IN WAIPAHU LANDFILL CLOSURE

Cost Element Costs Assuming Current
Ash Monofill Disposal
Approach Continues and
No Ash Used for Closure

Costs If Ash Used as
Intermediate Cover for
Waipahu Landfill Closure

Cost of natural Mililani soils
used for intermediate level
cover at $8.80/tonne  ($8/ton)

$1,000,000 N.A.

Cost of transport of soil to 
the landfill at $8.80/tonne  
($8/ton)

$1,000,000 N.A.

Added cost to transport ash
to Waipahu instead of to    
Waimanalo at $3.30/tonne 
($3/ton)

N.A. $480,000

Cost to dispose of ash at     
Waimanalo landfill at         
$17.98/tonne ($16.30/ton)

$2,610,318 N.A.

Avoided cost to site,
purchase and permit a new
ash monofill  in 10 years

$10,000,000 N.A. (if use as daily cover at
Waimanalo Landfill also
allowed)

Total costs $14,610,318 $480,000
Net saving for using ash $14,130,318
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Table 3 summarizes the estimated economic benefits of the proposed use of combined ash for
daily cover of the Waimanalo Gulch Landfill compared to continuing the current ash monofill
disposal approach:

TABLE 3:  COST ANALYSIS FOR THE USE OF COMBINED ASH
AS WAIMANALO LANDFILL DAILY COVER

Cost Element Costs Assuming Current Ash
Monofill Disposal Approach
Continues and No Ash Used for
Daily Cover Over 15 Year Period

Costs If Ash Used as
Intermediate Cover for
Waimanalo  Landfill
Closure

Sale of present  soils used
 for daily cover at
$1.1/tonne ($1/ton)

$1,650,000 N.A.

Cost to dispose of ash at
Waimanalo landfill over
15 year period at
$7.72 /tonne ($7/ton)

$11,235,000 N.A.

Avoided cost to site,
purchase and permit a
new ash monofill in 10
years

$10,000,000 N.A.

Total costs $22,885,000
Net savings for using ash
over 15 year period

$22,885,000

Conclusion: It is far less costly to use combined ash for the Waipahu Landfill closure and the
Waimanalo Gulch Landfill daily cover in these two proposed applications, than to use native soil
or quarry materials as originally planned, or as currently being used.

f. Ambient Fugitive Dust Levels Caused by Ash Use in the Field

Combined ash currently produced by H-POWER contains average moisture levels around 30% to
35%.  The combined ash has therefore not created any fugitive dusting problems as it is trucked
to Waimanalo Gulch Landfill and dumped for final disposal.  Still there was a question by
officials of Waste Management Inc., HDOH, and the operators of the Waimanalo Gulch Landfill,
about the ambient dust levels in various places as fresh ash as well as mined ash is stockpiled,
pushed, compacted, and run over by heavy landfill equipment.  With approval from the HDOH, a
6-day fugitive dust study program was conducted at the Waimanalo Gulch Landfill in July 1996.
 This study is discussed in Section III, Task 2, and described in more detail in Appendix D of this
report.
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MSW Being Compacted over Previous Day�s Alternate Daily Cover

The study coincided with an operational feasibility test using combined ash as daily cover by
Waste Management Inc., personnel, and it examined handling of ash for this purpose at the
landfill. A meteorological monitoring station was placed on a nearby hill to measure wind speed
and direction.  Three ambient air monitoring stations were set up around the area where the daily
cover was to be placed at the landfill.  One station was upwind; the other two were downwind.
The pumps were calibrated to record the volume of air collected over time.  A filter and pump
were used to monitor for total dust, another for respirable dust, and a third for measuring total
metals.  In addition, other air monitors were placed on people working in the area and inside the
cabs of the landfill equipment that was used to place and compact daily cover.  Other monitors
were periodically run at various places in the landfill to measure hexavalent chromium, mercury,
and respirable silica dust.

All fugitive dust results were below OSHA exposure limits.  In fact, no metals were detected in
any dust samples except for a low level of nickel in two samples.  Mercury was detected in
several samples, but mass balance calculations and the results of a second air monitoring
program demonstrated that the mercury detected during the demonstration was unrelated to the
use of H-POWER combined ash as alternate daily cover (Appendix D8).

As noted in Section III, worst-case metal concentrations over the workday were estimated for risk
assessment purposes by assuming that all the respirable dust was derived from combined ash,
even though ash-related metals were not detected during the monitoring program.  All
noncarcinogenic hazard indices and estimated cancer risks were below regulatory levels of
concern.  In addition, estimated levels of blood lead were below regulatory benchmarks.  For
further details on this study and how risks were estimated conservatively from the measured
levels of airborne dust, see Appendix D.
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Conclusion: Fugitive dust levels created at the landfill from all operations show no risk levels
that exceed any EPA or OSHA levels established to protect workers and the general public.  This
is the case whether fresh H-POWER combined ash or drier, mined combined ash already
disposed in the monofill at the landfill as daily cover is used.  The use of combined ash for daily
cover thus appears to be completely acceptable from this standpoint.

III. PROPOSED BENEFICIAL USES

The objective of the Phase II study was to select and test possible alternatives to landfilling of  H-
POWER combined ash.  As previously indicated, this study investigated the following three
proposed uses:

Task 1 - H-POWER combined ash used as final intermediate cover material for closure of the
Waipahu Landfill.

Task 2 - H-POWER combined ash used as daily landfill cover at the Waimanalo Gulch Landfill.

Task 3 - H-POWER combined ash used as partial replacement for natural aggregate in asphalt
concrete.
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Task 1 - H-POWER combined ash used as final intermediate cover material for closure of the
Waipahu Landfill.

a. Waipahu Landfill History

Since 1993, the City has been planning the final closure of the Waipahu Landfill located in the
area of Oahu shown in Appendix D5, Figure 1.  The landfill began in the late 1950s as an area
where MSW was disposed by open burning.  When EPA banned the practice of open burning,
the landfill was temporarily shut down as new landfills were opened on the island.  In the early
1970s, the Waipahu Incinerator was constructed next to the closed landfill.  It had a capacity of
544 tonnes (600 tons) of  MSW per day.  The Waipahu Incinerator operated continuously until
the H-POWER waste-to-energy facility came on line in May 1990.  At that time, the Waipahu
Incinerator operated on a reduced load basis of less than 270 tonnes (300 tons) of MSW per day
to burn "international waste" arriving on the island.  Ash produced by the incinerator was
disposed in the reopened Waipahu Landfill.  From the early 1970s until 1992 the Waipahu
Landfill received only ash produced by the Waipahu Incinerator.  When the Waipahu Landfill
reached capacity in 1992, ash from the Waipahu Incinerator was disposed in the Waimanalo
Gulch Landfill.

Final closure of the Waipahu Landfill will require application of a final cover that would protect
the area and allow use of the land in the future.  The purpose of the final cover is to minimize
moisture infiltration into the landfill, minimize and manage the formation of leachate, minimize
erosion on the landfill, and manage and direct rainfall runoff and other surface water away from
the landfilled solid waste.

Natural red-brown lateritic silt from Mililani is the most common soil on the island, and it is the
standard material used for the final cover of landfills in Hawaii.  This soil has the Unified Soil
Classification System (USCS) designation of ML or MH (Anderson and Hee, 1995).

Initially, the City's plan for final closure of the landfill was to use this Mililani soil for the final
cover material.  Mililani soil costs approximately $8.80/tonne ($8/ton) plus trucking, which can
add another estimated $7-$11/tonne ($6-$10.00/ton).

b. Regulatory Landfill Closure Requirements

HDOH regulations for closure of solid waste disposal facilities (� 11-58-17 (a) (2)), specify that
two layers be used in the final cover of a closed landfill.  The top layer is called the erosion
control layer.  It must have a minimum thickness of 15 cm (6 in.) and be able to sustain plant
growth.  The next layer, the one nearest the stored MSW, is called the infiltration layer.  It must
be at least 46 cm (18 in.) thick.  It is generally assumed that natural soil that can meet
permeability coefficients no greater than 1 x 10-5 cm/s will be used for this second layer.
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The same HDOH regulations also state that the director may approve an alternative material for
the infiltration layer final cover.  That material must also have a permeability coefficient no
greater than 1 x 10-5 cm/s.  If a waste material improves on this permeability criterion and
provides other superior soil engineering properties, such as reduced cracking on drying after
moisture saturation, or can significantly reduce total project costs, there is good reason for
proposing it.  Such is the case with the proposed use of either 100% H-POWER combined ash or
a mixture of 90% H-POWER combined ash with 10% Ameron quarry waste fines.

As a result of the Task 1 engineering studies, final cover material for the landfill consisting of a
61-cm (24-in.) infiltration layer of H-POWER combined ash beneath an 46-cm (18-in.) erosion
layer of Mililani soil is now being proposed.  This cover exceeds the regulatory requirements as
will be detailed below.

c. Engineering Tests on Ash Mixtures

Ash was chosen as an infiltration-inhibiting layer material because of its superior permeability
properties, found from the Phase I engineering studies.  Approximately 106,080 m3 (138,746 yd3)
of ash would be required.  The ash would require screening to remove all ferrous and nonferrous
metals.  The water content of the ash would be approximately 30%-35%.

While the Phase I studies were underway, the City retained the Civil Engineering Department at
the University of Hawaii to investigate various ash mixtures (Appendix C).  These investigations
examined soil engineering properties of mixtures of combined ash from H-POWER and quarry
fines from Ameron and Grace Pacific Corporation (Grace Pacific) quarries for use as a final
infiltrative layer cover material.  These engineering tests investigated not only the important
coefficient of permeability for these mixtures but other engineering properties that are important
for the infiltration layer (intermediate layer) of a landfill's final cover.  These properties are
permeability, shear strength, Atterberg limits, physical cracking, the Modified Proctor test, and
grain size analysis.

Permeability

Permeability indicates the ability of a material, at its optimum density, to allow water to migrate
through it at some fixed head of pressure measured in units of cm/s.  The permeability of a soil
sample is the rate that water is able to flow through it.  The Falling Head Permeability Test (Das,
1986) is used to determine the coefficient of permeability (k) measured in cm/s.  A soil sample
was compacted in five layers at 95% maximum dry density at the optimum plus 2% moisture
content.  A 22.7 kPa (3.3 psi) confining vertical stress was applied to the top of the sample to
represent expected field conditions.  The sample was saturated with water and a hydraulic head
applied causing water to flow through it.  The volume of water that flowed through the sample
was measured for 2 to 3 days.  The coefficient of permeability was calculated for each mixture.
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Mixtures of 80% ash and 20% Ameron fines (80-20), 90% ash and 10% Ameron fines (90-10)
and 100% ash were tested.  Mililani soil was also tested as a baseline material.  The 90%-10%
mixture had a coefficient of permeability equal to the Mililani soil of 2 x 10-8 cm/s with a vertical
confining stress of 157.2 kPa (22.8 psi).  All the ash mixtures tested achieved a moist coefficient
of permeability of less than, or equal, to 3 x 10-8 cm/s and thus met the Hawaii Administrative
Rule�s lower limit of 1 x 10-5 cm/s.  The coefficients of permeability achieved are representative
of field conditions.

Shear Strength

Shear strength indicates the amount of load that can be applied to a soil before failure.  It is the
measure of the maximum shear stress that a soil can withstand.  The shear strength of a sample is
the amount of horizontal stress that sample is able to withstand before it undergoes horizontal
displacement.  The Direct Shear Test is used to determine the cohesion intercept (c) measured in
kN/m3 and the friction angle (f) measured in degrees.  Each sample was compacted in five layers
to 95% maximum dry density at optimum plus 2% moisture content.  Each sample was then
subjected to a constant horizontal strain of 0.75 mm/min.  Horizontal displacement and shear
stress were recorded and plotted, and the maximum shear strength of each mixture was
determined.  The 90%-10% mixture had the highest shear strength of 92.5 kPa at a friction angle
of 33o.  The Mililani soil had a shear strength of 53.4 kPa at a friction angle of 36o.  The 100% H-
POWER combined ash had a shear strength of 23.3 kPa at a friction angle of 56o.

Atterberg Limits

Atterberg limit indicates limiting behavior or critical stages in soil behavior pertaining to
plasticity, cohesion, and shrinkage.  They measure moisture contents at which the soil behaves as
a liquid or plastically.  Free swell is the amount of volumetric expansion that will occur to a
sample when water is added to it.  The method used to determine swell potential is the Direct
Free Swell Test (ASTM D-4546).  Each sample was compacted in five layers to 95% maximum
dry density at optimum plus 2% moisture content.  The sample was immersed in water and
allowed to swell freely.  The change in volume was measured over a period of 5 days, and the
maximum swell potential was determined. The Mililani soil had the lowest swell potential of
0.44 %.  The 90%-10% mixture had a swell potential of 4.9%, the 100% combined ash had a
swell potential of 1.4%.

Physical Cracking

Physical cracking indicates the tendency of a material that has become saturated with moisture to
physically crack as the material dries. Such cracking then opens up direct pathways for water
penetration.  After the swell test was performed, the samples were allowed to dry and were
observed for shrinkage cracks.  After drying, the Mililani soil showed substantial cracking.  The
ash mixtures showed negligible to no cracking.
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Modified Proctor Test

Modified Proctor test determines a relationship between dry density of the soil and moisture
content.  The optimum moisture-density relationship obtained is used to specify field fill
compaction and preparation of laboratory test samples. A compaction test was used to determine
the maximum dry density and the optimum water content of a soil sample.  The method used to
determine these values was the Modified Compaction Test (ASTM D-1557).  A soil sample was
compacted in five high-density layers by dropping a 10-pound hammer 25 times from a height of
1.5 feet to achieve a standard compaction energy.  The moisture content and moist unit weight
were determined, varied, and plotted for each sample, and the maximum dry density of each
sample was calculated.  The Mililani soil reached a maximum dry density value of 1,497.7 kg/m3

at an optimum water content of 31.5%.  The 90%-10% mixture had a maximum dry density of
1406.4 kg/m3 at an optimum water content of 27.5%.

Grain Size Analysis

Grain Size Analysis indicates the range and quantities of varying sizes within a soil sample; it is
used to classify the soil and predict soil behavior.  The ash used for the Phase II test mixtures
consisted only of combined ash from H-POWER.  This combined ash consists of a ratio of 60%
bottom ash and 40% fly ash.  The bottom ash was sieved with a #4 (4.75) sieve and then mixed
with the fly ash.  Quarry fines came from the Ameron cement quarry. Ameron fines originate
from crushing and grading blue rock and have a powder-like fineness.  Ameron fines are
classified as a fine silt with plasticity index 2.6 and USCS designation ML.  Grain sieve analyses
were performed on both fine materials.

d. Engineering Test Conclusions

Using the above engineering tests, the university found that either the 100% H-POWER
combined ash or a mixture of 90% H-POWER combined ash with 10% Ameron quarry waste
fines were both superior to the Mililani soil.  This is because these ash mixtures did not incur
shrinkage cracking after exposure, as did the Mililani soil.  Withstanding
shrinkage and cracking is a major engineering advantage since dryness cracking can void the
primary regulatory criterion of this cover layer.

Other advantages of the combined ash mixtures are:

1. Saves approximately $14 million dollars (See Subsection II (e) and Table 2 of this
report).

2. Conserves about 76,455 m3 (100,000 yd3) of Mililani soil.

3. Extends the life of the Waimanalo Gulch Landfill ash monofill by about 2.5 years
and, if combined with subsequent use of ash as daily cover, would indefinitely defer
the need for a new ash monofill.



30

4. Reduces truck traffic to the Waimanalo Gulch Landfill.

5. Helps the City reach EPA- and HDOH-mandated recycling objectives.

e. Health Risk Assessment of Ash in the Waipahu Landfill Closure

The chief concern of the HDOH regarding the potential use of the combined ash as the
intermediate layer of the final cover was whether the proposed use would have adverse health
effects either to workers during the construction phase or to the general public.

To answer the concern, the City, with the assistance of OEES, completed a detailed health risk
assessment to provide further assurance that H-POWER combined ash is a safe material.  Risk
Assessment of the Beneficial Use of H-Power Combined Ash in the Final Cover for the Waipahu
Landfill Closure (December 1997) (4) is the result of this work.  A summary from this risk
assessment follows.

The approach adopted in the health risk assessments is consistent with the approach
recommended by the National Research Council (NRC).  EPA, OSHA, and many other federal
and state regulatory agencies have adopted the NRC risk assessment approach.  In accordance
with the NRC recommendations, the risk assessment was organized into the following four steps:

1. Hazard Identification
2. Toxicity Assessment
3. Exposure Assessment
4. Risk Characterization

Hazard Identification

Compounds of potential concern to human health, detected in H-POWER combined ash, were
selected for a quantitative risk assessment.  The CPCs include arsenic, barium, cadmium,
chromium, lead, mercury, nickel, selenium, silver, and polychlorinated dioxins and furans.

Toxicity Assessment

The toxicity assessment determines the relationship between the magnitude of exposure for each
CPC (dose) and the occurrence of specific health effects for a potential receptor (response).  The
risk assessments include an evaluation of potentially carcinogenic and potentially
noncarcinogenic effects.  The risk assessments used the most current EPA verified dose-response
criteria.  In the case of lead, there is no EPA verified reference dose.  Therefore, the risks posed
by lead exposure were evaluated separately using the California DTSC blood lead model and
toxicity benchmarks defined by the Centers for Disease Control (CDC) and the Agency for Toxic
Substances and Disease Registry (ATSDR).
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Exposure Assessment

In exposure assessment, the potential human receptors are identified based on characteristics of
the site, the surrounding area, and specific details of the project.  In addition, the magnitude and
frequency of the receptors� potential exposure to CPCs is quantified.

For intermediate cover in the final closure of the Waipahu Landfill, exposures were assessed for
the closure period during which the combined ash would be delivered to the landfill, spread,
compacted, and covered with a growth vegetation layer of Mililani soil.  In addition, exposures
were assessed for the post-closure period.  The potential receptors have been identified as:

1. A worker who stockpiles and spreads ash for the final intermediate cover and uses no
personnel protective equipment (PPE) and thus has ash ingestion, dermal contact, and
dust inhalation.

2. A child who trespasses onto the landfill as closure construction activities occur and who
ingests ash, has dermal contact with ash, and inhales some ash dust, plus contacts and
ingests leachate from the landfill.

3. A child resident who lives at the closest residence to the landfill and who also has the
same routes of exposures (ingestion, dermal contact, and inhalation) as the above
individuals but does not ingest landfill leachate.

A recreational user of the closed (or redeveloped) landfill and West Loch of Pearl Harbor who
has the same three routes of exposure and also eats fish that are assumed to have bioaccumulated
ash-related chemicals.  The user also contacts and incidentally ingests surface water and
incidentally contacts and ingests sediment.

Risk Characterization

Risk characterization combines the results of the exposure assessment with the results of the
toxicity assessment.  The combination of these two results derives quantitative estimates of the
potential for adverse health effects as a result of the potential exposures to H-POWER combined
ash.  The risk characterization estimated the potential for carcinogenic and noncarcinogenic
effects for each receptor, and for each potential exposure pathway identified in the exposure
assessment.  The risks from each exposure pathway are summed to obtain an estimate of total
risk.
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Because the construction details for landfill closure have not yet been defined, four potential
exposure scenarios were identified for the possible use of the ash material in the final cover. 
These scenarios were:

1. No stockpiling

2. Stockpiling

3. Uncovered

4. Post closure

The first scenario (no stockpiling) assumed that the ash would be delivered to the Waipahu
Landfill 5 days per week during daylight hours only.  The ash would be spread and compacted
and covered with soil at the end of the day.  During the nighttime hours the ash would be stored
in trailers at the H-POWER facility.  At this rate, the landfill infiltration layer would be complete
in 3.02 years.

The second scenario (stockpiling) assumed that the ash would be delivered to the Waipahu
Landfill 7 days per week during daylight hours.  The ash would be continually spread,
compacted, and covered with soil during the day.  During the night hours the ash would be stored
in trailers at H-POWER.  On the weekends the ash would also be stockpiled at the landfill. 
Approximately 269 m3 (352 yd3) of ash would accumulate over the weekend.  The ash piles
would reach a height of about 1.53 m (5 ft.) and cover an area of about 176 m� (211 yd2).  At this
rate the landfill infiltration layer would be complete in 2.16 years.

The third scenario (uncovered) assumed that the ash would be delivered in the same manner as in
the no stockpile scenario.  After the ash has been spread and compacted, it would not be covered
with soil immediately at the end of each day.  At this rate the landfill infiltration layer would be
complete in 3.02 years.

The fourth scenario evaluated post closure exposures such as dirt bike racing in the area, fishing
along the bank edges, and likely other uses.

The risk assessment assumed that the dust was totally ash-derived, and the worst-case ash-
derived metal concentrations were derived from the total metals content of H-POWER combined
ash.  The risk assessment results were dominated by the assumptions that potential receptors
would directly ingest and have dermal contact with H-POWER combined ash using this very
conservative approach toward risk assessment.  Although risk assessors commonly make such
assumptions, construction and landfill workers must adhere to strict requirements under the
applicable OSHA standards for arsenic, cadmium, and lead, concerning personal hygiene
practices and the use of personal protective equipment.  Thus, assuming that workers will violate
federal and state OSHA laws is a very health-protective approach to human health risk
assessment.
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Conclusions of Health Risk Assessment

In all cases, with all receptors and ash use scenarios, estimated blood lead concentrations were
less than 25 µg/dL for adult male workers and 10 µg/dL for non workers assumed to be young
children or female adults of childbearing age.

The 99th percentile blood lead level was conservatively estimated to be 5.2 µg Pb/dL for on-site
workers involved in constructing the final cover (receptor 1).  Background exposures accounted
for blood lead levels of 1.0 µg /dL for workers, and site exposures accounted for blood lead
levels of 5.2 µg/dL.  Most of the site exposures resulted from the assumption that workers
routinely ingested pure ash.  The 99th percentile blood lead levels for the trespassing child when
it is assumed that there is ash stockpiling at the landfill (receptor 2) was conservatively estimated
to be 3.4 µg Pb/dL.  The 99th percentile for a nearby child resident (receptor 3) was
conservatively estimated to be 1.9 µg Pb/dL.  The 99th percentile blood lead levels for the West
Loch recreational user (receptor 4) was conservatively estimated to have a 99th percentile blood
lead level of 1.94 µg Pb/dL.  Background exposures accounted for blood lead levels of 1.9 µg /dL
for children, and site exposures accounted for blood lead levels of 1.5µg /dL or less.  Most of the
site exposures resulted from the assumption that members of the public routinely ingested pure
ash.  In the case of the West Loch recreator, almost all of this blood lead level (>99%) is due to
background exposures and not to exposures to combined ash.

Estimated noncarcinogenic hazard indices for all receptors were all less than 0.3, which is less
than the regulatory level of concern of 1.0.  In addition, the estimated daily intake of dioxins and
furans were 0.21 pg/kg/day or less of 2,3,7,8-TCDD equivalents for all worker receptors and 0.14
pg/kg/day or less for all members of the public.  These values are significantly less than EPA�s
estimate of the public�s average daily intake from background exposures, which is 1-3 pg/kg/day
(EPA, 1994).

The maximum estimated excess lifetime cancer risk for the construction worker was
conservatively estimated to be 3.0  x 10-6, and the trespassing child was conservatively estimated
to have a maximum lifetime cancer risk of 2.0 x 10-6 assuming the uncovered ash stockpiling
scenario.  The nearby child resident had a maximum calculated lifetime cancer risk of 1.8 x 10-8,
and the West Loch recreational user had a maximum lifetime cancer risk of 2.0 x 10-6.

The estimated lifetime cancer risks for all receptors was less than 3 x 10-6.  Most of this risk (56-
70%) was due to arsenic, which has been decreasing in TCLP leachates.  Thus, all lifetime cancer
risks for members of the public are well within EPA�s acceptable risk range of 1 x 10-4 to 1 x 10-6

for members of the public.  Although EPA�s risk range used in the Superfund program is not
administratively applicable to the use of H-POWER combined ash in beneficial uses, this risk
range is being provided to provide context for the risk assessment results.  As a comparison point
for worker risks, Travis et al. (1987) found that the individual excess lifetime risk at which
federal agencies always acted to reduce worker risk was approximately 4 x 10-3 and the
individual excess lifetime risk level considered to be de minimis was approximately 1 x 10-4. 
Additionally, many OSHA standards are set at exposure levels associated with individual excess
lifetime risks in excess of 1 x 10-3.  In fact, if workers were exposed to airborne arsenic at the
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HIOSH standard, their lifetime cancer risk would be 4x10-2.  These risk comparisons demonstrate
that no adverse health effects are anticipated from the proposed beneficial use.

f. Summary of Task Studies

It is thus concluded that the proposed use of either 100% H-POWER combined ash or a mixture
of 90% H-POWER combined ash with 10% Ameron blue coral quarry waste fines for application
as the intermediate layer final cover of the Waipahu Landfill closure will:

1. Be a factor of over 100 below the State permeability criterion for this cover layer,
thus further protecting the public from the waste material in the landfill.

2. Not be a cover that is subject to the extensive physical shrinkage cracking that
Mililani soil experiences, and that has other superior soil engineering properties.

3. Be significantly lower in cost (~$14 million; see Table 2 in Section II (e)) than other
competing materials.

4. Satisfy all EPA, OSHA, and state health standards and have no adverse health
effects from chemicals in the ash.
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Task 2 - H-POWER combined ash used as daily landfill cover at the Waimanalo Gulch              
      Landfill.

a. Background Information on the Waimanalo Gulch Landfill

The Waimanalo Gulch Landfill is a large landfill on the leeward side (west) of Oahu (Appendix
D5, Figure 1).  It is currently the only legal active MSW landfill on this island and the only ash
monofill on any of the Hawaiian Islands.  The landfill is owned by the City and is operated by
Waste Management Inc.  It is fully permitted and complies with all current state and EPA landfill
standards.  The landfill is divided into two portions, an ash monofill section at the bottom and an
MSW section above, each lined and each with run on and runoff controls, as well as monitoring
wells to monitor for potential leachate leakage from the lined portion of the landfill.  The landfill
operates daily from about 7:00 a.m. until 3:30 p.m., and then landfill personnel place about 15-25
cm (6-10 in.) of daily cover over the area where MSW was received during the day.  The material
used for daily cover can come from several sources, but most is from quarrying operations in the
upper portion of the landfill.  This material is placed over the MSW and is compacted to restrict
the amount of wind-blown MSW, as well as to restrict birds, rats, and other vermin from gaining
access to the MSW.  It is estimated that about 20%-30% of the volume of the landfill is
composed of cover material.  Allowing ash to be used for daily cover material will significantly
extend the life of the landfill.

b. Study Objectives

This task examines the beneficial use of H-POWER combined ash as daily landfill cover material
at the Waimanalo Gulch Landfill.  The task investigations were divided into two parts.  The first
was a field study and demonstration to examine the possibility of using combined ash as an
alternate daily cover material.  This field study and demonstration had two objectives.  One was
to determine the operational feasibility of the use of combined ash as daily cover material instead
of the native soil materials currently used.  The other objective was to gather fugitive dust and
metal monitoring data.  Such data are needed to determine whether the fugitive dust and airborne
metals are created by the whole range of operational activities associated with placing, pushing,
and compacting ash in place of natural soils as daily cover materials.

The HDOH approved a written protocol for this test (Appendix D1).  The test demonstration
involved using H-POWER combined ash as daily cover on the landfill working face for a period
of 6 days in July 1996.  Air samples were taken 24 hours per day to determine whether exposure
to airborne fugitive dust particles from this operation would be a concern when working with ash
and as the ash sits overnight.

The second activity of this task was performance of a health risk assessment(5) to ensure that this
beneficial use did not have any adverse health effects to landfill workers, the public when using
the landfill, or nearby residents.
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c. Field Test Methodology and Results

Several ash-specific handling activities were selected for study because they had the greatest
potential for generating ash-derived fugitive dust.  The monitored activities were:

1. Pushing and compacting fresh MSW on the previous day�s alternative daily cover
(ADC).

2. Pushing and compacting fresh MSW on MSW.

3. Pushing and compacting H-POWER combined ash on MSW to create the day�s
ADC.

4. Mining H-POWER combined ash from the ash monofill.

5. Dumping ash at base of working face to be used as ADC.

To monitor fugitive dust concentrations generated during these activities, air samples were
collected at various locations in the landfill (Appendix D7).  Sampling stations were located on
workers, in the cabs of landfill equipment, at landfill locations upwind and downwind of the
working face, and in the ash monofill when ash handling work was actually being performed. 
More than 100 air samples were collected and more than 400 analyses were performed.  Separate
samples were collected for each specific ash handling activity.  In addition to samples taken
when landfill employees were working, samples were also collected during the delivery of ash to
the landfill from H-POWER, as well as overnight while the landfill was not in operation.  A
meteorological station was set up near the working face to collect wind speed and direction data.
 Appendix D details how the daily cover demonstration test was designed and executed.

Air samples were analyzed for concentrations of total and respirable dust, total and respirable
metals (including arsenic, barium, chromium, cadmium, lead, nickel, selenium, and silver),
respirable crystalline silica, hexavalent chromium, and total mercury (particulate and elemental
vapor).  Total and respirable dust concentrations ranged from 50 to 1,400 µg/m3 and 30 to 840
µg/m3, respectively.  From 10 samples collected inside equipment cabs, the average ratio of
respirable dust to total dust was 0.38.  From 30 outdoor ambient samples collected, the average
ratio of respirable dust to total dust collected was 0.24.  No arsenic, barium, chromium,
cadmium, lead, selenium, or silver was detected in any of the total or respirable dust samples
collected.  Nickel was detected in
two total dust samples (at the detection limit of 0.0002 µg/m3) but not in any respirable dust
samples.  Mercury was detected in several samples, but mass balance calculations and the results
of a second air monitoring program demonstrated that the mercury detected during the
demonstration program was unrelated to the use of H-POWER combined ash as an
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alternate daily cover material (Appendix D8).  No correlation was found between dust levels
downwind of the working face and wind speed and direction. 

No dust was observed while equipment was running over the alternative daily cover or when
alternative daily cover was being constructed.

The use of ash by landfill operators appeared to pose no special problems in use as daily cover
material compared to the normal material used.  It appeared that the ash penetrated farther into
the top layer of the MSW and thus required much more material to obtain a top layer at least 15
cm (6 in.) thick compared to quarry fines.

d. Field Test Conclusions

In this field test task, more than 100 samples were collected and more than 400 chemical
analyses were performed.  No arsenic, barium, chromium, cadmium, lead, selenium, or silver
were found in any of the air samples analyzed.  Negligible amounts of nickel were found in two
samples.  Mercury was detected in several samples, but was found to be unrelated to the H-
POWER combined ash.  No dust was observed to originate from the ash daily cover.  There was
no correlation between dust levels and wind speed and direction throughout the demonstration
period.  From this demonstration it has been determined that H-POWER combined ash is not a
significant source of airborne dust when ash is used as a landfill daily cover material.  However,
in the interest of producing conservative estimates of health risk, worst-case concentrations of
metals in respirable dust were derived assuming that the measured respirable dust was all ash
derived.

e. Health Risk Assessment Evaluation

The HDOH�s chief concern in using H-POWER combined ash as a daily cover was the potential
for adverse health effects caused by the constituents in fugitive dust.  Compared with normal
soils used for daily cover, H-POWER combined ash has higher concentrations of some metals,
notably lead.

The City, with the assistance of OEES, completed a detailed health risk assessment to provide
further assurance that H-POWER combined ash is a safe material.  Risk Assessment of the
Beneficial Use of H-POWER Combined Ash in the Daily Cover of the Waimanalo Gulch Landfill
Closure  (January 1997) (5) is the result of this work.

The approach to the health risk assessment for landfill daily cover usage is the same as that
outlined in Task 1 for using combined ash as final intermediate cover for the Waipahu Landfill
closure.  As above, in accordance with the NRC recommendations, the risk assessment was
organized into the following four steps:

1. Hazard Identification
2. Toxicity Assessment
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3. Exposure Assessment
4. Risk Characterization

Hazard Identification

Compounds of potential concern to human health, detected in H-POWER combined ash, were
selected for a quantitative risk assessment.  The CPCs include arsenic, barium, cadmium,
chromium, lead, mercury, nickel, selenium, silver, and polychlorinated dioxins and furans.

Toxicity Assessment

The risk assessment includes an evaluation of potentially carcinogenic and potentially
noncarcinogenic effects.  The risk assessment used the most current EPA-verified dose-response
criteria.  In the case of lead, the risks were evaluated by separately using the California DTSC
blood lead model and toxicity benchmarks defined by the CDC and the ATSDR.

Exposure Assessment

For daily cover, the exposures were assessed for daily use of the combined ash.  Five types of
potential receptors were identified:

1. An on-site worker assumed to be pushing and compacting ash over the previous
day�s ash cover without the use of PPE.

2. An on-site worker who is responsible for mining the ash that was previously
disposed in the ash portion of the landfill who also does not use PPE.

3. An adult female visitor to the landfill who is of childbearing age or is actually
pregnant, and who ingests and has dermal contact with ash and inhales on-site dust
while at the landfill.

4. A child who accompanies the adult visitor and who resides in the nearby
neighborhood southwest of the landfill.  It is assumed that this child is exposed to
the dust during the day and at night at his or her nearby residence.  While at the
landfill, the child is assumed to breathe on-site dust, ingest, and dermally contact
ash, and ingest and dermally contact leachate from stockpiled ash.

5. Another child who lives in the nearest neighborhood and breathes ash-derived dust
at home 24 hours a day and ingests ash assumed to be tracked home by parents who
visit the landfill.
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Risk Characterization

Risk characterization combines the results of the exposure assessment with the results of the
toxicity assessment. The quantitative estimates of the potential for adverse health effects as a
result of the potential exposures to H-POWER combined ash are derived from such a
combination.  The risk characterization estimated the potential for carcinogenic and
noncarcinogenic effects for each receptor and for each potential exposure pathway identified in
the exposure assessment.  The risks from each exposure pathway are summed to obtain an
estimate of total risk.

To provide at least 15 cm (6 in.) of compacted daily cover, it was assumed that 46 cm (18 in.) of
uncompacted combined ash would need to be spread over an area up to 1,150 m3 (12,350 ft2)
each day for six days a week.  Such a volume of ash is about 460 m3 (600 yd3), approximately
twice the volume of ash H-POWER produces per day.  It is therefore assumed that some of the
landfilled ash would need to be mined to provide the additional required amount of cover
material.

If current ash delivery practices for combined ash continue, each trailer load will continue to be
stockpiled pending placement of the daily cover at the end of the day.  This means there will be
no incremental increase in exposures over current exposures.

Although no metals were detected in the dust samples, the risk assessment assumed that the dust
was totally ash-derived, and the ash-derived metal concentrations were derived from the total
metals content of H-POWER combined ash.  It was also assumed that the potential receptors
would have dermal contact with as well as direct ingestion of               H-POWER combined ash.
 Although risk assessments commonly make such health protective assumptions, construction
and landfill workers must adhere to strict OSHA requirements for personal hygiene requirements
and practices, including the use of PPE, to control their exposures to arsenic, cadmium, and lead.
 Thus, assuming that all workers will always violate OSHA hygienic and PPE regulations is a
very conservative health protective approach to human health risk assessment.

Conclusions of Health Risk Assessment

In all cases with all receptors and ash use scenarios, estimated blood lead concentrations were
less than 25 µg/dL for adult male workers and 10 �g/dL for nonworkers assumed to be young
children or women of childbearing age.

The 99th percentile blood lead level was conservatively estimated to be 6.7 µg Pb/dL for on-site
workers involved in daily cover and MSW placement activities and 7.3 µg Pb/dL for on-site
workers involved in the ash mining activity.  Background exposures accounted for blood lead
levels of 1.0 µg /dL for adults, and site exposures accounted for blood lead levels of 6.3 µg /dL
or less.  Most of the site exposures resulted from the assumption that workers routinely ingested
pure ash.  The 99th percentile blood lead levels for the child identified as receptor 4 was
conservatively estimated to be 3.4 µg Pb/dL, and the off-site child identified as receptor 5 was
found to have a blood lead level of 1.9 µg Pb/dL.  Background exposures accounted for blood
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lead levels of 1.9 µg /dL for children, and site exposures accounted for blood lead levels of 1.5
µg /dL or less.  Most of the site exposures resulted from the assumption that children routinely
ingested pure ash.  The 99th percentile for the adult pregnant female identified as receptor 3 was
conservatively estimated to have an upper 99th percentile blood lead level of 1.8 µg Pb/dL. 
Almost all the blood lead for receptor 5 is due to background exposures and not exposures to
combined ash.

Estimated hazard indices were all less than 0.6, which is less than the regulatory level of concern
of 1.0.  In addition, the estimated daily intakes of dioxins and furans were 0.30 pg/kg/day or less
of 2,3,7,8-TCDD equivalents for all worker receptors and 0.14 pg/kg/day or less for all members
of the public.  These values are significantly less than EPA�s estimate of the public�s average
daily intake from background exposures, which is 1-3 pg/kg/day (EPA, 1994).

Maximum estimated excess lifetime cancer risk for the on-site worker were conservatively
estimated to 3 x 10-5 to 5 x 10-5, and estimated lifetime cancer risks for adult and child receptors
were both 4 x 10-6.  Most of this risk (55-66%) was due to arsenic, which has been decreasing. 
Although 40-53% of total worker risk was due to inhalation of assumed levels of airborne
arsenic, these levels were 700-1500 times less than the HIOSH standard.  In addition, all lifetime
cancer risks for members of the public are well within EPA�s acceptable risk range of 1 x 10-4 to
1 x 10-6 for members of the public.  Although EPA�s risk range used in the Superfund program
may not be administratively applicable to the use of H-POWER combined ash in beneficial uses,
this risk range is being provided to provide context for the risk assessment results.  As a
comparison point for worker risks, Travis et al. (1987) found that the individual excess lifetime
risk at which federal agencies always acted to reduce worker risk was approximately 4 x 10-3 and
the individual excess lifetime risk level considered to be de minimis was approximately 1 x 10-4. 
Additionally, many OSHA standards are set at exposure levels associated with individual excess
lifetime risks in excess of 1 x 10-3.  In fact, if workers were exposed to airborne arsenic at the
HIOSH standard, their lifetime cancer risk would be 4x10-2.  These risk comparisons demonstrate
that no adverse health effects are anticipated from the proposed beneficial use.

f. Summary of Task Studies

It is thus concluded that the proposed use of H-POWER combined ash for application as the
daily cover at the Waimanalo Gulch Landfill will:

1. Be a workable daily cover material requiring a greater amount of cover to attain a
compacted depth of at least 15 cm (6 in.).  This is due to the tendency of the ash to
penetrate somewhat into the top layer of the MSW.

2. Extend the life of the MSW portion of the Waimanalo Gulch Landfill by allowing
that portion to expand into the area reserved for ash.  At the same time, the need for
another ash monofill in 10 years will be obviated.
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3. Improve the engineering properties of the daily cover.  Combined ash, as reported in
Section III, Task 1, has been found to have less potential for erosion on the open
face of the landfill and less potential for leachate production than quarried soil,
which is currently being used for daily cover.

4. Significantly lower costs of the ash monofill by more than $22 million over 15
years, which is the assumed remaining life of the H-POWER facility.  About 45%
of this saving is due to obviating the need to site a new ash monofill in 10 years.

5. Satisfy all EPA, OSHA, and state health standards and have no adverse health
effects from chemicals in the ash to either landfill workers, neighboring residents, or
those who come to the landfill to drop off trash.
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Up-Ramp to Tipping Floor At H-POWER Paved with Ash-Amended Asphalt

Task 3 - H-POWER combined ash used as partial replacement for natural aggregate in asphalt
concrete.

a. Introduction

The purpose of Task 3 is to construct a test road section that incorporates H-POWER combined
ash as a partial replacement for the natural aggregate component in asphaltic concrete.  The initial
efforts involved designing an asphalt mix that incorporated                  H-POWER combined ash
and satisfied State of Hawaii Department of Transportation (HDOT) and City and County of
Honolulu specifications for asphaltic concrete pavement.  Next, a location for the test road
pavement was selected with the approval of the HDOH.  The site selected included the up-ramp
leading to and the down-ramp from the MSW tipping floor of the H-POWER facility.  The above
photo shows the ash-amended asphalt on the up-ramp.  Note that the light colored material is
MSW that has fallen off of trucks.  No ash was visible in the asphalt mixture.  Detailed plans for
this test pavement installation, testing, and monitoring were developed.  A sample of typical ash
was taken, screened, and tested to ensure that its characteristics were typical of H-POWER ash.

The initial plan was to prepare test asphalt with approximately 8%-10% combined ash substituted
for the natural aggregate (Appendix E1).  A laboratory test mix was designed that met all
specifications for asphaltic cement pavement using an oven-dried sample of combined ash
(Appendix E2).  Later, however, it was determined that the asphalt batch plant could not produce
the asphalt cement with the stockpiled, screened, combined ash because there was high moisture
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present.  A test conducted on April 16, 1998 found that the ash had an initial moisture level of
35%.  This moisture level of the stockpiled, screened, combined ash was too high to add into the
batch plant and have a usable product. The screened combined ash was allowed to air dry in the
storage trailer to reduce the moisture level.  On August 18, 1998, three samples from different
sections of the screened combined ash pile were taken for moisture testing purposes.  The results
yielded by these samples indicated that the ash moisture had only been reduced to 25%-30%.  This
was still more moisture than could be removed in the batch plant even using the maximum heating
of the other aggregate in the asphalt mix.  The maximum moisture content that could be
accommodated with a 10% ash mix was approximately 10%.

Accordingly, a revised mix was developed with the assistance of Grace Pacific using
approximately 3% ash instead of 8%-10%.  In fact, as noted below, the asphalt as prepared
contained 5.5% ash.  To prepare for the October 11, 1998 paving, the total amount of ash in the
storage trailer was reduced from the initial 11 tons of screened combined ash to 3.08 tons on
October 7, 1998.  As ash was being loaded into the metering bin at the Grace Pacific facility, a
sample was taken for moisture testing.  The ash appeared to have dried considerably during the 4
days between October 7, 1998 the date the ash was reduced to 3.08 tons and October 11, 1998 the
morning of asphalt production.  The moisture content of the ash sample taken on October 11, 1998
was 17.5%.

This would indicate that the ash moisture can be reduced to more usable levels for asphalt
production when the ash is allowed to dry in smaller piles.  This theory is further supported by an
earlier moisture test performed on July 2, 1998.  A sample of ash was skimmed off the top of the
screened ash pile.  This sample of ash was found to have a moisture content of 10.9%.  A long-
term solution to the problem of producing sufficiently dry ash for asphalt batch plant is currently
under investigation, as discussed below.

Two main components make up H-POWER combined ash. The fly ash and bottom ash combine at
a ratio of approximately 70% bottom ash and 30% fly ash to make H-POWER combined ash.  The
moisture levels in the fly ash currently are 18% to 30% as it exits the    H-POWER pugmill.  Water
is added to the fly ash in the pugmill to control fugitive dusting of the combined ash as it is
handled at the H-POWER facility and Waimanalo Gulch Landfill.  Bottom ash has moisture levels
30% to 45%.

The fly ash is collected dry from the facility�s two electrostatic precipitators (ESP) as well as the
facility�s two spray dry absorbers (SDA).  Transported from the ESP and the SDA in enclosed
conveying lines, the fly ash is wetted in pugmills before to being combined with the bottom ash
portion.  The fly ash is a highly absorbent material, and its moisture content can vary greatly.  The
moisture level of the fly ash is largely dependent on the operator�s setting of the water flow to the
pugmill.

Bottom ash is wet because of the design of the boilers, because it falls off the traveling grates into a
quench water tank.  It is then removed from this tank with a traveling submerged scraping
conveyor that deposits the saturated ash onto a rubber conveyor belt.  The bottom ash is then
conveyed to the ash tower, then to the bottom ash metals recovery system (BAMRS).  The bottom
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ash is processed in the BAMRS through two ferrous metals removal magnets, a finger screen to
remove oversized objects, a Bivitec screen to screen the ash to 3/8-in., and an eddy current
separator to remove nonferrous metals.  As this bottom ash exits the BAMRS it contains very few
metals of any kind, and the BAMR can be modified so that the inert material all passes through the
3/8-in. screen.  This material is then returned to the ash tower where it is mixed with the fly ash
that exits the pugmill.  The resultant combined ash from this facility thus is smaller than 3/8 in. and
contains a great deal of fine material.  This moisture content as the facility is presently configured,
is 30% to 35%.

If a sufficient market can be developed for the combined ash to be used as an aggregate, bottom
and fly ash likely can be combined in some form of mixer where the dry properties of the fly ash,
combined with the very wet properties of the bottom ash, will result in a much lower total moisture
content in the final combined ash material.  However, such a mixing device has not yet been
designed or built.

Task 3 involves a number of subtasks to construct the test road.  The subtasks include the selection
of a test road location, design of the asphalt mix using H-POWER combined ash, construction of
the test road, evaluation of leachate quality from the test road, and completion of a health risk
assessment to demonstrate that H-POWER combined ash is safe to use as an aggregate component
in asphalt concrete.  Physical performance monitoring of the test road to ensure that it meets
HDOT and City specifications for asphaltic concrete pavement is also included in the proposed
studies.

b. Selection of a Test Road Location

Selection of the test road location was a critical subtask.  After consideration of several locations,
the H-POWER MSW tipping floor up-ramp was selected as the ideal location of the test road for
the following reasons:

1. The ramp experiences heavy traffic, 6 days a week, 11 months of the year.

2. Traffic is monitored at the facility�s scale house, which will provide accurate records
of the total amount and weight of the trucks using the ramp.

3. The ramp requires a repaving of the wearing course.

4. All monitoring and observation of the test road is on the facility�s site.

5. The down-ramp will be used as a control, repaving the wearing course with the same
asphalt mix using natural aggregate.

Appendix E3 contains detailed drawings of both ramps, and displays the up-ramp, paved with the
ash-amended asphalt, and the down-ramp, which is paved with regular asphalt and serves as a
control.
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c. Design of an Asphalt Mix

As of August 18,1998, the moisture content of three samples taken from the screened ash pile was
25% to 30%.  Based on these results, and with the cooperation of Grace Pacific, the test mix was
formulated to contain 3% combined ash that is screened to smaller than 1 cm (3/8-in.).  This mix
design meets or exceeds all HDOT specifications for asphalt concrete pavement.

d. Paving of a Test Road

On October 11, 1998, the up- and down-ramps at the H-POWER MSW tipping floor were paved
with a minimum 5-cm (2-in.) thick wearing surface.  The 2.8 tonnes (3.08 tons) of screened
combined ash was transported from the H-POWER facility to the Grace Pacific facility in an ash
storage trailer  equipped with a tarp cover to prevent fugitive dust problems.  Representatives from
H-POWER followed the ash trailer from H-POWER to Grace Pacific.  No dusting was observed
during transportation.

The ash was dumped from the ash trailer into a front end loader, where it was then dumped into
Grace Pacific�s metering bin for recycled asphalt.  A total of 2.17 tonnes (2.4 tons) of screened
combined ash were dumped into the metering bin.  The Grace Pacific plant operator ran
approximately 0.45 tonnes (0.5 tons) of the screened ash through the heated mixing chamber, and
the resulting asphalt was found to have insufficient oil and was deemed too dry for use.  The plant
operator stopped production at that point and adjusted the flow of oil to the aggregate.  The
remaining 1.7 tonnes (1.9 tons) of screened combined ash was then fed into the heated mixing
chamber with the other standard Grace Pacific aggregates, and production resumed.

The asphalt residue that had insufficient levels of oil was taken to the H-POWER facility in a
standard Grace Pacific asphalt truck.  Its weight was 12.2 tonnes (13.44 tons).  This asphalt residue
was taken from the H-POWER facility in an ash trailer and disposed at the Waimanalo Gulch
Landfill ash monofill.

A total of 30.1 tonnes (34.17 tons) of ash-amended asphalt were put in place as a wearing topcoat
on the up-ramp to the H-POWER tipping floor.  Approximately 1.7 tonnes (1.9 tons) of  H-
POWER screened combined ash at approximately 17.5% moisture content were included in the
asphalt that was placed on the up-ramp.  This indicates that the asphalt is approximately a 5.5% ash
mix.  This is a higher level of ash than the design mix was estimated to contain.  The higher level
of ash proved to be a workable mix in part because its moisture content dropped sharply when the
ash was allowed to dry as a smaller pile.

The paving operations were normal in all respects.  On the morning of the asphalt paving, Grace
Pacific workers swept the pre-existing pavement with heavy-duty brushes.  Then they applied a
bonding reagent to the surface of the ramp to be paved.  (A bonding reagent is normally applied to
the pre-existing surface to ensure that the new wearing coat bonds to the foundation.)  The ash-
amended asphalt was laid in place with a Grace Pacific asphalt laying machine.  The asphalt was
leveled by hand with the use of leveling scrapers.  Then a primary compactor made several passes
over the ash-amended wearing coat.  A Grace Pacific asphalt kneading machine then made several
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passes over the asphalt.  Several passes were then made by a final compactor.  The paving and
compaction procedures were duplicated for both the test and control mixes.

Core samples of the control and the ash-amended asphalt were tested to ensure in-situ compaction
met HDOT specifications.  Two core samples from each asphalt type were tested for compaction
density.  The results of Grace Pacific�s testing on these cores are listed in Table 4:

TABLE 4:  GRACE PACIFIC SPECIFIC GRAVITY TEST

Sample
Number

Sample
Thickness

Weight
In

Air

Saturated
Weight In

Air

Weight In
Water

Bulk
Specific
Gravity

Reference
Bulk

Specific
Gravity

Percent of
Max.

Comp.
Density

# inches grams grams grams % grams %
1 ASH      2     889.9      890.8     537 2.515 2.671 94.2
2 ASH      1 �     539.1      539.7 328.2 2.549 2.671 95.4

3 REG.      2 5/8 1186.5 1189.7 715.3 2.501 2.742 91.3
4 REG.      3 1310.8 1313.1 789.6 2.504 2.742 91.4

The HDOT specification for asphalt compaction is 91% of maximum theoretical compaction
density.  The maximum compaction specific gravity of the ash mix was calculated to be 2.671. 
The maximum compaction specific gravity of the Grace Pacific control mix was calculated to be
2.74.  All four asphalt core samples tested were in compliance with HDOT specifications on
asphalt compaction density.  Photograph documentation of the cores were taken as shown below. 
As the results of Construction Engineering Labs� engineering tests indicate, fewer voids were
visible in the ash-amended cores than in the control cores.
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Control Asphalt Cores Taken from Down-Ramp

Ash Amended Asphalt Cores Taken from Up-Ramp

Grace Pacific also conducted CPN Nuclear Field Testing to verify compaction density.  Six
readings were taken for each mix to further ensure in-situ compaction density.  The results of the
October 11 CPN Nuclear Field Testing are given in Table 5:
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TABLE 5: GRACE PACIFIC CPN NUCLEAR FIELD TEST

Location Compaction Density Location Compaction  Density
Up-Ramp Wet lb/ft� % Down-Ramp Wet lb/ft� %

Ash       157.3 94.4 Control 156.3 91.5
Ash       158.4 95.0 Control 155.9 91.2
Ash       160.1 96.0 Control 156.4 91.5
Ash       156.5 93.9 Control 156.9 91.8
Ash       157.2 94.3 Control 155.8 91.2
Ash       155.2 93.1 Control 157.1 91.9

Average       157.45 94.5 156.4 91.5

The theoretical maximum compaction densities of the two asphalt mixes were determined by Grace
Pacific.  The theoretical maximum compaction density of the ash-amended asphalt was found to be
166.7 wet lb/ft�.  The theoretical maximum compaction density of the control mix asphalt was found
to be 170.9 wet lb/ft�.

Representatives from Construction Engineering Labs were present on the morning of asphalt
production.  They took samples from both the test and control mixes as the asphalt was loaded from
the asphalt silo into the trucks and formed eight cores for engineering tests as well as 30 additional
cores for lysimeter (leachate) testing.  The cores are 4 in. in diameter and 2-2 � in. high.  They were
compacted by dropping a 10-pound hammer 75 times from a height of 18 in.  Thus, a standard
compaction energy was applied to all cores.  The core preparation followed ASTM testing method
D1559.  Half these cores were ash-amended and the other half standard asphalt mixes.  The results of
the engineering tests on the eight cores are listed in Table 6:

TABLE 6: ENGINEERING TESTS ON ASH AND CONTROL MIXES

Sample Specific Gravity Mix Properties
Location Mix Rice Lab TSR Voids VMA Voids Flow Stability Oil

Max Compacted (%) (%) (%) Filled (1/100in. (%)
Control Mix 4 2.74 2.586 91.3 5.4 18.1 70 12 3547 5.0

2.599
2.594
2.593

Average 2.593
Ash Mix 4 2.67 2.562 87.5 4.1 16.2 74 11 2664 4.8

2.558
2.565
2.562

Average 2.562
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The procedure to determine the specific gravity for the asphalt cores follows the ASTM D2726 test
procedure.  Rice Max is the specific gravity of a given asphalt mix at its maximum compaction
density.  The Rice Max and Lab Compaction specific gravity test results indicate that the control
mix is a slightly denser material than the ash-amended mix, because the ash is replacing aggregate
material that has a higher specific gravity.  The control mix was compacted to an average 94.6% of
maximum density; the ash-amended mix displayed a 95.9% average compaction density.  A higher
compaction density in the ash-amended asphalt has been recognized in the drilled core sampling,
the nuclear field testing, and in the cores prepared by Construction Engineering Labs.

The number of unfilled spaces in the asphalt core are called voids.  The voids test gives a
percentage of voids in the compacted asphalt mix in comparison to the theoretical maximum
compaction density.  The voids test procedures follow the ASTM D2041 test method.  Fewer voids
were found in the ash mix than in the control mix.  This is caused by the ash aggregate�s ability to
fill voids during asphalt compaction.

An excellent indicator of the ability of the ash to fill voids is the Voids in Mineral Aggregate
(VMA) test.  This test accounts for the voids that are found in the aggregate.  The results of this
test indicate that fewer voids are found in the ash aggregate than in the standard Grace Pacific
aggregate.  The results of the Voids Filled test indicate that the ash aggregate has a better physical
ability to fill voids in an asphalt mix.  Overall, the ash has a positive effect on reducing voids in the
compacted asphalt mix.

The Resistance to Plastic Flow (Flow) test measures the horizontal displacement that occurs when
a vertical compression stress is applied to the surface of the core.  The Flow test procedures are the
same as ASTM test D1559.  The horizontal deflection is measured and recorded in units of     
1/100 in.  Results of this test indicate that the ash has a positive effect in slightly reducing the
amount of flow that occurs in the asphalt core.

Stability is a measurement of the asphalt core�s strength under compression.  The HDOT minimum
criterion for stability is 2,000 PSI.  The procedures for determining stability follow the ASTM
D1559 test method.  Both the ash-amended and control mixes surpass HDOT criteria for asphalt
stability.

The Tensile Strength Ratio (TSR) test is an indicator of the oil�s ability to bond with the aggregate
after water penetration and heated drying.  The TSR test procedures follow the ASTM D4867 test
method.  The asphalt core is first immersed in water until a 55% to 80% saturation level is reached.
 The core is then conditioned at 140�F for 24 hours.  The stability of the core is then compared to
a core with a similar level of voids.  The TSR percentage indicates how much of the original
stability the asphalt core withholds.
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TABLE 7:  SIEVE ANALYSIS FOR ASPHALT AGGREGATE

Sample Information Sieve Analysis % Passing
      Location Mix 1" 3/4" 1/2" 3/8" #4 #8 #16 #30 #50 #100 #200

      Control Mix 4 100 90 79 60 38 23 16 12 9 6

      Ash Mix 4 100 90 83 63 40 25 18 13 10 8

State Asphalt Mix 4 Specification 100 85-100 72-88 48-66 32-48 21-37 15-27 9-21 6-16 4-10
State Asphalt Mix 4 Ash Tolerance 85-94 72-87 51-65 36-44 21-29 15-21 9-17 6-13 5-9

The Sieve Analysis test gives the particulate size distribution of the aggregates used in asphalt
production.  The State Asphalt Mix 4 Specification and Tolerance establishes a range for aggregate
size distribution used in asphalt.  As shown in Table 7, both the control and ash aggregate mixes
passed the sieve analysis test.  The results indicate that the ash aggregate mix has a larger fraction
of smaller particles than the control mix.  This explains why fewer voids were observed in the ash-
amended asphalt mix than in the control asphalt mix.

e. Evaluation of Leachate Quality

HDOH expressed concerns about the health and environmental impacts of using H-POWER
combined ash in road construction.  One particular concern is the potential leaching of the metals
contained in the ash from the roadway.  To address HDOH concerns about leachate quality, the
City, in cooperation with OEES, developed a work plan to evaluate the leachate quality from
roadway materials containing H-POWER combined ash (Appendix F).

The work plan will perform the following tests to measure total metals, pH, and hardness:

1. Total Metals and Synthetic Precipitation Leachate Procedure on crushed, 3/8-in.
sieved asphalt cores.

2. Standard monolith tank test on intact cores, as executed by EPA in the MITE program
using distilled water.

3. Surface runoff testing of asphalt:
Nine-month bimonthly testing period.
Periodic biological testing for toxicity to aquatic organisms.

4. On-site bench scale tests to simulate long-term weathering
(impact of physical deterioration, sunlight, and periodic wetting):

Nine month testing period.
Periodic biological testing for toxicity to aquatic organisms.
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            Down-Ramp Soil Testing     Up-Ramp Soil Testing Area

    f. Health Risk Assessment

When leachate quality test results are available, a human health and environmental risk assessment
will be performed on the manufacture, use, demolition and disposal of ash-amended asphalt.  The
risk assessment will be performed in accordance with a scope of work approved by the HDOH.

g. Physical Performance Monitoring

Ash-amended and test asphalt will be observed visually for wear over the lifetime of the pavement
to determine the effect of ash on its engineering performance.  Failure of either pavement will be
documented verbally and photographically if they occur.
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TCLP Analysis Data for H-POWER Ash
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Appendix A

Appendix A contains the complete H-POWER TCLP data for all ash testing conducted from
December 1989 through March 1998.  These TCLP tests were conducted using an EPA approved
sampling technique, and using the EPA approved laboratory procedures for TCLP tests.  Table 1
contains the data.

Figures 1 through 8 are plots showing this data on a logarithmic scale.  These plots show the
computer generated trend analysis.  Statistical analysis of this data is also included.

Of great interest here is the downward trend shown for each of these heavy metals with the
exception of Barium.  We believe this downward trend reflects such a trend in the environment.
Hawaii has very little industry.  As a consequence, the municipal solid waste and commercial waste
collected here and brought to the H-POWER facility should represent a good sampling of the
typical household waste from the United States.  If this, in fact, is the case, then we can certainly be
pleased that the efforts to reduce the amount of these heavy metals used in society, has in fact, been
successful in reducing the amount found in the environment.  Such efforts as the reduction in the
amount of mercury in alkaline batteries and fluorescent lamps has clearly reduced the amount of
mercury found in waste.  Likewise, the efforts to reduce the lead in paints and other common
household materials has proven successful in reducing the lead found in our environment.
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Total Chemistry Analysis of H-POWER Ash
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Appendix B contains the total chemistry analysis of a series of ash samples for heavy metals.  This
data reflects tests done on the same statistical samples used for the TCLP studies during one year, as
well as a few additional samples, and is believed to now present a statistically valid sample for the
ash.  The Phase I total chemistry testing covered only one grab sample of bottom ash and one grab
sample of combined ash.  HDOH expressed concerns about the total lead chemistry, particularly
samples 2B and 3B, in the Phase I Report.  These sub-samples had lead values of 14,748 ppm and
15,809 ppm respectively.  Upon review of the Phase I total lead chemistry results, mixtures reported
as 2A and 2B were in fact laboratory duplicates of the same sample, yet the reported levels for these
laboratory duplicates of the same sample were 828 ppm and 14,748 ppm.  Sub-samples 3A and 3B
were likewise laboratory duplicates of the same sample and they had results of 3,172 ppm and
15,809 ppm respectively.  It was because of this wide spread in the analysis results of duplicates
from the laboratory that additional total chemistry analyses were conducted during the Phase II
study, and the samples analyzed were the same samples taken for the EPA-required TCLP tests.  In
addition, the ability to correlate the total chemistry data with the TCLP data might provide useful
information.

The following observations regarding the total chemistry analysis included in the Phase I Report
require additional interpretation:

1. The trace metal lead concentrations by sieve size for two grab samples, Table 1 in
Appendix B2, Phase I Report, shows interesting results.  The bottom ash  #8 sieve
showed a reading of 25,000 ppm.  With combined ash, the #16 size showed 5,400
ppm, and the -200 showed 5,500 ppm.  While this is interesting, it is not indicative of
the total lead in these samples.  In reality, drops of lead from solder in electronic
circuit boards or other components will show up from time to time, and these drops
of solder may well show up as spikes.

2. Lead melts at a temperature of 621o F, and boils at a temperature of 2948o F.
Therefore, given the density of lead, the lead is far more likely to end up in the
bottom ash than in the precipitator.  Further, it is noted that the alloys of lead
frequently used in solder, while having slightly lower melting temperatures than pure
lead, have higher boiling points.

In 1995 after publication of the Phase I Report, two additional grab samples of combined ash were
collected and analyzed.  One sample was also fractionated and analyzed.  The single reading with
high lead levels, a reading of 8,600 mg/kg or ppm, comes from a sieve 16 sub-sample.  The
aggregate sample from which this came analyzed at 1,400 ppm.  Each of these individual sieve
samples are not included in the statistical analysis because this is not a correct statistical procedure.
The sample from which the individual sieve samples were drawn is included in the statistical
analysis, and this sample is referred to as sample A-1.



The high of all the individual lead samples taken from 1995 to date is 5,100 ppm, and the low is 890
ppm.  There are a total of 68 separate samples that have been analyzed for lead, representing what
must be considered a reasonable statistical sample.  A complete statistical description for the lead
data is included in this report.

Discussions of this data would be incomplete without mentioning the fact that while these heavy
metals may be of concern to society as a whole when found in the environment, the real risks are
associated with the compounds of these metals which are in a form that can be absorbed by  animal
or plant life.  Today, as in the past, we continue to use many of these materials safely for many
useful purposes.  The Risk Assessments conducted in the course of the preparation of this report
confirm this conclusion.

































Appendix C

Engineering Soil Tests on H-POWER Ash Mixtures for
Potential Use as a Landfill Cover (September 1995)
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Waimanalo Gulch Sanitary Landfill Alternative Daily Cover
Demonstration Project
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Waimanalo Gulch Sanitary Landfill Alternative Daily Cover
Demonstration Project

D1 Schedule and Protocol

D2 WGSL Operation Plan

D3 HDOH Approval

D4 Waste Management, Inc. Concerns

D5 Drawings

Project Location
Working Face Layout
ADC Cross Section
Ash Mine Layout

D6 Photos
Station Ambient Upwind
Station Ambient Downwind 1 (Sta D1) and Station Ambient Downwind 1A (Sta D1A)
Station Ambient Downwind 2 (Sta D2) and Station Ambient Downwind 2A (Sta D2A)
Station Ash Dump
Station OSHA Upwind
Station OSHA Spotter/Spotter Area and Station OSHA Downwind
Station OSHA Compactor and Station OSHA Pusher D9N
Station OSHA Spotter/Spotter Area
Meteorological Station
Typical Station Setup
Ash Mine
HRRV Truck Unloading Ash
Construction of ADC
Compaction of MSW on ADC
Construction of ADC on MSW
D9N Compacting Sheet Rock
Dust Cloud From Truck Tires
Dust From Tires and Bed of D30D CAT Truck Hauling Rocks and Gravel
Quarry Not in Use � Minimal Dust
Heavy Dust From Quarry

D7 Waimanalo Gulch Landfill Air Sample Data

D8 Summary � Ambient Air Monitoring of Beneficial Use of Municipal Waste
Combustor (MWC) Ash as Daily Landfill Cover
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Waimanalo Gulch Sanitary Landfill Alternative Daily Cover
Demonstration Project Schedule and Protocol

The testing is planned for the period of July 8, 1996 � July 16, 1996.  The schedule is as follows:

July 6 - 7 Planning meeting at H-POWER office.

July 8 Waste Management, Inc. demonstration of use of H-POWER ash as Alternative
Daily Cover (ADC).
Test all monitoring equipment at Waimanalo Gulch.

July 9 � 15 Sample collection in accordance with protocol.

July 16 � 17 Ash mining demonstration and sample collection.
Ash dumping sample collection.
Equipment demobilization and sample submission to laboratory.
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WGSL Operation Plan
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HDOH Approval
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Waste Management, Inc. Concerns
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Waimanalo Gulch Landfill Air Sample Data
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Appendix D8

Summary � Ambient Air Monitoring of Beneficial Use of Municipal Waste Combustor
(MWC) Ash as Daily Landfill Cover
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INTRODUCTION

This paper summarizes Human Health Risk Assessments of the proposed use of combined ash from the H-
POWER municipal waste combustor (MWC) in two beneficial uses: (1) Landfill Daily Cover for the
Waimanalo Gulch Sanitary Landfill in Ewa, Oahu, Hawaii, which is operated by Waste Management of
Hawaii, Inc. for the City and County of Honolulu and (2) Landfill Final Cover, a component in the final
cover of the Waipahu landfill, in Waipahu, Oahu, Hawaii.

The human health risk assessment represents one phase of a larger project involving the investigation of
several potential uses of H-POWER MWC ash as alternatives to the current practice of disposal in a lined
monofill located at the Waimanalo Gulch Sanitary Landfill.   The ash consists of approximately 70% bottom
ash and 30% fly ash from the MWC, hereafter referred to as H-POWER combined ash.

At this time, three alternative uses of H-POWER combined ash have been identified:  The first option
consists of using H-POWER combined ash as a component in the final cover in the closure of the Waipahu
Landfill; the second option consists of using H-POWER combined ash as daily cover at the Waimanalo
Gulch Sanitary Landfill; and, the third option consists of mixing H-POWER combined ash into aggregate
to be used in roadway paving material.

Investigations into these proposed ash uses are detailed in a September 1994 report which presents the
rationale for and results of tests conducted to support alternative ash use as landfill cover (daily cover and
final cover) and as roadway aggregate.1  The tests conducted for this Phase I investigation included
biological, chemical, and engineering tests (e.g., botanical growth potential, metals content, sieve analyses,
strength analyses, permeability, and others).  The results of the Phase I investigation indicate that H-POWER
combined ash is suitable for these alternative beneficial uses.

During June 1995, subsequent to completion of the Phase I investigation, ambient total suspended particulate
(dust) concentrations were measured at Waimanalo Gulch Sanitary Landfill during disposal of municipal
solid waste (MSW) as well as disposal of H-POWER combined ash into the lined monofill.  The purpose
of collecting these preliminary data was to estimate an emission factor for the combined ash.  These data,
together with the chemical data collected during Phase I, were used as the basis of human health risk
assessments conducted for both landfill cover options (final cover and daily cover).

The human health risk assessment of the use of H-POWER combined ash in the closure of the Waipahu
Landfill was conducted by Ogden, and a report was submitted to the State of Hawaii Department of Health
(DOH).2  Preliminary review by the DOH indicated that they approve of the methodology and procedures
used therein.

Following this, Ogden prepared a preliminary human health risk assessment of the use of H-POWER
combined ash as alternate daily cover at the Waimanalo Gulch Sanitary Landfill.  Based on chemical
analytical data for ash samples collected during the Phase I investigation and other testing, noncarcinogenic
and carcinogenic health effects were evaluated for ten constituents.  Potential exposures to ash, ash-derived
dust, and ash leachate were evaluated for key potential receptors, including landfill workers, adults and
children who may visit the landfill (to dispose of household waste), and adults and children who live in
nearby residential neighborhoods.
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Several activities associated with the proposed use of H-POWER combined ash as daily cover theoretically
have the potential to create fugitive dust and, therefore, were evaluated in the risk assessment.  They include:

• pushing and compacting fresh MSW on the previous day�s ash cover;
• pushing and compacting fresh MSW on MSW;
• pushing and compacting fresh combined ash on MSW to create the daily cover; and,
• mining of combined ash.

The ambient air data collected in June 1995 (downwind of combined ash disposal in a lined monofill and
MSW disposal in the lined landfill) were used as surrogate data for the dust concentrations associated with
these specific activities.  However, each of these activities has a different potential for dust generation and,
at the time of the preliminary risk assessment, each was  expected to produce different downwind dust
concentrations.  The 1995 dust data were used because activity-specific dust concentrations had not yet been
measured.  Analytical data generated from ash samples collected during the Phase I investigation and other
testing were used to evaluate potential direct exposures to H-POWER combined ash (ingestion and dermal
contact), to predict leachate concentrations, and as mentioned, to estimate metals concentrations in dust.
 The results of this preliminary risk assessment were presented in a report to the Hawaii and indicated that
the proposed use of H-POWER combined ash for daily cover would pose no significant noncarcinogenic
or carcinogenic human health risk.3

The preliminary risk assessment for ash use as daily cover identified the lack of available air data associated
with specific landfill activities.  To address this data gap, approval was sought and obtained from the DOH
to conduct a one-week demonstration program involving use of H-POWER combined ash as alternate daily
cover at the Waimanalo Gulch Sanitary Landfill.  This demonstration program was conducted with the
cooperation of the City and County of Honolulu, Waste Management of Hawaii, Inc., and the DOH.

These results were incorporated into the final human health risk assessment of the use of H-POWER
combined ash as alternate daily cover for the Waimanalo Gulch Sanitary Landfill.  The revised risk estimates
for the daily cover risk assessment are reported in this paper.

AMBIENT AIR MONITORING PROGRAM

During the one-week demonstration program, conducted during July 1996, concentrations of dust, metals,
and crystalline silica were measured.  Specifically, total and respirable dust, total and respirable metals
(including arsenic, barium, chromium, cadmium, lead, nickel, selenium, and silver), respirable crystalline
silica, hexavalent chromium, and total mercury (particulate and elemental vapor) were measured.  Personal
sampling was conducted in equipment cabs and on outdoor employees, and ambient sampling was conducted
in numerous locations upwind and downwind of specific landfill activities.  Overall, more than 100 personal
and area samples were collected using personal sampling pumps, and more than 400 analyses were
performed.

Ambient air samples were collected during dumping of ash into stockpiles (for use as daily cover), pushing
and compacting of MSW on the previous day�s ash cover, pushing and compacting of MSW on fresh MSW
(current day�s waste), and creating the daily cover at day�s end.  Data collected during the overnight period
when the ash cover was exposed to the elements was evaluated separately.  In addition to these daily



A-11

5

activities, air samples were also collected during the excavation of H-POWER combined ash previously
disposed in the landfill�s ash monofill and subsequent loading onto dump trucks (referred to as ash mining).

At certain stations, all-day samples were collected.  Locations included: OSHA U (upwind), OSHA D
(downwind), CAT (in cab of caterpillar tractor), COMP (in cab of compactor), and SPOT (either on spotter
or in spotter area).  At other stations, designated ambient stations, samples were collected during four
specific time periods defined as shifts 1-4 (S1-S4).  These shifts corresponded to early morning, mid-day,
late afternoon, and overnight.  Ambient locations included: Ambient U (upwind), Ambient D1, Ambient
D1A, Ambient D2, and Ambient D2A.  In addition, a station designated ASH DUMP was established near
to and directly downwind of the daily piles of H-POWER combined ash that were dumped during the day
for use as daily cover at day's end.  Finally, on one day, a demonstration of ash mining in the ash monofill
area was monitored.  Station ASH MINE DUMP was established directly downwind of the operation, and
station ASH MINE LOADER was on the window of the front end loader which loaded ash into dump trucks.

The analytical results from the demonstration program indicate total dust concentrations ranged from 50 to
1,400 mg/m3, and respirable dust ranged from 30 to 840 mg/m3 (see Tables 1 and 2).   The ratio of respirable
dust to total dust was calculated for each sample location where both were detected.  The average ratio of
respirable to total dust was 0.38 from 10 samples collected inside equipment cabs, and 0.24 from 30 outdoor
ambient samples.

Arsenic, cadmium, chromium (total and hexavalent), mercury, lead, selenium, and silver were not detected
in any of the total or respirable dust samples tested.  Barium was detected in one total dust sample (at the
detection limit of 0.0002 mg/m3) but was not detected in any respirable dust samples.  Similarly, nickel was
detected in two total dust samples (at the detection limit of 0.0002 mg/m3) but was not detected in any
respirable dust samples.

Meteorological Observations
An on-site meteorological station was installed on the top of the hill at monitoring station D2A.  Wind
direction and wind speed data were collected for 15 minute average time periods.  Windroses were
developed for each monitoring period of interest so that it could be determined if a station was up-, down-,
or cross-wind from a potential source during each specific time period.

The wind roses indicate that regional wind direction was generally from the north, northeast, and east
directions during the monitoring period.  Thus, the OSHA Upwind and Ambient Upwind stations were
generally upwind of the working face at all times.  The OSHA Upwind station was generally upwind of the
ash piles at all times.  The OSHA Compactor, Caterpillar operator, Spotter, and Downwind stations were
generally downwind of the ash piles and the working face at all times.  The Ambient D1/D1A stations were
generally downwind of the ash piles and the working face at all times.  Lastly, the Ambient D2/D2A stations
were generally down- to cross-wind of the ash piles and the working face.

A simple evaluation of the OSHA eight hour samples indicates that a source other than the working face of
the landfill or the ash piles is the likely source of the dust.  For instance, on July 10, the total dust was
highest in the upwind location and lowest directly on the working face.  Respirable dust was also higher in
upwind than downwind locations.
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Similarly, on July 11, total dust was highest in the upwind location and lowest on the spotter.  Respirable
dust was similar in upwind and downwind locations.  Also, on July 12, total dust was similar in the upwind
location and the spotter location.  Respirable dust was greater in the upwind location than in downwind and
spotter locations.

A similar evaluation of the ambient monitoring results also strongly suggests that the H-POWER combined
ash was not the source of the dust.  Stations D1/D1A are clearly downwind of the ambient upwind location,
and the latter is generally upwind of the ash piles and the working face.  There is a trend of the upwind
location having higher dust measurements.  Out of 8 respirable dust values, 5 were higher in ambient upwind
samples than in D1/D1A samples, with the average ratio being 9-fold.  Out of 13 total dust measurements,
8 were higher in ambient upwind samples compared to D1/D1A samples with the average ratio being 2-fold.
 This again suggests that the source of the dust is not the ash piles or the working face.

Comparison of Results During Different Activities
If the ash were a source of dust, the time when most ash-derived fugitive dust would be created would have
been during the S1 period when the compactor was operating atop ash and the S3 period when the compactor
was creating the day's cover with ash.  Measured dust during the S3 period was not elevated.  In all samples
from ambient downwind locations, no respirable dust or total dust was detected with detection limits of ~0.2
mg/m3.  This data indicates that the spreading and compacting of H-POWER combined ash to construct a
daily cover does not create a significant amount of dust.

In addition, measured dust during the S1 period when the compactor was running over ash was not elevated
compared to the S2 period when the compactor was generally running on fresh MSW.  (On some days, the
ash was not completely covered by the start of the S2 period, but it is still true that the compactor was on
ash a greater fraction of the period during S1 than during S2.)  Out of 28 samples (respirable dust and total
dust) that had a detected value in at least one of the time periods  (S1 and S2), only 7 were higher in S1 than
in S2.  For most of the samples (21/28), the values during S2 were higher than during S1.  For this analysis,
1/2 the detection limit was used as a surrogate value for nondetects.  In fact, in 17 of the 28 data pairs, dust
was not even detected during the S1 period.  These data indicate that the running of a heavy compactor over
a landfill face covered with H-POWER combined ash does not create a significant amount of dust.

The Ashdump sampling station was downwind of the OSHA Upwind station and downwind of the ash piles.
 The OSHA Upwind station was upwind of the ash piles. In every case (7/10, 7/12, and 7/14), the 8-hour
OSHA Upwind sample was higher in respirable dust and total dust than the ashdump sample (by a factor
of ~ 5 fold).  This suggests that the ash pile itself was not the source of the dust monitored in the Ashdump
samples.

Ashmining was also shown not to produce significant dust.  No dust was detected at the ambient station
placed downwind of the operation.  Respirable dust was detected in the cab of the loader as would be
expected.  Small dust clouds were also visually observed when the loader dumped ash into the trucks.

A comparison of sampling locations where dust was detected with meteorological data concurrently
collected during the demonstration program strongly suggests that the H-POWER combined ash is not the
source of dust concentrations observed.  Lastly, it was observed during the demonstration project that
running heavy equipment in and atop H-POWER combined ash did not generate elevated dust levels, and
therefore, typical landfill activities were grouped together and collectively evaluated as �daily activities�.
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HAZARD IDENTIFICATION

H-POWER combined ash samples have been analyzed for several inorganic parameters as well as
dioxin/furan congeners.   TCLP metals data are available for combined ash samples from approximately
1989 and to 1998.  In addition, total metals analyses have included aluminum, arsenic, barium, cadmium,
calcium, chromium, copper, iron, lead, mercury, nickel, potassium, selenium, silver, and zinc.  From this
list of constituents, aluminum, calcium, copper, iron, potassium, and zinc were eliminated from evaluation
in the risk assessment because they have very low toxicity and/or are essential human nutrients.  The
remaining constituents were evaluated in the risk assessment.

The final list of chemicals of potential concern (CPC) includes the following metals: arsenic, barium,
cadmium, chromium, lead, mercury, nickel, selenium, and silver (see Table 3).  Furthermore, with the
exception of nickel, these are the metals required to be tested by the Resource Conservation and Recovery
Act (RCRA).  Nickel was included because it is often defined as a chemical of concern for risk assessments
of combustors.  In addition to these metals, dioxin/furan congeners were also included in this risk assessment
because they have  historically been the focus of risk assessments of MWC facilities.

TOXICITY ASSESSMENT

Cancer slope factors, Reference Doses, and Reference Concentrations for all CPCs were obtained from
standard EPA sources.4,5   However, there is currently no EPA-verified Reference Dose for lead.  Risk
assessments for lead commonly use models of varying complexity that predict blood lead levels, which are
then compared to benchmark levels of blood lead.  The benchmarks have been determined by regulatory
agencies to present no significant risk of harm.  Because the U.S. EPA model can only predict blood lead
levels in children, the Hawaii Department of Health requested that the California DTSC model be used for
this risk assessment.

The major components of the DTSC model were used as presented in DTSC guidance.6  Specifically, the
intake-blood lead slope factors (termed "constants" in the DTSC model) were not modified.  However,
several of the soil-specific default exposure parameters were modified as allowed by DTSC guidance, so
that they were applicable to the assessment of human health risks posed by lead in ash versus residential soil.
 In addition, site-specific information on background lead exposures from air, water, and food was
incorporated.

A review of the recent literature revealed that the lowest current regulatory blood lead limit for adults was
25 mg/dL.7-13  This value was used as the benchmark for risk assessment of adult worker exposures in this
analysis.  The benchmark for young children and adult females of childbearing age was defined as 10 ug/dL.
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EXPOSURE ASSESSMENT

The exposure assessment is presented separately for the Landfill Daily Cover Project (Waimanalo Gulch
Sanitary Landfill) and the Landfill Final Cover Project (Waipahu Landfill).

Landfill Daily Cover (Waimanalo Gulch Sanitary Landfill)
It is proposed that H-POWER combined ash be used for daily cover of the working face at the Waimanalo
Gulch Sanitary Landfill.  It is assumed that the daily cover would involve the placement and compacting of
H-POWER combined ash to a depth of approximately 6 inches over the working face of the landfill.  This
is assumed to require an 18 inch thickness of uncompacted ash.  The risk assessment assumes that the
dimensions of working face are approximately 55.5 m by 20.7 m, or 1,149 square meters (12,350 square
feet).  This was based on actual measurement of the working face during the July 1996 demonstration
project.

The risk assessment assumes the amount of H-POWER combined ash required for daily cover at the landfill
is 686 cubic yards per day.  H-POWER currently produces approximately 300 cubic yards of combined ash
per day.  Since H-POWER ash has been landfilled at the Waimanalo Gulch Sanitary Landfill for many years,
the remaining amount needed for daily cover during the demonstration project, 354 cubic yards, was mined
from the previously landfilled H-POWER ash.  For conservative purposes, it is assumed that the daily cover
is 100% H-POWER combined ash, supplied by current H-POWER operations as well as by mining of the
previously landfilled ash.

Ash was mined during the demonstration project from July 9  - July 13.  Mined amounts ranged from 360
tons/day to 900 tons/day, with the average amount mined per day being 504 tons.  No ash was mined on July
14.  Deliveries of unprocessed combined ash during the demonstration project averaged 332 tons/day, which
corresponds to approximately 332 cubic yards per day.

It is proposed that the ash will be processed before using it for daily cover of the working face at the
Waimanalo Gulch Sanitary Landfill.  Ferrous and nonferrous metals will be removed and the water content
of the ash will be adjusted to a moisture content of approximately 25%.  The estimated volume of processed
ash produced per day is 176 cubic yards (214 tons/day /1.215 tons/cubic yard).  Thus, the daily requirement
for processed combined ash exceeds the production rate for a working face of 12,350 square feet.  In the
future, it is proposed that the remaining need for daily cover be mined from the previously landfilled ash.
 Also, the working face is often as small as 6,000 square feet.  Daily production of H-POWER combined
ash would be sufficient to provide daily cover for this size working face, and no ash mining would be
required.

The use of H-POWER ash as daily cover assumes the following activities:  In the morning (0700-1000
hours), workers push and compact municipal solid waste (MSW) over the previous day's ash cover.  This
ash has been exposed to the air for 14 hours and may have a lower moisture content than fresh H-POWER
ash.  During the mid-day (1000-1500 hours), workers push and compact MSW over MSW deposited earlier
the same day (i.e., by this time, the previous day�s ash cover has been covered with the current day�s MSW,
on top of which additional MSW is placed).  During this time period, the workers are not running equipment
atop of H-POWER ash.  During the late afternoon (1500-1700 hours), the workers are pushing and
compacting ash over the fresh MSW to create the day's cover.  This ash is fresh ash, which has a high
moisture content.  Then, this cover is exposed to the elements during the evening and night (1700-0700
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hours).  In addition to the daily operations described above, mining of H-POWER ash previously disposed
at  the Waimanalo Gulch Sanitary Landfill is conservatively assumed to take place throughout every
workday (0700 - 1700 hours).

Landfill Final Cover (Waipahu Landfill)
It is proposed that H-POWER combined ash be used as the bottom layer of the final cover in the closure of
the Waipahu Landfill.  This risk assessment assumes that the landfill area to be covered is 43 acres.  It is
assumed that the closure as proposed would involve the placement and compacting of 24 inches of H-
POWER combined ash and then 18 inches of local soil.  The total amount of H-POWER combined ash
required to cover 43 acres to a depth of 24 inches is 138,746 cubic yards.

It is proposed that the H-POWER combined ash be used as it is produced and processed.  Each day's
production of ash would be transported to the Waipahu Landfill, placed, compacted, and covered with local
soil.  The risk assessment addresses potential exposures that might occur during the period when the ash is
proposed to be placed, compacted and covered at Waipahu Landfill and during the post-closure period.

The Waipahu Landfill is located adjacent to West Loch of Pearl Harbor with a small residential area to the
northwest of the landfill.  Accordingly, the risk assessment evaluates potential exposures that might occur
in these areas.  In addition, there is another residential area towards the southwest of the facility.  Exposures
in this area are also evaluated.  In addition, risks posed by contact with surface water, sediment, and fish in
West Loch are quantitated.

The risk assessment evaluated three potential scenarios regarding the manner in which the H-POWER ash
would be used as part of the landfill closure.  In the first, it is assumed that the H-POWER ash is delivered
to Waipahu Landfill during the week and diverted to Waimanalo Gulch over the weekend.  Deliveries only
occur during the daylight hours.  During the week, ash is stored at the H-POWER Plant in covered trailers
overnight and delivered to the landfill each morning. At the end of each day, it is assumed that the ash is
spread, compacted, and covered with soil. This scenario is referred to as "Closure-No Stockpile" throughout
the risk assessment.

In the second scenario, it is assumed that all of the combined ash is delivered to the Waipahu Landfill. 
Again, however, deliveries only occur during daylight hours (10 hours/day).  Overnight during the week,
it is assumed that ash is stored in covered trailers at the H-POWER plant.  During the weekend, the ash is
continued to be delivered throughout the day on Saturday and Sunday, thus creating a temporary stockpile
at the site that is spread, compacted, and covered with Mililani soil on Monday of each week.  At the end
of each day, it is assumed that the ash is spread, compacted, and covered with soil.  This scenario is referred
to as "Closure-Stockpile" throughout the risk assessment.

In the third scenario, it is assumed that the amount of ash delivered daily is spread and compacted, but it is
not covered with Mililani soil at the end of the day.  It is assumed that the day's ash delivery dries somewhat
and can become entrained into the air as fugitive dust overnight before it is covered with soil on the next day.
 This scenario is referred to as  "Closure-Uncovered" throughout the risk assessment.

After closure, it is possible that the Waipahu Landfill will be converted to a soccer field, a softball field, or
a picnic area.  There is no possibility that the ash can cause airborne dust or surface water run-off, however,
because the ash will be covered with 18 inches of native soils.  The landfill will also be vegetated. 
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Accordingly, a Post-Closure scenario was defined in which the ash was disrupted so that there was a
mechanism by which ash-derived dust and surface water run-off could be created.

For this scenario, it is assumed that dirt bikers have disrupted the integrity of the vegetated cover.  It is
assumed that this disruption has resulted in 10% of the landfill area (17,402 square meters) becoming
unvegetated and thus subject to surface run off.  It is also assumed that 2% of the landfill area (3,480 square
meters) has been compromised to the extent that H-POWER combined ash is exposed at the surface and
subject to dust generation in addition to surface run off.  This scenario is referred to as "Post Closure"
throughout the risk assessment. 

Identification of Receptors
Potential human receptors were identified for on-site and offsite scenarios on the basis of land use
information (see Table 5).  For the landfill daily cover risk assessment, receptors were identified on-site and
offsite at the nearest inhabited location to the south of the site. For the landfill final cover risk assessment,
potential human receptors were identified for each closure and post closure scenario. Receptors were
identified on-site, off-site at the nearest inhabited locations to the north and south of the site (in the direction
of both Trade and Kona Winds), and at locations where relevant activities such as fishing or swimming
could occur.

Exposure Point Concentrations
Total metal concentrations in H-POWER combined ash are used as exposure point concentrations for the
ash, itself (see Table 3).  Data from TCLP analyses are used as estimates of chemical concentrations in ash
leachate (see Table 3).

On-site and off site receptors may be exposed to chemicals of potential concern  in ash via inhalation of
fugitive dust generated by placement, grading, and compacting of ash, as well as fugitive dust generated by
wind erosion of uncovered ash placed in piles or placed in a layer over a portion of the area of either landfill.
 The on-site concentrations of fugitive dust generated by various ash use activities were directly measured
during the two monitoring events in 1995 and 1996.

To estimate the off-site concentrations of dust generated by these activities, measured on-site concentrations
were used to estimate respirable dust emission rates.  These emission rates and local meteorological data
were used as input parameters for EPA-recommended air dispersion models to estimate off-site dust
concentrations.  The modeled concentrations of dust in ambient air offsite were combined with chemical
concentrations detected in ash to evaluate potential human exposures via inhalation.

This approach is health-protective in that it assumes that all dust is ash-derived and that all of the chemicals
detected in ash are transported to dust.  As noted above, the dust measured during the daily cover
demonstration project was not correlated with ash handling and use.  Instead, the dust observed during the
project was correlated with truck traffic on dusty roads and rock crushing activities at the adjacent quarry.
 However, the measured dust concentrations can be used as worst case estimates of the dust generated by
ash handling and use.

On-Site Dust Concentrations.  During the six day demonstration project during which air monitoring was
performed, twelve day-long total suspended particulate samples were taken inside of the caterpillar tractor
and the MSW compactor.  The average TSP value was 0.278 mg/m3.  The average ratio of TSP to PM10 for
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samples taken inside of equipment was 0.38.  Accordingly, the PM10 concentration for the landfill workers
working inside the cabs of heavy equipment was derived as 0.105 mg/m3.

One landfill worker, the spotter, worked outdoors throughout the entire work day.  Five day-long samples
of total suspended particulates were taken.   The average TSP value was 0.558 mg/m3.  The average ratio
of TSP to PM10 for samples outside was 0.24.  Accordingly, the PM10 concentration for the landfill workers
working outside was derived as 0.134 mg/m3.

To be health-protective, the respirable particulate (PM10) concentration for the spotter was used for all on-
site workers during daily operations.  This concentration overestimates the exposures for workers who are
working inside of earth moving equipment.

During the ash mining operation, one sample was taken for respirable dust on the window of the front end
loader, but no samples were taken for total suspended particulates.  Accordingly, the respirable dust value
of 0.300 mg/m3 was used for this potential receptor.

Samples collected during the 1996 demonstration project were used to derive the average outdoor TSP
concentration.  The average TSP concentration for all outdoor samples was higher than the average TSP
concentration for all outdoor downwind samples.  Of the total dataset of outdoor samples, those samples
collected in upwind locations (e.g. at or near the adjacent quarry's rock crushing operations) were excluded.
 Thirty nine samples were taken outdoors in downwind areas where visitors might be exposed to on-site dust.
 The average TSP value was 0.268 mg/m3.  The average ratio of TSP to PM10 for samples outside was 0.24.
 Accordingly, the PM10 concentration for the on-site landfill visitors (landfill daily cover) or trespassers
(landfill final cover) was derived as 0.064 mg/m3.

Off-Site Dust Concentrations.  PM10 emission rates were estimated from measured concentration data
using a simple Box Model14 and site-specific data for source length and mean wind speed (5.14 m/sec).  The
PM10 concentration in the box was assumed to be uniformly mixed by human activities on the landfill.
Mixing height was assumed to be 2 m.

The SCREEN3 model (Version 95181)15 was used to estimate offsite ambient PM10 concentrations for the
various scenarios.  SCREEN3 is a USEPA-preferred model and is recommended by USEPA for a screening-
level air dispersion modeling.  The SCREEN3 model determines 1-hour chemical concentrations.  Eight-
hour and annual average PM10 concentrations are calculated by multiplying factors of 0.7 and 0.08,
respectively.

Wind data are site-specific with the stability of D and wind speed of 5.14 m/s.  Source areas were modeled
as ground-level area sources with site-specific areas. A receptor height of 1.0 m was assumed. Site locations
were considered as rural areas, and they were modeled using the simple terrain approach because the terrain
heights of nearby human receptors are lower than the emission sources.
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RISK CHARACTERIZATION

Table 4 presents the results of the lead risk assessment for all receptors and scenarios for both the Landfill
Daily Cover risk assessment (Waimanalo Gulch Sanitary Landfill) and the Landfill Final Cover risk
assessment (Waipahu Landfill). In all cases, the 99th percentile blood lead concentration is less than the
applicable blood lead health benchmark. In all cases, the majority of blood lead was associated with the
assumed ingestion and dermal contact with ash.  Only a small fraction was associated with inhalation of
dust.  For instance, for the Landfill Daily Cover risk assessment, inhalation of lead from ash-derived dust
in air by on-site workers contributes 0.49 mg/dL, 7% of the total blood lead concentration. Inhalation of lead
from ash-derived dust in air by ash mining workers contributes 1.1 mg/dL, 15% of the total blood lead
concentration.  Inhalation of lead in ash-derived dust contributes less than 1% of the total blood lead
concentration for the on-site adult visitor receptor.    Inhalation of lead in ash-derived dust contributes less
than 0.1% of the total blood lead concentration for the on-site child visitor receptor.

The same is true for the Landfill Final Cover risk assessment. Inhalation of lead from ash-derived dust in
air contributes 0.20 mg/dL, 4% of the total blood lead concentration for construction workers.  For the
trespasser closure scenarios (assuming no stockpile, stockpile present, and uncovered ash),  inhalation of
lead in ash-derived dust contributes less than 1% of the total blood lead concentration for each receptor.

For other receptors and scenarios, such as the West Loch recreator (Closure-Stockpile, Closure-Uncovered,
and Post-Closure scenarios), exposures to lead in background air, food, and water contribute essentially all
of the 99th percentile blood lead concentrations. Surface water, sediment, and fish consumption exposures
are associated with less than 1% of the total blood lead concentration for each receptor.

Table 5 presents the results of the noncarcinogenic risk assessment for all receptors and scenarios for both
the Landfill Daily Cover risk assessment (Waimanalo Gulch Sanitary Landfill) and the Landfill Final Cover
risk assessment (Waipahu Landfill).  In all cases, the hazard indices are less than 1.0.  These results indicate
that proposed use of ash for daily cover at the landfill poses no unacceptable incremental increase in
noncarcinogenic health risks.

Estimated Lifetime Cancer Risks (ELCRs) are also shown in Table 5.   For all receptors and scenarios, the
estimated cancer risk is within or below U.S. EPA�s acceptable risk range of 10-4 to 10-6 and OSHA's criteria
of 1 x 10-3 for setting occupational standards.  Note that inhalation risks for all receptors were calculated
based on the assumption that 100% of dust is ash-derived (i.e., 100% of metals concentrations detected in
ash were assumed to be present in dust), and that worker risks were estimated assuming that exposure occurs
without regard to personal protective equipment and personal hygiene practices required under the applicable
OSHA standards for arsenic, cadmium, and lead.
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SUMMARY AND CONCLUSIONS

Human health risk assessments were performed for two proposed beneficial uses of H-POWER combined
ash: Landfill Daily Cover (Waimanalo Gulch Sanitary Landfill) and Landfill Final Cover (Waipahu
Landfill).   In all cases, with all receptors and ash use scenarios, estimated blood lead concentrations were
less than 25 mg/dL for adult male workers and 10 mg/dL for nonworkers assumed to be young children or
female adults of child-bearing age.  Estimated hazard indices were  all less than 1.0, and estimated excess
lifetime cancer risks were within or below U.S. EPA�s acceptable risk range of 10-4 to 10-6 and OSHA's
criteria of 1 x 10-3 for setting occupational standards.

Ambient and personal monitoring was performed during a demonstration project of landfill daily cover. 
Although no metals were detected in total or respirable dust and total dust was not found to be correlated
with ash handling and use, measured dust concentrations were assumed to represent worst case estimates
of ash-generated dust levels.  The risk assessment assumed that dust was totally ash-derived, and ash-derived
metal concentrations were derived from the total metals content of H-POWER combined ash.  Even with
this very health-protective assumption, the risk assessment results were found to be dominated by the
assumptions that potential receptors would directly ingest and dermally contact H-POWER combined ash.

While such assumptions are commonly made by risk assessors, it should be noted that construction workers
or landfill workers must adhere to strict requirements concerning personal hygiene practices and the use of
personal protective equipment required under the applicable OSHA standards for arsenic, cadmium, and
lead.  Thus, assuming that workers will violate Federal law is a very health-protective approach to human
health risk assessment.
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TABLE 1
TOTAL DUST CONCENTRATIONS

OSHA STATIONS Day 1
7/10/96

(mg/m3)

Day 2
7/11/96

(mg/m3)

Day 3
7/12/96

(mg/m3)

Day 4
7/13/96

(mg/m3)

Day 5
7/14/96

(mg/m3)

Day 6
7/15/96

(mg/m3)

OSHA U
OSHA D

CAT
COMP
SPOT

0.73
0.31
0.11

<0.02
0.48

1.0
0.54
0.22
0.41
0.59*

0.43
0.32
0.19
0.27
0.07

1.3
0.45
0.17
0.62
1.4

0.36
0.94
0.25
0.20
0.63

0.21
0.20
0.60
0.28
0.21

AMBIENT STATIONS

U S1
U S2
U S3
U S4

0.2
0.65

<0.02

0.42
0.44
0.4

<0.02

0.36
0.76
<0.2
0.06

0.1
0.27
<0.1

<0.02

<0.08
0.05

<0.02

<0.1
0.09

<0.02

D1 S1
D1 S2
D1 S3
D1 S4

<0.09
0.62

0.3
0.3

<0.02

<0.07
0.12

<0.02

D1A S1
DIA S2
DIA S3
DIA S4

0.34
0.22
<0.2

<0.02

0.33
0.39
<0.2

<0.02

0.2

0.03

D2 S1
D2 S2
D2 S3
D2 S4

<0.09
0.23

<0.02

<0.07
0.30
<0.2

<0.07
0.17

<0.02

D2A S1
D2A S2
D2A S3
D2A S4

0.42
<0.03
<0.2

<0.02

<0.02
0.16
<0.2

<0.02

<0.1
<0.03

<0.02

ASH DUMP 0.83 0.44 0.05

ASH MINING

ASH MINE DUMP
ASH MINE LOADER

<0.08

NOTES: 

*Cassette found on the ground and reconnected to sampling apparatus.
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TABLE 2
RESPIRABLE DUST CONCENTRATIONS

OSHA STATIONS Day 1
7/10/96

(mg/m3)

Day 2
7/11/96

(mg/m3)

Day 3
7/12/96

(mg/m3)

Day 4
7/13/96

(mg/m3)

Day 5
7/14/96

(mg/m3)

Day 6
7/15/96

(mg/m3)

OSHA U
OSHA D

CAT
COMP
SPOT

0.19
0.05
0.03
0.04
0.09

0.23
0.27*
0.07
0.14
0.18

0.09
0.11

<0.02
0.13
0.17*

0.25
0.09
0.09
0.25
0.15

0.03
0.08
0.05*
0.13
0.18

0.08
0.09
0.24
0.07
0.06

AMBIENT STATIONS

U S1
U S2
U S3
U S4

0.4
0.03

<0.02

<0.08
0.03
<0.2

<0.02

<0.09
0.05
<0.3

<0.02

<0.09
0.1
0.3
0.6

<0.04

<0.02

<0.2

<0.02

D1 S1
D1 S2
D1 S3
D1 S4

<0.1
0.1

<0.02

<0.08
0.04
<0.2

<0.02

<0.08
0.05

<0.02

D1A S1
DIA S2
DIA S3
DIA S4

<0.08
0.05
<0.2

<0.02

0.84
0.07
<0.2

<0.02

<0.2

<0.02

D2 S1
D2 S2
D2 S3
D2 S4

<0.1
<0.03

<0.02

0.2
<0.04
<0.2

<0.02

<0.08
0.09

<0.02

D2A S1
D2A S2
D2A S3
D2A S4

<0.07
<0.04
<0.2

<0.02

<0.08
0.1

<0.2
<0.02 <0.02

ASH DUMPING 0.04 0.02 <0.03

ASH MINING

ASH MINE DUMP
ASH MINE LOADER

<0.09
0.3

NOTES: 

*Laboratory report indicated sample was contaminated with tap water; results may be biased high.
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TABLE 3
DATA SUMMARY FOR H-POWER COMBINED ASH

Chemical Concentration in Ash
(Dry Weight, mg/kg)1,2

Concentration in TCLP
Leachate (mg/L)2,3

Arsenic 49 0.67

Barium 410 1.6

Cadmium 29 0.31

Chromium 69 0.064

Lead 2500 1.0

Mercury 11 0.0045

Nickel 75 not analyzed

Selenium 0.91 0.19

Silver 7.1 0.088

TCDD-Toxic Equivalents4 0.00043 not analyzed

1 Combined ash samples with metal pieces removed, samples collected during 3/20/95-12/18/95.
2Upper 95% confidence interval of the mean concentration using H statistic per U.S. EPA guidance
 assuming lognormal distribution.
3Combined ash samples with metal pieces removed, samples collected from 12/89-8/95.
4Mean of two samples in which total congener profile was measured.
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TABLE 4
ESTIMATED BLOOD LEAD CONCENTRATIONS

LANDFILL DAILY COVER

Receptor 95th %ile
(ug/dl)

99th %ile
(ug/dl)

On-Site Worker
pushing/compacting MSW/Daily Cover 5.3 6.7

On-Site Worker - ash mining 5.8 7.3

On-Site Visitor - young child 2.7 3.4

On-Site Visitor - female of childbearing age 1.4 1.8

Off-Site Resident - young child 1.5 1.9

LANDFILL FINAL COVER

Receptor 95th %ile
(ug/dl)

99th %ile
(ug/dl)

On-Site Construction Worker 4.0 5.0

On-Site Trespasser (young child)
Closure No Stockpile

Closure with Stockpile
Closure Uncovered

2.1
2.7
2.7

2.7
3.4
3.4

Off-Site Resident (young child)
Closure No Stockpile

Closure with Stockpile
Closure Uncovered

Post Closure

1.5
1.5
1.5
1.5

1.9
1.9
1.9
1.9

Recreator (fishing/swimming)
Closure with Stockpile

Closure Uncovered
Post Closure

1.5
1.5
1.5

1.9
1.9
1.9

Recreator (child dirt biking)
Post Closure 2.7

3.4
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TABLE 5
ESTIMATED NONCARCINOGENIC AND

CARCINOGENIC HEALTH RISKS

LANDFILL DAILY COVER

Receptor Hazard
Index

Cancer
Risk

On-Site Worker
pushing/compacting MSW/Daily Cover 0.4 3 x 10-5

On-Site Worker - ash mining 0.6 5 x 10-5

On-Site Visitor - young child 0.2 4 x 10-6

On-Site Visitor - female of childbearing age 0.05 4 x 10-6

Off-Site Resident - young child 0.001 2 x 10-8

LANDFILL FINAL COVER

Receptor Hazard
Index

Cancer
Risk

On-Site Construction Worker
Closure No Stockpile

Closure with Stockpile
Closure Uncovered

0.2
0.2
0.2

2 x 10-6

2 x 10-6

2 x 10-6

On-Site Trespasser (young child)
Closure No Stockpile

Closure with Stockpile
Closure Uncovered

0.08
0.3
0.3

9 x 10-7

1 x 10-6

2 x 10-6

Off-Site Resident (young child)
Closure No Stockpile

Closure with Stockpile
Closure Uncovered

Post Closure

0.001
0.008
0.001
0.0008

2 x 10-8

2 x 10-8

2 x 10-8

2 x 10-8

Recreator (fishing/swimming)
Closure with Stockpile

Closure Uncovered
Post Closure

0.001
0.004
0.07

7 x 10-8

2 x 10-7

9 x 10-7
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Recreator (child dirt biking)
Post Closure 0.2 1 x 10-6
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OPERATION PLAN
USE OF H-POWER MUNICIPAL SOLID WASTE ASH

FOR PILOT STUDY ROADBED AT H-POWER FACILITY

I. COLLECTION OF H-POWER COMBINED ASH

The H-POWER combined ash historically exhibits a range of concentrations in total metals as
well as in the concentrations of metals in aqueous extracts.  In designing a pilot study, it is desir-
able to examine a combined ash that is typical of that which will be used in future applications. 
Examination of a combined ash that is relatively poor in metals has the potential to render the
experimental results inappropriate (i.e., under protective) for a risk assessment.  Similarly, to
facilitate comparisons between different experimental conditions (e.g., extraction of roadway
materials with and without physical deterioration), it is necessary to control the quality of the
combined ash in the trials.  For these reasons, combined ash of known, consistent quality will be
used for execution of the studies discussed in this Operation Plan.

First, an assumption must be made regarding the amount of ash needed for the test pavement. 
The project involves paving the up ramp to the municipal solid waste packer truck tipping floor
at the H-POWER facility with 2 inches of wearing (topcoat) coat using screened H-POWER
Combined ash-amended asphalt.  Damage to the down ramp will be repaired with unamended as-
phalt.  Then, the down ramp from the municipal solid waste packer truck tipping floor at the H-
POWER facility will be paved with 2 inches of wearing (top) coat using unamended asphalt.
Figure 1 shows the general view of the facility, with the up and down ramp areas that will be
paved shaded.

Initial assumptions regarding the paving of ash amended asphalt involve an asphalt mix with
15% ash.  However that assumption will be reduced to approximately 3% ash.  The high
moisture content of H-POWER combined ash, 30-35% moisture, poses a technical problem due
to the energy lost in heating up the asphalt to the required temperature of 320° F or higher.  H-
POWER is informed by Grace Pacific that an ash aggregate of less than 10% moisture is
necessary, to keep energy loss to a minimum, for a 15% ash asphalt mix. With too high of a
moisture content in the ash aggregate the asphalt will be too cold to be a workable mix.  The
amount of ash collected and screened was done with the initial focus on a 15% ash mix.
  
The volume of the up ramp is roughly 20' by 300' by 2".  This volume would require
approximately 80 tons of asphalt.    Sieve analyses reported in the NREL Phase I report indicate
that 96.9% of H-POWER Combined Ash passes a 3/8 inch screen.  Roughly 5 tons of combined
ash, as typically disposed, will be collected every day for a total of five days.  A separate,
dedicated ash trailer will replace the usual ash collection trailer for a single period on each of the
five days to allow ash to be collected for the pilot study.   The combined ash will be collected on
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a daily basis by starting at the rear of the trailer and allowing the ash to build a mound in one
spot.  When approximately 5 tons has been collected, a normal ash trailer will replace the
dedicated ash trailer, which will then be scaled to obtain the cumulative weight.  The mesh tarps
in the ash trailer will be closed. The trailer will be appropriately marked and parked at the west
end of the ash trailer parking lot for storage until the next day�s ash collection period.  Figure 2
shows the area where the trailer will be parked.  After approximately 25 tons has been collected,
the dedicated ash trailer will be parked at the same location for ash aging and storage for several
weeks until the ash is screened.  

II. COMBINED ASH SAMPLING

Two samples will be taken each day within two hours of ash collection.   Each of these ten (10)
samples will be submitted for total metals analysis and TCLP analysis. Thus, there will be ten
(10) total metal samples and ten (10) TCLP samples.   It is important that TCLP data on the
collected combined ash be directly comparable to the historical TCLP data.  Accordingly, fly ash
and bottom ash samples will be separately collected and mixed, with metal pieces removed using
the established H-POWER protocol for TCLP testing, which is described in Section 5.1.2 of the
7/31/90 revised ash sampling protocol.  (However, the eighteen separate samples required for
compliance testing will not be collected.)   If the collected ash is representative of historical
combined ash viz a viz TCLP metals, it will be screened, tested by HRRV and Grace Pacific,
transported to Grace Pacific, and used to prepare the test asphalt.

III. REPRESENTATIVENESS TEST CRITERIA

Representativeness will be determined by comparing the mean TCLP sample results for each
TCLP element to the criteria in Table 1, which were determined from the historical data.  If the
mean sample results all fall within the ranges defined in Table 1 for each element, they will be
considered representative.  Data from total metal analyses will be evaluated, but because of the
limited historical total metal data, specific criteria cannot be defined for sample
representativeness.
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TABLE 1
TCLP CRITERIA FOR ASH REPRESENTATIVENESS

ELEMENT CRITERIA

Lead 0.04 to 0.50 mg/L

Cadmium 0.02 to 0.30 mg/L

Mercury 0.0003 to 0.01 mg/L

Selenium 0.01 to 0.10 mg/L

Silver 0.001 to 0.50 mg/L

Barium 0.10 to 8.0 mg/L

Arsenic 0.01 to 0.50 mg/L

Chromium 0.001 to 0.10 mg/L

IV. COMBINED ASH SCREENING

After all combined ash has been collected and sampled, a 3/8 inch screen will be delivered to the
H-POWER plant.  The screening process will be conducted at the ash tower cul-de-sac to ensure
that there are no runoff problems in the event of rain.  Any runoff would be collected in the ash
sump and then used as boiler quench water as is all ash washing water from current operations. 

The ash will be dumped from the dedicated ash trailer onto the asphalt pad.  The ash trailer will
be washed, and all wash water will be collected in the ash sump.  Then, an appropriately sized
piece of equipment, such as a front end loader or a Bobcat, will feed the ash through the screen-
ing machine onto the asphalt pad.  The ash will then be loaded back into the ash trailer.  Any
residual ash present on the pavement will be promptly swept up with the street sweeper.  The
screening machine will then be washed with water at the H-POWER facility before being
returned.

H-POWER Combined Ash contains roughly 30-35% moisture and was shown in the Risk
Assessment of the Beneficial Use of H-POWER Combined Ash as Daily Cover for the Waimanalo
Gulch Sanitary Landfill not be a source of fugitive dust whether present as a stockpile or present
as a thin layer covering a large area of the ground cover.  Thus, minimal, if any, dust would be
anticipated from the screening and moving of recently collected ash.  Nonetheless, the screening
operation will be done during a period of low wind as a precaution against the generation of
fugitive dust.
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Screened H-POWER combined ash will be stored in the same dedicated ash trailer, which is
appropriately marked, until it is transported to Grace Pacific.  The mesh tarps in the ash trailer
will be closed.  The trailer will be weighed and then parked at the west end of the ash trailer
parking lot for storage for a period of approximately a month.  To ensure that the ash does not get
too hard to handle, the combined ash will be cycled periodically.  A front end loader bucket full
will be removed periodically and placed in the back of the trailer.   During this period, screened
ash and ash extracts will be chemically analyzed, screened ash will be tested for engineering
performance at Grace Pacific, and final plans will be made for the paving project.

V. COLLECTION OF SAMPLES OF SCREENED H-POWER COMBINED ASH

As discussed above, the H-POWER combined ash samples collected over five days will be
analyzed for TCLP and total metals to ensure that the ash collected is representative of typical H-
POWER combined ash.  Then the screened H-POWER Combined Ash (the aggregate substitute)
will be tested, because the risk assessment planned for execution at a later date will evaluate the
risks posed by transportation to, storage at, and processing of this material by an asphalt plant. 
Ten (10), ten kg samples of the screened ash will be collected.  The ten samples will then be split
into two sets of ten 5 kg samples.  One set will be sent to the laboratory for chemical analysis and
one set will be sent to Grace Pacific for performance testing. 

VI. ANALYTICAL REQUIREMENTS FOR SCREENED H-POWER COMBINED ASH

Ten (10) samples of the screened H-POWER Combined Ash will be subjected to laboratory
analyses for total metals in the solid as well as metals that are extractable into aqueous extracts. 
In the later case, artificial rainwater will be prepared according to the Synthetic Precipitation
Leaching Procedure (EPA Method 1312) Extraction Fluid #1 (pH 4.2) and used in a column
leaching test.  This will allow for evaluation of availability of metals to the most relevant ex-
tractant: rainwater.  The pH of the extracting fluid is acidic to mimic the pH of the rainwater on
the Big Island during periods of volcanic disturbance.  In most cases, however, Hawaiian
rainwater will be far less acidic.

pH and hardness will be evaluated in the extract to help evaluate the potential bioavailability of
certain metals in solution.  pH of the solid will be measured to evaluate potential controls on
metal solubility as well as to provide a means of comparing screened H-POWER Combined Ash
sub-samples.  The metals selected for analysis are those that are a potential concern in human
health and environmental risk assessments.  The specific analytes are listed in Table 2.  Note that
aluminum, copper, and zinc are analytes, because these metals can pose ecological concerns in
aquatic environments. These metals are not TCLP metals and are not normally tested, so no
historical data exist.
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In addition, five (5) samples of the screened H-POWER Combined Ash will be subjected to a
biologically relevant extraction by extracting the ash for four hours at body temperature with a
pH 2 buffered solution to mimic stomach contents.  Similar tests have been very useful in
showing that lead from some other sources is not highly bioavailable. The samples will be
randomly chosen by the laboratory.

TABLE 2

ANALYTES FOR ASH SAMPLES

Aluminum (Not normally tested, therefore no historical data)
Arsenic
Barium
Cadmium
Chromium
Copper (Not normally tested, therefore no historical data)
Lead
Mercury
Selenium
Silver
Nickel (Not normally tested, therefore no historical data)
Zinc (Not normally tested, therefore no historical data)
pH (Limited historical data)
Hardness (Limited historical data)
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TABLE 3

PROPOSED NUMBER AND TYPES OF CHEMICAL ANALYSES OF H-POWER
COMBINED ASH AND H-POWER TEST ASH

TEST MATERIAL PROPOSED ANALYSES
 H-POWER Combined Ash 10 TCLP

10 Total metals

Screened H-POWER Combined Ash 10 Total metals
10 pH
10 moisture

Screened H-POWER Combined Ash
Synthetic Rainwater Extracts

10 Total metals

10  pH
10 hardness

Screened H-POWER Combined Ash
Biologically Relevant Extracts

5 Total metals

5  pH
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VII. DISPOSAL OF COMBINED ASH NOT PASSING SCREEN

The residual combined ash that does not pass the 3/8 inch screen will be promptly loaded into a
front end loader and taken to an empty or partially empty ash trailer at the H-POWER facility. 
The trailer will then be used for routine combined ash collection.  When full, the trailer
containing a mixture of combined ash and combined ash that did not pass the 3/8 inch screen will
be transported to the Waimanalo Gulch Sanitary Landfill for disposal in the ash monofill.

VIII.  PERFORMANCE TESTING OF SCREENED H-POWER COMBINED ASH

After the H-POWER combined ash is screened and samples have been taken and submitted for
chemical analysis, Grace Pacific will need to test the screened H-POWER combined ash for its
engineering properties as an aggregate substitute.  Ten 5 kg samples of the screened ash will be
placed in sealed plastic buckets and transported to Grace Pacific.

The screened H-POWER combined ash will be used as delivered.  Thus, the mix testing will be
done with the actual screened ash that will be used to prepare the asphalt.  During this laboratory
testing, Grace Pacific will determine how much of other types of aggregate must be added to the
screened H-POWER combined ash to create an asphalt mix that meets City and State
specifications.  Because the screened combined ash will only comprise a small fraction
(approximately 3%) of the total aggregate required, additional aggregate of different sizes,
including fines, will be added to the combined ash.  To achieve the required maximum amount of
fines in the asphalt mix, Grace Pacific will restrict the additional amount of fines added from
their standard stockpiles.

The following describes the analyses that will be performed on the screened H-POWER
Combined ash and the ash-amended asphalt at Grace Pacific to ensure that the ash-amended
asphalt meets the City and County of Honolulu Mix 3 (City and County of Honolulu, 1996) and
State of Hawaii Mix 4 (State DOT, 1994) standards:

Requirements of Marshall Method of Mix Design
Asphalt Content test
Gradation Analysis
Specific Gravity Test
Test to Determine Compaction Done in Accordance with ASTM D 2041 (Rice Method)
Core/Cut Samples for the Determination of the Thickness and Density of the Completed
Pavement Using Nuclear Gauge for Determination of Density

Grace Pacific will place residues from aggregate tests and tests on bench-scale quantities of
asphalt back into the bucket for disposal.  The residue will be transported back to the H-POWER
plant in sealed buckets and placed in an ash trailer for disposal at the Waimanalo Gulch Sanitary
Landfill in the ash monofill.
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IX . TRANSPORTATION OF SCREENED H-POWER COMBINED ASH TO GRACE
PACIFIC AND STORAGE AT GRACE PACIFIC

The trailer containing the screened H-POWER combined ash will be transported to Grace Pacific
within several hours of their planned preparation of test asphalt containing the screened H-
POWER combined ash.  3.08 tons of screened ash will be transported to Grace Pacific.  Until its
addition to the asphalt mix, the ash will remain in the ash trailer with the mesh tarp in place. 
Thus, there is no possibility that the screened ash can create fugitive dust during storage at Grace
Pacific.

Any excess screened ash not transported to Grace Pacific will be taken to an empty or partially
empty ash trailer at the H-POWER facility.  The trailer will then be used for routine combined
ash collection.  When full, the trailer containing a mixture of combined ash and screened
combined ash that was not transported to Grace Pacific will be transported to the Waimanalo
Gulch Sanitary Landfill for disposal in the ash monofill.

X. MANUFACTURE OF ASH-AMENDED ASPHALT

When needed, the screened ash will be off-loaded directly from the ash trailer into a front end
loader at the Grace Pacific property.  The front end loader will then unload the H-POWER
combined ash into the metering bin located near the heated mixing chamber.  The mixing bin is a
large metal bin that Grace Pacific uses to feed recycled asphalt into the production line.  Grace
Pacific is equipped with bag filters for the mixing chamber to control any dusting problems that
occur as the ash is mixed with the other natural aggregates. 

Grace Pacific is a large scale asphalt production plant.  Their minimum production speed is 200
tons per hour of asphalt.  The entire process of ash addition and asphalt manufacture will take
approximately fifteen minutes to produce the required amount of ash-amended asphalt for the
proposed project. The metering bin is about 10 feet deep and the ash should experience no
fugitive dusting from wind as the ash will sit deep in the bin.    The total ash handling activities
will all take place in less than one hour.  Thus, the potential for dust generation outdoors is
minimal.  Any dust that is formed within the process line of the asphalt plant will be controlled
with the normal air cleaning devices.  The Clean Air Branch of the Department of Health will be
consulted about the project, and any necessary variations to Grace Pacific�s  air permit will be
obtained.  If there is any residual ash-amended asphalt left at the Grace Pacific plant, it will be
transported to the Waimanalo Gulch Sanitary Landfill and disposed as municipal solid waste.  

Grace Pacific will take standard test cores (4 inch diameter by 2-2.5 inch thickness). Two cores
taken from the ash-amended up ramp and two cores from the non-ash down ramp for use in the
bench-scale testing program.  Grace Pacific will also prepare a total of 30 core samples (4 inch
diameter by 2-2.5 inch thickness) to be used for leachate testing. There will be 15 samples of ash-
amended asphalt and 15 samples of non-ash asphalt to be used for leachate testing purposes.  
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XI.  DISPOSAL OF RESIDUAL H-POWER SCREENED COMBINED ASH

If there is any excess screened H-POWER combined ash not used by Grace Pacific, it will remain
in the ash trailer covered with a mesh tarp and be disposed at the Waimanalo Gulch Sanitary
Landfill in the ash monofill.  The screened ash will be wetted if necessary to ensure that it is not
too dry for shipment. The material will be transported to the H-POWER plant or the landfill
within 24 hours with the mesh tarp top closed.

XII. TRANSPORTATION OF ASH-AMENDED ASPHALT TO H-POWER FACILITY

The ash-amended asphalt will be loaded at the Grace Pacific plant into asphalt trucks and
transported to the H-POWER facility by Grace Pacific in the normal fashion on the day that road
construction is planned.

XIII. CONSTRUCTION OF PILOT ROADWAY

The up ramp will be paved with the ash-amended asphalt test pavement.  The down ramp will be
re-paved with a top course of normal fresh pavement to create a valid test/control comparison.

Specifically, the down ramp will be constructed with 2 inches of asphalt containing natural ag-
gregate, and the up ramp will be constructed with 1.5 inches of asphalt containing screened -
combined ash as substitute for a fraction of the required aggregate.  At the time of construction,
the dimensions of the roadway and the slope will be recorded.  Photographs will be taken to
document the construction. The weight and volume of traffic felt by both the up and down ramps
will be monitored for the period of the pavement study.  Reasonable estimates of traffic will be
made from scale house data for all trucks dumping municipal solid waste.  It will be assumed that
all transfer trailer loads are dumped directly on the floor and that all other loads are dumped from
the elevated floor. 

If there is any residual ash-amended asphalt not used in the paving operation, it will be
transported to the Waimanalo Gulch Sanitary Landfill and disposed as municipal solid waste.

XIV. SCHEDULE

The following schedule (see Table 4) outlines the tentative plan for activities associated with the
preparation of ash-amended asphalt and construction of the test pavement.  We anticipate that at
the conclusion of this field study and the subsequent risk assessment study, we will have either
determined that this ash-based asphalt material is satisfactory for pavement purposes, with no
adverse impacts to public health or the environment; or we will have determined that the material
is unsatisfactory.  In the former case, the material will be left in place until it needs replacement,
and in the latter case, it will be removed and placed in the landfill with other H-POWER
combined ash in the ash monofill.
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TABLE 4
TENTATIVE SCHEDULE

ACTIVITY SCHEDULED DATE

Meeting with HRRV, City & County of
Honolulu, Hawaii DOH, and Ogden
Environmental & Energy Services

January 21

HDOH Review of Operation Plan January 21 - January 23

Anticipated HDOH Approval of Operation
Plan

January 23

Ash Collection and Sampling January 26 - January  30

Submission of Samples to Laboratory January 31

Receipt of Laboratory Results February 9

Summarization and Analysis of Laboratory
Data

February 9 - February 18

Go/No Go Decision Based on
Representativeness of Ash

February 18

Screening Machine Delivered April 13

Ash Screening and Sampling April 14-15

Transportation of Screened Ash to Grace
Pacific

October 11

Manufacture of Ash-Amended Asphalt;
Preparation of Test Monoliths; Transportation
of Asphalt to HRRV;  Pave Upramp with
Ash-Amended Asphalt

October 11

Initiation of Testing Program October 12 



NREL 




















Up-Ramp Paved With Ash-Amended Asphalt

Down-Ramp Paved With Regular Asphalt
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Appendix G

Performance Monitoring of the Test Road
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