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UHM ROOFTOP SOLAR ENERGY LABORATORY
Michael Antal, Principal Investigator DOE/ER/I0250--Tl

DE84 005798

The solar energy laboratory supports classroom and laboratory activities
for courses in the Renewable Energy Engineering Certificate Program as well as
graduate and faculty research in solar thermal engineering. Completion of
construction involves testing of the four existing experiments and possible
fabrication of experiments in hydrogen production, wind power, photovoltaic
energy, and thermal energy storage. One research objective is development of
an optic fiber probe for use with a Fourier Transform Infrared (FTIR) spectro
meter in the study of flame chemistry.

RESEARCH PROGRESS

Four solar experiments were completed, tested, and carried out by two
groups of students in a renewable resources engineering course. The students
tested and evaluated the performance of a fl at-p1ate co11 ector and a parabo1i c
trough collector; determined optical properties of selective surfaces used with
solar collectors; and measured beam, direct, and diffuse insolation. Budgetary
restrictions have limited the ability to design and fabricate new experiments;
however, experiments still being considered are: solar heat storage, solar
pond, oxygen bomb calorimetry, and solar refrigerator. Special optic fibers
of suitable spectral transmittance have been ordered from Germany for the
optic fiber probe, and discussion is under way with Nicolite Corporation for
tests of the feasibility of incorporating optic fibers with the company's
state-of-the-art FTIR spectrometers.

SOLAR POND CLEANSING TECHNIQUES
Karl Ba~hen, Principal Investigator

PROJECT OBJECTIVES

New concepts in immiscible solar ponds are being tested at UH and part of
this testing is to determine how pond clarity changes with time and how clean
ing affects performance. Techniques for cleaning immiscible ponds without
either disturbing the heat storage profile and pond stability or mixing the
ponds fluids are to be developed~ This will involve fabricating and testing
fluid extraction hardware and filtering-separation devices and developing
IIvacuumingll techniques. The technology developed should also be useful in
maintaining salinity gradient solar ponds, one of which is planned by the
Hawaii Department of Planning and Economic Development to cover one acre on
the Big Island. .

RESEARCH PROGRESS

Experiments were conducted on dilution of the methysalicylate, the thin
layer above the bottom storage layer, and optimal pond fluid combinations
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were determined. Four-layered systems were successfully combined in small·
test containers and were left in the sun to observe fluid aging effects. The
test pond apparatus was repaired and readied; fluids were obtained and mixed;
and the pond has been filled and is beginning to warm up. During warm-up,
a process that takes several months, proposed cleaning methodology apparatus
is being developed. A first test of cleaning will be conducted shortly and
thermal profiles will be determined in subsequent months.

COMBUSTION PROPERTIES OF BIOMASS PYROLYSIS PRODUCTS
Joel Fox, Principal Investigator

PROJECT OBJECTIVES

The purpose of this study is to determine the following fundamental
combustion characteristics for a range of fuel gas compositions approximating
the pyrolysis products likely to be produced from Hawaii biomass: flame
speed and flashback gradient. The results of the study will be a set of
correlation equations that express each of these combustion characteristics
as a function of the proportions of each of the constituent gases.

RESEARCH PROGRESS

Study has continued to determine appropriate expressions for the flame
speed and flashback gradient. Correlations previously generated were determined
to contain significant deviations near the nominal gas concentration levels.
The equations were modified to remove this difficulty. The resulting equations
successfully predict the experimentally derived combustion properties to
better than ± 4 percent with the entire range studied. Continued computer
analysis of the data during the next quarter is expected to decrease this
variation somewhat further.

HIGH-TEMPERATURE SOLAR CONCENTRATOR ABSORBER
James Holm-Kennedy, Principal Investigator

PROJECT OBJECTIVES

Solar concentrator photovoltaics can provide dual power generation: the
PV source and conversion of heat-rich waste energy. The PV concentrator is
well developed; this project concentrates on fabri~ating a cell to convert
optical energy to thermal energy, and optimizing, characterizing, and testing
it. The research consists of theoretical and experimental investigations of
a novel optical absorbing silicon device that can operate at a high tempera
ture suitable for hydrogen and steam generation.

RESEARCH PROGRESS

A computer program is under development to determine: where the heat ;s
generated, the heat transport characteristics, and the operating temperature
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at various sun multiples. In place are a subroutine for photon-to-heat
generation and a program for generation rate of electron hole pairs as a
function of wavelength and light intensity. A numerical solution to the
continuity equation for this complex structure is presently being worked on.

To gauge the experimental silicon solar absorber performance, an accurate
measure of its temperature is needed. Diodes being grown on the absorber
surface by semiconducSor processing techniques act as a thermometer and have
been testeg up to 400 C with good results. High temperature characterization
above 1000 C of the solar absorber with diode will be done in a quartz jig,
now being fabricated, that will be loaded into a furnace. A ridged absorber
and related masks have been fabricated. After high temperature testing,
absorber and diode will be integrated and tested at various sun multiples.

BIOLOGICAL ABATEMENT OF HYDROGEN SULFIDE
DURING GEOTHERMAL ENERGY PRODUCTION

David M. Karl, Principal Investigator

PROJECT OBJECTIVES

Microbiological abatement of hydrogen sulfide emissions from geothermal
wells may have advantages over current chemical methods: (1) the by-product
of biological oxidation may be a chemically useful substance; (2) hydrogen
sulfide removal efficiency may be greater; and (3) energy released upon oxida
tion is used to reduce carbon dioxide to biomass that may have further
economic uses.

The objective of this research is to isolate several different types of
sulfide oxidizing bacteria and to characterize their growth properties with
regard to potential application as geothermal sulfide scrubbers. More specif
ically the project will (1) isolate a variety of sulfur bacteria from geothermal
environments on the Big Island; (2) characterize the physiology of the isolates
with regard to substrate utilization, metabolic end-products, optimum tempera
ture of growth, and maximum growth rates; and (3) construct a laboratory model
of the geothermal discharge system to evaluate the efficiency of bacterial
growth under simulated in situ conditions.

RESEARCH PROGRESS

Most of the construction and procurement of equipment necessary to conduct
isolation and growth experiments is complete. Equipment obtained includes a
high-temperature illuminated incubation chamber, a high-temperature culture
bath, a laminar flo\'J safety hood, and materials for a continuous flow, high
temperature incubation system. More equipment is awaited and the fully
operational culture system should be ready by mid-January 1984.

Samples of native sulfur bacteria were collected from geothermal habitats
on the Big Island, inoculated into different enrichment culture media and
incubated at a range of temperatures. The cultures were successfully sub
cultured several tlmes, but it is not known as yet whether or not these
isolates are hydrogen sulfide oxidizers. Also, correspondence was initiated
with experts in this area and samples of their cul tures will be obtained.
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STUDIES OF GEOTHERMAL SYSTEMS ON SUBMARINE
RIFT ZONES OF THE HAWAIIAN CHAIN

Gary McMurtry, Principal Investigator

PROJECT OBJECTIVES

This project is intended to gain a better understanding of the hydrology
and geothermal systems in the submarine rift zones of Hawaiian volcanoes and
the biology; especially microbiology, associated with these systems. Under
water surveys will be conducted using Hawaii Undersea Research Laboratory
(HURL) manned submersibles and an unmanned camera system equipped with
temperature and salinity sensors. The underwater surveys will: (1) measure
temperature and salinity and estimate volume of water escaping from a fresh
water lens around the rift zones; (2) explore for hydrothermal vents along
the axes of the rift zones; and (3) determine the thermal, chemical, and
biological characteristics of discovered vents. The study of the hydrology
and geothermal activity in the rift zone will provide information about
(1) geothermal reservoirs in the subaerial rift zone, (2) groundwater budget
and flow patterns of the subaerial rift, (3) presence of geothermal reservoirs.
in the submarine rift, (4) effects of hydrothermal circulation on cooling
the rift zone, and (5) total heat budget of the rift zone.

RESEARCH PROGRESS

Initial efforts have been directed toward the East Rift zone of Kilauea,
the most active of the rift zones, with particular focus on a seismically
active submarine volcano, which has been discovered to have active hydro
thermal fields. Progress has been slow due to weather conditions and
availability of the HURL submersibles. Two attempted dives were aborted
because of weather, and a ten-day dive mission is planned for January-February
1984.

NITROGENOUS PRODUCTS OF OTEC CHLORINATION
Francis Sansone, Principal Investigator

PROJECT OBJECTIVES

Chlorine added to seawater is not only persistent for several thousand
minutes but also forms possibly mutagenic compounds. Past studies can account
for only a fraction of the chlorine after it has been added to the seawater,
a process that is part of planned OTEC cooling system. Theory suggests that
nitrogenous compounds may playa key role in the removal of chlorine-produced
oxidants from tropical seawater. Therefore the formation and decomposition
kinetics for the species produced in such chlorinations must be identified
and quantified in order to assist in OrEC plant designs and to decide whether
OTEC effluents can be used for aquaculture.

The purpose of this research is to determine the nitrogenous products
of the chlorination of surface and deep tropical seawaters, to measure the
kinetics of the production and disappearance of these compounds, to determine
the amount of halamines produced as functions of organic and inorganic
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nitrogen concentrations, and to estimate the potential for bioaccumulations
of these compounds in aquaculture systems using OTEC effluents. A novel
technique will be used to determine the potential for bioaccumulation of
any nitrogenous chlorination products found.

RESEARCH PROGRESS

Efforts have been focused on refining techniques and confirming research
results to be included in three papers nearing completion: (1) Chlorination
kinetics of surface and deep tropical seawater; (2) Measurement of mixed
halamines by high resolution gas chromatography; and (3) Mixed N-halogenated
methylamine production in chlorinated methylamine solutions. -

Work has begun on identifying organic nitrogen-containing compounds that
react with chlorine in seawater. It was decided to use solid-phase adsorption
to concentrate these trace compounds and a commercial adscrbant available with
a wide variety of externally-bonded functional groups. These materials have
been procured, and initial experiments are under way to determine optimal
combinations of adsorbent, wash, and solvent using deep and surface seawater.

INTERACTION OF HYDROGEN AND DEUTERIUM
WITH TRANSITION METALS AND THEIR ALLOYS AT HIGH PRESSURES

Shiv K. Sharma, Principal Investigator

PROJECT OBJECTIVES

A unique facility has been set up at the Hawaii Institute of Geophysics
for investigating the interaction of fluid hydrogen and deuterium with metal
surfaces as a function of pressure and temperature. In situ investigations
of the interaction of hydrogen and deuterium mixtures with metal samples at
elevated pressures and temperatures in a diamond-anvil high-pressure cell
are carried out by monitoring the rate of formation of HD using laser-Raman
spectroscopy, and by studying the changes in the lattice parameters of the
metal owing to formation of metal hydride using x-ray diffraction techniques.
These measurements are expected to provide useful data on the kinetics of
formation of metal hydrides and their compositions and relative stabilities.
The data obtained will be used to evaluate the optimum pressure-temperature
conditions for storing high concentrations of hydrogen in various metals and
alloys.

RESEARCH PROGRESS

Experiments were conducted to load liquid nitrogen in the diamond-anvil
cell using a liquid helium cryostat.. Technical difficulties were encountered
and solved except for a malfunctioning liquid helium cryostat, which is
being replaced.

An optical system is being fabricated so that Raman spectra can be
measured in 1800 scattering geometry, which is expected to enhance the Raman
signal. Delivery of the new cryostat is expected in the next quarter and
the optical system will be completed in the next few weeks.
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SHALLOH MAGI1A CHAMBERS AND 'GEOTHERMAL POTENTIAL,
OF THE SOUTHWEST RIFT ZONE, HALEAKALA, HAUl

John M. Sinton, Principal Investigator

PROJECT OBJECTIVES

A shallow heat source on the lower part of the Haleakala rift zone, where
hydrologic conditions are likely to be best for development of an active
geothermal system, is yet to be established. An analysis of lava compositions
from along the SW rift zone can determine whether or not lavas are systemati
cally more differentiated on the lower rift zone than higher on the volcano.
If such differentiation exists and can be related to shallow-level crystal
fractionation processes, then shallow magma chambers along the lower SW rift
zone are likely.

Research objectives are: (1) To collect and chemically analyze lava
samples from the area of youngest activity on the SW rift zone; (2) To deter
mine the variability of these lavas relative to their erupted position along
the rift zone, and to evaluate the mechanisms of differentiation controlling
the variability in order to assess the shallow vs. deeper level processes
that have been active; and (3) To develop a model for the likelihood of
shallow-level magma chambers along the SW rift zone.

RESEARCH PROGRESS

Fifty-eight lava samples were collected from the products of 35 separate
eruptive events of the Hana Volcanic Series. Thin sectioning is currently
under way at Hawaii Institute of Geophysics. A single detailed geologic map
of the SW rift zone is in preparation, showing individual lava flow distribu
tion along the entire rift zone. Results to date are mainly based on field
observations, since most of the thin sections and all of the chemical analyses
are yet to be obtained. Thin sections for microscopic analysis of all
collected samples should be completed in the next month.

POTENTIAL EFFECT OF OTEC WASTE WATERS
ON NATURAL PHYTOPLANKTON ASSEMBLAGES

Satoru Taguchi, Principal Investigator

PROJECT OBJECTIVES

Ocean thermal energy conversion (OTEC) plants will bring up cold deep
ocean water and expel it to the ocean surface after use. This effluent may
be used to enhance marine productivity ,and may increase marine food resources,
but the effect on existing plant and animal communities must also be consid
ered. Although nutrient concentrations of deep water are many times those of
surface water, other aspects of the composition of the deep ocean mayor may
not affect the complete utilization of the major inorganic nutrients for
phytoplankton production. 'This project undertakes a thorough ecological
study of the effects of OTEC waste water on natural phytoplankton assemblages
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at Ke-ahole Point on the island of Hawaii .. Enrichment experiments with
mixtures of surface and deep ocean waters will be performed with a special
emphasis on quantitative and qualitative aspects of phytoplankton growth
response including a modification of size distribution and species composi
tion of natural phytoplankton assemblages. The significance of modification
of size distribution and species composition of natural phytoplankton
assemblages will be tested by grazing experiments with microzooplankton.

RESEARCH RESULTS

Experimental apparatus and supplies were prepared and assembled for the
enrichment and grazing experiments. However, because the specially designed
plankton nets have not yet been delivered, only single species culture
experiments have been conducted thus far with Hawaiian open water species
that have never been isolated. Current experiments indicate that a long
term experiment is necessary to fully assess the effect of OTEC water on
surface phytoplankton. Next to be conducted will be a series of experiments
with natural assemblages of phytoplankton, especially smaller size groups.

SODIUM/lITHIUM GEOTHERMOMETER
FOR HAWAIIAN GEOTHERMAL SYSTEMS

Donald M. Thomas, Principal Investigator

PROJECT OBJECTIVES

A major application of geochemistry is the use of chemical species as
geothermometers for the estimation of underground reservoir temperatures in
geothermal exploration. Most chemical geothermometers proposed to date are

. applicable to high-temperatur~ tapped drillholes, but provide temperature esti
mates with varying degrees of accuracy-when applied to surface waters,
primarily due to problems in reequilibration of waters upon rising to the
surface with regards to the particular species involved. A new ion pair
ratio, sodium/lithium (Na/li), is hoped to overcome these inaccuracies and
produce enough information from evaluation of surface waters to justify drill
ing a well or to eliminate a marginal area before drilling.

Project objectives are: (1) To evaluate the applicability of the Na/li
geothermometer to Hawaiian geothermal systems; (2) To use the geothermometer
to evaluate the production of the 'HGP-A well over time; (3) To compare Na/Li
ratios from HGP-A with surrounding Puna area surface waters to predict mixing
within the aquifers of meteoric recharge~ thermal discharge from the geo
thermal system, and seawater; (4) To extend the use to other areas of Hawaii;
and (5) To use data and results to obtain funding to continue the project on
a larger scale.

RESEARCH PROGRESS

Analysis of Na/Li ratios in HGP-A unflashed brines on a time series of
more than 100 samples was carried out. Samples were analyzed for alkali and

'. alkaline earth metals, chlo'ride, and trace levels of iron and aluminum by
atomic spectroscopy and, for chloride only, by titrimetric methods. The
molar ratio of Na/li in the samples was found to increase slightly with time.
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Data were run through a computer program to be further interpreted in terms
of solution-mineral equilibria.

Samples of near-surface thermal waters and groundwaters from the Puna
area were collected and analyzed by the same methods as above. Potential
geothermal areas on West Maui were also sampled and only one site showed any
relationship to the Puna area waters.

Further trace element analyses are under way as well as a more detailed
computerized treatment of the data already obtained.

-8-


	DISCLAIMERS.pdf
	SUMMARY
	LISTOFTABLES
	LISTOFFIGURES
	GLOSSARY
	FACILITY DESCRIPTION
	VITRIFICATION CELL
	EQUIPMENT
	UTILITIES MATERIALS AND WASTES

	SITING
	OP ERAT IONS
	MA I N TEN AN C E
	REFERENCES
	High-Level Liquid Waste Vitrification Flowsheet
	Canister Operating Time Cycle

	Zone Classifications
	Liquid Waste
	Personnel Exposure Categories
	NWVF Areas and Associated Functions
	Process Equipment
	Legend for Figures 5 Through
	Essential Material Requirements
	Nuclear Waste Vitrification Faciltiy Waste Generation
	Allocated Facility Staffing Requirements
	Source of High-Level Waste in the Fuel Cycle
	High-Level Liquid Waste Vitrification Flow Diagram
	High-Level ‚daste Vitrification Cell Plan View
	High-Level Waste Vitrification Cell Elevation View
	Calciner Feed Tank
	Calciner
	Melter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell AirFilters

	Welding and Inspection Stations
	Calciner Condenser


	Calciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Calciner Feed Tank
	Cal ci ner
	Me1 ter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell Air Filters
	lrlelding and Inspection Stations
	Calciner Condenser
	Cal ciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Ruthenium Sorber
	Pre- and HEPA Off-Gas Filters
	Iodine Sorber
	NOx Destructor
	Off -Gas Cool er
	Process Operators
	Radiation Monitors
	Supervisors
	Others
	(P1 ant Forces
	Craft Workers
	P1 anners and Supervisors
	Others
	Process Engineers
	Faci 1 i ty Engineers
	Safety
	Technicians
	Others (Including Analytical )
	Others
	Totals: Nonexempt
	Exempt
	Supervisors









