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FOREWORD

Environmental Development Plans (EDP's) were conceived and
prepared as basic documents for planning and managing environmental
requirements of energy technology development. Approximately 30 EDP's
covering major developing energy technologies were prepared prior to
the establishment of the Department of Energy (DOE). Elements of
various organizations were involved in the preparation and review of
these plans but reorganization of program responsibilities has made it
impossible to complete the formal review and concurrence process as

originally planned.

These EDP's are now being distributed so that all having interests
and responsibilities may assist in a revision and update which we plan
to {nitiate in DOE along with preparation of EDP's covering environmental

aspects of additional DOE programs.

Lo et ) D

James L., Liverman Robert D. Thorne
ng Assistant Secretary Acting Assistant Secretary
for Environment for Energy Technology




PREFACE

The Environmental Development Plan (EDP) is the basic environmental planning
document identifying environmental issues and scheduling suggested related research,
analysis, and other activities for energy systems being developed by ERDA. Both the
Assistant Administrator for Fossil Energy and the Assistant Administrator for
Environment and Safety have research, development and demonstration (RD&D)
programs for which they are separately responsible and to which the EDP is a joint
input. The EDP is a common basis for planning environmental programs and is one
component (along with Program Plans, Program Approval Documents, etc,) of the
overall program planning, budgeting, and review (PPBR) cycle which determines the

actual funding of environmental activities.
To supplement this document, some of the current and completed environmental

research projects related to MHD are included under separate cover as Attachment A,

The EDP was cooperatively coordinated by staff of Fossil Energy (AFE) and
Environment and Safety (AES) and was prepared by representatives from the Division
of Environmental and Socioeconomic Programs (AFE) and the Division of Technology

Overview (AES). Staff from the following organizations assisted:

The Montana Energy and MHD Research and Development Institute, Inc.,

Butte, Montana

Energy and Environmental Analysis, Inc., Arlington, Va.
Montana State University, Bozeman, Montana

The Mitre Corporation

Argonne National Laboratory

-
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l. INTRODUCTION

1.1 Legislative Background

The Energy Research and Development Administration (ERDA) is responsible for
researching, developing, and demonstrating new energy technologies in order to provide
a broad range of environmentally acceptable energy choices for the future. In the

Energy Reorganization Act of 19741/

and the Federal Nonnuclear Energy Research and
Development Act of 1974,2/ Congress emphasized the importance of environmental
issues in making decisions and required that energy technologies developed by ERDA be
environmentally acceptable. In addition, the National Environmental Policy Act of
19693/ (NEPA) requires that Federal agencies consider the potential environmental
effects of their proposed actions at the earliest possible time. As a result of these
mandates, ERDA recognizes that it must identify, assess, and control potential harmful
environmental impacts of its developing energy technologies and integrate environmen-

tal considerations into decision-making at all stages of technology development.

1,2 Purpose

On December 14, 1976, ERDA issued Immediate Action Directive (IAD) #0500-4
initiating the Environmental Development Plan (EDP) process. EDP's are the basic
ERDA planning documents for the planning, budgeting, managing, and reviewing of the
broad environmental implications of each energy technology alternative. EDP's are

designed to provide the framework for the following:

l.  Incorporating environmental considerations into agency planning processes at

the earliest stages;

2. Resolving environmental issues concurrently with energy technology develop-

ment; and

3. Assuring that environmegqtal issues are competitive with technological,

economic, and institutional issues in decision-making.

This magnetohydrodynamics (MHD) EDP identifies and examines the environmen-~
tal, health, and safety issues concerning the development of the ERDA Magnetohydro-
dynamics Program, the environmental activities needed to resolve these issues,

applicable ongoing and completed research, and a time-phased action plan for the
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evaluation and mitigation of environmental impacts. A schedule for environmental
research, assessment, and other activities is laid out. The purpose of the EDP is to
identify environmental issues and to specify actions to ensure the environmental
acceptability of commercial energy technologies being developed by ERDA. The EDP
also will assist in coordinating ERDA's environmental activities with those of other
government agencies. This EDP will be updated and revised annually to take into
account the progress of technologies toward commercialization, the environmental
work accomplished, and the resolution of outstanding environmental issues concerning

the technologies.
L3 Scope

This document addresses the fcllowing technologies associated with ERDA's MHD

program:

e Open~Cycle Magnetohydrodynamics;
e Closed-Cycle Plasma Magnetohydrodynamics; and
e Closed~-Cycle Liquid Metal Magnetohydrodynamics.

For each developing technology, the EDP discusses the environmental, health,
and safety issues which need {0 be addressed. The requirements and needs for new
environmental research are defined and the environmental work program is laid out,
taking into consideration work which has been accomplished or is underway.
Environmental assessment activities mandated by NEPA (environmental impact
statement -- EIS -- preparation) and the Federal Nonnuclear Energy Research and
Development Act (water resource assessments) also are scheduled along with the
collection of data needed by other Federal agencies (e.g.,, the Environmental
Protection Agency -- EPA -~ and the Occupational Safety and Health Administration -~
OSHA).

The environmental, health, and safety problems considered in this EDP are
limited to the fuel combustion process, electricity generation, and the emissions and
impacts relative to air, water, human health, and the physical environment. The
mining and transportation of coal and the end use of the power produced are outside
the scope of this EDP. The seed regeneration unit and associated environmental
controls unique to MHD are important and warrant assessment in future editions of the
EDP when more information concerning selection of a seed regeneration system is

available.



1.4 Organization

Section 2 describes the energy technology program being conducted by ERDA
under the MHD Program. Each technology is described briefly, and a milestone chart
for the major program, open~-cycle MHD, is given. Section 3 discusses the
environmental issues which may be anticipated from each technology and the
requirements and research needs which are necessar;‘tﬂomédc-if;ehss these issues. Section
4 is the environmental action plan which describes ongoing and completed research and
future research needs. Section 5 discusses ERDA's management strategy for
cenducting the environmental research program in coordination with the development

schedule for each technology.

1.5 Executive Summary

The range of pollutants from an MHD system is expected to be similar to the
range of those associated with direct combustion processes. However, due tc the
extremely high temperatures required in the MHD process as compared to the
relatively low-temperature direct combustion technology, significantly different
relative amounts of the various effluents will be emitted. Due to the higher overall
plant efficiencies of an MHD/steam turbine power plant (50 percent or greater
compared to about 33 to 40 percent for conventional coal-fired power plants), and due
to the nature of the MHD process, pollutants such as SOz, thermal discharges and solid
wastes, and their associated environmental impacts are expected to be less per unit of
electrical power produced than those from a conventional coal-fired power plant of

comparable generating capacity.

Although the actual levels of air emissions are not yet established, preliminary
work indicates that MHD has a low air pollution potential when proper control
techniques are used. The open-cycle MHD process has a thermodynamic advantage for
sulfur removal because the potassium seed injected into the combustion gas to increase
its conductivity also combines with sulfur to form potassium sulfate, which
precipitates out in the slag or can be removed by particulate control devices for
eventual reprocessing and recycling. Experimental results indicate that SO2 emissions
can be controlled in this manner to levels well below existing New Source Performance
Standards. The very high combustion temperatures used can result in the formation of
greater quantities of NOx and fine particles. The control of NOx and fine particulate

emissions is still to be resolved and is in an early stage of evaluation. The combustion



conditions in the MHD process also indicate that emissions of CO and hydrocarbons
will be very low.

For NOx, combustion modification (e.g., initial fusl rich combustion, downstream
adjustment of the fuel-air mixture to make it air rich, and increasing downstream
residence time of the exhaust gas) are the preferred control techniques. Work should
continue to ensure that NOx can be controlled effectively at larger, more advanced
facilities. For particulates, fabric filters and electrostatic precipitators are currently
the most efficient control techniques for removing fine particulates. However, it is
not yet certain whether they will be adequate to control the larger proportion of fine
particulates expected from the open-cycle MHED process. The extent to which fine
particle emissions will be a problem must be assessed, and if necessary, improved

contirol technologies developed.

The water use and effluents related to MHD are expected to be similar to those
from conventional coal-fired power plants. As at conventional power plants, most
water used at MHD facilities is for cooling purposes; however, water use at MHD
facilitics is expected to be less due to MHD's higher thermal efficiency. Effluents will
result from coal storage and preparation areas, boiler cleaning, wet cooling systems, if
used, and feedwater treatment processes which are not unique to MHD, as well as
from the MHD seed regeneration system. Water effluent streams must be
characterized to ensure that they do not contain any unexpected hazardous pollutants

or excessively bigh potassium levels.

MHD solid wastes should consist of slag, fly ash, and spent seed material
containing primarily unrecoverable potassium compounds and inorganic elements from
coal. Regeneratiou of spent seed for reuse, for economic as well as environmental

reasons, will reduce the quantity of solid waste reqniring disposal.

Many of the occupational health and safety hazards that can occur at MHD
facilities will be similar to those of conventional coal-fired power plants, and can be
mitigated by following good operating and safety procedures. The unique hazards
which may pose a threat to the health of workers in MHD facilities are exposure to
magnetic fields, noise, vibration, and fine particulates containing toxic trace elements
and seed material., WHile adverse effects of magnetic fields on human health have
been reported, no clear-cut information exists on dose-response relationships. This
area requries immediate artention. Because of the unique characteristics of MHD
facilities and the general spontaneous combustible natuvce of coal dust, the primary

safety hazards may be explosion, fire, or the potentially hazardous high voltage.
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Many of the above issues are presently being studied; however, several of these
issues will require further assessment and research and development to determine their
significance and to develop methods to control or mitigate adverse environmental
impacts. In defining work which needs to be carried out to ensure the environmental
acceptability of MHD technology development, ongoing and completed research has
been considered. An integrated environmentzl action plah is presented in this
document as a guide to the type and Jevel of work which needs to be conducted in
response to the environmental health and safety issues and requirements identified for

the developing MHD technology.

The proposed environmental action plan is designed to meet the following

objectives:

* develop methods for monitoring and measuring emissions;
characterize air emissions, water effluents, and solid wastes from MHD;

® determine potential environmental impacts and health hazards associated
with MHD;

° mode] pollutant transport and transformation;

® ensure adequate control of pollutant emissions;

¢ identify and minimize occupational health and safety hazards;

® prepare NEPA compliance documents; and

. assess the environmental, health, and safety impacts of the commercialized

industry.

Seventeen projects have been proposed that would resolve these issues in a time
frame consistent with the technology development milestones. The actual scheduling
and scope of work carried out at specific MHD facilities, however, will be determined

during implementation of this plan.



2. TECHNOLOGY OVERVIEW

2.1 EBackground

Magnetohydrodynamics (MHD) is a mid-term, energy alternative in which
clectricity is generated directly from thermal energy, thus eliminating the conversion
step of thermal to mechanical energy encountered in conventional steam electric
generators. The efficiency of the commbined MHD/steam plant is predicted to be about
50 percent or greater, as compared to 33 to 40 percent for conventional fossil-fueled

power plants.

There are three types of MHD systems: open-cycle, closed-cycle plasma, and
closed-cycle liquid metal. In all of these systems, an electrically conductive fluid
(either gaseous or liquid} is passed through a magnetic field, thereby inducing a voltage
drop across the gas stream. Electrodes convey the electricity to an inverter where the
direct current power naturally produced by the system is transformed to alternating
current, which can be transmitted directly into an electric power grid. A combined
open-cycle MHD/steam generator system offers the greatest potential to improve

electricity generation plant efficiency and cost performance.

Initial development of MHD began during the late 1950's. Programs exist both in
this country and abroad, notably in Japan and the U.S.S.R. The basic distinction
between the U.S. and foreign programs is the emphasis abroad on "clean" fuels usage;
that is, natural gas in the U.5.S.R. and fuel oils in Japan. In the United States,
emphasis is on coal as the primary fuel. The abundance of domestic coal and the
simplicity with which it can be used, make it an attractive candidate fuel for MHD

power generation.

MHD could be commercially available in the late twentieth century. ERDA has
the lead in MHD development in the U.S., but other government agencies such as the
Environmental Protection Agency, the National Science Foundation, the National
Aercnautics and Space Administration, and the Office of Naval Research, as well as
the Electric Power Research Institute in the private sector, also fund research on

various aspects of MHD development and impacts.
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2.2 MHD Technology

2.2.] Open-Cycle MHD

MHD power generation is based on the direct conversion of heat to electricity by
passing a high temperature, high velocity, electrically conducting fluid through a
magnetic ficld. The principle is similar to a conventional turbine-generator system,
the difference being that the rotating conductors of a turbo-generator are replaced by
a partially ionized combustion gas which is accelerated to interact with the magnetic
field. The interaction of the accelerated conducting fluid with the intense transverse
magnetic field induces an electric field within the fluid. If electrodes are present to
collect the current, then electric power can be supplied through an inverter to a utility

power grid. (See Figure 2-1.)

By seeding the combustion gas with easily ionized materials such as potassium or
cesium, the electrical conductivity sufficient for the process can be obtained at
somewhat lower temperatures (4500°-5000°F) than would be required otherwise.
From an economic as well as environmental standpoint, potassium -~ in the form of
potassium carbonate (KZCO3) ~- is the preferred seed material for open-cycle MHD,
The potassium seed not only ennances the conductivity of the combustion gas but also
provides a unique built-in capability for removing sulfur products released during the
combustion of sulfur-bearing fuels (in particular, high sulfur coal). The potassium seed
reacts preferentially with the sulfur at high temperatures and later precipitates out as
potassium sulfate (KZSO4) when the combustion gas cools. The potassium sulfate can
be removed from the system along with the ash by particulate control devices and then

be regenerated to yield potassium carbonate, which is recycled.

A typical open-cycle MHD topping cycle with a conventional steam turbine
bottoming cycle is illustrated schematically in Figure 2-2. Prehcated, compressed air
and fuel are burned in a fuel-rich environment under pressure and at very high
temperatures (4500°-5000°F) in the combustor. The seed is injected, and the
combustion gas/seced mixture is fed into the MHD channel which produces DC
electrical power which is then converted to AC power. The combustion gases then
pass through a diffuser where the remaining kinetic energy is recovered. The exhaust
gases leaving the MHD generator are still at high temperatures (3300°-3700°F). This
residual heat can be utilized downstream of the MHD generator to generate additional
power in conventional steam or gas turbine power plants. To recover this waste heat

for downstream use, the combustion gas is passed through a radiant steam boiler where
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the gas is cooled slowly to reduce NOx to an acceptable level before additional air is
added and combustion is completed, The combustion gas then flows to the air
preheaters where heat is extracted and used to preheat the air which is fed to the
combustor. Heat from the walls of the radiant boiler is used to heat steam, which then
is super-heated and used in the steam turbines. Most of the spent seed is condensed
from the gas as potassium sulfate. After leaving the air and steam heaters, most of
the combustion gases flow through the economizers and to particulate control devices

where additional seed material is collected before leaving the stack.

2.2.2 Closed~Cycle MHD

In the closed-cycle MHD processes the basic energy conversion process is the
same as that for open-cycle MHD (i.e., motional electromagnetic induction). However,
in the closed-cycle processes, the working fluid is in a closed-loop system and receives
the heat energy indirectly from a primary source through a heat exchanger. The
primary heat source can be from the combustion of coal, other fossil fuels, or from a
nuclear reactor. Because the working fluid is recycled in closed-cycl. systems, there
is more latitude available in choosing the working fluid and in obtaining electron
densities that give sufficient conductivity. As a result, somewhat lower temperatures
than those required in open-cycle systems are neccessary to obtain sufficient
conductivity for the MHD process. The extraction of thermal energy from the working
fluid and its conversion to electricity in an MHD channel and conventional steam-
bottoming plant are similar for open- and closed-cycle systems. There are two major
approaches to closed-cycle MHD techuology: plasma systems and liguid metal

systems.

In a closed-cycle plasma MHD system, the working fluid is a noble gas, such as
argon, which is seeded with an easily ionized material such as cesium. Figure 2-3 is a
schematic diagram of a closed-cycle plasma MHD system. Air is preheated prior to
entering the combustor. The hot combustion gas is ducted to heat exchangers which
transfer heat to the argon working fluid. After leaving the heat exchangers, the
combustion gas passes through an air preheater prior to being exhausted out the stack.
Argon is the working fluid used in the MHD loop. The argon gas is expanded through a
nozzle where it is seeded with cesium. The argon/cesium gas passes through the MHD
generator which, as in open-cycle MHD, produces DC power. After passing through a
diffuser, the gas flows through an unfired steam generator, The cesium is condensed

into liquid in the precooler, purified, and then reinjected at the nozzle. The argon is

-10~



FIGURE 2-2

OPEN-CYCLE COAL-FIRED MHD SYSTEM
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compressed, purified, and recycled to the high-temperature heat exchanger. The
steam turbine plant produces substantial electric power and drives the argon

compressor,

Liquid metal systems are very similar to closed-cycle plasma systems, with one
major exception: a gas-liquid metal froth is used as the working fluid rather than a
noble gas. Liquid metal systems have high electrical conductivities compared to
totally gascous systems, the possibilities of lower temperatures, and the applicability
of lower magnetic fields. As a result, a smaller plant and higher extraction
efficiencies may be possible. Figure 2-4 is a schematic diagram of a liquid metal MHD
system. The pressurized liquid metal (usually sodium) is heated to peak cycle
temperature in an externally heated heat exchanger fired by a fluidized-bed coal
combustor and then flows to a mixer where heated helium is injected as a uniform
dispersion of bubbles. Heat is transferred from the liquid to the gas, resulting in
nearly isothermal expansiocn as the fluid passes through the MHD generator. After
leaving the generator, the gas and liquid are separated and the liquid is recirculated
back to the mixer. The gas passes through the diffuser to a steam bottoming plant
where its heat is utilized. The helium then is compressed and recycled to the heat

exchanger and the mixer.

2.3 ERDA's MHD Program

The relationship of the MHD program to ERDA's Fossil Energy Program is
illustrated in Figure 2-5. ERDA's MHD program is directed toward the attainment of a
major ERDA Fossil Energy goal: to more effectively utilize coal directly in the
production of electrical power. MHD power generation offers three potential

advantages of major significance to the National Foussil Energy Program:
1) Direct conversion of the thermal energy of coal to electrical powet;
2) Improved overall coal pile-to-busbar power conversion efficiencies; and

3) Unique characteristics which can potentially minimize environmental

effects.

The current MHD subprogram is directed primarily toward the development of the
open-cycle, coal-fired MHD system and is based on supporting science and technology

activities, including laboratory scale testing and preliminary engineering studies. The
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FIGURE 2-3
SIMPLIFIED SCHEMATIC OF CLOSED CYCLE INERT GAS MHD TOPPING CYCLE
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closed-cycle concept is not as technically advanced as the open-cycle technology, and
near-term clesed-cycle work will emphasize basic research and feasibility, experimen-

tal, and system evaluation studies.

The primary objective of the Magnetohydrodynamics Program is to develop the
technology required to build and operate safely an economically and environmentally
acceptable coal-fired, commercial-scale, demonstration MHD electric power plant. To

achieve this objective, two major interim objectives have been established:

e The near-term objective (1985} of the MHD Program is to design and iest
MHD components and subsystems, and to integrate these into complete

system tests to be conducted in a pilot-scale engineering test facility.

e The mid-term objective (2000) of the MHD Program is to continue
development of the MHD technology to improve the performance, reliabil-
ity, and benefits to demonstrate the readiness for commercialization of
MHD in the 1990's.

These interim technical objectives can be verified before large expenditures are made

for commercial-scale power plants.

The program strategy is to progress through three overlapping phases of
development, each focused on specific development requirements for commercial
application (see Figure 2-6). The first two phases relate to engineering development,
and the third phase is the demonstration phase for commercial feasibility for power
station applications in baseload and/or intermediate service. The major objectives of
ERDA's MHD test facilities are summarized in Table 2-1. Figure 2-7 illustrates the
relationship of supporting facilities to the three phases of MHD facility development.
Engineering and environmental data developed at these facilities will be useful in
making decisions regarding the development of ERDA's MHD program. Figures 2-8 and

2-9 summarize the MHD program milestones.

Supporting facilities which currently provide engineering data include: the
University of Tennessee Space Institute (UTSI), Pittsburgh Energy Research Center,
Westinghouse Research Laboratories, Reynolds Metals, and the U.S.S.R. U-02 facility.
The University of Tennessee MHD test facility at Tullahoma is supplying data on small
scale (relative to the CDIF), directly coal-fired MHD generators with 100 percent ash

carryover. AVCO/Everett Laboratory, using oil-fired combustors with coal slag
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TABLE 2-1
OBJECTIVES OF ERDA's MHD FACILITIES

TEST FACILITY OBJSECTIVES
Component Development ® Test Components in 50 MW, Range
and Integration ® Test Individually or in Subsystem
Facility (CDIF) Test Train

e Verify MHD/Steam Cycle Components

Engineering Test Facility ® Provide Design and Operation
(ETF) Data for MHD/Steam Power Plant

& To Verify Component Performance
at 250 MW, Scale at Commercial
Cperating Durations

e Provide Scale-up Data for MHD
Baseline Plant

e Provide Advanced Systems Integration

Commercial Demonstration ® Demonstrate Direct Coal-Fired, Open-
(Cpp) Cycle MHD Power Generation Ready
for Commercial Application

Source: Jackson, W.D., "MHD Electrical Power Generation: Prospects and Issues,”

AIAA Paper No. 76-309, ATAA 9th Fluid and Plasma Dynamics Conference,
San Diego, California, July 14-16, 1976.



FIGURE 2-6

MAJOR MAGNETOHYDRODYNAMICS DEVELOPMENT PHASES
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FIGURE 2-7
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FIGURE 2-8

MHED TECHNOLOGY MILESTONES
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FIGURE 2-9

MHD PROGRAM SUPPORTING ACTIVITIES
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injection in their Mark VI facility, is testing various channel designs and performing
supporting activities. Pittsburgh Energy Research Center (PERC) is conducting design
and testing research on multi-stage coal combustors. Others have contributed to
evaluation of materials under simulated coal-fired MHD conditions. These include
Westinghouse Research Laboratory near Pittsburgh and Reynolds Metals facility in
Alabama. The Institute of High Temperatures of the Soviet Academy of Sciences in
Moscow operates the U-02 facility which is available for limited testing through the
U.8.~U.S.S.R. cooperative program. Recently the U-25 facility has also been made

available.

2.3.1 Phase I - Component Development and Integration

Phase I is based on the preliminary engineering information dviived from smaller
scale prior activities and is centered ¢n the engineering development, integration, and
testing of major components and subsystems in the Component Development and .
Iniegration Facility (CDIF). The major components and subsystems to be evaluated are
coal processing and feed systems, combustors, generators, superconducting magnets,
control systems and inverters, seed/slag management systems, and radiant boilers.
The purpose is to develop and test MHD and supporting filow train components at
approximately the 50 th level. From engineering data thus obtained, a pilot scale

facility of about 250 MWt capacity can be designed as the next step.

The testing in the CDIF initially is planned to consist of Phase 1A and 1B, and
will begin in FY 1979. Phase 1A will use a conventional magnet and a power channel.
One bay (Phase 1A) will use an oil-fired, slag injected combustor. The second bay
(Phase 1B) will use a coal-fired combustor and a superconducting magnet. Future
testing may inciude a second phase, Phase 2, which will test advanced versions of the
hot gas test train. All channel testing will be performed using a superconducting
magnet. Components downstream of the generator will also be added and tested,
including a steam boiler, other heat exchangers, and a slag-seed removal system.
High temperature air preheaters will also be tested in this phase. This system will be
used for evaluating subprototype ETF components, closing various thermodynamic
loops, simulating ETF system operation, identifying system control requirements, and
training ETF operators. The CDIF will be operated for limited periods (up to 100

hours), and a life of fifteen years is envisioned.

2.3.2 Phase I ~ Engineering Test

The primary purpose of Phase II is the design, construction, and operation of a

fully integrated, combined-cycle MHD/steam system pilot-scale demonstration plant
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of approximately 250 MWt which has been designated as the Engineering Test Facility
(ETF). The size of the ETF is considered to be the minimum necessary to provide a
reliable demonstration of the overall operational capabilities of an MHD system at a
power level and duration which can be scaled to electric utility base load service. The

necessary environmental assessments and impact statement will be prepared.

The specific goals of the ETF are: 1) to test a coal-fired combined MHD/steam
system in an integrated configuration, 2) to provide design and operation data
appropriate for scale-up to a commercial demonstration plant, 3) to evaluate
component interactions, control characteristics, and performance capabilities, and 4)

to establish environmental performance.

The ETX¥ will consist of an MHD system including a coal processing and feed
system, high temperature air heaters, MHD generator channel, superconducting
magnet, inverter, bottoming steam plant, slag remocval system, seed recovery and

regeneration system, cooling systems, and pollution control systems.

2.3.3 Phase III - Commercial Demonstration

The commercial feasibility will be demonstrated in Phase I with the
Commercial Demonstration Plant (CDP), if needed. This will be a complete plant as
expected in actual commercial operation. The size of the plant will be between that

of the ETF and a regular commercial version based on the data obtained at the ETF.

The plant as a whole may not be much different than the ETF from the
components point of view, but the size of tlie components will be larger. It is
anticipated that some systems problems may occur due to the physical size of the

components.

2.3.4 International Programs

The program is based on the complementary nature of the development of MHD
in the U.S. and the U.S.S.R. In the U.S., emphasis in MHD has been in gaining a
scientitic understanding of the process and through this, learning how to predict the
behavior of the key components, especially the MHD generator channel itself. In the
Soviet Union, emphasis has been on the modeling and construction of plants of
increasing size and complexity. A further balancing factor is the concentration by the

Soviet Union on natural gas as a fuel for MHD while the U.S. emphasis has increasingly
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moved to the utilization of coal as the primary fuel. The objectives of the cooperative
program are to obtain jointly as much engineering experience as possible, utilizing both
U.S. and Soviet facilities where practical for testing components and materials, and to
share the techniques developed for the analysis of key MHD components. Two
significant installations developed in the Soviet Union are the U-02 MHD systems test
facility and the U-25 MHD pilot plant, both located in Moscow.

The Joint NEA/IAEA International Liaison Group on MHD electrical power
generation consisis of 19 nations which meet at regular intervals for exchange of
information. There are now bilateral and multilaieral agreements between individual

scientists as well as scientific organizations in a number of countries.
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3. ENVIRONMENTAL, HEALTH, AND SAFETY ISSUEG AND REQUIREMENTS

3.1 Introduction

The consideration of environmental, health, and safety problems created by an
emerging technology should proceed in parallel with the development of the technology
itself. This section discusses the major environmental impacts expected to result from
the technologies being developed in the Magnetohydrodynamics (MHD} Program and
identifies the major issues which need to be addressed tc resolve potential environmen-
tal problems. The definition and appreciation of these issues is prerequisite to the
planning and structuring of any efforts to mitigate adverse environmental impacts and
to assure a safe work environment. This discussion is followed by a summary of the
research requirements necessary to ensure the environmental acceptability of the

ERDA MHD technologies at all stages of their development.

Congress has passed laws designed to protect aspects of the environment
potentially affected by energy <‘evelopment. These laws must be considered in any
assessment of energy-related environmental impacts, since widespread commercializa-
tion will be predicated on the ability of evolving energy technologics to meet national
standards and criteria. Federal environmental legislation and its applicability to MHD

are listed in Appendix A at the end of this document.

The environmental impacts of any energy technology can be grouped into four
general classes: 1) pollutant releases; 2) physical disturbances; 3) socioeconomic
disturbances; and 4) environmental, health and safety impacts. Air emissions and water
effluent streams may affect air and water quality in the general area of the facility
site; solid wastes generated during coal combustion, effluent control, and seed
regeneration will require effective, environmentally acceptable methods of disposal.
Physical disturbances may include the impacts of water use, the appropriation of land
area for disposal of solid wastes, the generation of noise and/or odors, and the potential
disruption of local ecosystems. Socioceconomic disturbances can include a wide range of
impacts on social, political, and economic structures. Effluents from energy facilities
may uffect the health and safety of both the workers and area residents. These areas of
environmental concern are discussed in detail specific to MHD in the following
paragraphs. Figure 3-1 presents a typical MHD process flow chart showing the sources
and make-up of discharge streams, and Tables 3-1 and 3-2 summarize the potential
environmental problems associated with the components in the CDIF and ETF,

respectively,
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Because open-cycle MHD tecchnology has developed further than the closed-cycle
plasma or liquid metal MHD technologies, and the ERDA MHD Program emphasizes
open-cycle MHD, this discussion focuses primarily on the environmental concerns
associated with open-cycle MHD. For closed-cycle systems under normal operating
conditions, the effluents associated with coal combustion (e.g., SOZ’ NOx, hydrocarbons,
CO, trace elements, particulates, ash residue, etc.) may be similar to those of

conventional boilers and will not be discussed turther.

3.2 Impacts and Issues

The range of pollutants from an MHD system is expected to be similar to the
range of those associated with direct combustion processes. However, due to the
extremely high temperatures required in the MHD process as compared to the relatively
low temperatures ot direct combustion technologies, significantly different relativz
amounts of the various effluents will be emitted. Due to the higher overall plant
efficiencies of MHD power generation, less coal input is needed per unit electrical
output; therefore, pollutants, such as SO2 emissions, thermal discharges and solid
wastes, and their associated environmental impacts are expected to be less than those
from a conventional coal-fired power plant of comparable generating capacity.
However, sufficient experimental data are not yet available to wverify this. The
following sections address known and anticipated environmental, health, and safety

issues associat-d with MHD technology and are organized around the following problem

areas:
e  air emissions;
o water use and effluents;
° solid waste;
e control technology;
e occupational health and safety;
e general population health effects;
e effects on terrestrial and aquatic ecosystems;
e physical disturbances; and

e  social, sociceconomic,and institutional considerations.
3.2.1 Air Emissions

The primary air emissions of concern are stack emissions, although fugitive

emissions are a potential hazard to worker health and safety. At the higher
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FIGURE 3-1 EFFLUENT STREAMS FOR A TYPICAL MHD POWER PLANT
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TABLE 3-1

POTENTIAL ENVIRONMENTAYL FROBLEM7 WITH MHD COMPONENTS——-CDIF*

Acitivity or Component

Potential Environmental Problems to be Examined

Coal handling, preparation, and storage

Dust, particulate matter, noise, water vapor due
to coal drying

Seed handliIng and preparation

Particulate matter, noise, fugitive dust

Compressors, coal and seed feed systems

Noise, vibrations, particulate matter, explosion
hazard

Metallic heater (Low temperature pre-
heater)

Noise, exhaust of combustion gases, (COZ' Cco, H20,

502, etc.)

Vitiated heater (High temperature pre-—
heater)

Noise, NO , C02, CO, H_O, sulfur products, combustion
products 1n maln air supply, heat

Combustor (oil)

Noise, NOyr CO,, CO, H5O, seed volatilization, sulfur
products in main air supply, heat, explosion hazard

Coémbustor (coal)

Noise, NO , CO_, CO, H20, slag, sulfur products,

tracé elements in gases, seed volatilization,
particulate matter, hydrocarbons, explosior. hazard

MHD Channel

Noise, products of erosion of electrodes and walls,
molten slag and molten seed

Magnet

Effect on humans, safetv problems

Exhaust gas cooling and clean-up systems

Exhaust gases, high water vapor, particulate matter,
ligaid and solid waste removal, trace elements, NOX,
if quick quench is used, scrubber sludge

Cocling towers

Cooling, water use, water vapor

Settling ponds

Water vapor, land use, disposal of solid waste

* For site specific problems see References 42 and 43.




TABLE 3-2

POTENTIAL ENVIRONMENTAL PROBLEMS WITH MHD COMPONENTS--ETF

..LZ—

Activity or Component

Potential Environmental Problems to be Examined

Coal handling, preparation and

The same as in CDIF, except the components are

larger in size and capacity

storage
Seed handiing and preparation
Compressors, coal and seed
feed systems
High temperature pre-heater NOX, slag
Combustor
he same in CDIF c th omponents are large
channel ? § as in C L, except e compone e rger
in size and capacity
Magnet
Radiant beoiler({s) and slag NO,,, slag deposition, seed material, slag removal
separator
Seed separation and removal
Standard steam plant components, erosion and corrosion

Liquid seed condenser

due to seed material and fly ash

Steam superheat and reheat
Low temperature air-preheater

Economizers

Seed separaticn and extraction

Solid seed extractor

Disposal of sulfur and particulates, evaporation ponds,

water vapor

Seed regeneration

Sclid waste disposal

Scrubbers and precipitators

Cooling water use, water vapor

Cooling towers




temperatures peculiar to MHD, nitrogen oxide (NOX) production is increased while the
production of organic effluents, particularly the condensed poly-cyclic organic
molecules (POM's}, is decreased. The high temperature may also radically alter both
the physical and chemical formation of fly ash, as well as the selective enrichment of
various trace elements in the fly ash particles. Because of the nature of slag-seed
reactions unique to MHD processes, quantities of sulfur oxides (SOX) are likely to be
much lower in the effluents of an MHD facility than in a standard commercial coal-
fired power plant. The following discussion of air emissions is organized around these

topics:

] SO
X
. NO_;
b
e particulate matter;
. trace elements;
e radioactive compounds; and

[ other emissions.

A positive feature of the MHD power generator is that a self-contained sulfur

removal system is inherent in the system design. The KZCO3 seed, used to increase

the conductivity of the working fluid, will combine with the SO, to form a sulfate or

2
sulfite which will be removed with the slag, in the seed condensor, and/or by

particulate control devices. Experimental results indicate that by increasing the
quantity of seed material, the sulfur oxides produced in coal combustion may be

removed to any desired degree (preliminary experimental results show that 99+ percent

of the SOZ can be removed /)
where nondegradation of existing air quality is mandated or where SO2 levels are near

. MHD technology should appear very attractive in areas

existing ambient standards. It appears that the most stringent SOZ pollution
regulations can be met with MHD technology with only a very small loss in efficiency,
even using high sulfur coals which presently are environmentally unsuitable for use in

5/

conventional power plants. However, monitoring of stack emissions and testing of
sulfur removal efficiencies must continue in the more advanced facilities to ensure
that adequate SO2 control is achievable at all stages of MHD development, through

commercialization.

The high combustion temperatures (4500-5000°F) used in open-cycle MHD could
produce up to 10 times the nitrogen oxide (NO ) emissions produced in conventional

coal combustion. 6/ NO is an important pollutant both in the direct effect of NO on
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plants and animals and the role of NOx in the photochemical smog cycle. Thus, NOx
has the potential for being the most important emission problem in the MHD system.
Two methods of NO_ control have been identified: minimize NO, in the effluent gas,
or maximize NOx in the effluent to recover nitrogen products (e.g., fertilizer).7/
Presently it appears that NOx emissions will be controlled by the first technique
through combustion modification. Combustion medification includes techniques such
as initial fuel rich combustion, downstream adjustment of the fuel-air mixture to make
it air rich, and regnlation of cxhaust gas residence times in downstream components to
enhance decomposition of NOX. As the technology evolves or efficiency considerations
become important, it may become necessary to resort to other control means to meet

current standards as well as any stricter NOx emission standards which may be in

effect at the time of commercialization.

It is expected that particulate matter existing in the exhaust gases will consist of
seed material (potassium carbonate and potassium sulfate), fly ash, and possibly eroded
insulation and electrode materials. Fly ash emissions from MHD are expected to
consist of a greater proportion of fine particulate matter compared to particulates
produced in conventional coal-fired power plants due to the very high combustion
temperatures characteristic of MHD, and possibly due to the effects of superconduct-
ing magnetsg/ and NOx Controlsg/. These fine particles (<3 microns) can present a
hazard to human health because they can enter and be retained in the lungs. Emission
of particulate sulfates, especially spent seed material, is a potential problem with
MHD. Atmospheric sulfates have been implicated in adverse environmental effects
including acid rains as well as particulate sulfates modifying weather, visibility, and

climate.

The environmental impact of trace element emissions from a coal-fired MHD
facility depends on coal quality, the way the coal is burned, power plant size and
location, emission control technologies, and weather conditions. When the coal is
burned, the trace elements will 1) be trapped in bottom slag; 2) be collected in the
emission control device as particulate ash; 3) escape through the stack as a gas or
adhering to effluent particles; or 4) escape as fugitive emissions within the facility
environment. While a substantial fraction of trace elements present in the coal is
retained with the fly ash and slag removed by control devices, significant quantities of
trace elements may still be emitted as or on submicron-size particles because of
collection inefficiencies in the small particle range inherent ia these devices.

Potassium and radioactive compounds, as well as trace elements, adhere to the
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surfaces of particulates. Volatilization of trace elements during coal combustion and
their release to the atmosphere in the gaseous phase also occur. This may be of

particular concern in MHD because of its characteristically high temperatures.

10/

Coal contains virtually all the naturally occurring elements. Trace element
emissions which may be of councern from MHD facilities include the following:
mercury (Hg), antimony (Sb), selenium (Se), arsenic (As), zinc (Zn), barium (Ba), copper
(Cu), cobalt {Co), lead (Pb), manganese (Mn), nickel (Ni), chromium (Cr), cadmium (Cd),
vanadium (V), tin (Sn), beryllium (Be), boron (B), and titanium (Ti). The degree to
which the seed material will absorb trace elements in addition to SO2 is not known.
Multi-element mass balance studies conducted at conventional coal-fired power

11-15/

plants indicate that certain trace elements, many of which are toxic,

concentrate preferentially on the large surface area (relative to volume} of sub-micron

16/

size particles, which are difficult to collect. Because trace elements and fine
particulates are potentially hazardous to human health and ecosystems, their presence

at MHD facilities must be analyzed and assessed for potential impacts.

Radicactive compounds in coal may also be released during coal combustion.
Western coals generally have greater concentrations of radicactive compounds than do
eastern coals. Radioactive compounds retained in the fly ash can be removed to a
large extent by particulate control devices. The radicactive emissions from coal-fired
facilities are primarily a function of the radioactive content of the coal burned.
Because the higher therwnal efficiency of MHD permits less coal combustion per unit
electrical output, MHD will produce fewer radioactive emissions per Btu output than

conventional coal-fired facilities.

Other potential emissions which may be significant environmentally in the
various phases of MHD development include hydrocarbons, carbon monoxide, and
elements in gaseous form. At the expected temperatures of MHD combustion,
decomposition of all unburned hydrocarbons tc their oxidized forms (COZ and HZO) is
exnected. However, the fuel-rich first stage of combustion, the short residence time
in the combustor, and off-design operating conditions may allow the production and/or
escape of some of the complex organic compounds. Typically, heavier molecular
weight organics (e.g.,, poiynuclear aromatic hydrocarbons) pose a greater threat to

human health than the straight chain organic species.

In the CDIF, a very short combustion residence time could affect the formation

of CO and the release of unburned hydrocarbons. Due to the experimental nature of
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the test facility, the probability of CO and hydrocarbon emission occurring is
considerably higher than is expected for later MHD developmental facilities.
Preliminary tests indicate that CO emissions can be eliminated during second-stage

4/

combustion by increasing the air supply. Stack sampling for CO and hydrocarbons
should be conducted to determine their significance and need for control. Identifica-
tion of individual hydrocarbon compounds, if they are released, will be necessary to

assess their potential environmental effects.

Increasing concentrations of CQO, in the atmosphere are a global concern

2
associated with fossil fuel combustion. However, CO2 emissions from MHD will be
less on a per unit electrical output basis than from conventional ccal-fired power

plants due to the higher conversion efficiencies of MHD units.

For open-cycle MHD to be economically feasible, the speat seed must be
recovered, separated from the slag and fly ash, and regenerated. Air emissions may
result from seed regeneration processes. The existing seed regeneration processes are
being evaluated, but a specific process has not yet been selected; ther ofore, associated
pollutants and impacts from seed regeneration units will be discussed in later versions
of the EDP.

Emission of water vapor in exhaust gases is expected to be a problem peculiar to
the CDIF and will be contingent on the type of water-quench stack gas cleanup system
used. This will not be a problem in the commercial process. Stack gases from the

CDIF will be extremely wet, containing about 70 percent H,O vapor by volume.

2
Depending on local meteorological conditions, restricted visibility and ice deposition
could become a problem. Water evaporated at the cooling towers could amplify this

problem.

3.2.2 Water Use and Effluents

The majority of the water used at MHD as well as at conventional power plants is
for cooling purposes. With the higher thermal efficiency of MHD, less waste heat ends
up in lhe cooling water, Preliminary studies indicate that thermal discharges from a
first generation MHD plant of 52 percent efficiency will be approximately 73 percent
of the thermal discharges from a modern conventional coal-fired power plant of 40
percent efficiency.é/ As a result, less cooling water will be needed and the total water
requirements for an MHD facility should be less than for a conventional coal-fired

power plant of the same generating capacity. In addition, MHD system efficiency may

-3]-



be further increased and thermal discharges decreased if the remaining waste heat
from the steam bottoming cycle is utilized. Economically and environmentally
acceptable uses of this waste heat have not been identified for MHD facilities, but will

vary with the characteristics of the potential sites.

Consumptive uses of water other than for cooling systems include the use of a
wet scrubber sysiem for particulate control and associated solid waste disposal at the

CDIF. At more advanced facilities, water will be used to extract K SO4 from the f{ly

2
ash/spent seed residue collected by particulate control devices and in the regencration
of spent seed. During seed extraction and regeneration there is a potential for
leaching of trace elements and other compounds contained in the seed and fly ash

mixture.

Effluents will result from boiler cleaning, cooling systems, and feedwater
treatment processes which are not unique to the MHD technologies themselves but
exist in conventional boilers as well. Secondary water pollution can result from runoff
and leaching from solid waste disposal sites if appropriate control measures are not
taken. Vo data are currently available on the leachability of specific compounds and
trace elements contained in MHD slag and fly ash. It is expected that the trace
elements potentially found in MHD effluent streams and solid waste lenchate will be
similar to those identified for air emissions. Effluents resulting from MHD processes,
seed regeneration and solid waste disposal need to be characterized and assessed to
ensure that they do not contain any unexpected hazardous pollutants or excessively

high potassium levels, and that they will meet applicable water quality standards.
3.2.3 Solid Waste

MHD will produce slag, fly ash, and particulates containing primarily seed
material and inorganic elements from coal. It is expected that in order for open-cycle
2‘CO;,’ seed
material must be recovered, regenerated, and recycled. Regeneration of the spent
2¢03

recovered with fly ash by particulate control devices can be sent through a seed

MHD to be acceptable, both environmentally and econcmically, the K
seed will reduce the amount of solid waste requiring disposal. The KZSO4 and K

regeneration unit to recover the potassium seed for reuse in removing the sulfur. An
insoluble potassium-containing fly ash residue remains which can either be recycled
back to the MHD coal-combustion unit, where a certain portion of the unextracted
seed will eventually be lost in the slag, or it can be disposed of, if the seed loss is not

economically significant or environmentally damaging.
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Disposal of solid wastes from MHD facilities may be similar to the fly ash
disposal problem of conventional coal-fired power plants sind may preempt other land
uses. A potential difference in the solid wastes from an MHD facility will be the
presence of potassium sulfates and other potassium salts in the slag and collected
particulate. In addition to seed material, trace elements released at high combustion
temperatures may be adsorbed onto or absorbed into the spent seed material. It is not
known whether these elements will pose leaching or site reclamation problems. These
and other ditferences will be studied in detail during the developmental stages of
MHD.

A search for any potential uses for the solid waste material may be warranted.
A periodic update on research for potential new uses could provide timely solutions to
the waste disposal problem anticipated with full-scale commercialization of MHD.
MHD plants should have less solid waste per unit of electrical power produced than
conventional plants using similar coal -- again due to the higher thermal-to-electric

efficiency of MHD systems.

3.2.4 Control Technology

Due to the very high operating temperatures and components unique to MHD,
new or improved techniques may be necessary to evaluate, monitor, and control the
undesirable compounds in the components of MHD facilities. For commercial
operation, less sophisticated techniques ultimately will have to be developed to be
compatible with the operator's training. In addition, to avoid a trial and error
approach to selecting pollution control equipment, development of instrumentation,
sampling techniques, and measurement methods unique to the MHD process may be

necessary for providing a sound data base.

Work which has been performed to date on SOZ’ NOX, and CO control
technologies for MHD indicate that these pollutants can be effectively controlled to
levels at or below current New Source Performance Standards (NSPS) for coal-fired
steam electric power plants. Open-cycle MHD has a built-in sulfur control technology;
the potassium carbonate (KZCO3)

passing through the MHD generator to enhance its conductivity, also combines with

seed, which is injected into the combustion gas
SOZ to form potassium sulfate (KZSO4) which later precipitates out at lower

temperatures and can be removed by particulate control -ievices. Experimental tests

have achieved 99+ percent §O, removal from the effluent gas;4/
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Two routes of NOx emission control are available: 1) minimizing NOX in the
effluent, or 2) maximizing NO_ in the effluent so that recovery of fixed nitrogen (for
fertilizer) becomes economically attractive. Most of the research has been directed
toward the former, reducing emissions, and presently it appears that NOX emissions
from MHD will be controlled by combustion modification. Test results indicate that
NOx emissions should be effectively controlled below current NSPS levels through
combustion modification by controlling the fuel-to-air-ratio, the temperature at which
secondary air is added, and the residence time of the exhaust gas in the downstream
components. Secondary air admitted downstream from the high temperature zone also
tends to complete combustion of CO and unidentified aromatic hydrocarbons. At the
same time, however, there may be a trade-off in the increase in the production of
NOX. Although preliminary work indicates that these control methods are effective,
testing of their effectiveness at more advanced MHD facilities must continue to

ensure that adequate controls will be available for commercial MHD facilities.

Research is needed to determine the extent to which fine particle emissions from
MHD will be a problem. Efficient removal of particulate matter is necessary for MHD
to be ecconomically as well as environmentally acceptable, Development of

17/

technologies to control fine particulate matter may be necessary if a significant
portion of the spent seed and/or trace elements are emitted in the form of fine
particulates. Within the time frame projected for MHD development, electrostatic
precipitators, high energy wet scrubbers, and fabric filters are the primary
commercially available types of particulate control! devices which exhibit greater
collection efficiencies for the fine particulates (<3 microns}), However, collection
efficiency of scrubbers and to a lesser extent electrostatic precipitators, decreases

rapidly with decreasing particle size.”’ 18/

Baghouses generally exhibit high
collection efficiencies over the entire spectrum of particle sizes, but are limited to a
rather narrow range of temperature and humidity constraints. Although a 99 percent
efficient collector seems impressive, the efficiency is determined by weight, and the
remaining 1 percent of the total particulate weight can represent an enormous number
of submicron particles. Fine particle emissions are a problem in direct combustion
technolugies and are not unique to MHD. Research and development of novel devices
and emerging technology which appears promising for controlling fine particulate

emissions should be pursued.

Experiments indicate that seed loss to the slag can be reduced significantly by

removing most of the slag from the combustor before the seed is injected into the
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combustion gas. Potassium recoveries exceeding 99 percent have been ohtained for a
slag rejection above 90 percent.4/ Work in this area should continue to minimize seed
losses in advanced MHD facilities.

Conventional control technologies are expected to be adequate for controlling
thermal discharges, water effluents, ana runoff and leachate from solid waste disposal
areas. However, further research is necessary to verify this and/or identify and

resolve potential control probiems at advanced MHD facilities.

3.2.5 Occupational Health And Safety

Many of the occupational health and safety hazards occurring at MHD facilities
can be mitigated by following good operating and safety procedures. Hazards that may
pose a threat to the health of workers in the MHD facility environment may be
identified as exposure to magnetic fields, noise, vibration, radiant heat, steam, NOx,
some unidentified volatile components, lower molecular weight organic species and
fine particulates containing toxic trace elements, coal or other inorganic dust, and
alkali seed materials. Because of the high temperature and pressure characteristics of
MHD facilities and the general spontaneous combustible nature of coal dust, the
primary safety hazards in the occupational environment may be explosion, fire, and a
potential high voltage hazard.

Chronic exposure to magnetic fields may pose a threat to the health of workers.
Shielding of magnetic fields will reduce but may not eliminate risks of exposure.
Magnetic fields have been reported to have apparent effects on the human nervous
system, the blood, and cardiovascular and other functions. While such adverse
magnetic field effects on human health have been documented at the Stanford Linear

19/ and in the Soviet Union,zo/ no clear-cut information regarding

Accelerator Center
the total duration of exposure and the significance of an exposure-effect relationship
has been reported. Moreover, little information relating potential human injury to
field gradient and field strength is available. Results from animal experiments have
generally lacked sufficient reproducibility and reliability to warrant extrapolation to
humans. Epidemiological studies coupled with biomedical monitoring of humans
subject to magnetic field exposure are required to assess health risks, interpret
dose/response relationships, and establish occupational health guidelines.  The

magnetic field to be encountered in the MHD development process will be in the range
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of 3-6 Tesla¥ at source, tapering off very rapidly by the inverse of the distance cubed.
Exposure of workers to magnetic field intensities much higher than field intensities
that have been reported to cause apparent effects in humans is a potential concern.
Consequently, quantitative study to establish biomagnetic effects of high field
intensities and the establishment of exposure-effect relationships require immediate

attention.

Acceleration of the working fluid at high velocity through the MHD channel may
cause high noise levels and vibration. Noise and vibration may also be problems in the
pulverizer and baghouse areas. Noise standards exist for conventional facilities and

must be defined for MHD.

In the event of incomplete combustion due to accidentally low combustion
temperatures or air supply, coal tar and light oil may be formed, separated out from
the coal gas in the cyclone gasifier, and removed with the slag from the first-siage
combustor. Handling and removal of slag may then be subject to the hazard of dermal
contact with coal tar and light oil. Specifically, the coal tar has been listed by the

National Cancer Institute (NCIJ) as an agent causing skin cancer.

The occupational health hazards associated with the bottoming cycle are very
different for the CDIF compared to more advanced MHD facilities, because the CDIF
does not utilize its waste heat in a steam bottoming cycle. Instead, the heat is
dissipated in a heat quench system. In the CDIF radiant heat from the water-
quenching chamber may become a problem only if the cooling system is not adjusted
properly. Material design of the chamber to avoid corrosion from sulfuric acid is vital
in the containment of noxious combustion products. Handling the water slurry from
the quenching system and from the Venturi system for removal may result in dermal

absorption of some of the trace elements like As, Ni, Hg, Th, Zn, and uranyl ions.

The occupational health hazards that may be encountered in the bottoming cycle
of the ETF, and more advanced facilities, stem primarily from the efficiencies of the
cleaning system and the safety features of the components guarding against leakage.
The radiant boiler, high-temperature air preheater (direct or indirect), superheater,

and reheater, however, may be potential sources of heat stress. Removal of soot from

¥ 1 Tesla = 104 gauss,
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the radiant boiler may cause a skin cancer hazard to workers subject to chronic
exposure. The y+imary hazard in handling and removing slag from the slag separator
may be the potential contact with the dermally absorbable trace elements as described
above. When an indirectly fired, high-temperature air preheater is used in the testing
stage, potentially hazardous emissions may be CO and CH4 from combustion of clean
fuels, if not properly removed with a local exhaust ventilator. The directly fired
preheater and superheater, however, may be subject to corrosion problems from the
seed/slag. Potential leakage of combustion products could occur at the superheater if
special material and cleaning devices are not used. The hazards of electrostatic
precipitators (ESP's) at MHD facilities are similar to those at conventional coal-fired
power plants. Inhalation and dermal contact hazards of the fine particulates exist
during cleaning of ESP's. The hot exhaust gas, which goes to a mill for coal drying,
2! NOx’

CO, lower molecular weight aromatic compounds, fine particulates containing coal

may cause a potential hazard to the workers as a result of the inhalation of SO

dust or silica dust, and trace elements. Health hazards unique to MHD facilities can
be identified by careful monitoring of working conditions and worker health and can be
mitigated by standard occupational health measures including safe operating proce-

dures and protective clothing and devices.

The major occupational safety issues that should be considered include:
explosion hazard, high-voltage hazard, component rupture, and materials failure. The
safety requirements to prevent rupture of the combustor, hazards involved in the
confined space of the combustor pit, the potential explosion in the coal feed system,
and high voltage shock in ungrounded portions of the test train have been described in
detail for the CDIF in the Safety Considerations Report prepared by Gilbert/Common-
wealth.ZI’ZZ/ Increasing the size of the magnet and the use of higher voltage applied
across the combustor-channel portion as will occur in ETF and CDP stages, could

increase the potential for exposure to safety hazards as the technology progresses.

Factors which create a potential for materials failure in open-cycle MHD
systems include extremely high temperatures of the plasma which enhance corrosion
and erosion of materials, and high velocity gas/solid (slag and seed) flows which may
induce vibration (leading to material fatigue) and cause erosion. In pressurized regions
of open-cycle MHD systems, the potential for materials failure and explosion exists.
Explosion hazards may also exist in the coal feed system, due to the combustible
atmosphere or to backfire from the combustor. In addition, failure in the cooling

system for the superconducting magnet could result in the release of stored energy.
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Other potential sources of safety hazards are the air preheater, seed regeneration and
sulfur recovery units, as well as systems common to conventional coal-fired power

plants (e.g., fuel storage facilities, and coal transport, pulverizing, and feed systems)}.

Any failure in the pressurized systems or in the control devices may result in the
release of hazardous material into the occupational environment and/or in some
physical stress to the workers. In case of an acc.dent or leakage in the system, the
potentially hazardous substances such as insulation and el.:ctrode materials, gaseous
compounds, fine particulates, trace elements, and the proven carcinogens including the
polycyclic aromatic hydrocarbons, may be released into the occupational environment.
At high temperatures most of the trace elements will be vaporized and may condense
on the fine particulates as lower temperatures are reached. Failure of the water
cooling system installed around the combustor, the MHD generator, and the diffuser
would lead to heat stress problems, particularly in the confined space in the combustor
pit. Adherence to standard operating procedures and safety standards for combustion
and chemical processing facilities will help minimize the occupational safety hazards
of MHD facilities.

3.2.6 General Population Health Effects

Effects on the general population from the use of MHD technology could differ
from those resulting from conventional coal-fired power plants if NOx and fine
particle emissions, especially particulate sulfates, are not controlled effectively. SOZ
emissions.are expected to be lower due to the unique seeding procedure used in MHD,
As discussed in the above sections, effluents and solid wastes frori MHD facilities
should be monitored and characterized to identify and analyze potential problems

unique to MHD which could affect the general population.

Because of the lack of success in simulating conditions of chronic exposure to
complex mixtures of air pollutants, the biologic effects of air pollutarts are often
deduced from epidemiological evidence. A partial list of the air pollutant-caused

pathologies include the following:

a) increased respiratory distress;

b} increased susceptibility to infection, particularly in the lungs; a strong
correlation has been established between concentration of SOZ and particu-

lates and the frequency of respiratory infections;
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c) degenerative processes which cause the lung tissue to lose its elasticity and,

thus, develop into an emphysema-like disease;
d)  disruption of the mechanics of air distribution; and

e) SOx also can damage the alveolar-capillary membrane which, with patholo-

gies ¢ and d, lead to a general interference with the oxygenation of tissues.
Trace elements are implicated as causes of cancer and birth defects.

3.2.7 Effects on Terrestrial and Aquatic Ecosystems

Much of the air pollutant research has dealt with the effects of SO2 emissions on
vegetation. Sulfur oxides are highly toxic to plants and appear to be one of the most
important pollutants affecting trees.?‘?’/ NOx ecological effects research is not nearly
as extensive. There is some evidence that excessive amounts of NO2 significantly
affect photosynthesis.24/ SOZ. and NOx emissions may not be a problem, but a well-

defined research program should be developed to document this.

The emission of particulates into the atmosphere can cause a variety of problems
by physically interfering with normal respiration processes of plants and animals. Fine
particle emissions may be the greatest single emission problem if appropriate pollution
control devices are not incorporated into the system. The ecological effects of
potassium compounds which may be emitted from MHD facilities are not known and
should be investigated. Baseline ecological data should be collected prior to
construction and compared to data collected during and after facility operation to
establish ecological effects. Particularly, trace element analysis should be conducted

on soil, vegetation, and animals.

Noise levels at MHD facilities may cause some disturbance to wildlife in the near
vicinity of the plants. Potential pollutants unique to MHD, (e.g., seed material,
sulfates, certain trace elements or hydrocarbons, eroded or corroded electrode
material, or solid waste leachate) could have adverse effects on terrestrial and aquatic
ecosystems.  Their potential impacts on ecosystems should be investigated to

determine their extent and severity,

3.2.8 Physical Disturbances

The physical disturbances created by the construction and operation of MHD

facilities are expected to be similar to those associated with conventional coal-fired
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power plants. Potential disturbances cculd result from water use, particularly in the
semi-arid and arid regions of the West, and preemptive land use for solid waste
disposal and the plant site. The reclamation potential of MHD solid waste disposal
sites is not known and should be investigated to determine potential land use impacts.
The potential of MHD facilities to increase the incidence of fine fogs, probably only
from the CDIF, resulting from water vapor emitted in the stack gases should also be

investigated along with any other potential change in microclimate.

Physical disturbances created by an MHD facility usually are associated with its
siting and subsequent construction and operation. There are two general issues which
traditionally have not been sufficiently addressed from an environmental perspective
in the siting of conventional coal-fired power plants. The first is whether to select a
mine-mouth or load-center location.  This decision usually has been based on
economics rather than overall environmental benefit, Siting studies should include the
evaluation of mine-mouth vs. loadcenter sites rather than similar alternatives (e.g.,
solely alternative mine-mouth locations). Secondly, the scaling or commercial plants
has been based historically on economics. Environmental and social costs have not
been included in this analysis. Methodologies which ensure inclusion of external costs
into scale optimization of MHD facilities should be identified prior to scaling the CDP
and commercial facilities. External considerations should include the relative system
energy efficiency (including utilization of waste heat) and environmental community

impact for varied sizes of facilities.

The severity of construction and operation impacts of MHD facilities will vary
with site-specific characteristics. Assessing the impact of a major facility on the

environment of specific sites must be completed prior to construction.

3.2.9 Social, Socioeconomic,and Institutional Considerations

The socioeconomic impacts of MHD power generation facilities will vary with
the size and location of the facility, but should not differ significantly from those
created by a comparable conventional coal-fired power plant. The social impact of the
termination of an ERDA MHD test facility (CDIF and ETF) which has a design life of
only 15 years, however, should be studied. As in all construction projects, mitigating
measures should be identified to reduce th. construction employment demand peak in
order to minimize the need for temporary housing and services. Although ERDA
expres- .s the desire to address public concerns and social acceptability of its

25/

actions, the procedure for doing so is not clear.
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3.3 Research Requirements

MHD technologies generally develop from conceptualization through a series of
stages, e.g., technology development, comnponent development, pilot, demonstration,
and commercial-scale units., Environmental research and environmental assessment
activities follow much the same pattern. At each stage of technology development
and testing, environmental data are compiled and assessed so that environmental
considerations are included in the decision-making process leading to commercializa-

tion of the technology.

ERDA guidelines require that ERDA prepare a site-specific Environmental
Impact Assessment (EIA) and, if necessary, an Environmental Impact Statement (EIS)
for all Federal actions which may have a significant impact on the environment, In
addition, the Federal Nonnuclear Research and Development Act calls for the
preparation of water availability assessments for new energy technologies and
commercial scale and demonstration plants which may have a significant impact on
water availability. ERDA facilities must comply with all Federal, State, and local
standards applicable to the facilities at the time of their construction. To ensure that
the alternative energy technologies being developed are environmentally acceptable at
the time of their commercialization, ERDA not only must comply with the
environmental regulatory requirements mentioned above, but must also address the
potential environmental issues and concerns discussed in Section 3.2, Table 3-3 lists
the environmental research which must be conducted at various stages of technology
development to ensure that the environmental issues and concerns associated with
MHD are addressed and resolved and that MHD develops through commercialization as

an environmentally acceptable technology.
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Environmental
Issue

Research
Category

I. Impact on
Air Quality

A. Character-
ization

B. Modeling
and
Monitoring

TABLE 3-3
ENVIRONMENTAL ISSUES AND REQUIREMENTS

R&D Requirements

Characterize particulate effluents as a function
of operating conditions and feedstock according
to:

® size distribution;

® nass respirable distribution;

® chemical composition and form of each size
fraction; and

e physical and morphological properties of
the fly ash particles.

Compare with similar studies at conventional
ccal-fired power plants.

Perform multi~element mass balance studies at
selected MHD facilities and compare with simi-
lar studies done at conventional coal-fired
power plants. Future studies will expand mass-
balance analysis to include flow to air, water,
and solid waste.

Study in detail the formation and chemical conm-
position of fine particles in the MHD process.
Establish which trace elements may be preferen-
tially enriched.

Characterize ducted and fugitive emissions
from total process and supporting operations
{e.g., coal preparation and seed regeneration).

Characterize by-product emissions from the
seed regeneration process.

Assess possible emission of polycyclic aromatic
hydrocarbons and orgenometallics,

Develop analytical characterization models
which can accurately predict emissions, both
organic and inorganic.

Establish baseline ambient air quality data
for selected trace elements, SC,, NO , par-
ticulates, radiocactive compounds, hyérocar—
bons, and other regulated pollutants,
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I.

II.

Impact on
Air Quality
{continued)

Impact of
Wate:r Use
and

Effluents

B.

Modeling
and
Monitoring
{(continued)

Health
Effects

Character-
ization
and
Monitor-
ing

Monitor in-stack, in~plant and ambient air
for trace elements, SO,, NO_, 0, hydrocar-
bons, particulates, ra i cactive compounds,
and other regulated pollutants during and
after operation. Identify individual hydro-
carbon compounds emitted.

Quantify CO, emissions from proposed MHD
facilities and compare with conventional
coal-fired power plants.

Quantify thermal discharges from proposed
MHD facilities and compare with conventional
coal-fired power plants.

Measure and establish the following meterxro~
logical parameters: air-flow characteristics
(wind rose data), atmospheric thermal strati-
fication (duration and intensity of low level
inversions) , precipitation, evaporation (ice
deposition and fog), and statistical evaluation
of dispersion coefficients, and stability cate-
gories.

Improve atmospheric transport and dispersion
models.,

Establish health effects of pollutants identi-
fied in stacks and fugitive air emissions from
MHD facilities,

Obtain baseline water quality data from
selected MHD facilities.

Characterize and monitor ambient water quality
and quantity during construction and operation.

Characterize and monitor water effluent and
thermal discharges from MHD facilities as a
function of operating conditions and feedstocks,
and identify differences in the effluent from
conventional coal burning facilities.

Determine optimal use of MHD waste heat based
on system energy efficiency, economics, and
environmental impact.
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II.

III.

IVO

Impact of
Water Use
and
Effluents
(continued)

Solid
Waste

Occupa~=~
tional
Health and
Safety
Hazards

A.

Character-
ization and
Monitoring
{continued)

Health
Bffects

Resource
Require-~
nents

Charactex-
ization
and
Monitor-
ing

Health
Effects

Resource
Utilization

Character-
ization
and
Monitor-~
ing

Identify potential water pollution problems
associated with the disposal of solid wastes
from MHD facilities {i.e., leaching and run-
off):

® trace elements

® soluble spent seed compounds.

Assess health effects of MHD effluent pol-
lutants.

Assess water resource requirements for MHD
and identify and develop methods to reduce
fresh water use by MHD facilities.

Characterize process solid wastes:

® slag;

® fly ash; and

® spent seed,

as a function of operating conditions and
feedstocks.

Characterize and monitor water effluents
from selected solid waste disposal sites.

Determine mechanisms of transport and fate
of trace elements leached from solid waste.

Determine health effects of chemical com-
pounds identified in golid wastes from MHD
facilities.

Develop uses for MHD solid waste.

Identify and assess potential markets for
MHD solid waste.

Identify and assess the potential secondary
environmental impacts from such uses.

Develop and evaluate options for efficient,
economic seed recovery and regeneration
processes.

Identify and monitor for potential in-plant

air pollutants that would pose health

hazards to employees, visitors, and/ox

neighboring personnel areas, including:

¢ nmicron and sub-micron particulate
matter;

& gases. vapors, mists, and fumes;

& known or suspected carcinocgenic
mutagenic, teratogenic, and other

-—  toxic substances.



Iv. Occupa-
tional
Health and
Safety
Hazards
(continued)

A. Character-
ization and
Monitoring
(continued)

B. Health
Effects
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Identify and monitor other potential health
hazards, including:

e noise;

heat stress;

vibration;

electric field forces; and

capacitor charges.

. Assess compliance with the standards and

protect worker's health by developing
monitoring and control measure systems in
the occupational environment.

Develop a dosimeter for monitoring magnetic
field.

Monitor the magnetic fields generated by the
guperconducting magnets and the magnetic
separation units used in coal preparation.

Monitor workers at MHD facilities to
identify potential health hazards,
particularly those associated with super-
conducting magnets.

Identify potential safety hazards:
® areas of potential mechanical failure;
e combustion or exrlosion hazards,
including
- overheating of superconducting
magnets and
-~ thermal drying of coal;
e high voltage shock potential at the
combustor~channel area;
e stresses from overheating, erosion or
corrosion of combustor, channel, and
pipe areas.

Develop data to assess safety control
requirements to prevent rupture of the
combustor, explosion in the coal-fired
system, in the superconducting magnets, or
in the oxygen feed system, and high voltage
shock at the combustor-channel portions.

Assess the adverse effects of magnetic
fields encountered in pyrite and tramp
metal removal processes, and develop
control or alternative technolcgy.



Occupa- B. Health 2. Perform epidemiologic studies to determine

tional Effects health effects of MHD facilities:

Health (continued) ® retrospectively--by collecting available
and data on workers exposed st the existing
Safety foreign MHD facilities or other operations
Hazards that involve magnetic fields of high
{continued) intensity;

® prospectively--by designing comprehensive
epidemiologic strategies to evaluate
cause-effect relationship in the future
commercialized MHD facilities.

3. Conduct studies to determine potential
health effects of high intensity magretic
fields, such as:
® in-vitro studies of possible biomagnetic

effects on structure/morphology, proper-
ties, and function of macromolecules, cell
nrganelles (inc¢luding membranes), and
cells.

e Animal studies to characterize quantita-
tively the potential systemic effects of
magnetic fields on, but not limited to,
hematopoetic and neurological systems, and
to assess potential carcinogenicity, tera-
togenicity, and mutagenicity of magnetic
field effects.

® Extrapolation of the guantitative biological
dose, response data for animals to humans.

® Dffects on metal dental and medical im-
plants.

4, Assess carcinogenicity, teratogencity, and
mutagenicity of the identified trace elements
and organic compounds.

5. Define acceptable levels of exposure to mag-
metic fields and identified in-plant pollu-
tants and health hazards; identify existing
applicable regulations.

C. Mitigat- 1, Evaluate, develop and enforce health protection
ing procedures for workers at MHD facilities,
Measures such as:

& Use of protective clothing, polyure-
thane gloves, and face shields by workers
handling and vemoving slag and water slurry;
¢ Use of protective breathing apparatus by
workexs in the processes such as, but not
limited to:
- coal preparation
- thermal drying, and
- soot removal from boilers and particulate
, control devices;
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Iv.

v.

VvI.

Occupa-
tional
Health
and
Safety
Hazards
(continued)

Impacts on
Ecosystems

Adequacy
of Control
Technology

A,

Mitigat-
ing
Measures
(continued)

Character-
ization and
Monitoring

Ecological
Effects

Air
Emissions

® Use of protective clothing for work
such as removing socot from boilers, and
particulate control devices.

2. Assess shielding of the high intensity mag-
netic field generated by the superconduct-
ing magnets.

3. Develop modifications of hazardous components,

processes and systems to minimize safety
hazards.

1. Establish baseline, operating, and post-
operating ecological data at MHD facilities,
including:

® Analysis of soil, vegetation and
animals for SO., NO , trace elements
and other regu%atedxor pcotential
pollutants;

® A reference collection of soil, plant,
and animal samples;

e Infrared color slides before operation of
facility to eventually establish degree
of vegetational damage, if any;

® Establishment of structure of various
ecological communities before the MHD
facility is operated for the first time.

1. Agsess effects of MHD pollutant releases on
ecosystems near the MHD facility during and
after operation through analysis of base-
line and operation and post-operation data.

2. Determine synergistic effects of air
emissions from MHD facility with ambient
air and its effect on the ecosystems.

Compare commercially available control
equipment and evaluate novel control
devices applicable to MHD processes.

2. Develop alternative plans for controlling
80, and NO emissions from MHD, should
adgitionalxsecondary controls bhecome
necessary.

Identify applicable existing and proposed
ambient air and emission standards for
MHD technolocy. Assess ability of MHD
technologies to meet current and proposed
standards.

~Ag-



VI. Adequacy
of Control
Technology

A. Air
Emissions
(Continued)

B. Water
Effluents

4. Develop and test control technologies for
particulate removal as follows:
e For efficient and economic seed recovery;
® For efficient removal of sub-micron
size particles;
® For simplicity and reliability of
equipnment; and
¢ Include assessment of
- Baghouses,
- Electrostatic precipitator,
- Venturi scrubber system, and
- Reinluft system.

5. Develop, test, and evaluate potential economics
of NOy control options,
® Assess process modifications, including:
~ multi-stage combustion,
- gas cooling rates, and
- fuel~-to-air ratio;
® Asgssess control options of absorption and
adsorption (solid and liquid); and
® Study NOy maximization and processes for
fixed nitrogen by-products.

6. Assess potential emissions and control system
efficiency during startup, shut-down, main-
tenance, and design operating conditions.

7. Assess secondary impacts assocliatced with
identified control options (e.g., seed
regeneration, use of Claus plant for
elemental sulfur recovery).

8. Develop cost/control curves for various
emissions streams.

l. Determine and test effluent controls
needed to meet current and proposed
standards.

2. Assess the ability of MHD to reduce thermal
pollution compared te conventional coal~
fired power plants.

3. Develop cost/control curves for identified
effluent streams.
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VI.

VII.

VIII.

IX.

Adequacy

of Control
Technology
{(continued)

Physical
Disturbances
Created by
MHD
Development

Socio-
economic
Bffects
Created by
MHD
Development

Regulatory
Require-
ments

C. Solid
Waste

A. Characteri-
zation and
Moniteoring

A. General

A. General

50~

Investigate new methods of solid waste
stabilization to control runoff from
disposal sites.

. Establish site selection and operation

criteria for land disposal of solid
wastes.

Determine land requirements for disposal
of solid waste,

Identify noise disturbances from MHD
operation and develop procedures to
mitigate them.

Identify potential disturbances caused
by electromagnetic fields.

Determine long-term land use impacts from
plant siting, air and water effluents, and
solid waste disposal.

Determine the impact of MHD water
requirements on water supplies and
water use at proposed sites.

Identify any socioeconomic impacts of MHD
facilities and develop ways to mitigate
adverse impacts, such as developing a
methodology for selecting local indirect
employment and income multipliers.

Prepare NEPA compliance documents as needed
(including EIA/EIS requirements).

. Prepare general and site-specific water

requirements data.

. Prepare siting guidelines and requirements

for MHD facilities.



4. ENVIRONMENTAL ACTION PLAN

4.1 Introduction

The major purpose of the MHD-EDP is to make environmental activities a part of
the developing MHD technology program. The immediate establishment of a detailed
environmental research program is essential to maximize the chances of the
availability of appropriate environmental data for informed decisions on environmental

standards, control teciinologies, and other mitigating measures.

The environmental assessment and research program should focus on the
technology. It must be keyed to the development of the technology, and it should
provide environmental information to be used as the technology proceeds toward
commercialization. MHD technology development can be divided into the following
phases: supporting science and technology; component test and integration;
engineering testing; and commercial demonstration. Much technological research work
has been and is being done, but research in the environmental area has been initiated
only recently. The environmental research program also has certain developmental
stages which include characterization, monitoring, effects, control technology, and

assessments.,

Environmental research, associated with the MHD technology, must be adapted
to the differences in the systems which have been discussed throughout Sections 2 and
3. Consequently, environmental work conducted on the CUDIF will not necessarily
provide data which will accurately reflect conditions existing in the ETF system or

commercial processes.

Environmental considerations change in response to moditications made to the
MHD technology system. MHD technology will be in a rapid evolutionary phase for
many years, and environmental research efforts must be attuned to new developments.
Failure to identify these technological changes will result in an inappropriate ranking
of priorities. The consequences of misdirected research efforts could result in lengthy
and costly delays in commercialization of otherwise acceptable hardware. By
identifying and investigating environn-ental issues during the entire MHD development
process, the chances for commercial success of MHD will be greatly enhanced in terms

of its operating in an environmentally ac-eptable manner.

-l



The environmental action plan for MHD described in this section has been
developed from the issues discussed in Section 3.2 and the research requirements listed
in Section 3.3, Together, these encompass the range of needed activities which will
assure that the technologies can be develnped in an environmentally acceptable
manner. All of the identified research requirements, however, are not appropriate for
all technologies at each stage of development, because the required data may not yet

be available and because certain research areas are of more immediate priority.

4.2 Priorities for Determining Future Research

Of all the environmental research activities which could be undertaken in
response to the environmental issues arising from technology development, specific
projects are scheduled and funded each fiscal year on the basis of several factors,
which interact to determine priorities for environmental research. The priority
environmental research areas will be determined during the Fiscal Year 1978 based on

the following criteria:

e schedule for commercialization;
e severity of impact;

e regulatory concerns;

e degree of current knowledge;

e public concern;

L cost~effectiveness; and

e budget limits.

Whenever it is estimated that the time required to resolve an environmental
issue through RD&D is greater than or equal to the time before the technology is
available to the public (commercialization time) then that issue is giver high priority.
For example, health effects studies generally require at least several years; thereyore,

immediate initiation of these projects is highly desirable.

In determining research priorities, the severity of environmental impacts should
also be considered, including the segment of the environment affected, the nature of
the potential impact, the extent {geographical distribution) of the impact, the impact
time frame, and the degree of reversibility of the impact. This last criterion is
especially significant. If the impact is irreversible, its characterization and potential

for prevention or mitigation will rank high in the research program.
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The degree of compliance required by existing as well as more stringent future
Federal, State, or local regulations must also be given high priority. When regulations
or standards exist, research is directed primarily toward producing cost-effective
control technologies to meet current limits, but also toward determining the potential

for meeting more stringent levels of control.

Technologies whose environmental impacts have heen well characterized
generally require less environmental research than the less understood technologies.
For example, since the fundamental kinetics of NOx formation and degradation have
been well characterized and modeled in the study of conventional technologies and in
laboratory work under conditions similar to thuse encountered in MHD systems,
resources should be spent on characterizing the emissions and mechanisms for which
less information currently exists, such as the effects of strong electromagnetic fields

or the size distribution and chemical composition of MHD particulate emissions.

Public environmental comment may require that specific potential effects be
investigated in response to public apprehension or to clarify a controversial issue.
High priority will be given to such comment, and if necessary, research will be

conducted as appropriate.

Many diverse technologies have similar environmental problems, such as control
of fine particulates and NOx emissions. Researching the problems of a particular
technology may resolve similar problems associated with other technologies. Research
applicable to more than ¢ne technology should be viewed as cost-effective and ranked

accordingly.

Finally, budget limitations play an important role in determining which of the
many identified research needs which ideally should be carried out will be funded in
any given year. Because limited funds are made available to ERDA, it is impossible
for all potential projects to be funded immediately. In order to use the available funds
in the most effective way, those projects considered to be of the highest priority are

selected for actual implementation.

4.3 Ongoing and Completed Research

When determining future research needs, it is necessary to know what work is

ongoing or has been completed in order to avoid duplication and to aid scheduling of
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future research, Some of the current and completed environmental research projects
relating to MHD are included in a separate attachment and can be used to identify
general areas where future work is needed. A detailed literature search should be
conducted on each subject area. However, such indepth study would be too voluminous
to include in this effort. Attachment A does include both generic studies on the
effects of emissions which are common to coal combustion technologies and studies
which are specific to MHD (categories 5 and 6). Those projects upecific to MHD
technologies are summarized at the end of Attachment A. The Federal Inventory
number (when applicable}, title, monitoring agency, author or performing organization,
and completion date for each project are listed. This information was obtained from

the following sources:

¢ Inventory of Federal Energy-Related Environment and Safety Research (FY
1976);

e Smithsonian Science Information Exchange (March, 1977);

e Summaries of projects sponsored by the Division of Environmental and

Socioeconomic Programs (ERDA), 1977;

e Division of Fossil Energy Research Contract Fact Sheets, (ERDA), Revised
as of March 31, 1977;

e Bibliography compiled by Exxon Research and Engineering Company for

their report, Environmental Assessment of Advanced Energy Conversion

Technologies;

° The Electric Power Research Institute's Publications and Research and

Development Projects lists (1977);

° Matray, P., "The Bioenvironmental Impact of Trace Element Emissions from
a Magnetohydrodynamics (MHD} Facility: A Literature Review and
Recommendations," MERDI In-House Document (September, 1976).

e Energy Research Information System, Old West Regional Commission and

USDA Forest Service, Surface Environment and Mining, (1975-76); and

e Fiscal Year 1976 Health and Environmental Effects Research Program

Abstracts, Office of Energy Minerals and Industry, Office of Research and
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Development, U.S. Environmental Protection Agency, EPA 600/7-77-04,
(January, 1977).

Major environmental research related to MHD is being carried out by ERDA
through the Assistant Administrator for Fossil Energy and the Assistant Administrator
for Environment and Safety. Efforts relating to the overall MHD system, seed
recovery and the environmental aspects of the system (primarily SOX, NOX, and CO
emissions and control) are being conducted by ERDA's Pittsburgh Energy Research
Center (PERC). Much of ERDA's present environmental work specifically related to
MHD is in conjunction with the MHD CDIF. Studies being conducted include: 1) trace
element analysis; 2) socioeconomic impact of CDIF construction on the Butte, Montana
area; and 3) baseline monitoring and biological mbnitoring for the CDIF. Table 4~1 is

a partial list of organizations participating in the ERDA MHD program.

Much of ERDA's environmental research, which is related but not specific tn
MHD, concerns air pollution and has focused on such areas as gaseous and particulate
pollutants, formation of toxic compounds, trace elements in the biosphere, and health
aspects of fossil fuels. ERDA also is funding research on the environmental transport
and fate and the ecological and health effects of coal combustion products. Guidelines
for designing and implementing environmental monitoring programs for ERDA Fossil

Energy programs are being developed.

EPA is concerned primarily with setting emission and effluent standards and
evaluating environmental controls for new technologies. It has developed an extensive
array of studies on sampling, monitoring, and characterization techniques, as well as
air, water, and solid waste impacts of coal combustion {e.g., effects of fly ash, coal
leachate, long-term exposure to coal combustion emissions). Concerning environmen-
tal control, EPA has studied the effects of combustion and other process modifications
in controlling NOx emissions, the effect of fuel sulfur on NOX formation, and the

economics of control processes.

The National Institute of Environmental Health Sciences (NIEHS), the National
Cancer Institute (NCI), EPA, and ERDA are performing the bulk of the health studies,
covering the spectrum of health effects (e.g., carcinogenicity, mutagenicity, terato-
genicity, and cardiovascular, neurological, and reproductive disturbances) of such
poliutants as NOx, SOX, CO, particulates, hydrocarbons, sulfates, trace metals,
thermal effluents, photochemical oxidants, and fluorocarbons. In addition ERDA is

currently conducting studies on the health effects of magnetic fields.
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The Electric Power Research Institute (EPRI) contributes most actively in the
private sector to environmental research. EPRI has funded research on the emissions
and impacts of thermal discharges, SOx, NOX, and fine particulates. EPRI has also

funded studies of NOx control technologies for MHD.

Completed and ongoing research which is of particular importance to the
development of an environmentally acceptable MHD technology is discussed briefly

below.

4.3.1 Characterization, Measurement, and Monitoring

A number of research projects have addressed the problems of physical and
chemical characterization of particulates from conventional coal-fired power plants,
which are similar to particulates expected from MHD facilities, as well as from coal-
fired MHD test units. Studies indicate that fine particles in the 0.1-1.0u range are
difficult to collect in commercially available sampling devices.lé/ Techniques used to
measure particle size and morphological properties include the light microscope,
scanning electron microscope, X-ray analysis, and optical measurement of mean
26, 27/ Methods of

chemical analysis of particulates include scanning electron microscopy, X-ray analysis,

26/

particle size in the exhaust of a coal-fired MHD generator.

Auger spectroscopy, and the use of ion microprobe analyses.

Chemical analyses of fly ash indicate that fly ash composition is influenced
strongly by the chemical composition of the coal used. Trace elements are
differentially absorbed into or adsorbed onto fly ash particles and bottom ash as a
function of particle size and the elements' volatility. The more volatile elements are
enriched preferentially in fly ash as compared to bottom ash, and some elements
(particularly the toxic elements) increase in concentration with decreasing particle
size.16/ Studies on the effects of high temperatures and magnetic fields on seed
recovery, particulate formation and size distribution indicate that MHD processes may
result in a greater proportion of fine particle emissions and vast differences in other
emissions as well, compared to those from conventional coal-fired power plants.s/
Several mass balance analyses have been performed on coal-fired power plants,ll_ls/
and will be useful for comparison with a similar analysis focusing on trace elements

currently underway for MHD {funded by ERDA under MERDI Task S).

Modeling studies have been directed primarily toward modeling the formation

and decomposition of NOx under a variety of combustion, stochiometric oxygen, air-
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TABLE 4-1
SELECTED MHD PARTICIPEANTS

Argonne National Laboratory (ANL)

Arnold Engineering and Development Center (AEDC)

AVCO Everett Research Laboratory

FluiDyne

General Electric Company

Gilbert Associates Inc.

Magnetic Corporation of America

Massachusetts Institute of Technology (MIT)

Mississippi State University

Modern Electric Power Products and Services Company {MEPPSCO)
Montana Energy and MHD Research and Development Institute (MEMRDI)

National Aeronautics and Space Administration (NASA)
Lewis Research Center

National Bureau of Standards (NRS)

National Magnet Laboratory ({(NML)

R. M. Parsons Company (RMPCO)

Pacific Northwest Laboratory

pittsburgh Energy Research Center (PERC)

Rand Corporation

stanford University

STD Research Corporation

TRW Energy Systems

University of Tennessee Space Institute (UTST)

Westinghouse Electric Corporation

Source: Jackson, W.D., "MHD Electrical Power Generation:

Prospects and Issues," AIAA Paper No. 76-309, AIAA

9th.Fluid and Plasma Dynamics Conference, San Diego,
California, July 14-16, 1976,
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to-fuel ratio, and gas cooling rate conditions. 28/ As mentioned earlier, work is
currently underway to develop a model(s) which will simulate emissions from open-

cycle, coal-fired MHD power plants.

Ambient baseline monitoring is being conducted (funded by ERDA under MERDI
Task Q) at the MHD CDIF in Butte, Montana and currently includes analysis of air
quality, meteorology/climatology, and water quality. Air quality data include total
suspended and settleable particulates and their chemical analysis (including trace
elements), ambient NOx and SOZ’ flourides, sulfates, nitrates, and precipitation
washout samples and their chemical composition. Baseline water quality monitoring is
being conducted for both groundwater and surface waters near the CDIF. Samples are

analyzed for normally expected minerals and trace elements.

4.3.2 Pollutant Pathways, Transport,and Fate

Several analyses of large power plants have been undertaken to determine
downwind concentrations of pollutants using existing mathematical dispersion
models.zg_?’z/ Plume rise and associated downwind concentrations for other industrial
sources are considered similar to that of power plants. The major factors which could
result in different concentrations are photochemical alteration of effluent constitu-
ents, depositional depletion of particulates, and coagulation. Mountainous terrain
effects on diffusion have also been investigated, but none of the studies have produced
a model which will predict accurately plume dispersion and pollutant concentra-
tions.33-36/ In the event photochemical, depositional, and coagulation effects data do
not become available or are inadequate to model MHD facilities, independent research
efforts should be initiated to define the effects of the early MHD plants so that the

results may be used in assessing the impact of the larger plants of the future.

A few studies of leaching of solid waste have been completed. However, little is
known about the total amounts of water-leachable elements in different coal ash and

the migration of such elements through soils.

4.3.3 Environmental Control Technology

NOx control for MHD has been primarily concerned with minimizing the
formation of NOx by controlled combustion techniques and reduction of NOx by
holding exhaust gases at temperatures where the chemical kinetics favor the

decomposition of NOx. Experimental and modeling work in NOx control through two-
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stage combustion and other combustion modifications, have been conducted by
PERC,4/ AVCO Everett Research Laboratory,37/ and Stanford University.38/ These
studies indicate that these methods should be adequate to meet the needs of MHD
facilities. In addition, if gas residence times in the radiant boiler and high
temperature air preheater sections are controllied properly, these emissions should be
reduced even further. Research will be needed to verify the adequacy of these

control techniques in advanced MHD facilities.

Research directed at removing NO_ at the end of the system and converting it to

39/

a saleable product has not been as extensive. Results conflict as to whether or not
recovery of fixed nitrogen products is economically feasible. More research in this

area may be warranted.

Experimental results indicate that the use of potassium carbonate seed in open-
cycle MHD systems will provide a satisfactory means of controlling SO2 emissions to
well below acceptable levels. Research should continue to ensure that SO2 control will

be both adequate and economical.

Current studies at the University of Tennessee Space Institute include evaluating
the effectiveness of baghouses and wet scrubbers for collecting the submicron
particles formed in the MHD test train. Study of particulate formation and control at
other existing support technology facilities could greatly benefit the selection of

control equipment for larger MHD facilities.

4.3.4 Occupational Health and Safety

With the exception of the safety considerations reports on the Montana CDIF by

1, 22/ little direct information in

Gilbert/Commonwealth Engineers/Consultants,
published form exists on occupational health and safety aspects of open-cycle MHD
operations. Environmental analyses and safety guidelines have been developed for the
University of Tennesee Space Institute (UTSI) MHD facility in Tullhoma, Tennessee;
however, the resultant document is not yet published. A comprehensive research
program in this general area is being supported by ERDA with major efforts at the

Lawrence Berkley Laboratory and Pacific Northwest Laboratory.

4,3.5 Health Effects

Adverse health effects have been reported from magnetic fields resulting from

magnetic separators (used in coal preparation to separate out pyrite and tramp metals)
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and high intensity magnetic fields encountered at the Stanford Linear Acceleratorlg/
and at the Soviet MHD facility.zo/ However, there is no clear-cut iuformation

regarding total duration of exposure or dose/response relationships.

Although considerable research efforts have been expended on the introduction
of metal ion pollutants via the atmosphere, most of the effort has concentrated on
lead and mercury to some extent, while little predictive information is available yet
for trace elements such as Sh, As, Cd, Cr, Ni, Cu, and Mn. It is questionable whether
the vapor phase is significantly involved in the emission and transport of trace
elements other than mercury. There is some evidence that 2n, Cd, Sb, Se, and Pb40/
as metals or volatile metal chelates would be transported significantly through a vapor
phase. A number of transition metals form volatile carbonyl complexes such as nickel

tetracarbonyl and thus, can be transported readily in the vapor phase.

Investigations into the toxicology of trace elements associated with fly ash
particles are complicated by several factors. First, an elemental analysis of the fly
ash particle dves not give the chemical nature (compound form) of the trace element
in question. The chemical form of the element has profound importance on the trace
element's solubility, biological availability, and toxicological potential. Second, the
usual procedure for investigating the toxicity of a trace element is to introduce into
test animals graded doses of a soluble form of the frace element in question.
However, fly ash consists of insoluble oxides of a whole spectrum of trace elements

which are essentially inert when tested in bioassay.

Research on toxicological effects of metals lLas focused primarily on acute
effects of a single element and its compounds. Observed toxic effects of heavy metals
include: kidney damage and respiratory problems from cadmium and mercury;
behavioral, central nervous system, teratogenic and embryotoxic effects of certain
nickel compounds; antihemopoetic, neurotoxic and nephorotoxic effects from lead; and

Parkinson-like symptoms from manganese.

Considerable progress has been made recently in the development of short-term
screening methodologies, which, in a few days can differeniiate carcinogenic organic
compounds. The onset of chemically induced cancer requires about 20 to 30 years in
humans or several years in laboratory rats. The Ames test measures background vs.
chemically-induced mutations in bacteria. The test is also conducted using human
tissue cells, and similar mutagen testing systems are being developed for higher

organistns.
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Unlike organic compounds, the carcinogenicity and teratogenicity of a large
number of inorganic compounds, with the exception of chromic oxides and certain
platinum complexes, cannct be verified with the mutagen screening techniques now

available.

While the systemic effects of the majority of the trace elements have been
documented, the carcinogenicity (with the exception of As, Ni, Cr, U, Ra),
teratogenicity, and mutagenicity of the trace elements remain largely unveiled. The
synergistic or antagonistic effects of combinations of trace elements should also be

investigated.

4.3.6 Ecological Processes and Effects

A tremendous amount of research has been conducted on the ecological effects
of constructior and operation of conventional coal-fired power plants which should be
similar to the effects from MHD facilities. The bioenvironmental impacts of trace
elements are currently under investigation at the Colstrip Montana generating
faci]ity.41/ Similar research at MHD facilities may be helpful in determining whether

MHD has less bioenvironmental impact than conventional coal-fired facilities.

Infrared photography has been used successfully in aerial detection of vegetation
damage caused by air pollution. Infrared slides have been obtained for the CDIF by
MERDI for use in establishing baseline vegetation characteristics. An analysis of
grassland communities near the CDIF site was also performed and a baseline biological

surveillance program is currently underway.

4.3.7 Integrated Assessments

The programmatic assessment of ERDA's MHD program is included in the
Environmental Impact Assessment for ERDA's Coal Program. This programmatic

assessment will be updated periodically as more information becomes available.

Environmental, physical, and socioeconomic effects resulting from construction
and operation of the CDIF have been addressed in the CDIF comprehensive site
survey42/ and evaluated in the environmental aSSessment43/. It was determined from
this assessment that an environmental impact statement was not required. In addition,
an assessment of the environmental, health, safety, and sociceconomic impacts and
consequences of the developed MHD technology has been initiated at Montana State

/

University. An ETF siting study is currently being conducted.44 This four phase
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study is evaluating social, environmental, economic, managerial, and institutional

constraints as well as physical constraints.

ERDA is currently funding a study to monitor the sociceconomic impact of the
CDIF during the pre-construction, construction, and post-construction phases. Al-
though social impact assessment has been included in the Environmental Ii.pact

45, 46/ there was no

Assessments for two recent energy developments in Montana,
apparent criteria on how this information was evaluated in terms of other constraints,
nor was the research found to be entirely adequate for analysis of the MHD
technology. Another deficiency in socioeconomic evaluation is in the area of
community impacts from the termination of an energy related industry., However, the
social impact of the termination of two government ABM sites has been invesii-

gated,47/ and may provide a basis for impact analysis at MHD facilities,

4.4 Future Environmental Research and Assessment Activities

Based upon the environmental, health, and safety issues and research needs
identified in Section 3, and the review of ongoing and completed research reviewed
above and in Attachment A, and in accordance with the priorities scheme presented in
Section 4.2, it is possible to develop a future environmental research plan to be
implemented in concert with the MHD technology development program. The proposed
plan presented in this section includes a discussion and scheduling of those projects
considered to be of high priority. These attempt to address the issues pertinent to
MHD. It should be realized, however, that there are many projects, other than those
presented here, which would further the development of MHD as an environmentally

acceptable technology.

In brief, the plan for future research encompasses general research, such as
improved samy'ing and control techniques for fine particulates, and specific research,

such as monitoring and characterization of air emissions at specific facilities.

Monitoring and characterization are of primary importance in determining which
pollutants are produced from MHD facilities and which ones present potential
environmental problems. These data aid in the modification or development of the
environmental control systems needed to control those effluent species determined to
be of greatest concern. Monitoring data also are very useful in identifying which
pellutants from MHD are of greatest concern with respect to effects on humans and

ecosystems. This in turn helps to define the areas of needed future research on health
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effects. Finally., based upon the baseline and operating ambicnt and effluent
monitoring data, control technology evaluation and development, arua effects research,
assessments can be made concerning the environmental, health, and safety impacts of
MHD facilities and the developed industry. Figures 4-1, 4-2, and 4-3 summarize the

schedule of the work plan presented below.
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FIGURE 4-1
ENVIRONMENTAL ACTION PLAN FOR THE MHD CDIF

CDIF Technology Development
Detailed Design
Construction
Testing - Train 1A
Train 1B
Downstream Components

Baseline and Operating Ambient Monitoring Programs for
MHD Facilities

Characterize and Monitor Air Emissions ané Water Effiuents
During Operation

Assessment of Particulate Control Technologies
Assessment of Nitrogen Oxides Emissions

Pesign and Implementation of an Cccupational Health and
Safety Monitoring Program at MHD Facilities

Analysis of the Chemical and Physical Stability of MHD Slag
and Fly Ash and the Implications of Treatment and Disposal

Development of a Water Conservation Plan for the MHD CDIF

Determination of Transport and Fate of Trace Elements in
Solid Waste Leachate

Assessment of Ecological Impacts of MHD Emissions

Analysis of Alternative Means of Solid Waste Management
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Note: A detailed description of each of these projects is presented in the text below.
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FIGURE 4-2
ENVIRONMENTAL ACTION PLAN FOR THE MHD ETF

Fiscal Year

1978 }197911980 } 1981 19821 1983 11984 | 1985 | 19856 | 1987
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Baseline and Operating Ambient Monitoring Programs for A Baselld e
MHD Facilities

Characterize and Monitor Air Zmissions and Water
Effluents During Operation

Develcpment of Economic and Environmentally Acceptable y - —y
MHD Seed Recovery Subsystems

Design and Implementation of an Occupational Health
and Safety Monitoring Program at MHD Facilities

Development of a Water Conservation Plan for the MHD ETF A——'———v
Assessment of Bcological Impacts of MHD Emissions A

Expansion of the ETF Siting Study  — v ls);:g Evaluation &
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Note: A detailed description of these projects is presented in the text below.
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FIGURE 4-3

ENVIRONMENTAL ACTION PLAM FOR GENERAL MHD RESEARCH

Fiscal Year
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Magnetic Fields Associated with MHD Systems A
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Development of Analytical Models to Predict Air Emissions
from MHD Facilities
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Note: A detailed description of these projects is presented in the text below.



PREPARATION OF EIA AND, IF NECESSARY, EIS FOR THE MHD ETF.
(In Response to R&D Requirements I1X.A.1)

Objective: To comply with NEPA and ERDA guidelines for NEPA compliance relative
to the MHD program by preparing an EIA and, if necessary, an EIS on major projects.

Significance: NEPA requires Federal agencies to consider the potential environmental
effects of their proposed actions at the earliest possible time and to integrate
environmental considerations into the decision-making process at all stages of
technology development. Preparation of an EIA and EIS, if necessary, for the ETF will
fulfill ERDA's legal obligations under the National Environmental Policy Act {(NEPA),
and thereby avoid project delays which would result from any criticisms or law suits
brought against ERDA on this subject.

Suggested Research: During the detailed design phase and after selection of the site,
preparation of the EIA will begin in parallel to the water availability assessment, if
necessary, and baseline monitoring program. Basic data on the range of environmental
and sociceconomic impacts expected from the ETF will be collected. A site visit and
evaluation of available ambient monitoring data will be included. If upon review of the
EIA, preparation of an EIS is recommended, the EIA will be expanded into an EIS.

The EIA and EIS will include assessment of environmental impacts of the ETF on the
following areas: air, surface water, groundwater, land use, ecosystems, and the
socioeconomic environment {e.g., employment, population, economics, health and
safety, aesthetics, and historical and recreational areas). Impacts on the quality and
quantity of resources will be included, as well as mitigating measures, unavoidable
impacts, short-term and long-term impacts, irreversible and irretrievable impacts, and
identification of alternatives to the potential project. Environmental problems
associated with fine particle emissions, potassium seed material, high temperature
creation of toxic compounds, and health effects of human exposure to magnetic fields
should be addressed. The social impact of terminating a test facility with a design life
of 15 years should be determined and mitigating measures identified.

The EIA will be used to determine whether or not the project will result in a significant
impact on the environment, and whether an EIS should be prepared. The EIA and EIS
should be completed in time for the project evaluation at the end of the detailed design
phase and before the decision to construct is made.

Recommended Schedule of Activities: Initiate ETF environmental assessments ~ FY
1983.

Final EIA - FY 1985
Final EIS, if necessary - FY 1986
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CHARACTERIZE AND MONITOR AIR EMISSIONS AND WATER EFFLUENTS
FROM MHD FACILITIES
(In Response to R&D Requirements I.A.1, 2, 3 & 6/1.B.3, 4, 5/II.A.2/
OI.A.1,2/1X.A.2)

Objective: To insure that specific ERDA facilities will not adversely affect air and
water quality and to obtain emission and effluent data which can be scaled up to
evaluate impacts of the larger MHD facilities.

Significance: Characterization and quantification of emissions and effluents at specific
MHD facilities, when coupled with baseline ambient air and water quality monitoring,
will provide a basis for assessing whether MHD systems will be significant contributors
to ambient pollutant levels. Imissions and effluent data from the CDIF will be useful in
preparing the EIA for the ETF and also will provide a basis for modifying ETF control
system designs if this proves necessary. Data from the ETF and more advanced MHD
facilities will be scaled up to evaluate impacts from commercial plants. Without
adequate emissions and effluent data, subsequent EPA regulatory actions regarding
MHD emissions could impede CDIF operation or delay ETF construction until the
emission and effluent control potential of MHD facilities has been adequately
addressed.

Suggested Research: Design and implement a comprehensive program to monitor and
characterize all ducted and fugitive gaseous and particulate emissions and water
effluents to identify and quantify pollutant species, including thermal discharges,
released to the environment by MHD facilities. Include monitoring of solid waste
leachate and/cr runoff from solid waste disposal sites. Start up, load changes, shutdown
and maintenance operating modes will be considered in addition to design conditions.
Analyze for criteria pollutants, thermal discharges, trace elements, fine particulates,
radioactive emissions, and highly toxic or carcinogenic compounds. Perform chemical
analyses on effluents and various size fractions of particulates for potassium seed
compounds, sulfates, trace metals, and other potentially harmful substances. Perform
multi-element mass balance studies of air, water or solid waste effluents at selected
MHD f{acilities and compare with similar studies done at conventional coal-fired power
plants. Establish the relationship between specific operating parameters and the
relative concentration of toxic molecules in particle emissions. Monitoring data
obtained at the CDIF will also be used in a computer model currently being developed to
forecast trace element and sub-micron particle emissions from the MHD ETF, and may
provide a basis of knowledge for the ETF EIA.

Recommended Schedule of Activities: Initiate design of emissions and effluent
monitoring systems for the

CDIF - FY 1979

ETF - FY 1987
Initiate monitoring and analysis program for the

Supporting technology centers-FY 1978

CDIF ~ FY 1980
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BAXELINE AND OPERATING AMBIENT MONITORING PROGRAMS
FOR MHD FACILITIES
(In Response to R&D Requirements LB.2, 3, &6/I11.A.1 & 3/V.A.1/V.B.1)

Objectiver To establish a data base against which the cffects on the environment of
MHD facility construction and operation can be compared and cvaluated.

Significance: Through the comparison and analysis of baseline ambient air quality,
watoer quality, and ccological monitoring data with these same types of monitoring data
obtained during construction and operation of MHD facilities, adverse environmental
cffects are identified, if they exist. This provides corrective feedback for control
technology modifications and contributes to the verification of the environmental
acceptability of the MHD technology. Basecline monitoring data are very helpful in
preparing the site-spacific EIA/EIS for proposed facilities.

Suggoested Rescarch:  Design and implement programs for baseline and operational
monitoring of ambient air quality and surface and groundwater quality at MHD
facilities. Include data collection for criteria pollutants, trace elements, and all other
compounds which potentially could result from operations at MHD facilities (in
particular potassium sced compounds). Emphasis will be primarily on fine particulates,
NO_, trace elements and sulfates, Meteorological data on wind velocity, direction,
stability, ctc., will also be obtained if data are not available from existing nearby
weather stations. Ecological monitoring will include terrestrial and aquatic fauna and
flora and will concentrate on sensitive indicators of habitat quality and those specics
most likely to suffer from MHD plant siting, construction and operation. Assess the
response of economically important species to MHD potential pollutants such as finc
particles and trace clements.

Bascline and operational ecological monitoring should include such aspects as:  a
reference collection of soil, plant, and animal samples; soil, vegetation and animal
analyses for SO,, NO_, trace clements, and other regulated or potential pellutants;
ecological community Sructure near the site prior to facility operation; use of infrarcd
photographs of the site before operation to establish the extent of vegetational damage,
if any. Monitoring at the CDIF site will focus on developing techniques which will be
used to determine heelth effects at the ETF.

Ambient baseline sampling and continuous monitoring of ambient air quality will occur
prior to plant operation within a specified region (usually 1 to 3 miles from the plant
site). This baseline monitoring has alrcady begun at the CDIF site and will be continued
until CDIF test operation, scheduled to begin in 1980. More extensive sampling and
continuous monitoring of ambient air quality downwind of plant emissions will continue
after the onset of CDIF operation. Baseline monitoring at potential ETYF sites will begin
in ¥Y 1978, Upon selection of a specific site, the monitoring program will be expanded,

Recommended Schedule of Activities: Initiate bascline ambient monitoring program.
ETF - FY 1983
Complete baseline ambient monitoring program and initiate operational ambient
monitoring program.
CDIF -~ FY 1980

-7]-



ASSESSMENT OF NITROGEN OXIDES EMISSION CONTROL,
TECHNOLOGIES FOR MHD POWER PLANTS
(In Response to R & D Requirements VI.A.1, 2, 3, 5, 6, & 8)

Objective: To perform a quantitative and qualitative asscssment of the atmospheric
emissions of nitrogen oxides from MHD power systems and to analyze the effectiveness
of alternative NOX control measures.

Significance: MHD systems may result in NO_ emissions above those of conventional
coal~fired boilers. This is due to typically hiéher couél?ustion temperatures (400005-
SOOOOF), and possibly from superconducting magnets and NO_ control systems. /
Since allowable emissions of NO may be decrecased in the futuré{, it is necessary for
ERDA to develop data on MHD NO_ emissions and alternative techniques available for
their control to insure that adequat}ga controls will be available for the more advanced
MHD facilities.

Monitoring and quantification of atmospheric NO_ emissions at MHD sites will provide a
data basc on actual MHD NO_ emissions in the ,iight of potentially stricter standards.
Some work in this arca has alr’éady been carried out at the Stanford University, PERC,
AVCO and UTSI facilities. Failure to complete this study may delay ETF operation or
commercial development until the ‘NO_ problem has been adequately addressed and
control measures implemented. Furthe?z, it may result in the setting of NO_ emission
limits applicable to MHD without the full benefit of technical data produciﬁ‘le only at
ERDA facilities,

Suggested Research: Emissions of nitrogen oxides at MHD facilities will be monitored
and emissions data collected and recorded during the length of the facility's operation.
NOx cmissions data will be modeled and compared to ambient air qulaity data derived
from baseline air quality monitoring performed prior to plant operation. This will result
in an assessment of MHD contributions to ambient NO_ levels. In the event that
conventional control techniques (such as multi-stage combustion and modification of
air-to-fuel ratios and gas cooling rates) are not found to be adequate in controlling NO
emissions, research into alternative control measures will be conducted. Such researc
will be aimed at developing an environmentally acceptable (considering potentially
stricter NO_ emission standards) and cost-effective control procedure. Cost/control
curves will Be developed for all NOx control technologies evaluated.

Recommended Schedule of Activities: Initiate quantitative assessment of NOx
emissions and conventional control technologies

CDIF - FY 1980
Complete assessment of conventional NO_ control technologies and, if necessary,
initiate assessment of alternative technologies

CDIF - FY 1984
Complete alternative NO_ control technology development

CDIF - FY 1985
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ASSESSMENT OF PARTICULATE CONTROL TECHNOLOGIES
FOR MHD FACILITIES
(In Response to R&D Requirements VI.A.1, 3, 4, 6 & 8)

Objectivest To analyze and evaluate the effectiveness of alternative particulate
control technologies, with particular emphasis on the control of fine particulates.

Significance: EPA is currently revising the particulate standards for utility boilers
downward. To ensure that future standards applicable to MHD can be met, adequate
control technology must be made availabie. In addition, MHD power generation may
result in the creation of fine particulates not effectively removed by existing
particulate control technologies. These particulates will contain trace elements and
sulfates formed via reaction of the seed material with the sulfur and trace elements
present in the coal. The EPA views atmospheric sulfates as a potentially serious air
pollution problem and is conducting further research in this area. ERDA requires
adequate knowledge of the potential for and degree of MHD contribution to atmospheric
sulfate and trace element levels if the environmental acceptability of the technology is
to be established. Failure to complete this study may delay ETF operation until the fine
particulates problem has been addressed and control measures, if necessary, are
implemented. In addition, although the promulgation of emission limits for swmall
particulates is probably several years away, ERDA should begin to identify the
incidence of small particle emissions and develop the best possible and most cost
effective technologies possible for their control.

Suggested Research: This project should concentrate on the development of control
options for particle control. The characterization and monitoring data collected during
operation of supporting technology facilities and the CDIF will be used to determine the
physical and morphological characteristics and chemical composition of varicus size
fractions of particulates from MHD facilities. The mass respirable fraction should also
be determined. The effectiveness of existing control technologies for particulates will
be evaluated (e.g., high energy wet scrubbers, cyclones, electrostatic precipitators and
baghouses), If fine particle emissions for MHD are a problem and control with current
technology is found to be inadequate, variations, improvements, and/or new technology
options will be investigated and tested. Cost/control analyses will be performed for all
potential technology options so as to determine the maximum level of control
economically achievable.

Recommended Schedule of Activitiest Initiate evaluation of particulate emissions
Supporting technology facilities FY 1980
CDIF - FY 1980
Complete control technology evaluation and, if necessary, intiate modification and/or
development of new control technologies
CDIF -~ FY 1984
Complete particulate control technology development
CDIF - FY 1985
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DESIGN AND IMPLEMENTATION OF AN OCCUPATIONAL HEALTH
AND SAFETY MONITORING PROGRAM AT MHD FACILITIES
{(In Response to R&D Requirements IV.A.1, 2, 3, 5, 6, 7 & 8/
IV.B.2/1V.C.1, 2, & 3)

Objective: To establish an occupational health and safety monitoring and recording
program for cach ERDA MHD facility to assess occupational health and safety hazards
associated with MHD facilities and to provide a data base for establishing OSHA
standards,

Significance: The occupational health and safety hazards associated with MHD
technologies are not fully known. Of particular concern in the MHD process is the
generation of high intensity magnetic fields reaching six or more Tesla, the
occupational health cffects of which are largely unknown. Noise, vibration and
generation of fine particulate matter are also potential problems. Without an adequute
data base for use in evaluating possible occupational health and safety hazards, a basis
for evaluating the technology's environmental acceptability and for e:.tablishing OSHA
standards will not exist. This would delay operation at the ETF and commercialization
goals. This project will also provide guidance to AES by identifying areas of nceded
health effects research.

Suggested Research: A detailed occupational health and safety monitoring program
should be developed specific to MHD facilities which includes parameters to be
monitored, level, frequency, and location of monitoring stations. Monitoring of the
work environment will include qualitative and quantitative monitoring of electromag-
netic fields, in-plant air emissions, heat, noisc, and vibration levels. Workers will be
monitored by means of medical surveillance, including pre-employment and periodic
physicals; and epidemiological studies of workers at the ZTF will be conducted to
identify potential health effects of MHD, particularly those associated with exposure to
high iutensity magnetic fields. A specially trained physician with experience in
occupational health and industrial hygiene should be provided to establish appropriate
pre-employment and subsequent periodic medical laboratory examinations and suggested
research. An industrial hygienist should also be employed. Needs for protective
clothing, such as gloves and respirators, or equipment (i.c., shields for superconducting
magnels) will be identified, and health protection procedures for workers will be
established. Hazardous components, areas of potential mechanical failure, combustion
hazards and other safety hazards in MHD facilities will be identified, and methods to
minimize these hazards will be developed. Monitoring programs will be more extensive
at the ETF and commercial demonstration facilities as these facilities will operate for
longer periods of time and provide data more representative of a commercial MHD
facility.

Recommended Schedule of Activities: Design occupational health and safety
monitoring program

CDIF - late FY 1978

ETF - FY 1987
Implement monitoring program and develop necessary protective measures

CDIF - FY 1979
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DEFINITION OF BIOLOGICAL EFFECTS INDUCED BY
HIGH-INTENSITY MAGNZETIC FIELDS ASSOCIATED WITH MHD SYSTEMS
(In Response to R&D Requirements IV.B.3. & 5.)

Objective: To build a data base to be used in devising guidelines for occupational and
other exposures to the high-intensity magnetic field associated with MHD systems.

Significance: Health effects of magnetic fields are ill-defined and poorly understood.
A number of symptoms in humans exposed to high-intensity magnetic fields have been
reported including headache, fatigue, irritability, altered appetite, altered pulse rate,
lowered blood pressure, and decreased white blood cell count. Published results from
several laboratories indicate that low level magnetic field intensities may cause
mutagenesis and teratougenesis, as well as cell and chromosome division perturbation.
However, human data are very limited and much of what is available is open to serious
question. Moreover, although many studies of biomagnetic effects in animals have
been reported, results have not been sufficiently reproducible or reliable to permit
extrapolation to man. Given the existing high degree of uncertainty relative to health
effects of magnetic fields, the possibility of worker exposure to the high-intensity
fields expected to exist at MHD facilities is of major concern. Inasmuch as an
adequate data base on human responses to magnetic fields will not be available for
many years, early decisions concerning limits on occupational exposures will of
necessity rely heavily on quantitative data obtained from carefully controlled animal
experiments. At present, no formal guidelines or standards applicable to human
exposure to magnetic fields are in effect in the United States.

Suggested Research: To ensure proper assessment of exposure, research on
instrumentation to measure dosage from high intensity magnetic fields is vital and
should include the development of: 1) an area monitor for measurement of magnetic
field strength, orientation, and gradient; 2) a personal integrating monitor or dosimeter
to measure exposure to workers; and 3) a theoretical framework for magnetic field
dosimetry which includes effects of field strength, orientation, gradient and frequency.

Selected short-lived animals will be exposed to magnetic fields at the CDIF and
possibly the U-25 under carefully controlled conditions. Both short-term and long-
term exposures will be empioved. Particular care will be taken to define all animal
exposure parameters precisely and to eliminate physical as well as biological artifacts.
The acquisition of quantitative dose-response data will be emphasized. Supporting
research in simpler experimental systems will serve to identify biomagnetic response
parameters of interest, develop a basis for understanding animal responses to magnetic
fields, and facilitate the design and interpretation of animal experiments. Because so
little is known about biomagnetic phenomena, many response parameters will need to
be evaluated in exposed animals, including (1) genetic effects, (2) effects on
reproduction, growth, and development, (3) effects on the nervous system and
behavior, (4) effects on hematopoiesis and blood chemistry, (5) effects on cardiovas-
cular function, (6) effects on morbidity patterns, and (7) effects on life span and
mortality patterns. Range-finding studies of biomagnetic effects now in progress will
be selectively expanded as scientific knowledge increases.

Prospective epidemiological strategies will be designed and completed with the
exposure data collected by monitoring devices so that more meaningful safety
standards can be developed as guidelines for occupational exposures to magnetic fields.
Recommendations regarding limits on occupational exposures to magnetic fields wili
be made, and periodically reviewed as more information becomes available.
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The possibility that MHD magnetic fields may affect flight patterns of birds will
be assessed by a scientific panel to define possible impacts, identify uncertainties, and
plan any research that may be needed.

Recommended Schedule of Activities
Initiate instrumentation research - FY 1978.
Initiate exposure research - FY 1979.
Make recommendations regarding limits on occupational exposures to magnetic
fields occurring in ERDA operations - FY 1979,
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DETERMINATION OF HEALTH EFFECTS OF TRACE ELEMENTS
AND ORGANIC COMPCUNDS IN MHD PROCESS WASTES
(In Response to R&D Requirements 1.C.1/1I.B.1/III.B.1/and IV.B.4.)

Objective: To identify and quantify any process-specific health effects attributable to
trace elements or organic compounds in emissions, effluents, and solid wastes produced
at MHD facilities under normal operating conditions.

Significance:  Trace elements, fine particulates, hydrocarbons, and other organic
compounds released as by-products of coal combustion are known to represent a serious
hazard to human health. In many instances, toxicity is incompletely understood,
particularly with respect to possible late effects (e.g., mutagenesis) resulting from
chronic, low-level exposures. Nevertheless, Federal standards limiting human exposures
to a number of the above-mentioned by-products have been established. Ongoing
research sponsored by Federal agencies (including ERDA) is providing additonal toxicity
data that will be needed to refine and supplement existing standards. In view of the
high temperatures involved in the MHD combustion process, the introduction of
potassium seaed material into the combustion stream, and the ionic character of the
combustion plasma, the profile of MHD by-products is expected to differ both
qualitatively and quantitatively from the profile seen in conventional coal-combustion
processes. Such differences must be defined and their significance with respect to
health effects must be determined. It is anticipated that nonunique MHD health effects
can be assessed primarily on the basis of MHD by-product monitoring, existing
information on coal-combustion health effects, and data produced by other fossil-fuel
studies. The purpose of this work unit is to conduct both process-specific and generic
assessments in the context of occupational as well as public health.

Suggested Rescarch: Perform a literature search on the health effects of expected
pollutants in process waste streams. In the operational monitoring programs MHD
emissions, effluents, and solid wastes will be analyzed, characterized (where necessary),
and quantified with respect to trace elements, particulates, hydrocarbons. .ad other
organic compounds. To the extent that by-products are qualitatively similar to those
characteristic of conventional coal combustion processes, health effects should be
assessable without additional research. Unique by-products will be subjected to
toxicological testing. In genevral, a multi-tier system of toxicological testing will be
employed in which test materials are rapidly screened in simple, well-standardized
biological systems (including the Ames bacterial system) to obtain preliminary
information on mutagenic, carcinogenic, clastogenic, and teratogenic properties as well
as cytotoxicity. In the case of complex mixtures (e.g., organic materials) screening is
conducted in conjunction with chemical separations to evaluate the toxicity of
reproducible fractions and eventually specific compounds. Substances identified as
potentially hazardous are further studied in animal systems. Long-term animal studies
are conducted only when warranted on the basis of preliminary evaluations of acute,
suhacute, and delayed responses. In the case of particulate materials, preliminary work
consists of chemical and physical characterization, evaluation of cytotoxicity in vitro
(rabbit alveolar macrophage test system), and screening (as described above} of
inorganic and organic fractions extracted from the particulate material. Positive
indications of toxicity would require long-term inhalation studies of particulates in
animal systems. With the experimental approach outlined, only a limited number of
long~term animal studies is anticipated.

Recommended Schedule of Activities:
Initiate literature search - FY 1978,
Initiate health effects studies using data from the CDIF and ETF
CDIF - FY 1980
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DEVELOPMENT OF ECONOMIC AND ENVIRONMENTALLY ACCEPTABLE
MHD SEED RECOVERY SUBSYSTEMS
(In Response to R&D Requirements IIL.C.3/VLLA.1, 4, 6, 7 & 8/VLB.1)

Objective:  To develop cconomic and environmentally acceptable seed recovery and
regeneration subsystems to be used in the MHD ETF and to evaluate the potential
environmental impacts of these subsystems.

Significance: For cconomic as well as environmental reasons, the alkali metal seed
materials used in MHD power generation must be recovered and regenerated and sulfur
must be removed and disposed of in the regeneration process. This will entail a scries
oi recovery, regencration, cleanup, and disposal steps with emission or disposal
problems related solely to these subsystems. Analysis is therefore necessary to
determine potential emission sources, characterize emissions, and develop mitigation
mecasures. This project will enable the integral development of impact mitigation
measures with ETF seed recovery system design modifications for purposes of
mitigating environmental problems. Secondary environmental problems attributed to
the seed subsystems could delay ETF construction if this project is not completed.

Suggested Research: Identify all sources of seed loss (i.e., ash, slag, fly ash, internal
hold-ups, and seed recovery and regeneration plant) and determine the extent of seed
loss by each under actual operating conditions. Identify mechanisms leading to
significant seed loss (e.g., slag or possible fine particulate emissions), and develop and
test control methods to maximize seed recovery, including process and design
modification and particulate control technologies. Perform epgincering and cost
analyses on potential candidates for seed extraction and regeneration systems to select
the most promising technologies for further rescarch. Test and develop extraction
technologies which maximize potassium extraction from spent seed and fly ash/seed
material.  Test and develop regeneration technologies which maximize seed recovery
and minimize solid waste generation and other secondary environmental problems
associated with sced regeneration systems. Scale up the most promising systems for
testing at the ETF scale. Determine the potential emission and ecffluent sources in the
seed recovery/regeneration subLsystems.  Characterize all potential emissions and
effluents resulting from seed regeneration, subsequenl cleanup measures (e.g., Claus
sulfur recovery unit), and generation of the H, and CO synthesis gas used in seed
regeneration. Assess the impacts on air and watér quality of identified pollutants and
identify potential health hazards. Assess the practicability of various effluent and
emission control and impact integration measures. Determine the combination of
recovery/regeneration systems and seed materials which offer the greatest degree of
environmental acceptability and cost/effectiveness.

Recommended Schedule of Activities:
Initiate engineering ard environmental assessment of seed recovery
and seed regeneration systems - FY 1982.
Complete engineering and environmental assessment of seed recovery
subsystems - FY 1985.
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ANALYSIS OF THE CHEMICAL AND PHYSICAL STABILITY OF
MHD SLAG AND FLY ASH AND THE IMPLICATIONS FOR
TREATMENT AND DISPOSAL
(In Response to R&D Requirement I1.A.4/II1,A.1)

Objective: To analyze the physical and chemical stability of MHD generated slag and
fly ash and to assure the use and/or development of environmentally acceptable
methods for treatment and disposal.

Significance: MHD-generated slag and fly ash may have different characteristics than
slag and fly ash usually encountered in coal fired boilers. This is due to the very high
combustion temperatures (2760°C/5000°F) and the addition of potassium seed material
(potassium carbonate). Consequently, research is necessary to assess potential disposal
and leachability problems resulting from MHD-gencrated slag and fly ash and
determine appropriate environmental control measures. This analysis will result in an
assessment of the environmental implications of MHD-generated slag and fly ash and
identify appropriate control measures available to mitigate such problems. Failure to
complete this assessment could result in significant disposal problems for CDIF and
ETF-generated wastes, and declay MHD commercialization if waste disposal methods
are not formulated or developed at this time.

Suggested Rescarch: Using samples derived from the CDIF and ETF when operating
under conditions representative of commercial plant conditions, the chemical
composition and physical stability of MHD~generated slag and fly ash will be compared
analytically with ash generated by conventional coal-fired boilers, with special
emphasis on quantitative and qualitative assessment of trace clements which may be
generated in MHD systems by high combustion temperatures. Conditions under which
MHD solid wastes release potential contaminants will be characterized and the
individual contaminant concentrations under these conditions will be determined. The
rates at which various contaminants are released will be evaluated. Laboratory
analyses will be conducted to simulate lcaching of MHD solid residues before and after
sced regeneration under a variety of conditions, including leaching by natural waters
(i.e., rainwater, surface water and groundwater), leaching under mildly oxidizing and
mildly reducing environments, and successive solids/leachate contacts to assess
qualitatively the longterm rate of leaching of identified compounds. The following
analytical information will be determined: 1) physical properties of slag and fly ash
including butk and particle density, porosity, and surfacc area; 2) chemical
composition with emphasis on main constituents and significant trace elements; and 3)
contaminant composition of leachate including pH, sulfate levels, and trace metals
content. Finally, a determination will be made of whether conventional trecatment and
disposal methods are adequate for MHD slag and fly ash.

Recommended Schedule of Activities:
Initiate analysis of CDIF non-regenerated solid waste - FY 1981,
Complete analysis of CDIF solid wastes - F'Y 1984,
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DEVELOPMENT OF A WATER CONSERVATION PLAN FOR MHD FACILITIES
(In Response to R&D Requirements II.C.1/VII. A.4/1X.A.2)

Objective: To develop data on water resource requirements and water supply
availability for proposed MHD facilities in order to avoid hindrance of MHD technology
development and facility siting due tc limitations on water use.

Significance: Completion of the water conscrvation plan for the CDIF and ETF will
provide important data on MHD water requirements, which will be useful to the Water
Resources Council in preparing the water assessments mandated by Section 13 of the
Federal Nonnuclear Energy R&D Act of 1974, This project will also provide information
on the methods available for the reduction of MHD water usage. lack of these data
could impede ETF and commercial plant development and siting due to water
availability limitations.

Suggested Research: Water conservation plans for MHD facilities will be prepared.
Data will be collected on the quantitative and qualitative water requirements of MHD
operations. Techniques for reducing MHD water consumption, such as recycling or
cooling system modification, will be examined. In addition, methods of utilizing low
quality or wastewater in MHD systems will be investigated. Recommendations will be
made for the implementation of cost effective techniques capable of reducing overall
MHD fresh water requirements and/or substituting lower quality water for MHD uses.
The CDIF water conservation plan will support ETF design and siting analyses as well as
provide a background in this area for the ETF EIA.

Recommended Schedule of Activities:
Compile data on MHD water requirements
CDIF ~ early FY 1978
ETF - FY 1980
Complete water conservation plan including recommendations for applicable
water conservation techniques
CDIF - FY 1980
ETF - FY 1982
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ASSESSMENT OF ECOLOGICAL IMPACTS OF MHD EMISSIONS
(In Response to R&D Requirements V.B.1.)

Objective: To outline a research plan for the determination of the ecological impacts
of MHD emissions.

Significance: The most important factor in an evaluation of the ccological impact of
MHD emissions is to establish how these emissions differ both qualitatively and
quantitatively from pollutants produced from conventional coal combustion. Current
evidence indicates that open-cycle MHD will produce significantly lower amounts of
SOZ’ up to ten times as much NO_ depending on the types of controls used, and an
increased proportion of fine particlés (adhering to these particles will be various trace
elements and potassium seed material). These pollutants can have substantial effects
on both terrestrial and aquatic ccosystems, and it will be necessary to measure the
distribution and accumulation of these substances in both plants and animals.

Suggested Research: There are two major elements to an evaluation of the ecological
impact of MHD: 1) bascline studies which determine the distribution of important
pollutants and inventory the presence of biota prior to the operation of MHD facilities,
and 2} research programs on the biological effects of emissions from MHD facilities
after operation has begun,

Basecline monitoring studies which arc and will be conducted at MHD facility sites,
should establish the concentration of important pollutants in soil, vegetation, and
animals. The following pollutants should be measured either because they are directly
produced by MHD or because it is an important secondary rcaction product of primary
emissions. They include SO,, sulfates, NO, NO,, and fine particulate matter including
sced material {potassium compounds) in the atmosphere at and downwind of the
proposed sites; and the potentially toxic heavy metals listed above in soils, animals,
(both terrestrial and aquatic), and vegetation native to the region. By establishing the
levels of pollutants prior to operation, it will be possible to clearly cstablish whether
increases in concentrations occur after the facility is in operation. Of equal importance
is that baseline measurements also will provide convincing demonstration that no
significant increases in pollutants have occurred should that be the case.

The biological eftects should provide an inventory of: 1) economically important
agricultural and forest crops, 2) endangered animal or plant species, 3) private, State, or
Federal parks or wildlife preserves, 4) important habitats for wildlife such as
marshlands, and 5) potable water supply regions. This work is being conducted in the
ETF siting work presently being carried out by MERDI under Task M. MERDI is also
presently conducting a preoperational baseline biological surveillance program near the
CDIF site. This program is designed to establish reliable techniques which can be used
at the larger ETF and CDP. Due to the size of the CDIF and short time of operation
(less than 100 hours), it is improbable that measurable amounts of effluents will be
deposited in the ecosystem surrounding the CDIF site. Therefore work at the CDIF
should concentrate on technique, and as soon as an ETF site is chosen, a comprehensive
ETF baseline program should be initiated. The emphasis of this project will bear
directly upon the characterization and air and water monitoring work,

Recommended Schedule of Activities:
Initiate biological baseline data study for the
CDIF - ongoing
ETF - FY 1983
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Operational analysis for the
CDIF - 1980

Complete development and evaluation of techniques for determining effects
CDIF - FY 1983.
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DETERMINATION OF MECHANISMS OF TRANSPORT AND FATE OF
TRACE ELEMENTS IN SOLID WASTE LEACHATE
{In Response to R&D Requirements II1,A.3)

Objective: To determine transport mechanisms and chemical and physical actions of
the trace metals, seed materials and any organometallics in the leachate as it affects
groundwater supplies.

Significance: The chemical and physical composition of slag, fly ash, and effluents
from MHD plants is different from the waste products of conventional coal boilers.
The difference stems from the high temperatures { ~ 2760°C/5000°F) and the use of
seed materials such as K CO3. The leachates produced by MHD operations must be
carefully studied to see wzhat deleterious effects may result upon adsorption onto or
absorption into the soil. Effects upon soil chemistry, microbiology, and vegetation
must be examined. Further movement through the soils, geologic formations, and
groundwater supplies must be known to avoid contamination of private or municipal
wells.

Suggested Research: Based upon the data from chemical analyses performed on the
slag, and ducted emissions produced at MHD facilities, and where possible, soliciting
similar analytical data from other MHD facilities performing these analyses, a
program will be estabished to measure the transport rates through various types of
soils. Baseline and operational hydrologic (e.g., water table, stream flow, lake levels)
and water quality (surface and groundwater) monitoring data collected at the MHD
facility sites will be made available, and representative water and soil samples will be
provided by the CDIF and ETF monitoring teams and sent for laboratory analysis.
Laboratory tests will be conducted on these samples to determine the mechanisms of
transport and fate and the types of chemical and microbial reactions. Special
attention will be paid to sulfates, pH, trace metals, and organometallics.

Recommended Schedule of Activities:
Initiate transport test and chemical analyses for leachate
CDIF - FY 1983
Complete transport and fate analyses
CDIF - FY 1985
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ANALYSIS OF ALTERNATIVE MEANS OF MHD SOLID WASTE MANAGEMENT
(In Response to R&D Requirements II.C.1 & 2/VI.C.1, 2 & 3/VII.A.3)

Objective: To develop an economic and environmentally acceptable method of disposing
of MHD solid waste.

Significance: Disposal of solid wastes fromm MHD facilities may be similar to the fly ash
disposal problem of conventional coal-fired power plants. However, there is a
possibility that different disposal techniques, load requirements and beneficial use of
solid wastes from MHD may be desirable due to the expected enrichment of potassium
compounds and trace elements in MHD solid wastes. In addition, the higher combustion
temperatures may also cause solid wastes to have a finer texture compared to those
from conventional facilities. To c¢nsure the environmental acceptability of MHD,
potential waste disposal problems and beneficial uses must be identified, and adequate
waste management methods developed.

Suggested Research: Based upon the results of the solid waste characterization study,
in which the physical and chemical stability of MHD solid wastes are analyzed, criteria
for environmentally acceptable land disposal techniques will be identified, and if
necessary, modified and developed. These criteria will be based upon geological,
hydrologic, climatologic and soil characteristics of proposed disposal sites. As a basis,
perform a literature search of beneficia! uses of solid waste from conventional coal-
fired power plants. Potential uses of MHD solid wastes for construction material, road-
fill, or useful by-products will also be assessed on the basis of the physical and chemical
stability of MHD solid waste. Cost/effective analyses will be performed for all land
disposal and by-product usc options identified to determine which alternatives are the
most economic and environmentally acceptable for individual MHD facilities. Second-
ary impacts of viable disposal techniques and beneficial uses for MHD solid waste will
also be analyzed.

Recommended Schedule of Activities:
Initiate study of solid waste management alternatives
CDIF - FY 1982
Complete cost/effective analysis of solid waste management alternatives and provide
recommendations
CDIF - FY 1984

-84-



DEVELOPMENT OF ANALYTICAL MODELS TO PREDICT AIR
EMISSIONS FROM MHD FACILITIES
(In Response to R&D Requirements [.B.1.)

Objective: To develop an analytical model which can be used to predict air emissions
fromm MHD facilities under varying operating conditions.

Significance: While the characterization and quantification of air emissions from a
specific MHD facility will yield useful data, the information will tend to be very
specific to the process conditions at the time of measurement. These data alone will
have little value in predicting emissions from a commercial facility. This is
particularly true of a program in its carly development stage when various reaction
conditions are being considered such as temperature, pressure, air-to-fuel ratio, gas
composition, seed concentration and other variables. An analytical model which could
assist in predicting air emissions would be a useful tool.

Suggested Research: The first step in the development of a predictive analytical
model for air emissions is to obtain data from the CDIF under specified operating
conditions such as temperature, pressure, air-to-fuel ratio, gas composition, type of
coal used, etc. The analytical model can then be developed for the air emissions
actually produced under the given operating conditions. The next step in the process is
to evaluate the predictive capability of the analytical model under different MHD
operating conditions, by comparison with actual emissions data. To develop a truly
predictive model for air emissions the MHD system will have to be operated under a
series of varying conditions, i.e., temperature, gas composition, type of coal, air-to~-
fuel ratio, ~2ed concentration, etc. On this basis, through an iterative process, an
analytical model can be eventually developed which would predict with reasonable
accuracy air emissions from an MHD facility. As with all models, the developed
analytical model is expected to be extremely sensitive to the operating conditions of
the MHD system,.

Recommended Schedule of Activities:
Initiate modeling effort
CDIF - FY 1982.

-85



IMPROVEMENT OF ATMOSPHERIC TRANSPORT AND DISPERSION MODELS
(In Response to R&D Requirements LB.7)

Objective:r  To develop improved atmospheric transport and dispersion models which
will allow determination of both short term exposures from fugitive emissions of
potentially toxic substances as well as long term doses at various distances from the
MHD plant.

Significance: Because of the high temperatures ( ~ 2760°C/5000°F) associated with a
MHD plant such as the Engineering Test Facility or the Commercial Demonstration
Plant and the use of K,CO, seed materials, the normal emissions due to fugitive
emissions and inefficiencies in collectors may be different from that of a conventional
coal-fired power plant. Existing models assume that all emissions arc dispersed as
gasecs, and do not take into account the ecffects of mountainous topography on
dispersion,  To assess the impact on vegcetation, surfaces of livestock, and humans,
transport and dispersion models are necessary which will take into account rates of
deposition and chemical and physical interactions of the MHD emissions. With higher
temperatures, particle sizes are expected to be smaller resulting in slower deposition
rates and thus, fransport over potentially larger distances. In selecting MHD facility
sites as well as in sclecting other power generation facility sites, it is essential to
consider transport and dispersion characteristics since not only atmospheric stability
conditions, but humidity will affect the concentration of particulate emissions,

Suggested Rescarch: The development of models tailored to the emissions from MID
plants will of necessity depend upon the air quality data obtained from other MHD air
quality and emission characterization programs. This must be a mutually dependent
cffort since the placement of monitors must depend on a sound model, and conversely,
a sound model must be developed from good sets of bascline data. A cooperative
program starting with the CDIF should be set up for the devclopment of an improved
model.

It is essential to set up a nctwork of meteorological monitoring stations,
especially at sites in irregular terrain, for scveral years prior to plant operation and
continue for at least scveral years during operation to determine the effect upon the
atmosphere of the MHD plant operation. This should be started with the CDIF and
repeated for the ETF and CDP. The meteorological data obtained from a specially
designed network coordinated with those of the air quality networks are necessary for
the development of a sound transport and dispersion model to predict transport and
fate in irrcegular terrain and particle deposition rates. These networks of air quality
and metcorological stations are essential for model verification. Existing National
Weather Service Stations or stations operated by industry are generally unsuitable for
high caliber model development.

Recommended Schedule of Activities:
Obtain data from meterological and air quality monitoring stations and initiate
the development of transport models
CDIF - FY 1978
ETE - FY 1983,
Complete transport and chemical fate models
FY 1984,
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EXPANSION OF THE ETF SITING STUDY
(In Response to R&D Requirements IX,A.3)

Objective: Public Law 93-404 Section 107 requires that ERDA construct the MHD~-ETF
in the state of Montana. In order that the siting be environmentally acceptable several
aseas of the siting study require expansion.

Significance: Traditional siting studies have not included the utilization of low grade
waste heat from facilities. The omission of this results in two basic cffects. Iirst,
useful energy is wasted which, if used, may decrcase demand and lower direct pollutant
emissions. Second, this waste heat must be dissipated in some manner that potentially
increases consumptive water use, fogging and thermal pollution.

Although ERDA explicitly states the need to consider social impacts equally with
physical effects in determining environmental acceptability, there is no defined
procedure for doing so. The siting of a facility in an area where it is not socially
acceptable may greatly hinder its development.

Suggested Research: This project will be an expansion of the siting survey being
conducted under MERDI Task M, funded by ERDA. A complete literature scarch of
waste heat utilization possibilities for the ETF will be conducted. Upon receipt of ETF
design criteria, those uses suitable for Montana must be analyzed in detail to determine
under what specific conditions they would be environmentally, cnergetically and
economically optimal. Siting locations which may feasibly allow for the waste heat
from the ETF bottoming cycle to be utilized in existing facilitics will be identificed.

A methodology will be formulated to incorporate social accoptability into Jacision
making. Such a methodology will weigh survey findings, majority voles, public hearing
response, and comnunity leadership involvement into a weighted criteria,

Recommended Schedule of Activities:
Initiate both studies - FY 1973.
Site selection - FY 1983,
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5. MANAGEMENT STRATEGY

5.1 Management of ERDA Environmental Responsibilities

Within ERDA, the Assistant Administrator for Fossil Energy (AFE) and the
Assistant Administrator for Environment and Safety (AES) have major and complemen-
tary responsibilities for the environmental, health, and safety aspects of Fossil Energy

programs.

The Assistant Administrator for Fossil Energy manages and directs the fossil
energy research, development, demonstration, and commercial application program for
the Energy Research and Development Administration concerning coal liquefaction,
coal gasification, gas and oil development, oil shale, coal utilization, including
combined cycle, direct combustion, and magnetohydrodynamics, and advanced technol-
ogy (including materials research, combustion systems, extraction technology (exclud-
ing coal), and offshcre drilling technology), and their directly related environmental,
safety, and socioeconomic matters. He provides policy guidance, programmatic
direction, and coordination to the ERDA organizations engaged in carrying out the
foregoing functions and activities, He acts as the principal spokesperson, advisor, and
assistant to the Administrator on all aspects of the foregoing fossil energy programs.
In concert with appropriate staff and field offices, he coordinates fossil energy
activities with others such as Congress, Federal and State agencies, industry,
universities, and foreign and international organizations having an interest in these
activities. He also identifies major fossil energy research, development, demonstra-
tion, and commercialization problems in ERDA programs and takes action to resolve
them or recommends solutions. He establishes and implements procedures for periodic
consultation with representatives of science, industry, environmental organizations,
consumers, and other groups which have special expertise or interest in the areas of
fossil energy research, development, and technology,“/

The Assistant Administrator for Environment and Safety (AES) manages and
directs the environment and safety program for the Energy Research and Development
Administration and acts as the principal spokesperson, advisor, and assistant to the
Administrator on all aspects of biomedical, environmental, and safety research and
development and the protection of health, safety, and environment with respect to
development of energy technologies. He develops transportation standards and
technology for ERDA operations from the standpoint of environment and safety. He
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coordinates ERDA activities required or specified under the National Environmental
Policy Act (NEPA); and in concert with appropriate staff and ficld offices, coordinates
environment and safety activities with others such as Congress, Federal and State
agencies, industry, universities, foreign and international organizations having an
interest in these activities. He administers health, safety, and environmental
protection programs applicable to all ERDA activities, including performance of
independent assessments of the health, safety, and environmental protection aspects of
ERDA programs and facilities, the conduct of research and development related to
ERDA-wide problems of health, safety, and ecnvironmental protection; and the
overview and assessment of environmental and safety research and development,
primarily control technology, performed under programs of other Assiatant Adminis-
trators, He identifies major biomedical, environmental, and safety recsearch,
development, and demonstration problems in ERDA programs and takes action to
resolve them or recommends solutions. He exercises overview responsibility for the
environmental and safety aspects of ERDA programs and working with other Assistant
Administrators, assures that for each energy source and energy conversion system
being developed or improved there are early identification and full consideration of
such factors as environmental degradations, effluent hazards, uncontrolled land usc,
resource deplction, and waste generation, and that to resolve these and related
problems there is timely development of adequate plans and provision for funding. He
concurs or nonconcurs in all Environmental Impact Statements and knvironmental
Development Plans. He initiates and performs research, development, and demons-
tration directed at achieving environmental protection and safety when such
undertakings are not appropriate for assignment to a particular energy or energy
conversion program. He establishes procedures for periodic consultation with
representatives of science, industry, environmental organizations, consumers, and
other groups which have special expertise or interest in the areas of biomedical,
environmental, and safety research, development, and technology.49/

The Assistant Administrator for Fossil Energy and the Assistant Administrator
for Environment and Safety shall include among program elements and activities
research, development, and demonstration designed to assure that program activities
under their direction are conducted with due regard for: safety, energy conservation,
environmental and social consequences, and impact of water consumptive technologies
on water re'sources; the need for environmental assessments and the preparation of
Environmental Impact Statements; technologies which utilize renewable or essentially
inexhaustible energy sources; and the potential of technologies for net energy

production.48’ 49/
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5.2 Environmental Overview Committee (EOC)

To facilitate these activities, an Environmental Overview Committee (EOQOC) will
be established to advise AES and AFE management personnel on matters that relate to
evaluation of the Fossil Energy EDP's adequacy of the research, implementation, and
associated progress. The committee will consist of a maximum of eight members from
AFE-AES Divisions. This committee will be co-chaired by AES/TO and AFE/ESP
committee members, Other representatives may be called upon to contribute to the

EOC as necessary.

5.3 Responsibilities for EDP Updating

AES has the responsibility for ensuring the quality and timeliness of EDP's.
Preparation is the joint responsibility of AES and AFE. Other program and staff
Assistant Administrators arc to review EDP's relative to their current planning

-
needs.ZJ/

5.4 Interaction with Other Federal Agencies

Other Federal agencies are involved in various environmental and safety aspects
of MHD. ERDA will continue to cooperate with these agencies by providing
information obtained through the work of AFE and AES, through interagency
Memoranda of Understanding, and Interagency Agreements. Included in such
cooperation is work with EPA in developing New Source Performance Standards (NSPS)
and other environmental standards for MHD facilities; with Water Resources Council
(WRC) to assess water requirements of these facilities and water availability; and with
OSHA to set worker health and safety standards.

5.5 Public Involvement

This EDP and its annual updates will be made available for public review, and
each year ERDA will consider public comments when setting priorities for enviren-
mental issues and scheduling environmental research and assessment activities.
Through the EDP process, the public will be kept aware of ERDA's activities in
teéhnology development and environmental research. This mechanism will allow the
public to help ERDA evaluate its progress toward the Magnetohydrodynamics Program
goal: the development of environmentally acceptable and commercially viable MHD

technologies.
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Legislation

APPENDIX A
FEDERAL ENVIRONMENTAL LEGISLATION APPLICABLE TO
MAGNETOHYDRODYNAMICS

Applicability to Magnetohydrodynamics

Energy Reorganization
Act of 1974,
PL 93-438B

ERDA is required to ensure the environ-
mental acceptability of the energy
technologies under development.

National Environmental
Policy Act of 1969
(NEPA)

PL 91-190

Environmental Impact Statements (EIS's)
must be prepared for all major Federal
actions significantly aff-:cting the
quality of the human environment.
Environmental Impact Assessments (EIA's)
usually done to determine which actions
require EIS's.

Non-nuclear Energy
Research and Development
Act of 1974 (Section 13)
PL 93-577

Water availability assessments are
required for commercial plants, and
demonstration plants which may have a
significant impact on water availability.
Assessments are done by Water Resources
Council (WRC) .

Clean Air Act as’ amended
PL 91-604 as amended by
PL 92-157

PL 93-15

PL 93-319

Amblient air quality standards have been
set for 802, TSP, NO,, CO, HC, and Ogi
more are being considered.

Wew Source Performance Standards (NSPS)
apply to coal-fired boilers and
regulate S0, NO and particulates.
lower emission levels are being
considered, as are regulations for
small particulates., Stricter standards
gpecific to MHD may be established.

Standards for hazardous air pollutants
regulate mercury, beryllium, polyvinal
chloride, and asbestos.

NSPS and regulations for the prevention
of significant deterioration may affect
plant giting.

Best Available Control Technology (BACT)
may be required when locating in “"clean"
regions. BACT will be determined on a
case-by-case basis.

Lowest achievable emission rates (LAER)
may be required when locating in non-
attainment regions.



Legislation Applicability to Magnetohydrodynamics
Federal Water Pollution ® National Pollutant Discharge Elimination
Control Act Amendments System (NPDES) permits are required to
of 1972 control wastewater discharges.

PL 92-500 ® Since effluent guidelines have not besen
developed for most fossil energy tech-
nologies, permit requirements are deter-
mined on a case-by-case basis to meet
state plans.

e A "No Discharge" goal has been set for
1985.

Resource Conservation ® Solid waste disposal must comply with

and Recovery Act of 1976 most stringent air and water standards;

PL 89-272 monitoring is required.

® New regulations will be developed in
1-2 years for a Federal hazardous waste
handling permit system and state programs
for non-hazardous solid wastes.

Toxlc Substances Control ® Disposal of specific materials used in

Act (TOSCAh) MHD processes may be requlated.

PL 93-523

Safe Drinking Water act ® Wastewater discharges may require

PL 93-523 additional treatment for heavy metals
or organic waste if they impact
drinking water supplies.

Noise Control Act of 1972 ® To protect health and welfare, ambient

PL 92-574 noise levels .are recommended; they may
become standards for facilities regqu-
lated by state and local governments.

Occupational Safety and e Health and safety regulations must be

Health Act (OSHA) met for workers in MHD facilities.

PL 91-596

Coastal Zone Management ® State coastal zone management plans

Act of 1972
PL 92-583

developed with Federal financing assis-
tance may affect plant siting and design.



Legislation Applicability to Magnetohydrodynamics
Marine Protection, ® Permits are required for activities in
Research and Sanctuaries wetland areas which may restrict MHD
Act of 1972 facility siting.
PL 92-532
Rivers and Harbors Act e Permits are required for dredge and fill
330.5.C. 401-413 activities in navigable waters, which
may affect MHD facility siting.
e Projects must be integrated with flood
controel, river, and dam projects.
National Historic Preser- ™ Federally financed, assisted, or permitted
vation Act of 1966 projects cannot impact important historic
PL 89-665 or cultural sites unless no alternatives
exist.
Endangered Species Act e Identification of endangered aquatic
PL 93-205 and terrestrial species at a potential
construction site is required, which
may affect MHD facility siting.
Fish and wildlife ® Any project requiring modification of
Coordination Act bodies of water must be reviewed to
PL 85-624 prevent loss or damage to fish and
wildlife.
wildlife and Scenic Rivers e Projact must not degrade the quality

Act :
PL 90~542

NOTE :

of wild and scenic rivers.

A special study was carried out for ERDA at the University of

Michigan (under subcontract to Argonne National Laboratory (ANL),

on regulatory aspects:

"A Survey of Federal and Selected State

Laws and Regulations Relevant to Coal-Fired MHD Power Plants,"
by Michael Sauer under the direction of Professor Wes Vivian,

first draft submitted July 29, 1977, 92 pp.

Final published

version should be available from ANL in the near future.



ATTACHMENT A

BIBLIOGRAPHY CF ONGOING AND COMPLETED RESEARCH

Attachment to the Magnetohydrodynamics
Environmental Development Plan

Prepared for:
Energy Research and Development Administration
Washington, D.C.

September, 1977



BLANK PAGE



TABLE OF CONTENTS

Introduction . . v v v v 4 e e o e e

Listing of Project Titles. . . . . . .

l.

Characterization, Measurement, and
Environmental Transport - Physical
Processes and Effects. . . . . . .
Environmental Control Technology .
Operational Safety . . « « « + .« .
Health Effects . . . . « « « « .« .
Ecological Processes and Effects .
Integrated Assessments . . , . . .
Regulatory Activities. . . . . . .

Specific Project Summaries . . . . . .

Monitoring.

and

. .

Chemical

. L} .

Characterization, Measurement, and Monitoring.

Environmental Control Technology .
Operational Safety . . . . . . . .
Health Effects . « + + ¢« + + « +
Integrated Assessments . . . . , .
Regulatory Activities. . . . . . .

Page
. 1
. 4
. 4
. 12
. 14
. 23
. 25
. 28
. 30
. 33
. 34
. 34
. 39
. 44
. 45
. 46
., 48



Attachment A

BIBLIOGRAPHY OF ONGOING AND COMPLETED RESEARCH

A, Introduction

This is a compilation of some of the current and completed
environmental research projects relating to MHD and can be used
to identify general areas where further work is needed. This is
not intended to be a comprehensive summary of all environmental
research projects applicable to MHD, but instead should indicate
the types of research being conducted in various areas. Anyone
interested in a particular subject area should conduct a more
extensive literature search than is provided here, using this
"hibliography as a starting point. The information presented
here was obtained from the following sources:

e Inventory of Federal Energy-related Environment and
Safety Research (FY 1976);

e Smithsonian Science Information Exchange (March, 1977);

e summaries of projects sponsored by the Division of
Environmental and Socioceconomic Programs (1977);

® Fossil Energy Research Update for 1977;

e bibliography compiled by Exxon Research and Engineering
Company for their report, Environmental Assessment of

Advanced Energy Conversion Technologies;

e the Electric Power Research Institute's Publications
and Research and Development Projects lists (1977);

® Matray, P., "The Bioenvironmental Impact of Trace Element
Emissions from a Magnetohydrodynamics (MHD) Facility =--
A Literature Search and Recommendations," September, 1976,
MERDI in-house document;

® FEnergy Research Information System, 0ld West Regional




@ Commission and USDA Forest Service, Surface Environment
and Mining, 1975-76; and
®© Fiscal Year 1976 Health and Environmental Effects Research

Program Abstracts, Office of Energy Minerals and Industry,

Office of Research and Development, U.S. Environmental
Protection Agency, EPA 600/7-77-04, January, 1977.

Projects listed include both generic studies on the effects of
emissions which are common to coal combustion technologies and
studies which are specific to MHD (categories 5 and 6). The large
number of genevic studies on health effects precluded the inclu-
sion of all these proijects in Attachment A; however, representa-
tive generic projects have been included in the bibliography to
illustrate the nature of ongoing research in this area.l/

The Federal Inventory number (when applicable), title, monitor-
ing agency, author or performing organization, and completion date
for each project are listed. In addition, each project has been or-

ganized according to the following environmental research areas:

Characterization, measurement, and monitoring;
Environmental transport - physical and chemical processes
and effects;

Environmental control technology;

Operational safety;

Health effects;

Ecological processes and effects;

Integrated assessments; and

® & &8 6 6 o

Regulatory activities.

1/ See the ERDA Inventory of Federal Enerqgy-rel i
gy-related Environment and
Safety Research for FY 1976, Volume II, Part 2, for specific
studies, prepared by the Aerospace Corporation, April, 1977.



These research areas are further divided into categories according
to the level of specificity of the project. The following cate-

gories are used:

® Category 1
e Category

e Category 3
® Catego:y 4
© Category 5
© Category 6

.
.

General environmental research;

Energy~-related research;
Coal research;

Coal utilization research;
Magnetohydrodynamic research; and
Site-specific or project-specific research.

Following the listing of prdject titles, brief summaries are
included for those projects specific to MHD technologies (categor-
ies 5 and 6) for which information was readily available. These

summaries are also organized according to research area.



B. Listing of Project Titles

CHARACTERIZATION, MEASUKREMENT, AND MONJTORING

F1 Numbey

CATEGORY 1  GENERAL ENVIHOMMENTAL RESEARCH

Q0.49Y9 Invustigation of Nox-Nluathulfate Produgtion

032024 Survey of Instrumentation for Environmmental
Honitarinyg

086075 Trace Coanstitutent Analysis by Lager Ex.itation

091017 Aerusol Technoloyy

uviaozl Trace Bleawinls Lo the Bluspliorg

VIdULY Buvelopaunt of an On=liott Aurosol Size Maus
Monitorling Instrunent

¢liol? Air Pollution Studies

032006 A Porket=Sized Gas Chromatoyraphic Analyzwer for
Chemi¢al Contaminants in Air:r A Foasibility
Stundy

Vi2uud A Purtabla Microwave Spectrometric Analyzer
for Chemical Contamipants in the Alr: Deslgn
and Prototype Construction

67603y Pertection of Previously Developued Instrumenta-
tlon for the Colluction and Analysis of
Catvinoyenie vapurs it Anblent Atmosphores

Jloly? Applicatlion of Biological Testing Technigues
ot Prucess Samples

ouldel Anblent Aerosol Determination

Uu o010 Elgctronie/Diffraction Structure Analysis

0320{4 Physical Mathods of Measuring tnvironmental
Cuntumminants

uVlde Sampling and Analysis for the US/USSR Joint
Sampling

070275 Samphing and Analysis Rosearch and Development

uB5111 Ouvulopmunt of Portable Analyzer

Air Quality Criteria for CO

i‘a::tors Influencing Plume Opacity

Trace Elemunt Study

ALt Quality Criteria for Particulate Mattur

Alr Quality Criteria for tydrocarbons

n/a ~ not available

*0 -~ ongalng

Monitoring Author or Performing Completian
Agency Organlzation Date
EPA United Tachnoloyies Ruesearch Center n/a
ERDA Unlversity of California, Berkeley n/a
ERDA Battello Pacific Morthwest Lab, n/a
ERDA ERDA Health and Safety laboratory 1976
LIWA LA dlvaleh and Sataly Labuidtory O
ERDA Los Alanus Sciuntific Luburdtory
EVA NOAA n/a
NIOSH Stanford University 1977
NIOSH Univargity of California, Livurmore 1v77
EPA Resnarch Triangle lnstitute n/a
EPA Stanford Rusearch Institute nfa
ERDA Brookhaven MNational Laburatory n/a
ERDA University of California, Barkeley n/a
B&DA Universtty of Calftornia, Burkeley 19178
EPA York kasearch n/a
EPA Resgarch Triangle Institute n/a
ERDA Oak Ridge Matlonal Laboratory n/a
NAPCA NAPCA 1970
n/a §. Callfornia Edison Company 1976
TVA fn~ousa n/a
NAPCA NAPCA 1969
NAPCA HAPCA 1970



FI Number

CATLGORY 14

CIIARACTERIZATION, MEASUREMENT, AND MONITORING

GENERAL ENVIRONMENTAL RESEARCH

SARLGUNY 2

Particle Slze Analysis Using Differential
Interference Contrast

Sulmicron and Commicron Particulate Detection
Using Surface Ionization

How to Mathematically Model particle Size
vlstributoxs

Lluclrun Spuvtrogcopy Ffoe Chemlual Aalyula ot
Alrhorbv pParticulatus

A Nuw Concept Size saluctive Sampling System fox
Monitoring Particulate Air Pollution

Duvelopment of Fugicive Bmiusions Sampling
Techniyues

Thermodynamic Transport Properties of

Potassiunm
Modulling or Gas-Phasy Xanetics of Fuel Nitroygen
Kinetics of NO Formation

Measuremunt of Reactlon Kate Constants of NO + O
Glves N + 02 and NO + Il Gives N ¢ OH

Liguid-Metals Handbouk

Mathematical Modelliny of Fine Particle Colluce
tivn by Eluctrostatic Precipitation

Kapld Instiumentation for Particle Size Analysis,
A Review, parts I, I1, III

ENERGY-KELATED RESEARCH

Ve1036

J8200?

082033

gu ool

ugloLy

083030

VB3040

035054

012002

0l2ou)

012004

Atmosphierfic Diaynostics of Airborne Pollutants

Characterjzation of Particulates on lLung and
Leaf sSurtaces

Instrumentation Techinology for Energy-Relatued
Contaminany s

Auday ot Mahamallan Spara Mol ity

Trace Cuntaminanly From Pobstl laul bowar
stations

Fleld laboratory for Characturization of Gaseous
amd Particulate Pollutants

Multistate Atmospheric Power Production Pollu-
tion Study

Toxtcant Formation in Condunser Coolt{ng Systems
Dovelopment of Standard keferenco Materfals,
Lndtrumueatation, and Matheds Needed for Monitoring
Alr Quality Associated with Ensryy Daevelopmont

Hatur Quality Assurance and Instrumentation

Enargy Relatud Air Pollutaut Analysis lpstrumen=
tation

n/a < nut davailable

*J - ungoiny

Monitoring Author or Performing Completion

Agency Organization Date
n/a Mellon Institute of Science 1976
n/a University of Pittaburgh 1975
n/a Pollution Measuremuent Corporation 1976
n/a Waltur C, MuCrumus Asuoc., log. 1976
n/a bonaldson 0., lnc. 1975
EPA Rusearch Corp. of New England (1]
O’NL Oak Rudye National Laboratory 1968
n/a California Slate University ‘1976
n/a Exxon 1976
n/a Stanford Universily 1976
ALC Atomlic Energy Cowmisslion 1952
n/a Gooch, J.P., and Mchonald, J.R. 1972
n/a ITT Reswarch Institute 1974
ERDA Brookhaven Natf{onal Laboratory n/a
ERDA Unjversity of California, Burkeley n/a
ERDA University of Californta, Burkeley 1977
1LHDA Undvurulty ot Cullforuiu, Livurmoru n/a
BROA Undversity ot Calitornla, lLivurmors n/a
EROA Unfvarsity of California, Livgrmore 1976
ERDA University of California, Livermorse n/a
FRDA Cak Ridye National Laboratory a/a
EPA National Bureau of gtamdards 1980
EPA National Bureau of Standardy 1980
EPA National Bureau of Standdards n/a



I Number

CATEGORY 21

glivi2

013014

032017

077038

070152

G805y

o754y

091023

09lued
QYLLs5d
Y8026

998056

LETILY

PELDLET)
070247
070255
010247

070153

u70i0d

079271

CHARAUTERIZATION, MEASURUEMENT, AND MONLIORING

+

ENERGY - RELATED RESEARCH

Cloud and Precipitation Modification Effects of
Pollutants from Enuryy Production

Lidar Techniques for Measuring Particulate
Pullutants Erom Ensrgy Production and Their
Transport and Dispersion Processes

Enumeration of Encrgy Occupational lealth
Problums

Iduntification anmd Measuremunc of High Molacular
Qrganic Compounds in Bnissions from Power Plants
and Oil Refineraius

Parciculate Sampling and Support

Envirvowrental tollution Analysis, Instruments,
and Mathods Duveloping

Chardeterization of Gaswous Molecular Pollutants
Buitied by EnvrqQy Senuration Svurces

Nonnuclear Pollutants in Surface Air (baseline)

Assussment and Control of Nonnuclear Alrx
Contaminants

Nonnuclear Pollutants un the Earth's Surface
(basaline)

Studies to Determine soland 504 in Power Plant
Stack Emissions

Duvulop Instrwnentation and Mathods to Identify,
Measure, and Analyze Enerdy-Rulatud Rerogols and
Particulates in Relation to Dlruct Effects on
Hedlth

pDovelopment of Improved Guneration Methods and
Siesng Instruments for Pinw Particles in Aervavls
for Charucterizlng Inhalacion Hazards

Optimized Filters and Stack Probe for Aeroscl
Stack Sampling

Sanpling and Malysis of “Raduced" and "Ox{dized"
Spucles In Process Streams

Fusl Ducumposition and Flame Reactions in Conwvur~
slon of Fuel Nitrogen to NO

Characturization of bmission and Combustion
turfurmaiey of Alturnate Fuauls

dentdtlcation and Mussutument of 1ilgh Mulucular
Wulght Oryanic Compounds in tmissiuny from
Power Plants and Okl Retinerias

Raview aid Duvelop Test Plans and Measurement
Programs

The Uevelopment of Fugltivu Emissions Sampling

Usa of & Tracer to Detarming Contribution of a
Power Plant to Suspended Particulate Levuols

T&Jchnic_al Manual for Muasurement of Fugltive
Enlesions

Muasurewant of NO and N02 in Combustion Systems

Pugl-Specific Environmantal Emission Coeff{-
clents for Industrial Procesyes

n/4 - not avallable

Q- onguing

Monitoring Author or Performing Completion
Agancy Organization Date
EPA National Oceanic and Atmospheric n/a

Admin{stration (NOAA)
EPA NOAA 1980
Public  Western Area Ocoupationasl Health n/a
Health Laboratory
Services
EPA Southurn Research Institute n/a
EPA Southern Ressarxch Institute n/a
SRDA Battelle Pacific Northwest Laboratory n/a
ERDA Ames Laboratory n/a
ERDA In-House n/a
ERDA In-House n/a
ERDA In-House n/a
EPA Brookhavuen Natjonal Laboratory n/a
ERDA Lovelace Foundation for Medical 1976
gducation and Research
ERDA Lovelace Foundation for Medical n/a
Bducation and Rugvarch
EPA Los Alamos Scientific Laboratory n/a
EPA TRH, Inc. n/a
EPA Rockwell International Corporation n/a
EPA ERA 0
EPA Southurn Kusuarch Institute n/a
EPA Mitru Corporation n/a
EPA Reswarch Corporation of New J-gland n/a
n/a Anugrican Eluctric Powsr Service 1976
Corporation
EPA Resuarch Corporation of New England 1976
n/a University of Califoruia 1973
n/a Brookhaven National Laboratory n/a



CHAIMACTERIZATION, MEAUSURBMLNT,

Title

ENERGY~-RETATED RESEARCH

laboratory Studies and Mathematical Modeling
of Nox Formation in Combustion Processes

Kinetic Mechanismg Governing the Fatw of
Chemically-Bound Sulfur: Nitrogen inh Coimbustlon

Rapid Continuous Determination of NOX Concen~
tration In Exhause Gases

Evaluatlon of Saltzman and Phenol Disulfonic
Acid Methods for Determining Nox in Englne
Bxhaust Gases

Alr, vater, and Solid Residus Modyls for
Conventional Combustion Sourcas

Modeling of Combustors: The kffects of Anbient
Cohditions upon Performance

Rate-~Congtrained Partial gquillbrium Models for
the formation of Nox trom Organic Fuel Nitrogen

A Study of NO_ Emission Charxacteristies in 2~
Stage Combust{on

Chemigtry of Fuel Nltrogen Convsrsion to NO in
Combustion

Basic Kinetic Studies: Modeling of non
Foxrmation in Combustion Proce sus

No, Prediction from Diffusion Model

The Formation and Destruction of Hydrogen
Cyanide from Atmospheric and Fuel Nitrogen 4in
Ricli Atmospharic Pressure Flamos

Al Experimental Correlation of Oxides of Nitro-
yen Emigsions from Powsr Boilers Based on Field
Data

Biological Impact of Air Pollution on
Insects

Trace Metal Variation in Solls and
and Sagebrush in the Powder Rivaer Baslin,
Wyoming

Accuwntulation of Fluorides by Insects
Nudaz an kinisulon Source Ln Wesiurn
MonLaug

Gay and Leachdtes from Landfllls

Program Approval Documunt ¢y 77
Magnetohydrodynamic Program

Resldencu Time of Particles in Urban
Alr

Evidence for the Accumulation ot
Atmosphuric Lead by Insects iu Aruvas
of High Trafflc Donsity

Chemival Conguntrativng of Pollutunt

Luad Aerouols, Terrustrial Dusts and
Sea Salty fu Gruvnland and Antarctica
Suow Skrata

Effect of Soil Properties and Amendinonts on
the Availability of Zine fn Sokls

AND MON UFORING

Monitoring Author or Performing Completion
Agency Orqanization Date
n/a Exxon n/a
n/a Shell Development Company n/a
n/a Unaversity of califoxnia 1968
n/a Pratt and Whitnoy 1969
n/a Monsdanto Research Corporation 1976
nfa f.aval University 1973
n/a MIT n/a
n/a Tokyo Gas Co., Ltd. n/a
EPA Rockwell International Corp. n/a
n/a Exxon n/a
n/a Westinghouse Electric n/a
n/a Shell Research, Ltd, n/a
n/a Riley Stoker Corporation n/a
n/a Jurry J, Bromunshenk 1975
Fort union Coal Fleld Symposium

n/a J. J. Connox, J, R, Keith, and 1976
B, M. Anderdon, Jour, Reuedrch,
U.8. Geclogical Survey

n/a J. E, Dewey, ELvitonmental . 1973
Entomology

n/a EPA 1976

n/a ERDA 1976

n/a N. A, Esren, Atmospheric:, 1971
Enyirommant

n/a FoOE, Galns, §, u. M1d@luton, 1973
and J. G, Grau, Environmuntal
Entuoinol oyy

n/a A, J, MaclLean, R. L, Halstead, and 196y
B. J. Finn, Geocham Coswochim
Acta

n/a A J. Maclean, Can. J. Soil Se¢i. 1874



FI Number

CHARACTERIZATION, MEASUREMENT,

Maercuzy in Plants and Retention of Mercury
by Suils in Relation to Properties and

Further Measuremants Around Modarn Power

Characterization of Atmospheric Pollutants

Multi-element Sizue Characterization of Urban

Lead in TPerrestrial Arthropods;
for Bioluygical Concentration

Evidence

Gaseous Nitrogen Compound Pollutants from
Urban and Natural Sources

Atmosphuric Concantrations and Sources of
Trace Elersuts at the South fola

Characterizaticvn of Coal and Coal Resfdue

Colluction, Chenlcal Analysig and Evaluation
of Coal Samplus fram U.5, Coal Reserves

CATEGORY 2: ENERGY=-RELATED RESEARCH

Added Sulfur
Stations~-~TI~1I1
for Power Plants
Aurosols

CATEGORY 31 COAL KESLAKCI

070139 Mineral Analysis of Coal

070145

093028

QY3077

Iimprovemont of Analytical Muthads €or Duter-
miniy Prace Rlumenty in Coal

Clean Energy trom Alaskan Coals

Bopirical Correlation of Cual Ash Viacosity
¥ith Ash Chemical Composytion

A Examination of the Influvnce of Ash on the

Combustion Characteristics of Anthracites

Oxygan Stodchiometry in Coal and Coal
Darivatives

Neutyxon Activarlon Analysis of Oxygen in Coal

Chemical Structure of Coal and Coal-derived
Producty

Chenistry and Structure of Coal

CATEGURY 41 COAL UTILIZATION RESEARCH

081025

Q4609)
13001y
V%0015

Quules

n/4 = not available

) - ongoing

Charactarization of Plures Baitted from Tall
Stacks

Ruaction Kinetics of Combustion Processess
Particulate Technology
1ab 'lestaing of Surface Conbustion

Combustion lwuearch un Cual Nitrogen and
Partlculatu Organie Mattur

Monitoring

Agency

n/a

n/a

n/a

n/a

n/a

n/a

EPA
EPA

ERDA

ERDA

ERDA

n/a

n/a

FER

MER

FER

FER

ERDA

ERDA

NASA

LPA

AND MOHN1TORLNG

PERC

Fostar Whoeler

TYA

MIT

Author or Performing Completion
Ornanization Date
A. J. MacLean, Can. J, Soil Sci. 1974
A, Martin and F. R. Barber, oM
Atmogphuric Envivronment
D. ¥, 8, Natusch n/a
J, J. Paciga and R, E. Jervis 1976
Environmental 8cience and Technolaoyy
Peter Price, B, J, Rathere, and 1974
D, A, Gentry, Environmuntal
Entomology
E, Robingon and R, C, Robbins 1970
Je Air Pollution
W, H. 2oller, E. J, Gladnusy, and 1974
R, H., Duce, §Eience
Illinofs State Geologlcal Survey nfa
11)inols State Geoloyical Survey n/a
U.s. Gaovlogical Survey n/a
n/a
Stanford Ressarch Instiwute 1975
Babcock and Wilcox 1976
n/a
Unfversity of Callfornia at Irvine 1978
North Dakota State Univerxsity 1977
Argonne National Laboratory 1977
Oak Ridge National laboratory 1977
Brookhaven National Laboratory n/a
Battelle Pacific Northwast Lab, n/a
n/a
NASA Lewis Rosearch Cunter n/a
o )



P Number

CATEGORY 4:

CHARACTERIZATION, MEASUREMENT, AND MONITORING

COAL UTILIZATION RESEARCH

00157

Effect of Fuel Sulfur on NO, Formatiop ix
Combustion Processss {pilot plant)

Characterizacion of Hazardous Maturials
Bmitted from Coal Combustion and Conversion

Study of Coal-Assvciatud Wastes Resulting from
Mining, Processing, and Utilization of Coal

Direct Sampling and Characterizatlon of GayxAaous
Speclus Rosponsible for Flreside and Turbine
Corrosion in ¥ossil-Fuel Flired Systems

Ash Pouling Studies Related to Combustion of
Lignite and other Western Coals

Energy Conversion Alternatives Study: Phasé 1,

Final Report

Trace Elements in a Combustion System - Final
Roport

tnission Assessment of Conventional Combpustion
Systems

Ruactions of Fuel Nitrogen in Rich Flime Gases
Coal~Fired Power Plant Trace Elemoent Study

Fate of Trave Mercury in the Combustion of Coal

Fundamentals of Nitr{c Oxide Formrtion in
Fosull Fuel Combustion

Study of Mineral Matter Distribution in
Pulverized Fuel Coals with Respuct to Slag
Duposit Formation in Boller Furnaces

Surface Resource XInventory of Haatern Montana
Ranyelands Utilizing High Altitude Color
Infrarad Adrial Photography

slgnlficance of Particulate Emissions

Trace Element Content of the Four Corners
Powar Plant

tdtaral and Yertical vVariations in Sulfur and
Trace Elemdnts in Coal| Coalstrip Field,
Montana

Particulates from Power Plants

Hazardous Emiguion Characceriutics of Utllity
Bollery

Trace Elemants In Fly Ash, Dupendance aof
Concentration on Partivle sSize

A Coal-Fixed Powar Plant Trace Element Study:
A Thrue.Station Comparison

Tho Bloenvironmental Inpact of a Coak-Fired
Powur Plant

n/4 = NOT available

*0 ~ onQoing

Marcus, C, M. Gusnther,

Monitoring Author or Perfurming
Ayency Orgyanisation
EPA University of Arizona
NSF University of Illinois
ERDA Wagt Virginia University
ERDA Midwedt Research Instituts
ERDA GFERC
NASA Waestinghouse glectric (Phave I
General Electric (Phase II)
EPRI Battelle, Columbus
n/a Battelle, Co:umbuy
n/a General Elduotric Co,
n/a Radian Corporation
u.s5, U.8. Bureau of Mines
Bureal
of
Mines
FER Western Michigan University
FER Pennsylvania State University
n/a F, T, Bateson and J, C. Elliott,
fort Union Coa) Field Symposium
n/a Jo X, Burchard, JAPCA
n/a H. L. Cannon and B, M. Andarson,
Coal Resources Work Group
n/a R. A. Chadwick, R. A. Woodriff,
R. #. Stone, and €, M, Buonnett,
Fort Union Coal Fleld Symposium
n/a R, J. Cheny, V. A, Mohnen, T, T. Shen,
M, Curreat, and J. B, Hudson, JAPCA
n/a C., Cowhurd, M,
and J, L. Splgarelli, EPA
n/a R. L. Davison, D, ¥, Hatuach,
R. Wallard, and J. R. Evans,
Enviyonmental Sclence and Technology
a/a EPA Reglon vIIT, Denver, Colorado
n/a EPA

Completion
Date

onr

n/a

n/a

n/a

n/a

1977

1975

n/a

1976
1915

n/a

1978

1979

1975

1974

1972

1975

1976

1975

1974

1975

1975



CHARACTERIZATION, MEASUREMENT,

Monltoring Author or Performing Completion
F1I Number Title Agency QOryanization pate
CATEGORY 4: COAL UTILIZATION RESEARCA
Campasitlon and Size Oistribution of In-Stack n/a E. 8, Gladney, J, A. Small, G. k. 197¢
Particulate Material at a Coal-Fired Powdr Gordon, aad ¥. H. Zollar,
#lant Atmospheric Environment
Trace Element Behavior in Coal-Fired Powex n/a J. W. Raakinen, R, M, Jordwn, Lawasini 1975
Plantg and West, Envirommental Science and
Tachnoloyy
Magnetic Demineralizatlon of Pulverfzed Coal n/a W. M, Rester, Mining Enyinuuring 1965
pathways of Thirty-Soyen Trace Elemants through n/a D. M. Kleln, et al,, Environmental 1975
Coal-Fiyed Power Plants Science and Taechnology
Toxic Trace Elements-~-Preferential Concuntration n/a D, F. 8, Natusch, J. R. Wallace, and 1974
in Respirable Particles C. A. Evans, Science
Characterizatlion of Trace Elements Ln Fly Ash n/a 0. F., S, Natusch n/a
Compodgition and Trace Elemsnt Content of Coal n/a J. E. Swanson, Coal Resources Work 1972
and Power Plant Ash Group
Compuslition and Trace glement Content of Coal, n/a ¥, E. Swansgon, D. Huffman, and J. C, 1974
Northern GrealL Plains Area Hamilton, Mineral Resources Work Group
The Dutarmination of Traces Elemants in Coal, Fly n/a D, J. VonlLehmden, R. H. Junyers, and 1973
Ash, Fuel O1l, and Gasoline. Part X A R, E. Lee¢, Anal, Chem,
Preliminary Comparison of Selected Analytical
‘fechniques
Organic Material in the Atmosphere n/a E. W, Went, Proc. Nat, Accel. Sci, 1960
CATEGORY 51 MAGNETOUYDRODYNAMIC RESEARCH
Atinospherio Pollution Aspects of Magnetohydro- EPRI Stanford University, High Tempéxature 1975
dynamics Power Plants - Fihal Report Gagdynamics Lab.
Advanced Eneryy Conversion Techniguas tor NSF Westinghouse Blectric Corporation n/a
Utility Applications Using Coal or Coal=-Derived
Fuels
Coal~Fired MID Electrlc Powsr Gunaration n/a MOntana State University n/a
Comparative Study of Mlvanvud=Cycly Sywtum n/a LR n/a
Muthody of Coal Conbustion and Processing in n/a AVCO Everert Reswarch Lab. 1975
Opun Cyclo MIID Systems
13th Symposium on Engineuring Aspects of n/a Stanford University 1973
Maynetobydcodynamics
The Thertwodynamic Data Tables for Foasil ERDA Dow Chemical Company 1979
Fuel ULilization Processas (includes MHD)
Thurmophysical Properties of Molten Coal NSF Battelle Memorial Institute 1976
Slays and Alkali Seed Mixtures Relating
To MHR
Compoaition of Ply Ash from a Coal-Fired HOM MERC 1974
HMHD Generator with Potash Saed
£nergy Tachnalogies Oftice National Bursau of Standards 1975
of
Coal
Research
MID Program Office MIT 1974
of
Coel
Rescaxch

n/a - not available

AND MONITORING




FI_Number

CATEGORY 51

CATEGORY 6.

CHARACTERIZATION, MEASUREMENT, AND MONITORING

MAGNETOHYDRODYNAMIC RESEARCH

Economically Efficient Design of an MHD Power
station Employing an Open-Cycle System

Optical Measurements of Mean Particle Size in
the Exhaust of a Coal-Fired MHD Gunarator

Ucban Adroaol Toxlicity: The Influence of

Particle Size
Investigation of Factors Influencing Potassium

Sued Hecovary ia a Olrect Coal-Fired Generator
System

Siay-seed Intexactions and Particulate Formation

ERDA Task 3: Characterization and Modelling
of MID Emissions

Characterlzation of Atmospheric Pollutantys
tor Power Planty {includes coal-fired MHD}

Duvedopinent Progrwn for MHD Direct Coal-tFired
Powyr Genwratlon Test Facilities

SITE~SPECIFIC OR PROJECT-SPECIFIC RESEARCH

_—

0 -

oiyoing

ERDA Task Q1 Amblent Baseline Monltoring
Program at the MHD CDIF

ERDA Task S1 Blologic and Sociceconomio
Monitoring Program for the MHD CDIF

Monitoring Author or Performing Completion
Agency Organization Date
n/s foraign Technology Diy., Wright 1972

Patterson AFB
n/a D, Holve and S, Self, University of 1976
California, San Dieyo and La Jolla
n/a D, F. S, Natusch and J. R, Wallace, 1974
Sclence
n/a K. E. Tumpelmeyer, L. Sher, L. Backer, 1977
M, Beaton, and J. Macgtin, léth
Symposium-~Engineering Aspects of
Magnetohydrodynamics, Universicy
of Tuhnessee Space luutitucn
ERDA University of Tenneases Space Institute 0%
ERDA MERDY o*
n/a D. F. S. Natvich (in press)
Quarterly Technical Proyress Report 1975
University of Tennussee, Tullahoma
Space Institute
EROA MERDL o
ERDA MERDI 0

-1l1l~



ENVIRONMENTAL TRANSPOKRT

PRYSICAL AND CHEMICAL PROCESSES AND EFFECTS

Monitoring

FI Number Title __Agency
CA fEGIRY 1: GENNRAL ENVINONMENTAL RESEARCH
oy60o0d Preocipitation Scavenging ERDA
odsals Hemispheric Pollution Behavior Studies of ERDA
Clhiemical and Radiation Substances
Yeulle6 Atrospheric Rasearch - Cloud Physics, Aervsolyw, ERDA
Pollutant Gases, Atmospheric Tracers, and
Turbulence
SCENIT Instrumuntal Balloon Invawtigation of Pullutants EHDA
Trandpart aind lrandfolmal ton
09Yu2Yy Digtribution and Interrelataonship to Trace ERDA
tlesents in Biological Systens
070049 Study of the Effectsa of Afirborne Sulfur Pollu=- EPA
tants on Matarials
070051 Alrborng Monitoxing Study: |llyperholic Coallng Nat'l
Tower Effluents and Inturactions Envir.
Res,
Ctr,
070054 Sampling and Analysis of Atmospheric Adrosols EPA
079058 Sources and Transport of Trace Mgtals in Urban EbA
Aersols
Heat Bxchange and Transport in the Environment EPR(
Modeling the Gas-Plase Kinects of Yuuwl-ditrogen EPRI
keactions - Final Report
CATECOKY 2: KHNERGY~-RELATED RESEAKCH
086Q11) Cooling Tower Atmosphuric Iiepact ERDA
QU602 Influences of Soild and Sedimencs on the Chemical  ERDA
Buohavior, Tranuport and Bivavsalability of
Poliutants Resulting fiom Encergy Production
086077 Determining the Effucts of Lncrenased Fossil tuel CRUA
Utitlzation {n Powsr Productton on tha
Chulical dature of Preciplitation in the North-
uast V.5,
oul03d Plune Hludion EROA
[V EL] Simag Chambur Studled af Auowphevle Chumlutrey LEA
<f Orgaulce and Nilrogen~Containing Eimlssgions
from Lwecyging Enuryy Technuloyivs
0813040 Multigtate Atpospheric Power Production Pollu- ERDA
tion Study
086028 Combinad Effocts of Waste Heat and Envirenmental ERDA
Facturs Aceclng {n Concert
100016 Tochnical and/or tolicy Evaluation for Alr and/ FEA
or Water Envirommental lipacts fron Enecyy
Gunuration
Environmental Responsus ko Thutiral Oischarges EPRT
from Marshall Steam Station, Lake Naxwan,
North Carolina
Environmuntal Responses to Thuimal Discharges EPRI

from the (ndian River Station, Indian Rivar,
D wware

“w]2=

n/a = not available

Author or Perxforming
Organjization

Battelle Pacific Norlhwent Lab.

Battulle Pacific Northwast Lav,

Battelle Pacific Noxthwest lab,

Sandi LalLs.
University of California,
Los Angeles

Rozkwell Intevnational Corp.

Maryland Bureau of Afr Quality
Control

Minnesota University

Florida state Unlvexsity

Johns Hopkins University

KVB tngineering Co.

bBattelle Paciflc Northwest Lab,

Battells Pacific Northwest Lab,

Battelle Pacific Northwest Lab.

Brookhaven National Lal.

Ruguarch Triangle lnwtltute

California Unfversity, Livermore

Battells Pacific Laboracory

Environmental Research 'Technology,
Loxington, Mass,

Joling Hopkina Univeraity

Johna Hopkins Universlity

Completion
Date

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

1974

1976

1976

n/a

n/a

n/a

n/a

n/a

n/a

n/a

1974

1974



F1 Number

CATEGOKY 2:

ENVIROHMENTAL TRANSPORT

PHYSICAL AND CHEMICAL PROCESSLS AND EFFECTS

Monitoring

CATECONY 41 COAL

on Smoke Dispersal

Study of the Emissiony from Major Air Pollution
Sources and their Atmospheric Interactions

Ditfuslon ovar Coastal Hountains of Southexn
Califarnia

A Theory of Plume Risa Compared with Pield

Observations

Results of Recent TVA Iavestigations of Plume
Rise

Bffluent Dilutions over Mountainous Texrxain

Diffugion in a Canyon within kough Mountainous
Terrain

ULTLIZALLON RESEAKCH

094002

087759

085116

046014

0y2758

130001

130002

Atmospharic Particle Chemistry and Sulfur-
Emission Control Studles

Environmental Impact of Coal Ash on
Lako Erla

Environmental Fate of taissions from Coal Combus-

tion Plants
Aorowol and Tracd Gas Tranutormations

The Contamlnation Of Groundwalur by Huavy Mutals
Through the Land Olupowsal of Fly Ash

Atmosphuric Trangformation of Emlssions from Coal-

Fired Power Plants: Full-Scale Fisld Studies

Reqional Atmosphdric Transport of Coal-Firxed
Powsr Plant Emisvions

Sulfate Formation in Coal Vrocusses

Pundamentals of Nitric Oxide Forwmation In Fossil
Fual Combustion '

Heavy Matalss Fallout Around a Power Plant

_Effacts of Stack Emissions on Hange Resource in

Vicinlty of Colutrip, Moutana

n/a - not available R

-13-

et

Title Agency

ENERGY-RELATED RESEARCH

Environmantal Rssponses to Thencal Dischaxges EPRI

From the Chasterfield Statios, Jauwss Rivuer,

virginia

Reactions of Nitrogen Oxldas, Ozones, and EPRI

sulfur in Powor Plant Plwnes - Final Report,

Interim Report

Datermination of the luasibility of Ozone EPRI

formation in Power PFlant Plunes - Volumey 1-V

Concerning ths Effect of Terrain Configuration n/a

n/a

n/a

n/a

n/a

n/a

n/a

ERDA

ERDA

ERDA

E{OA

EROA

EPA

EPA

ERDA

“RDA

n/a

n/a

Author or Performing
Organjzation

Johns Hopkine University

University of wWashlngton

Mateoro)ogy kesearch, Inc. and
Systems Applications, 1nc.

G, Fluming, Atmospheric Environment
G, E. Gordon, et al., Proyress
Report, University of Maryland,

Department of Chumistry

W. T. Hinds, Aumospheric Environment

D. P. Hoult, J. A. Fay, and L, J,
Forney, Journal of Air Pollution
Lontrol hssociation

T. L. Montgonary, $. §. flarpenter,
W. C, Colbaugh, and F, W, Thomas
Journal of Air Pollution Control
Assoeration

G. K. Start, N, R, Ricks, and €, R.
Dickson, NOAA Tuchnolcgy Memo.

G, E. start, €, R. Dickson, and L. L.

Argonng Hational Laburatory

State University Colleys,
Fredonia, New york

Oak Ridye Nationdl Laboratory

kattulle Pacitic Northweut Lab,

Notry Danmu Univerwity

TVA, Muscle Shoals, Alabama

TVA, Muscla Shoals, Alabama

FpC

Westarn Michlgan University

D, H. Klein and P. Russell
Environmental Science and Technology

F, Munshower, Montana State University

Conmpletion
Date

19274

1976

1976

1967

1974

1970

1969

1972

1974

197%

n/a

n/a

n/a

1976

n/a

1981

1980

n/a

n/a

19713

1976



ENVIRONMENTAL CONTROL TECHNOLOGY

Monitoring Author or Perf i “
FI eriorming Camplation
Numbar Title Agency Organization gate
CATEGOHKY 1: GEHERAL ENVIRONMENTAL RESEARCH
Pkl O AL UL, Sl
¢470210 Evaluation of Novel Fina Particulate Collaction EPA Parforming Organization Southexn n/a
Devices Ragwarch Institute
Q10300 High Velooity Fabric Flltration EPA Harvard University n/a
065028 Automated Anulyses for Biochemlcal Indlcators of EROA Oak Ridye National Laboratory n/a
Cenatic Difforances
070140 : The Syntheuwis of Unlabelled and Radlolabelled EPA Fidwest Husesroh Institutae n/a
Compoundu
070218 Duvalopment of Environmuntal hssessment and EPA Regearch Triangly Institute n/a
Control Tachnology Quality Assesament Programs
070221 Policy Analysis for Hazardous Waste Control EPA Colorado School of Mines Rasearch n/a
Q70280 Evaluation of Fundamantal Combustion Phenomena EPA n/a n/a
067024 Study of Physlical Paramatars of Transportation ERDA Jandia Laboratorieas n/a
Accldants
0870286 Maintenaince of & Transportatlon Environmental ERDA Sandia Laboratories n/a
Data Dank
090089 Environment and Safdty Planning Support ERDM Aezospace Corp. n/a
094002 Atmospheric Particle Chemlstry and Sultur ERDA Argonns Natlonal Laboratory- n/a
Emissfon Control Studies
0894020 Solvent Extraction Studies Using liigh-Molecular ERDA Texas Southern University n/a
Waight Amines
096014 Surfacy Corbuation Computar Model HASA n/a n/a
CATHEGORY 21 EMERGY~RELATER RESEAPCH
013053 Powar Plant Siting and Enarqgy Igsues ia tha Great  NOAA Wisconsin Universicy n/a
Laksy Coastal Zune
054012 . Mined Ares Raclamation and Rulated Land Use UsGS n/a 1976
elanning
054015 Enerqy Lands Progcam UsGS n/a n/a
054023 Arctic Environmental Studics usGs n/a 1982
054024 Subwurface Heat Storage UsGs n/a 1979
055001 Subatation Accustical Study poy/ Bolt, Buranck and Nuwman, Inc. n/a
Bonnuville ’
Bower
Admin,
070174 Impacts to Groundwatar and Surfdce Watur Quantity EPA Northern Cheyenne Ressarch Frojeot n/a
and Quality from Proposed Energy Development on
the Northern Chayunne Reservation, Montana
070198 Tachnlcal Support for Environmental Problem EPA Radlan Carporation n/a
Definition and Pollutant Syscym Studies
Q70201 Contxol Tachnology Devalopmunt for Products and EPA Catalytio, Inc, n/a
By~products
070211 Tachnical and Enginuuring Support for the EPA Dow Chemical Co. n/a
Induwtrlal Environmental Rdsuarch Lab ~ Wisearch
Trlangle Park
¢10213 Quick Reactiona Engineering and Technical Sexvices EPA RegeArch Triangle Institute n/a
070214 Support tn EPA in Evaluatlon of Coatyol EPA Dayton University n/a
Technologies
070216 Quick Kaactions Enginesring and Tuchnlcal Services EPA ERA n/a
n/e < mot available ~1l4~



1INV L RONMUNT'AL CONTROL FECHNOLOGY

Monitoring Author or Porforming complation
Fl Number Title Agency Organjzation ___Date

ENERGY~-RELATED RESEARCH

CATLGORY 2

070217 Profeysional Sarviceu: Dr. Jumpel Ando - Evalu- EPA Chuo Univeralcy n/a
ations of Japanaese Pollution Control Tuchnologies

070225 Alr, Watur and Solid Rusidue Prioritization EPA Monsanto Co. n/a
Modals for Conventional Combustion Systems

070253 Invastigation of Aerodynamic Plienomena in EPA United Aircraft Corp. n/a
VYollutlon Control

0702712 Conposition/Tempurature Msasurumants in Flamas EPA United Technologies Rasvarch Centar n/a

070284 Tachnical Support for USA/USSR Cooperative EPA Battelie Coluwinbus Laby, n/a
Ayrgemant

070287 Charactarization of Emlysion and Combustlion EPA EPA n/a
Performance of Altarnate Fuely

0701303 Program Support in Environmental Asgsessment and EPA Stanford Unfiveraity n/a
Control Technology Duvelopment for Advanced
Fossil Fusls

120001 Hasturn Energy-Ralatud Overhead Monitoring EPA HASA 1980
Alr Pollutlon and Its Control in Fossll Energy ERDA Afr Pollution Technology, Inc. 1976
Processes
An Investigation of the Potential for Utilization ERDA Radian Corp. 1977
of Saline Groundwataer in Energy-Rulated Processes
New Concupt for Fine Particls Control at Kigh EPA Atr Pollutlon Techneloyy, Inc. n/a
Temporature and Pressure
Meadurement of Critical Raty Counstants for ERRY Stanford University, High Tenperatura 1975
Nitric Oxide Decomposition for Dynanics Laboratory
The Influence of Design Varldbles on the Produc- EPA EPA 1973
tion of Thurimal and Fusl Nox from Raesldual 01l
and Coal Caowrbustion
Bagy, Caguy, Ascessoried for all Maker of n/a Baghouse Accessories Co. n/a
Bayhouduy
Alr Qualicy Criteria for Particulate Matter Air Pollution Control Administration 1969
Alr Quality Criteria for Nitrogen Oxides Aflr Pollution Control Administration 1971
Control of Ffne Particulate Air Pollutapts: P. Cheremisinoff and R. Younq, pollu- 1976
Equiprent Update Report tion Bngineering
Fine Particle Control Technotogy: Conven- D. Drehmel, JAPCA 1977
tional and Novel Davices
Divposal of Organochlorine Mastus by Incin- EPA 1975
oratlon at Sva
Muteorological Program for Limiting Powsr Plant J. Leaviut, §. Carpunter, J, Black~ 1971
Stack Emissions '1, T. Montgomexy, Juurnal of Alr

rllution Control Assoclation

Alr Quality Criteria for Sulfur Oxides, Sum- Nactional Air Pollution Control Admin- 1969
mary and Conglusions istration
Alr Quality Criterla for Partlculate Matter, National Air Pollution Control Admin- 1969
Summary and Concluslons istration
Af{r Quality and Power Plant Effluents Report L. Rancitelli, Battelle-Northwest 1975
EPA Sets Its Sights on Hixing GPI's NO L. Ricci, Chemical Enyineering 1977

Emissions

~15-~



*1 Number

CATEGORY 31 COAL

BNV HONMUNYAL CONTRAL THCUNAQGUGY

000002

000V0s

000007

07910%

070100

07010y

2710110
070117
070124
Q70125
Q0126
070127

070128

00129
Q70132
07?134
070135

030049

08071
085128

130058

CATEGORY d: _COAL

070164

070165

h/& = not avallable

Monitoring

Title Agency
RESEALKCH
Contxol Technoloyy for Mina FDA
Reclamation
Technolegies for Controlling Effacts of Mining USDAR/
on the Porest and Range Envixonment und on Users Foceyt
and Relatud Communities Sve.
Plant Materials Studies to Improve Technologies USDA
of Surface Hine Land Huclamation
Coal Mlnu Haul Road Sudlnunt Coutcrel Tunhnigue EUA
Snowy Creuk-Laursl Run Watursiied Dumonstration EPA
Projact fuasibiliey
Enviromnental Monitoring and Ausussment of Coal EPA
Strip Mining and Reclamation in the Pour Cornary
Arca
Effucis nf Surface Configurdation in Water EPA
Pollution Contxol on Somi-arid Mined Lands
Envitonmental Impact of Coal Transportation EPA
A Ccopurativa Proyram to Evaluate Surtace and EpA
Groundwatur Probluryg Assoctlated with Potentlal
Strip Mine Sfces
Ag3gvasment of Fugitive Dust fn Mining EPA
Manual Practica for Preg-mining Site Evaluation -~ EPA
Bastern Surtace Coal Miniug
Environmental Impact of Stwap Slops Mining EPA
£nvironmental and Pollution Aypacts of Coal EPA
Sturry Pipelines
Watal Quality ttydrology of Surface Mined EPA
Hatdrshods
Evaluation of Groundwatsr Pollution from fastarn EPA
Undurground “oal Miner
Underground Stowing of Waste EPA
Modifivd Dlock Cut Utilieing Onsite Controls of EPA
Suvface-mnine Sedimentation
Land Reclamation Program EPA
Agsugsiant and Control of Enviroimaental Contami-= EROA
natlon frow Coald During Storayw
Coal Mining Limpacts, Luvulopment of Environ- ERDA
mantal Asgesument in Appalach®a
TVA Long Pit Strip Mining TVA
UTXLIZATION RES™ANIN
Assessment of Pollution Control Tachnologies to EPA
Iduntify Data Collection Needs
Flald Testing: Application of Combustion Modifi{~ EPA

cation to Control Pollutant Emlusjons from
Power Ganeration Combustion Systemns

-16-

Author or Performing Completion
Organization Date
FDA n/a
USDA/Forest Service n/a
usoa 1980
Kuntucky Dupt, of Nalural lssouroes n/e
West Virginia Dept. of Hatural n/a
Regources
Arizona University n/a
Montana State University n/a
PEDCO Environmental Speciallsts, lac, n/e
Montana State University n/a
PEDCO Environmental Specialistg, Ing, N/
pPannsylvania State Univuersity n/a
west Virglnfa Surface Mining and n/a
Reclamation Aysoclation
Colorado School of Minuy n/a
Colorado State Univurslty n/a
Geraghty and Miller, snc. n/a
Pennsylvanla Dapt. of Eavironmental n/a
Rasources
Kentucky Dopt. of Bavironmantal n/a
Resourcey
Argonns Hational Laboratory Annual
Report
1976
Loy Alamos Scientific Laloratory n/a
Ouk Hidge National Lalwratory n/a
TVA n/a
n/a n/a
Txxon Ressarch and Engineerlng Co. n/a



ENVIRONMENTAL CONTROL TECHNGLOGY

Monitoring Author or Perforuing Comgliti°“
ion ate
F1_Nunber Title _.hgency — - Qrganization .Date
CATEGORY 4: COAL UTILIZATION RESEARCH
070170 Fleld Testing: Application of Combustion Modlfi-~ EPA AVE Englnaering, Inc, n/a
catlon Tachnology to Industrial Combustlon
Euipnent
070212 Queration of IEIL Teut tacility LEA Monesnto tusearch Corp. nfa
070251 Pilot Scalue BEvaluation of Advanced Combustion EPA Acurex Corp. n/a
Control Technoloyy for Fossil and Waste Fuels
080072 Environnmuntal Control Tachnology forx Genuratlon ERDA Argonnne National Lab. 1978
of power frowm Coal
130044 twyulop Comparative kronomics of Major stack EPA TYA n/a
Gag kmlsuilony Control Processes
070243 tmisylons Control Technology for High Pregsurs EPA EPA n/a
CambuytLon Systamy
037733 Tha Duesiqgn and Dirplementation of a Damonstration ERDA MIT n/a
Suppleinuintary Control system
Control Technology Agsesument ERDA PERC n/a
Combustion Research and the EeRY EPR: n/a 1976
Control of Pollutants in Fossil Fuel Converslon/ n/a Exxon 1973
Treaument Processes
070262 fow Enigsion Buyners for Package Boilurs (Modi~ EPA Ultrasystems, Inc. n/a
fied burner design)
Status of Flue Gas Mesgulfurization and Simulta- EPA Chuo University 1976
necus Romoval of 502 and Nox in Jupan
Control of Nox and sox rmissions n/a AICHE 1975
10157 Effect of Fuel Sulfur on Nitrogen Oxide Formation  EPA Arizona University n/a
in Combustion Processes
070169 Analysis of Nox Control in Utility Bollers EPA Aerospace Corporation n/a
070223 Catalytie Reduction of Nitrogen Oxides with EPA Environlica, inec. n/a
amnonfa) Utility Ptlot Plant Opzration
070254 Envi{ronmontal Asuessment of Stationary Source EPA Acurex Corporation n/a
Nox Control Technologius
070255 Fuel Docompositicen and Flame Reactlions fn Convar- EPA Rockwell Intarnational Corp. n/a
slon of Fuul Nitrogen to Hox
070263 Muclanigns and Chemistry of Fuul Nitrogun to NOK EPA Rockwell International Corp, n/a
070265 Combustion Rcsearcsh on Coal Wiltrogen and Parti~ EPA MIT n/a
culate Orgdnic Matter
130013 Economic¢ Study of Dry Nox Rumoval Proceuses EPBX TVA n/a
130014 Nox Tachnology TVA ‘TVA n/a
130015 Control of NQ, rormatica in Wall, Coal-rired EPA TVA n/a
Utilicy Bollersy
Raduction of NO_ through Stayud Combustion in EPRY KVB, Ino. 1975
Combi{nad Cyele Supplumental poilsxs - Final
Ruport = Voluwes 1 and 2
Romcgenousd Gas Phase Ducomposition of Oxides of EPRI Xv8, Inc. 1876
Nitragun ~ Final keport
tffactivensas of Gas Reclrculation and Staged EPRI KVB, Inc. 1976

Coinbustion in Keducing Nox o a 560-MH Coal-Pired
Beller - Final Report

-17-

n/a - not available



£l Number

LNV KONMLNTAL CONUTROL TLCUNOLOGY

Monitoring
Title Agency

CATLGORY 4: COAL UTILIZATION RESEARCH

Q70244

070245

070301

091013

130016

070208

070281

043027

1300:4

070162

070224

Q70235

070236

070239

070240

110027

130029

130030

n/a = not avallable

Fabric Filter Analysis

Baghouses as Emiagiron Control Duvicus for a Solid
Wasts Incineration/Boller: A Pilot Plant Study

Operating Procedurws for Fine Particulate Control
Yquipment

Elactrostatic Precipitation of High-resistivity
Fly Ash in Stack Gases

Particulate Technology

fabric Filtration Measurements and Modsling Pro-
qram

Fabrle ¥iltration Rasearch

Survey Infornation on Flne Particle Control
Electvostatic Precipitators: Gas Conditioning
Baghouse Flletration of Air Pollutants

Control Technigues for rarticulate Alr Pallucion

The Productlon and Treatient of Gaseous Pollu~
tantg in an Electrostatic Pracipitator

Concapt of Effective Rasidence Tims Applied to
Cyclone Type Particle Collectors

Shallow Multistage Fluidized Beds for Particle
Collsction

High Gradient Magnetic karticulate Collection

Filtration of Submicran Particles by Flxed and
Fluidized Granular

Primaxy Fiao Particle Control Fechnoloyy
Fine Paxticle Scrubbuer Purformance Tests

Improvement of Analytical Muthoda for Dutermining
Trace Eluments in Coal

Tracs Element Study

Powar Plant Cooling Tower Blowdown Reoycle by
verticle Tubw Evaporation with Iuterface Enhance-
munt; Moblly Plant Congtructlon and Fluld Testing

Broming Chlorine, An Altsrnstive to Chloxine for
Fouling Contrel in Condunsor Coollng Syustens

Qptimizing Design Spachfications for Largur Dry
Cooling Syytams

Advancad Wastu Haat Control -~ Waste leat and
Watur Utilizatlon

Wastewatar Renovatlon - Recycle for a Novsl
Powar Plant Cooliny Cycla Utilizing Irvigation
Oralnage with Inturtace=tonhancud Coupurdllion
HMobikle Bad Flux Force/Condensation Scrublburs

Allaviation of Power Plant Condunyar and Raw
Watar Systam Fouling by Corbicula

Study of Muthodw to Prevent Saturatlon of
Closed-=loop Ash Pond Systans

Protaction of Aguatio Lifu at Powar Plant
Cooling Watur Intakus

EPA

EPA

ERDA

T™VA

EPA

EPA
EPRI
n/a
n/a
n/a

n/a

n/a

n/a

EPA
n/a

ERDA

TVA

EPA

EPA

EpPA

EPA

EPA

EBA

TVA

TVA

Author oy Pexforming
Organjzation

n/a

Nashville Thernnal Trans€er Corp.

PEDCO Euvironmantal Spacialists,

GFERC

n/a

GCA Corp.

EPA

Southarn Research Instituke
Bitz Labs.

Pollution Enginsaring
NAPCA

Taxas A&M University

Corning CGlass Co.

University of Idaho

EPA

University of Puerte Rico and
University of Clacinnati

n/a
APT Inc.

PERC

TVA

California University

Martin Mariotta Corp.

PFR Englineering Systems, Inc.

Lockheed £lactronios, Inc.

Cualifornia Univerwity

Air pollutlon Terhinoloyy, Ing.

n/a

n/a

n/&

Complation
Date

n/a

n/a

Ing, n/a

n/a

n/a
n/a

n/a
1975
n/a
1974
1969

n/a

1976

n/a

1976

1976

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a



Fl Number

ENVINONMENTAL CONTHOL TECHNOLOGY

CATUGORY 41 COAL UTILIZATION RESEARCH

070254

07(14%

070147

070154

070206

070207

070208

070203

070210

070241

070242

070243

n/& = not evalilable

*Q « Ongoing

Monitoring

Title Agency
Nitrogean Oxides Ruduccion EPRI
Control of NO_ Formation in Tanguntially Coal- EPRY
¥lred Steam Generators
Aqueous Scrubbing of Nox from Stack Gases n/a
Nox Abatumant €or Stationary Souvcus in Japan n/a
Energy Cost of uox Cuntrul n/a
Covelopimgnt of the Aquecug Procesdus for EPA
Ramoving dox froin Flus Gas
Pramixed Combustlion in 4 Baffle Combustos ~ The n/a
Effuect of Steam Injection on NOx Emnigsionn
Asgausment of Catalysts for Control of Nox from EPA
Power Plants
Dogign Criteria for Stationary Source Catalytic n/a
Combugtors
Catalytic Oxidation of Fuals for NOx Control EPA
Procusy Removes NOx Efficiently n/a
Catalytic Combustion and the Fuel-Nitrogan n/a
Probluem
NOx Control for Stationary Coubustlon Sources n/a
A study of Low NOx Combus tion n/a
Environmsntal Assessinent of Stacionary Source EPA
Ho‘ Control Tachnologies
Ruduation of Nox by EGR in a Compact Combustar n/a
NOx Emigslions Reduction from Stayed Combustion n/a
NO_ Emiszlons at Low Excess-air Levels Pulver- n/a
lzed - Coal Combustor
NOx Cantral Reviaew EPA
Nox Conslderations in Alturnate Fuul Combustion EPA
The Effects of High Tempuerature and Prussure on EPA
Particle Colluction Machanisms
New Concept for Fins Particle Control at Migh EPA
Temperatury and Pressure
Eluctrostatic Precipitators for Control of [ine EPA
Particles
Doewonstracion of ligh-tfFiclency Throughput EPA
Baghouse
Nonwoven Fabrics aw Filtors for thu Removal of EPA
Particulate Matier in Ruyplrable Durt Rangn
Evaluation of Novel Duviuvus EPA
Fing Part{culate Control with U,W. Electrostatic EPA
Scrubber
Evaluation of Novel Fine Partioulate Colluction EPA
Duvices
Blactroatatic Effeots in Fabric Filcration EPA
Duaign, Fabricate, and Install a Pilot-Scale EPA
Eluctrostacic Precipivator
Dusign and Construction of a Versatile Fabric EPA

Fllter Tuut Uple
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Author or Performing

Organization

Foster Whewlerx

Combustion Engineering

Exxon

Cumpletion
Date

1976

1976

n/a

PEDCO Environmental Spucialists, Ine. 1976

FLUCK

Exxon

Laval University

TRW Sysatems

Acrotherin/Acurex Corp.

Acurex Corp.
Sumltome Chein Co., Ltd.

University of cCalifornia

MIT
Tokyo Cas Co., Ltd.

Acurer Corp.

battolle, Columbus
Battulle, Columbus

U.5. Bureaw of Mines

n/a

n/a

Alr Pollution Technology, Inc.

A pollution Tachnulogy, Inc.

Southern Research Institute

EPA

Tuxtila Ressaroh Inutitute

Méteorolegy Regearch, Inc,

Waghington University

fouthurn Rusearch Institute

Carnggle-Melon Unlvursicy

Aouryx Corp.

n/a

1976

1972

1974

1975

1976

1976
1974

n/a

1976
1974

Qt

1973
1972

1970

1976
1975

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a



Fl Number

CATEGORY 41

ENVIRONMENTAL CONTROL TECHNOLOGY

COAL UTILIZATION RESEARCH

Hambrane Processes for kd!urbiuglnq Power Plant
Characterization of Effluuncts from Coal-Fired
Dewaturing Principles and Equipmnent Design

Fly Adh Charactericatjon and Diupoual

A Invedtigation of Lhu Muclanbume of £ly Ash
Formation b Coal«rivud Uttlily sotlurs

Thermal Effucty from Stean-klectric Generating

Study of Mathody to Reduve Chlorins Dis¢haryes

Sulucting and Installing Synthetlc pond Linings

Altornatives for Disposal of Flua Gas Cleaning
Sludge Disposal from 502 and Particulate
Pollutant Contyol Through Staged Combustion

Control Technigues for Beryllium Air Pol.utants

Reduction of Sulfur from Steam Coal by Mag-
Size Distribution of Fine Particulate Emissions

Thermomagnetic Method of Concentrating and De-

13000
Water Supply
130040
Utility Bollars
070166
Studies
130039
0423035
130045 By-Froduct Marketing
130031 Heat Dissipation Technology
130032
Facilitles
|
10039
130041 Advancud Wasta Heat Control
Wastes
Ramoval procesyes
of Pulverizud Coal
netlc Methods
from a Coal-Flred Power Plant
sulfurizing Coal
CATEGORY 51 MAGNETOHYDRODYNAMIC RESEARCH

n/a ~ not avallable

Effoct of Nitrle Oxide Control on MHD =
Steam Power Plant Economics and
Pay formance

Magnatohydrodynamic Power Generation

A Preliminary Environmental Asgessment
for an ¥HD Encrgy System

Studius of Gageouy Core Reactor = MHD
Powur Plant Concepts

Radiation Trangport for MHD Pollutlon
Control

Coal-fired MHD for Central Station
Powur Generation Power Gepexation

Monitoring

Agency

TVA

ERA

EPA

EPA

LIOA

TVA

TVA

TVA

EPA

n/a

EPA

TVA

FER

EPA

Dept.
of

Interior

ERDA

n/a

n/a

n/a

n/a
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Author or Performing Completion
Oxganization Date

n/a n/a
VA n/a
Auburn University n/a
TVA n/a
Nuw Hampuliite University n/a
TVA n/a
n/a a/a
a/a n/a
TVA n/a
VA 1979
Van Scoyco and Wiskeg n/a
Aerospace Corp. 1976
TVA n/a
University of Arizona 1978
n/a n/a
W. Kemter, J. leonard and &, Wilson 1967
Mining Conyregs Journal
E. Sclmidet, J, Gieseke and J. Allen 1976
Atmospheric Environment
A. Yoroveky and 1. Remsunikov, ¥oksi 1958
Khimi{a

Stanford University, High Temper- 1974

ature Gasdynamics Lab.

PERC 1975

lLockheud Misgiles and Space Co. 157%

Georgla Institute of Technology 1973

AVCO Evexett Ressarch lab,, Inc. 1975

Jackson, W.D. and R. V. Shanklin, 197

IXI; Oxlahoma State Unfversity



ENVIRONMENTAL CONTROL TECHNOLOGY

Monitoring  Author or Performing Completion
FI Number Title Agency Organization . bate
CATEGORY S: MAGNETONYDRODYNAMIC RESEARCH

Recovery and Utilization of Dilute Nitrie Oxide ERDA MERDI 1976
from an MUD Generator = Tash H-IV
Prediotion of NO Concentrations in MHD Powey n/a Mori, Y., et al 1978
plante by Axl-Symmetric Two-Dimansion Analysey Tokyo Institute of Technology
Kinetic Study of Oxides of Nitrogen in MID Power n/a Mori, Y., et al 1972
Plants Tokyo Institute of Technology
Reductlon of RO Concentrations in MID Steam n/a Mori, ¥., et al 1973
Powsr Plant Sys§am Tokyu I[natitute of Tuchnology
Atmospharic Pollution Aspects of MHD Power f;::::“ Stanford University School of Engi= 1974
planta Inst. neering
Davelopment and Design of liigh Temparature Alx n/a AVCO Everett Reserach Lab. 1975
Preheaturs and Techniquas for Emlgsion Control
of Nitrogen Oxldus for Open Cycle MID Power
Sy’tumy
Enginaoring Aspocts of Maynctohydrodynumics n/a Argonno National Laboratory 1972
MHD Power Generaticn - SO, Removal, Sead Bureau n/a 1974
Raguneration and Preheatlgq of

Mines
MHD Powar GenezZation Development EPRL AVCC Everett Ressarch Lab, 1975
Proyram
MHD Generator Development Bureau of  AycO Everett Research lab., Inc. 1974

Mines Office of Coal Research
Coal Combustion Aspects of "i!!" Power Bureau of  pgre 1974
Genvration Mines
Three~Stage Comhustor for MHD Power Bureau of n/a 1974
Generation Mineg
Alr Pollution Aspects of MUD Powver Bureau of  pgpe 1973
Censration Mi{nes
Production of a Clean Working Fluid PERC 1972
for Ceoal Burning, Open-Cycle MID Power Bureau of
Generation Mines
Environmental Aspects of MHD Power Bureau of PERC 1971
Genaration Mines
High-Temperature Combustion of Coal PERC 1970
Seeded with Potassium Carbonate in n/a
the MHD Generation of Electric Powar
Decomposition of NO on Alumina Surfaces Tokyo Institute of Technology 1975
under Reducing Conditions for Emisaion
Control of NO in MHD Powuar Plants
Economlc and Energy Considerations in P. Bergman, D. Gyorke and D. Bienstock 1977
M0 Snad Heaeneration 16th Symwosium~~Bnalneerina Asvects of

Magnetohydrodynamics

Open-oycle Coal Burning MHO Power Plants J. Cuttings, R. Schnydar, R. Lawit, B, 1977
for Commercial Sexvice Headman, and P, Zyyielbaum, Procaudings

of the 16th Symposium on Englneerlng
Aupects of HHD

HIC Power Generation--=Economic and Environ- F, Hals and W. Jackson, Proceedings of 1969

mental Implications the Tenth Symposium on Engineering Ae-
pects of MHD

Control Techniques for Nitrogen Oxides in F. Hals and P, Lewis, Proceedings 1972

MHO Powur Plants of the 12th Sympoaium on Engineering.

Aspacts of KHD

n/a - not available

-21-



ENVIRONMENTAL CONTROL TECHNOLOGY

Monitoring Author or Performing Completior

FI Numbey Title Agency Oraanization Date
CATEGORY 51  MAGHETOHYDKODYNAMIC RESEARCH

Duvuelopment and Design of High-Temperature F. llals, R, Cannon, B, Kivel, F, 1975

Alr Preheaters and Technlques for Emission Deckar and H, Steinie, Sixth Iatex-

control of N{troqen Oxidus for Open-Cycle national Conference on MID Electrical

MHD Pawer Systems Power Guneration

Status of the Referencn Dual-Cycle MiiD-Stuam W, Jackson, K. Lawit, R, Stoudt, M, 1977

Powar Plant ' Klett, J. Cuttings and C, Maxwell,

Procesdings of cha léth Symposium
on Engineexing Aspecta of #HD

Prospects for More Effective Utilizatlon of V. Ovcharenko, Natural Resuourcas 1976
Fuel througl MilD Forurm

NO Conicentrations in MHO Steam Power Plant J. Pepper, R. Eustls and C. Xruger, 1972
Systems Proccedings of the l2th Symposium on

Englneering Aspects of MHD

CATEGOKY 6;_ SITE~SPECIFIC OR PROJECT-SEPECIFIC RESEARCH

Direct Coal-Fired MHD Power Gunaration System ERDA University of Tunnessee Space Inst, 1975

-2



OPERA..uNAL SAFETY

Monitoring
3 Author or Performing Completion
FI_Number Title .Agency Organization Date
CATEGORY 1: GENERAL ENVIRONMENTAL RESEARCH
09088 Environmant and Safety Planning Support ERDA Aercogpace Corporation n/a
083052 Criteria for Selsmic Design of ERDA Facllitles ERDA California Unlversity, Livermore n/a
150140 Distribution of T-vnadoes «Nucleay Chicago University,Dept, of n/a
Regulatory Geophysical Sciences
Comn,
150141 Waterspout Measurements Nuclear Colorado State University, Dept. of n/a
Regulatory Atmospheric Science
Comn.
150143 Englneering Analysis of Near-ground Windflelds Nuclear Texas Tech. University n/a
in Yornadocu Regqulatory
comm,
150144 U.S. Tornado Statlstics Nuclear  NOAA, Kansas City, MO n/a
Requlatory
Comm,
150145 Lidar velocity Measurements Nuclear  NOAA, Boulder, €O n/a
Requlatory
Comt,
150146 Tornadeo Characterfistics Nuclear  NOAA, Norman, OK n/a
Regulatory
Comn.
150148 Modeling Tornade Dynamics Nuclear Asronautical Regearch Associates of n/a
Regulatory Princeton, Inc.
Corum,
087020 Vuliierability of Tornade Resistant Structures to EbRI Sandia Labs. n/a
Wind Generated Missiles
Industrlial Hyglene Workshop ERDA Booz, Allen, and Hamilton 1977
CATEGORY 23 ENEHGY-RELATED RESEARCH
033117 Audlitory Effucts of Long Exposure to lLow Levels NIEHS Medical University of South Carolina, n/a
of Noise Charleston
a
085157 Information Center for Energy Safety ERDA Oak Ridge National Laboratory n/
089532 Alkali Metal Protective Suit ERDA westinghouse Ranford Company 1976
/e
032005 Recirculation of Exhaust Alr EPA NIOSH n/ae
084061 Rusplyator Rasearch end Devalopment ERDA tos Alamos Sclentific Laboratory 1976
CATEGORY 4: OOAL UTILIZATION RESEARCH
032010 Dixect Reading Personnal Gas and Vapor Monlitors EPA NIOSH, Division of Laboratory and n/a
Criteria Davelopment (Cincinnati)
083054 Atmospheric Release Advisory Capabillity ERDA California University, Livermore 1981
{Lawrence Livermore Lab.}
084062 Rarogol Sampling and Characterization for Hazard ERDA Los Alamos Sclentific Lab. n/a
Evaluation
Safety Program Planning for CCU Programs ERDA MITRE Corp. 1977
Fire and Explosion Hazards in fluidizedeBed n/a H. A, Schrecengost and M. S, Childerg, 1945
Thermal Coal Dryars U. S, Bureau of Mines

n/a4 - not avallable



OPERATIONAL SAFETY

Monitoring Author or Performing
FI1_Number Title Agency Organization
CATEGORY 51  HAGNETOHYDRODYNAMIC RESEARCH
094041 Fusion Haénet Safaty Studles, Superconducting ERDA Brookhaven National Lab,
CATEGORY 61 SITE~SPECIFIC OR PROJECT-SPECIFIC AESEARCH
093042

Safety Considerations Report: Montana Compoaent ERDA Gilbert Commonwealth Companies
Developmant and Integration Facility
Environmental Analysis and Safety Guidelines EXDA

Unfversity of Tennesses Space
for the UTSI MHD Facility

Institute at Tullahoma, Tennessee

-24-

n/a - not available

Completion
bate

1980

1976

n/a



HEALTH LFFECTS

Monitoring Author or Performing Completion
Fl Number Title —Agency Organization Date
CATEGORY 11 GENERAL ENVIRONMENTAL RESEARCH
080006 Detection and Characterization of Dawagas in ERDA Argonna National Laboratory n/a
thysiological, Cellular and Molecular
Systemy
082026 Probabllistio and Statlstical Studies of Digease ERDA University of Californla, Berkeley n/a
Effeats of Pollutants
033001 Analysis of Mechanisms of Experimental Emphysumra NIENS St, Luka's Hospital, Claveland, Ohio n/a
{Nitrogen Compounds)
032012 Rulationwhlp of Motabollum, Fats, and Toxlcity of
bPartlivulates and Organle Compounds
034021 Molucular Procuusus Involved in the Carcinogenic Nat. University of Calitornia, Dept. of n/a
Action of Polycylic Aromatic Hydrocarbons Cancer 2oology
Inst,
CATEGORY 21 BNERGY~RELATED RESEAKCH
030067 Combinad 1 -vulge - Continuouy Hoise: Auditory NILA Starw Univarsity of New York (Upstate n/a
Effect Me d{cal Center)
013117 Auditory Effects of Long Exposurs to Low Levals NIEHS Medical Univaraity of South Carolina, n/a
of Nolsu Churleston
096004 Scientiflc Research to Investigate thu Blological  ERDA Battelle Paciff{c Northwest lab, n/a
Effects of Wigh Veltuye Electrlc Piulds
Q51009 Survey to Duturmline Lhu Exlunt and Location of Fish & Fish and Wildlife Survice n/a
Unallugatud Watur in the 11 Wewtuzn Stalus Wilde
Litu
sve,
034042 Enviromnental Effaects (magnetic fialds) ERDA Battellu Pacific Northwest Lab. n/a
036005 Transmission Line Audible Noise Measuremants ERDA National Bureau of Standaxdsg n/a
{including thoss of wvluctromagnotic Fields)
033002 Quantitative Gunetic Study of Enviromnoental NIEHS loulyiana State Univeraity, Dept. of n/a
Hutagens (fossit fuel coubustion) Zoulogy and Physiolugy
098099 Uie of the Mouss Spucific-Locus Method vo ERDA Cak Ridye National Laboratory n/a
Quantity the Gene Mutation Hazavd €rom Mutaguns
Aysoclated with Nonnuclear Enurgy Techinology
09y 97 In-Vivo Screoening for Gene Mutations in Mouse ERDA Oak Ridgs National Laboratory n/a
Germ Culls and Somatic Cualls
032013 Mortality Study of TVA High-Risk Workere (Noz) Public Appalachian Lab. for Occupational n/a
Health Ruspiratory Disecase, Morgantown,
Sve. Virginia
085102 Biocenglnasring Rasearch EKDA Oak Ridge National Laboratovy n/a
087009 Biomedical Effects of Explosions ERDA Lovelace Foundation for Medical n/a
Education and Research (Albujuerque,
New Mexico)
130012 gffocts of High Intensity Electric TVA Tannessee Valley Authority n/a
Flelds
Trace Hutals ln Urban Aurosois - Final Repoxt EPRI Now York University 1975
Interactive Effucta of Sulfuric Acld and Nitro- Epar Haeleton Labs., Inc. 1975
gen Dloxlde (n Cynomolqus Monkeys = Final
Ruport
Effecty of Sulfur Oxides on the Lungi An EPRI Sclence Applications 1975
Analytic Base - Final Report
Biological Effects of Hiyh Voltage Eluctric EPRI 1T Research Institute 1975
Filelds « Final Report
Health Bffects of Nitrogun Oxides = Quarterly EPRI Sclence Applications 1976

Repore

n/a ~ not avallable

-25-



FI Numbar

CATEGORY 2

HEALTH EFFECTS

13
-
(2
—
o

ENERGY ~-RELATEC RESEARCH

Eftects of Oxidant Air Pollutants

NCI Lists Carcinogens Which May Be Linked
to Occupations

Advanced Modern Toxicology

Biologic and Clinical Effects of Low-Frequancy
Magnetic and Eleotric Fielda

Health Effucts of Electricity Production

Dutermination of the Effects of Material
fxrom Alternate Energy Sourcus on Upper
EPA Ruspirvatory Tract Clearance Mechanisms

Health Aspects of Fossil Fuels
Integrated Approach to Poteatial Occupaticnal
Hualth Problems Associated with tossil Enuwryy

Davaeluprunt

Lcfucty of Inhaling Sulfur Dioxide, Sulluric
Acid, and Fly Ash

Bicloglc and Clinical £ffects of Low-Frequency
Magnetic and Electric Fields

Coamparative Toxicological Assessment of Fly Ash

Study Specific¢ Causes of Morbidity and Mortality
in Populations with Long~Term Exposure to

Effoct of Acid Sulfate Particles and sto‘ Mists
on the Anti-pacterial, Anti-viral, and Particle

Ganetic Effuctw from Electric Fislds at the

Toxicity ot CO, aox, sox. and ¥ly Ash

Steam Turbine Nolse - A Status Report
Nolsw Dose and Hearing Loss in a Coal-Burning

Mutagenlcity Assays of Fractioned Coal Conver-
slon Products {includes cosbustion)

CATECORY 4: COAL UTILIZATION RESEARCH
010076

i{som Western and Eastern Coal
070085

Emigaions from Coal Combustlon
09805)

Clearancs Mechanisms of Lung
098120

Chromowomnal lLevel of Drosophlla
ooulL?

Power Plant
098096
098098

Chemical Introduction of Chromosomal Alterations
in Mouse Germ Culls by Coal Conversion Products
(includes combustion)

flazardous Chemicals from Coal Conversion Processes

Coal Pruparation

n/a = not available

Monitoring
—Rgeucy

n/a
n/a

n/a

n/a

EPRI

EPA

ERDA

ERDA

EPRI

n/a

EPA

ERDA

EROA

ERDA

n/a

n/a

ERDA

n/a

-26-

Completion
Date

Author or Performing
Oorganlzation

W. W. Heck, Journal of Cccupational 1968
Medicine
Gershon W. Fishbein, Occupational 1977
Health and Safety Letter
¥. W. Sunderman {in press)
Haurado, Saunces, and Battoclettd, 1974
Report at Marqguettes University and

the Mudical Collegw of Wigconsain

EPRI-presented speech at the 1976

College of Physiclans of Pni{ladelphia
Bicentennial Lectures - World Healch
in lluman Perspactive

Ball State University (Indiana} n/a
ERDA n/a
Greanfield, Attaway, Tyler 1977
Hazleton Labs., Inc. 1975
Haurado, Saunces, and Battocletti 1974
Marquette University and the Medlcal
Collegs of Wisconsin

EPA, Health Effects Reswvarch Lab, n/a
{Cfneinnatd)

n/a n/a
Lovelace Foundation for Medical n/a
Educatfon and Research

Battulle Pacific Northwewt Lab. n/a
Battulls Pacific Northwest Lab. n/a
Heyman, F,J., Bannister, R.L. and n/a
Niskode, P.M.

Broderson, A.B., Edwards, R.G., and 1975
Green, W.W.

Oak Ridge Mational Laboratory n/a
Oak Ridge Mational Laboratory n/a
b, ?. Koprenaal and 5. E. Manahan 1976
Environmantal Science and Technology

J. W. Leonard and T, S, Splear, ves

The American Instituts of Mining,
Matallurgical, and Petroleum
Enginsers, Inc.



HEALTH EFFECTS

Monitoring Author or Performing Completion
FI Number Title Agency. Orqanization Date
CATECORY S$: MAGNETCHYDRODYNAMIC RESEARCH
Tin-Steam MHD Power System, Volumes I and II, Defanse Argonne National Laboratory 1975
Pragress Keports (Noise) Advanced
Research
Projects
Agency

-27



ECOLOGICAL PROCESSES AND EFFECTS

EI_Number Title

CATECORY 11 GENERAL ENVIRONMENTAL RESEARCI

087552 Resistance of Plants to Envirunmental Stress

01183 Fate of Heavy Matals and Heavy Metal Complexes
(n Soils and Plancs

CATEGORY 2: ENERGY-RELATED RESEARCH

081065 E€facts of Acid Rain on Terrestrial Ecosystams

vd3vio Trace Elements in Major Fuod Chains

085056 Eavironmental Effects of Cooling Tower Drift

070003 Toxic Effects on the Aquatic Blota from Coal and
0iL shale

480017 Land and Fresh Water knvironmental Sclences,

lmpact of Fossil Fuel Utillzation on Terrastrial
Eeosystums

086024 Effucty of Behavior of Fossil Fuel Effluents
1n Freshwater Ecosystems

090027 Effacts of Nomnuclear Pollutants on Arid
Envirohments

098160 Trace Mutal Cycling and Effects on Terrestrial
Ecosystens in S.E. United States

430005 Characturize and Quantify the Transfer, Fate,
and Effucts of SO, Nox, and Acid Precipitacion
in the Te:rastrsaf EcoSystem Representative of
the Tennassee Vallay Region

Ivio7 Fate and Effects of Atmospliuric Emissions from
Coolinjy Systems on Terrestrial Habitats

1itols Bahavior of H,$ in the Atmosphare and its
Bffects on Vegutation

Ragional Climatic Effects of Power Plant Heat
Rajection

Computer Simulation of Atmospheric Effects of
Waste Heat

Hydrocarbon Concentratiog in Food Chains

Simulacion of Spray Canal Cauling for Power
Plants ~ Performance and (n¢ircmnental Effects

Coollng Water Discharge Research Project --
Final Report

Tho Effect of Stack tmiesiono on tho Range

Rosource In the vicinlty of Colutrip,
Montana

CATEGCORY 3: COAL RESEARCH

070001 Bicassays Uaslng Periphyton Communities
with Emphas{s on the Effects of Coal
Leachaty

Q070010 Static Coal Storage Biological and Chemical

Effectys on the Aquatic Environment

n/a - not available

~-28~

Monitoring Author or Performing Completion
Agency Organization Date
ERDA Michigan State University n/a
NIEHS Battelle Pacific Northwest Lab, n/a
£ROA Brookhaven National Laboratoxry n/a
ERDA University of cCalifornia, Livermore n/a
ERDA Oak Ridge National Laboratory 1976
EPA Colorado State University n/a
ERDA Argonne National Laboratory Annual

Reports
ERDA Battellu Pacific Northwest Lab. 1980
ERDA University of California, Los Angelesg 1977
ERDA pubPont de¢ Nemours (E.I.) and Co. n/a
EPA TVA, Muscle Shoals, Alabama 1680
EPA TVA, Mustle Shoals, Alabama 1980
NSF University of Californla, Riverside n/a
{Statewide Air Pollution Research Ctr.)
n/e Cornell Unlversity 1976
n/a stanford Research Instituts n/a
NOAA Louisiana state Unlversity n/a
n/a betroit Edison n/a
EPRI Ecological Analysis, Inc./Johns 1976
Hopkins University
n/a F., Munshowor, B, W, Sindolar, and 1975
D, R. Nuuman, Montana State
Univeraity
EPA University ot Minnesota n/a
EPA Wisconuin Univaersity n/a



ECOLOGICAL PROCESSES AND EFFECTS

Monitoring Author or Performing
FI Number Title Agency Organization
1

CATEGORY 4: COAL UTILIZATION RESEARCH

085119 Ecologlcal Etfucts of Coal Combustion, Rasponse ERDA Oak Ridge National lLaboratory
of Vegetation co 502, Ozone, and Acid Precipi-
tation

08515h Workshop on Effects of Trace Contaminants from ERDA Oak Rldge National Laboratory
Coal Combustion Systems

070007 Ecological Effects of Fossil Fuel Power Plants EPA National Environmental Research
on a Grassland Ecosystem In Colstrip, MT Center

070008 The Impact of Coal-Fired Powur Plants on the EPA Wisconsin University
Lavironrent

070009 Organic teaching and Particulate Ligpersion EPA Minnesora University
Erom Coal

094114 Power Plant Heat and Chemical Effluent Effects ERDA Rattelle Paciflc N.W. Labs,
on Selected Marine and Estuarine Communities

oHS5117 Biogeochemical Cycling in Aquatic Ecosystems of ERDA Oak Ridye Natlonal Laboratory
Trace EClements in Coal

094060 Ecological rate and Effects of Trace Contaminants ERDA Los Alamus Sclentific Lab.
from Coal Compustion and Processing

098112 The Immudiate Effects of Effluents from Coal ERDA Battelle Paci{fic N.W, Labs.
Utilization on the Behavior and Physiology of
Frushwater Biota

130001 Flltared and Filtered/Unfiltered Exposure Chamber EPA TVA, Muscle Shoals, Alabama
Studies of Effects of Coal-Fired Power Plant
bmissicns on Crop and Forest Species

130004 Detarmine Dose-Response Kinetics for Effects of EPA TVA, Muscle Shoals, Alabama

Atmugphuric Emissions from Coal-Fired Power
Plants on Soybeans and Other Crop and Forest
Spacies

n/a - not available "29"'

Completion
Date

n/a

1976

n/a

n/a

n/a

1978

n/a

n/a

1276

n/a

n/a



INTEGRATED ASSESSMENTS

Monitoring Author or Performing Completion
Fl Number Title Agency Organization Date
CATEGORY 1: GENERAL ENVIRONMENTAL RESEARCH
Effects of Gaseous Pollutants on Materialz EPA n/a 1976
Systums Analysis of the Effvcts of Alr Pollution on n/a Midwest Research Inatitute 1970
Haterials
A Survey Economic Assessmant of the Effects of Alr n/a Battulla 1970
Pollution on Elastomers
A Suxvey on Electrical Compondnts n/a ITT Elootro = Physics Laboratories N
Economie Impact of Air Pollutants on Plants in the U9 n/a gtanford Rusearch Inutitute 1971
Economic Measurement of Envitonmental Damage OéCD n/a 1976
Industry Costs for Stack Munitoring n/a University of Tuxas 1976
CAVEGORY 2: ENERGY-~RELATED RESEARCH
080022 Social Costs of Eneryy Supply Systems ERCA Argonne National Laboratory n/a
089104 Graduate Training in Energy Relatud froblems ERDA Tennesses Unlverss
t
in Health and Enviroumantal Hlology Y. Oak Ridge n/a
gnvironmental Aspects of Fossll Dusonstrution ERDA Envrgy and Environssntal Analysis, 1976
Plants Ine.
Asulgtancs in Awdessing Watur Resocurce Applica- ERDA Enaorgy and Environmental Analysias
tious of LKDA ;,,c,g hehite yals. 1977
pnvironmental Guidelinew for Fossil Enwrgy ERDA PERC 1979
pilot, Lemongtration and Commercial Facilities
Socloaconomia Impact Study ERDA National Govecnore Conference 197
Soclouconomics Data T Book - Task I ERDA Oak Ridge National Lsboratory 191
soclosconomic Impact Muthodology ERDA Murphy = Williams 1977
gnvironmental Evaluation Requirements for the ' ERUA MITRE . 1976
fE Program
Invastigation of Secondary Impacts of Western ERDA CEQ (Dunver Rusearch Institute) 1M
Eneryy Davelopment
pevelopment and Application of a Methodalogy ERDA Proposal Under Review 1978
for the Soclosconomic Impacts of Demonstration
Plants
Environmental and Conswrvation Support Servicas ERDA PERC 1979
to Fossil Enurgy Office of Planninga and Analysis
Investigation of the Potentisl for Utillzation ERDA Radian Corp, 1977
of Saline Groundwater in Enuryy - Related
Processes
£ftects of Power Plant Emiaglons or Materials EPRI Rasuarch Corp. of New England 1975
Inventory of Environmantal and Safety Projeots ERDA Tl 1376
in Fossil Energy
Conference on local Technology and Advanced NSP State University §
Syutems ~ - the Unlversity's Hole tngs ¥ Gchoal of Englnesx- n/a
Construction Worker Profiler User's Quide n/a 7, Chalmers and J, Glarner 1978
to the Data Mountain West Research, Inc.
0CS 041 and Gas~-Environmental Assessment n/a Council or Ravironmantal Quality 1974

n/a - not available



INTEGRATED ASSESSMENTS

Monitoring Author or Performing Completion

FI Numnber Title 2aency Organization Date
CATEGORY 2: ENERGY-RELATED RESEARCH

Effocts of Coal Developmant in the n/a Northurn Great Plains Resource 1975

Northern Great Plains--A Review of Program

Major lssues and Consequences at

bifterent Rares of Developme.at

The Social and Econonic Impact of n/a J, R. Young and K. E. Yandon, 1975

a Camp Gruber Energy Centar Battelle Pacific Northwest Lab.

Development and Application of Methodology for the ERDA n/a 1979

Socioaconomic Impacts of Demonstration Plants

A National Plan for Energy Research, n/a Energy Research and Development 1976

Davelopment and Demonstzration: Creating Adainistation

Energy Cholces for the Future

Exploring Enexgy Choices n/a Ford Foundation 1974

Methodologies for Power Plant Siting USGS E. Graf-Wsbster, S, Haus, S§. Lubore 1975

J, Pfeffer, and .. Watson
MITRE Corporation

Sacond Draft of a Social Impact n/a R. L. Gold, University of Montana 1976
Assessmant Primer

A Procedura for Evaluating Environmental Impact n/a L. B. Leopold, F. E, Clarke, B, 1971
Hanshaw, and J, Balsley

Power Facllity Siting in the State of Illlnois n/a D. R. McParlane, B. M. Hoglund, P. A, 1975
Roberts, and J. J., Yates, State of
Illinols Institute for Environmental

Quality
Flnal Raport of the Fort Union Regional Task n/a National Science Foundation 1976
Force on Soclal and Economic Impact
CATLGOKY 31 COAL RESEARCH
Coal Regwarch, ODsvelopnent and Derwnstration ERDA Mothe 1977
gnvironmental Analysis
Coal KDAD Impact Statensnt ERDA MITRE 1977
CATEGORY 4: COAL UTILIZATION RESEARCH
085156 workshap on Effects of Trace Contaminants from EROA Oak Ridge National Laboratory 1976
Coal Combustion Systems
Pactors Influencing an Area's Ability to Absorb ERDA Denver Research Institute 1975
a Large-scale Commercial Coal Processing Complex -
A Cane Study of the Pt, Union Lignite
Buneflt = Cost Evaluation of thu ERDA FE Combua~ n/a Mitre Corp. 1976
tions Advanced Powar Development vrogram
Draft Environmental Impact Staterent on n/a Enexgy Planning Division, 1974
Colatrlp Eluctric Generation Units J & 4, Moptana State Department of
500 Kilovolt Transmisyloa Lines and Natural Resources and Condervation
Assoclate Faclilities
Final Environmental Impact Statement: Proposed n/a USGS, Department of the Interior, 1977
plan of Mining and Reclamatlon, East Decker and Montana Departmant of State
and North Extension Minea, Decker Coal Lands

Company, Blg Horn County, Nontana

n/% « not available
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INTEGRATED ASSESSMENTS

Fl Number Title

CATEGORY_51__MAGHETOIYORODYNAMIC RESEARCH

070136 Development Status and Environmental Hazards
of Suveral Advanced Energy Systems (includes
MHD)

070168 Environmental Assessment of Advanced Eneray

Conversion Technologies {includes HHD}

An Overall Program for the Development of
Open Cycle MHD Power Generation

Enecgy Technologies (includes MHD)
Third U, S. = U, S. 3, R.'Colloquim on
Maynatohydrodynamics Electric Power

Gunwration

Maynutohiydrodynamica Powor Genuration and
‘theoryr A liibilography

Enviromaent and Consgervation in Energy
Rasearch and Development

MHD for Central Station Power Generation;
A Pldan for Action

Sulection of Tentatlve MHD-ETF Candidate
Site Aruvas

CATEGONY 6: SITE-SPECIFIC QR PROJECT-SPECIFIC RESEARCH

A Refsrence Summary of Current MHD Tegt Faclli-
tivo and Their Capabilities

a/4 =« not avallable
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Monitoring
Agency

EPA

EPA

EFTY

ERDA

n/a

n/a

n/a

n/a

ERDA

YPRT

NT1S

Authcr or Performing Complaetion
Organjzation Date
Lockheed Missiles and Space Co, n/a
EXXON Res=ur . & Erglneering Co, n/a
1975
Bureau of Standards 197¢
Moscow, U.S5.5.R, 1976
n’a
Council on Environmental Quality 1976
Office of Science and Technology, 1969
Exacutive Office of the President
The Montana Energy and MHD Research 1977
and Development Institute, Inc.
Gilbert/Commonwealth Associataes 1976



REGULATORY ACTIVITIES

. Monitoring Author or Performing Completion

FX Number Title Agency Organization Date

CATEGORY 2: ENERGY~-RELATED RESEARCH
Electric Utilities, Clean Alr Act Amendments, FEA FEA n/a
and Sulfates
Impacts of Clean Air Act “mendments on Fosail ERDA MITRE 1976
Energy Projects
Guidelines and Methodologies for Environmental ERDA MITRE 1977
Reports
Data Analyois and Support Services for Prepa- ERDA MITHE 1977
ratlon of Environmental lmpact Statements
Industrial siting Leglalation and Protection J. Speck, Rocky Mountain Center 1973
of the Environment on Environment

CATEGORY 3: COAL RESEARCH
Permit Integration to Improve Coal Productfion ERDA HERC 1976
and the Regulatory Process
Coal RDED Program Draft Environmental Impact ERDA MITRE 1977
Statetnant

CATECGORY 6: SITE-SPECIFIC OR PROJECT-SPECIFIC RESEARCH

093042 Envirvonmental Assesament: Montana MHD Component ERDA Gilbert Associates, Ine. 1976
Davelopment and Integration Facillty
Environmental Analysis of Proposed UTSI MHD DOI Office of Coal Research 1974
Projact - Tullahoma, Tennessee
FY 1976 Annual Report -- Task H and Selection ERDA MERDI 1977
of Tentative MHD ETF Candidate Site Areas --
Second Oraft Intsxim Report

093041 Maynatohydrodynamics Sywtoms Environsmuntal ERDA MERDL 1976
Tmpact Study

a/a ~ not uvallable



C.

Specific Project Summaries

CATEGORY 5: SPECIFIC

CHARACTERIZATLUN. MEASUNEHENT. AND UOMUTORING

£ Nucbery

Title

Advanced Energy Convergion Technijues fox Utility
Applications Using Coal or Coal~derived Fuels

This study is part of the Eneryy Convarsion
Alternativas Study (ECAS). Resecarch has been con=-
ducted on MHD perfoimance requiruments, economlcs,
environmental intrusions, and natural resources.

Comparative Study of Advanced-cycle Systems

EVRI {# wupporting a program to develop &
comparldon muthodoloyy and purform a dutailed
evaluation and curparison of opun and ¢losud-
cyclu MHD gystems, gas turblnes, advancud steam
systems, metal vapor turbines, fuel cells, and
thermionics. Coal, gasified ccal, oll, LMFBR,
and HTGR are consfdered as fuels,

MID Program

MIT faculty developed a model in support of
the Office of Coal Research's MHD development pro-
gram. Included {n this model wore characteri{stics
of coal combustion and gasification, the generator
ths aiyv preheater, seed recovery and gas cleaning
systems, the stuam gonerating plant, and auxillary
plant components. MIT also conducted extensive
materials ressarch,

13th Sywposium on the Engineering Aspects of Mag-
netohydrodynamics

Papers presented at this symposium are col-~
lected in this volume, Studies on pollution aspec
cover general alr pollution problems. NO, decompo-
aition modeling, and Nox reduction.

Thermodynhamic Data Tables for Fosail Fuel Utitiza-
tion Processes

This project will develop themodynamic data
fot chumical compounds and speciey of interest to
coal conversion and utilization processes. Potas-

ts

siwn si}licates and aluminosilicates will be studied

specific to MHD, as well as cesium sulfides and
silicates and gaseous €Oz, NO, 803, PO, and POy .
Tables will also be prepared for water, Cz" .

H28, Cy-Cz acids, alcohols, mercaptans, and argon.
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PROJECT SUMMARIES

Ruthor or Performing Oxqanization

NsF/Westinghouse Electric Corp., Pittsburgh, PA,

EPRI

MIT, Graduate School, monitored by the Office of
Coal Research, 1974

Stanford University, 1973

SRDA/MER, Dow Chemical Company, Midland, MI., 1979



CATEGORY 5: SPECIFIC PROJECT SUMMARIES

CHAKACTERTZATION, MEASUREMENT, AND MONITORING

Ft Number

Title

Davelopsunt Program for MRD Direct Coal-fired
Powar Ceneration Test Facilities. Quarterly
Technical Progress Report, July-September, 1975,

This report discusses progress made in the
measyremant and analysis of the interaction be~
tween slag and seed material. System requirements
for very fine particulate potassium gulfate fume
recovery were characterized,

Characterlzation of Atmowpheric Pollutents for
Powsr Plants (includlng cosl~ficed MID)

This publication discusses thw physical and
morphological properties of fly ash composition pro-
duced In coal combustion and, in particular, MiD power
gensration., Natusch believes that large numbers of

fine particles will be created in MHD power genecation,
while none of the larger, hollow spheres {a classifica-

tion of fly ash 20 - 60 pm in diameter) will be pro-
duced,

Optical Measutements of Mean Particle Size in the
Exhaust of a Coal-Fired MHD Generator

This project is developing techniques to
measure the mean particle size in the axhaust of a
codl-fired MHD yenerator., Work is directed at
determining slag deposition rates ard how particle
size etfucts deposition. Many sampling techniques
cannot be used with MHD due to tha high temperatures
involved) the above approach (slag deposition
ratus/particle size) may prove a practical alter~
native,

Investigation of Factors Influencing Potassium Seed
Recovery in a Direct Coal-Pired Generator System

This project studied the effects of high
temperatures and magnetic fields on seed recovery
and particulate formation and size distribution in
MHD systems. (Studies of this sort suggest the
vast differences that may exist between emisslons
from coal-fired and MHD plants,)

Slag-seed Interactions and Particulato Formation

uTs! is investigating potassium seed manage=~,
mant, including characterlzing slag-seed inter-
actions and related particulate formation., Bag~
houses and wut sarubbers are being studied for
their effectiveness to collact thy submicron size
particulates formed in the MHD test train.

ERDA Task S: Charagterization and Modelling of MHD
tmignlons

The Environmental Trace Substances Research
Ceantur at the University of Misscuri 1s cenducting
a mags balance study and characterizing influents
and effluents of an operating MHD plant for MERDI,
funded by EROA Tauk §. One or two process devel-
ogment units will be selected, and subsequant
work (i{f funding continues) will provide particle
size distribution curves, establish whether par-
titloning takds place, and analyze aaspects of fine
particle layering as the gas stream cools. The
study will focus on trace elemant characterlzation.

=35~

Author or Performing Organization

University of 1Yennesses, Twllahoma Space Institute

Netusch, D, P. S. [in prees) (inoluding coal-Cired MHD)

Holve, D. and §. Self, presented at fall meeting of Western
States Section of the Combustion Institute, University of
California, San Diego, and LaJolla, California

Tempelameyrr, ot al, 16th Symposium-~Engineesing Aspects of
Magnetohydrodynamics, Pittsburgh, Pennsylvania

University of Tennesses Space Institute (UTSI) (Ongoing)

© MERDI (Ongoing)



CATEGORY %: SPECIFIC PROJECT SUMMARIES

CHARACTERIZATION, MEASUREMENT, AND MONITORING

FI_Number Title Author or Performing organlzation
ERDA Task S: Characterization and Modalling MERDI

of MHD Emiosions
(Continued)

MERDI {§ also involved {n producing 4 wodel or
models to simulate emissions from open-cycle,
coal-fired MHD power plants under actual oper-
ating conditions. Thiy work includes: 1) fden~
titication of uxlutlng module, 2) identificatlion
ot necyweary modeling capablility, 3) tduntifiva~
tion ot dela ruqulyud, 4) voopurative dovalupawnt
of models and data bave, and 5) model testing,

Ateaspharic Pollutfon Aspacts of Magnatohydrody- stanford Univeraity, High Temperwture Gawdynamics Laboratory (1975)
namic Powsr Plants

This paper susmarizes research on tha eéconomics
and nitric oxlide emisgions of MID power generatlion,
Both system studies and laboratory measurements
were conducted, The study concluded MHD can be
competitive with conventional power plants and that
NOy emissions may be controlled by two-stage com-
bustion, The laboratory studiesd measured NO de-
composition rates in different temperature ranges,

Econoaicdally Efficlent besign of an D Power Foreign Technology Dlvision, Wright-Patterson Air Force Base, OM
siation Employing an Open~cycle Systam

this paper addressss the kinetica of nitrogen
oxide formation in MHD generators,

Mathods of Coal Combustion and Processing in Open AVCC Everett Research laboratory, Everett, MA,
Cycle MHD Power Systems
This projeot studied different cocal com-
bustion technlques for MIlD systems, Direct com~
bustion, conversion to a cleaner fuel prior to
combustion, and single and multi-stage combustion
were analyzed for thelr efficlancy in MHD systems,

Coal-fired MHD Electrio Powez Generation Montana State University

This paper was presented at an AICKHE mesting
and discussss the history, operating principles,
vfflciency, capacity, and fusl and water require-
svnts for MHD ulectriclty generation.

Therwophysical Propartics of Molten Coal Slags and

ALKali Sead Mixtures Relating to D g9 NSE/Battelle Memorial Institute, Richland, WA, 1976
This study's objeotives ware to measure the

molten and vapor proporties of slag and seed and

to model and design coal-fired MHD generators.

Thermal diffusivity, viscoslty, electrical conduc-

tivity, and surface tension of the molten slags

wero mdasured ag functions of temperature, com-

position, and seed concentration.

Energy Technologin {1974-1975) E. Plante; DOI, National Bureau of Standards
W. Capps; C. McDanlel; H. Fredesiske; T. Negas

This project was established to provide data
for the design, constyuction, and operation of
MHD gystums. It fooused on determining the phys-
ical and chemical bshavior of components, process
contaminants, and their reactlion products as a
function of the prassures and temparatures spe-
:0€ic Lo MWD operation,
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CATEGORY 631 SPECIFIC PROJIECT SUMMARIES

CHARACTERIZATION, MEASUREMENT, AND MONITORING

£1_Number

Title

ERDA TASK Q1 Asblent Baseline Monitoring
Program at the MO COIF

A total ambient uwnvironmental monitoring
program for the MHD COIF in Butta, Montana, has
buen designed and is currently being implemented.
Alr and water quality and meterology/climatology
are being wonitored, Implementation of the
program will adhere to quidelines suggested
by the Office of Research and Monitoring of
the U3, Enviruimental Protection Agency and
would gudarantyd acveptance under an air and
vater agsurance program. Bagseline data will be
monltored durlng CDIF operation, and these data
will be usad to praedict the environmental impacts
of future coal~fired MiD Eacilities. Ambient
noiss levels and a VHF frequency survey are
planned. Baseline air quality Jdata currently
beiny monitored include the following:

® Total suspended and settleable pazxti-~
culate concentrations and chemical
analysis of the particulates collected)
includlng trace elenents;

¢ Short-texm ambient Nouand 502 concen=
trations;

e Long-term static sampling for fluorides,
gulfates, and nitrates; and

® Prucipitation washout samples and chemical
analyses of the collec¢ted material,

Ambient air quallty monitoring for cartlicle
dize detwrminatlon and chemical analysis uf each
separdte fraction dre among addicional sampling
tachniques planned for this program, Ambient
monitoring of CO and hydrocarbon levels in the
COIF vicinity also is planned. Data are baing
obtalned from a purmanently located metnoreloyy/
alr quality statfon within a quarter of & mile
of the MHO-COIF currently under construction.

These data are being used to define airflow
chiaractéristics of the CDIF site and to vompare
these characteristics with air flow data obtained
4t the Butte alrport. 7Two othar §ites are

baing examined for the placement of mobile air
quality/matecroloyy units, Wind and temperature
oh a 40m tower will be muasured so that dispersion
patterns and atmospheric thermal stratification
can be characterizad., The height and duration of
the nocturnal temperature inveryion in Butte ia
baeing measured by an acoustic radar unit, In addi-
tion vertical temperaturs profiles obtained by
aircraft soundinys over Butte are belig compared

to the acoudtic radar data to establish the valid-
ity of the radarx to determine temperature lnverston
helght, Water quality studles i{nclude establishmont
of baseline data for both groundwater and surface
waters In the vicinity of the CDIF, Normally ex-
pucted minerals as well as trace elements are belng
ahalyzed for their prusence In both surface water
and groundwater,

Author or Performing Orgapization

MERDI (Ongoing)
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CATEGORY 6: SPECIFIC PROJECT SUMMARIES

CHARACTERLZATION, MEASUREMENT; AND MONITORING

FI_Number Title Author_or Performing Organization
ERDA Task S: Biological and Soolosconomic Monitoring MERDI (Ongoing)

Program for the MUD COXF¥

Infrared color slides obtained during tha sumaer
Of 1976 wire used to provide rvalistle vegetative
baseline records. The structure of varlous grass-
land communities at sites near the CDIF locatlon
was analyzed in order to classify the grassland
communities at sitos near the CDIF location and
thuy provided buseline vegutational data, A
wurvellluncu pregeam had buun Initlatud nuar the
CLIF location, ‘Purrestrial and aquatic 1lfu
ind{igunous to the CDIF area will be monitored for
ity reactiqn to COIF emissions and effluents.
Various sampling gltes will be selected, sampling
achedules recommended, and sampling and analytic
techniques described. Although CDIF effluents
are gxpected to be minimal, the approaches used
there will bd helpful later when establishing an
scologlical effects program at the ETF, A study
is also being conducted to monltor the socio-
uconomic impact nf the DCIF on a dapressed comeus
nity during the preconstruction, construction, and
posc~construction phases. Tho size and characteris~
tics of the work force will be estimatad as well as
migratlon rates, per-capita income, land ownership
and taxes, physical infrastructure, CDIF direct
impact on economic stimulation, employment and land
use, and indirect COIF impacts on secondary income
and employment.
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CATEGORY 5: SPECIFIC

ENVEIROWMENTAL CONTROL TECHNOLOGY

FI Nunber

Titla

MHD Gunerator Davelopment

These systum dedign studius assess the aco-
nomic, technical, and environmental feaslbility
of MHPR generators, Superconducting magnets were
studied and one magnet design was completed,
Swed recovery and the corrosive effscts of seed
wmaterlal on mecal heat exchanger surfaces were
invastigated. Afr pollution controls were dis-
cussed,

Studles of Gassous Core Reactor - MID Power
Plant Concapte

This study demonstrates the feasibility of
using a gaseous core reactor with MiD convarsion,
Using this reactor, the aystem produces more eco-
nomical electric power with fewer environmental
impacts than any nuclear powsr system currently
envisioned, Overall thermal efficiencles of
wore than 70 percent are expected,

Thres-stage Combustor for MHD Power Generation

This projeat studied the use of three~stage
combustion in MHD power generation for {ts poten=
tlal to produce an ash-free, electrically conduc-
tive coal combustion gas. “The system would reduce
the amount of ash rejected with the exit gases,
winimizing pollutant problems caused by such re-
Jaction,

MHD Power Generation =~ so2 Remaval, Seed Regeneration,
Preheating

In this study, almost complets S0, removal was
accomplished and 99 percent of the seed material
wus regenarated, The technlcal and economic as-
pects of MHD power generxation were considered and
it was projected that an annual savings of over
$300 million in the cost of fossil fuels for elec-
tricity genuration could be achieved,

Environmantal hspects of MHD Power Generation

This study focuses on reductions achievable in
air and thermal pollution by employing MHO to gen-
erate electricity. Practically all 50, was re-
moved by the seed addition, Nitric oxide forma~
tion approximated ‘theoretical expectations. Fly
ash wus extracted with water, and 75 percent of
the seed was recovered. Matexials were tested
and provad resistant at different temperatures.

Engineering Aspects of Magnetohydrodynamics

This ls a compllation of papers presented at
the 12th Symposium on Engineering Aspects of Mag-~
netohydrodynamlics in Argonne, I(llinocis on
Maroh 27, 1972, Papers covsred such toplcs as
computer nodeling of NO decomposition, NOg control
by two-stage combustion, and prellminary deslgn
of a three-atage coal~fired MiD pilot plant, Two-
stage combustion is shown to be an effective tech-
nique in controlling NOx emissions from the MHD
“f{luent atack to below curremt EPA NSFS. The
alr preheater also appears to have a significant
affect on the rate of NO decomposition.

PROJECT SUMMARIES

Author or Performing Organization

AVCO Corporatlon, Everett Research Laboratory, Everett, MA., 1374

GCeorgia Inutitute of Technology, School of Nuolear Bngineering,
1973

DOI, Bureau of Mines, 1974

001, Bureau of Mines, 1974

Intersociety Energy Converslon Conference, Boston, 1971/Sponsored
by PERC, Bienstock, D., et al

Atgonne National Laborxatory, 1972

“30-



CATEGORY 5:

ENVIHONMENTAL CONTROL TECHNOLOGY

PI Nurber  Titls

Prospects for Morw Effective Uzillzation
of Fuel throuyh MHD

This article discusses the feasibility of
the MHD process. It emphasizes that the abil-
ity of MHU to meet pollution control require-
wents will be a wajor factor (n establishing
its practicability,

NO Concentrations in MHD Steam Power Plant
Syetums

This papeér discusses the possibility of re-
ducing NO, emisgions by controlling the gas
residence time in the high temperature air
heater.

Open=-cycle Coal Burning MHD Power Plants for Commer-

cial Service

Ba#ing tlrair conclusions on an STO Research
Corporation Repart prepared for EPRI, Cuttings
ot al have concluded that the economics of NO,
recovery in MHD systems are not practical (using
the Mitsul Wet Procwss described).

Recovery and Utillization of Dilute Nitric Oxide
from an MIID Generator, Task H-IV

This project evaluated the economics of NOy
recovery and reswarchad the processing 3teps nec-
essary to remove NOK from tho gas stream and con-
vert it to a saleable pruduct, Solid and liguid
absorption and adsorpcion techniques for NO, re-
moval and concentration were studied, and methods
ta convert the concentrated NO, into nitric acid,
ammonivm nitrate, and other fixed nitrogyen salts
were (nvestigated.

Economtc and Eneryy Consideratlons in MHD Seed
Regeneration

Bargman has analyzed the efficiency penal-
ties for controlling $0; emissiong from an MHD
power plant. He predicts that approximately 0.4
of an nfficiency point must be sacrificed to
achleve zero SO, emissions from a 2000 MW, MHD
powsr plant operating at 50 percent efficiency and
burning 3 Wt percent sulfur coal,

Status of the Reference Dual-Cycle MHD-Steam Power
Plant

This project studies 50, control options
applicable to MilD--c¢oal cleanup, sead regenecation,
and flue gas scrubbings. Seed regeneration appears
mogt cost-effective for low sulfur coals: flue
gas scrubbings for higher sulfur coal. Coal clean-
ing reduces the combustible mataer{al in the coal,
although the reduced ash content and higlier heating
value of the washed coal may improve {ts combustion
parformanca.
dosigned and will omploy an ESP and a baghouse, dry
collections systems thac will reduce water vapor

SPECIFIC

A concaptual commercial plant has been

-4~

PROJECT SUMMARILS

Author or Performing Organization

ovcharenko, Yaleriy A., Natural Resources Forum, 1,
United Nations, N.Y., 1976

Pepper, J. W,, R. M, Euwtis, and C. H. Kruger, Proceedings of
the 12th Symposium on Engfueering Aspects of MHD, Argonne Nationa
Laboratory, Argonnhe, Iliinois, 1972

Cuttings, J. L., R. P, Schnydsr, R. L. tawit, B. Headman, and
P, 8, Zygielbaum, Proceedingd of the léth Symposium of Enginserin
Aspects of MHD, University of Pittsburgh, 1977

MERDI, 1976

Bexgman, P. D., D. Gyorke, and D. Bienstock, 16th Symposium~=
Engineering Aspects of Magnetohydrodynamica, Pittaburgh,
Penngylvania, 1977

Jackson, W. D., R. L. Lawit, R. A, Stoudt, ¥, G. Klett, J. C,
Cutting, and C. D. Maxwell, Proceedings of the 16th Symposium
of Engineering Aspects of MHD, Univeraity of Pittsburgh, 1977



CATEGORY 51 SPECIPIC PROJECT SUMMARIES

ENVIRONMENTAL CONTROL TECHNOLOGY

FI Rumber Title Authox oc Parforming Qrganization

Status of the Reference Dual-Cycle MHO-Steam Powar
Plant {cont'd}

roleages from MHD coolin, towars. This reporxt

aluo estimates the slze of the coal particle

for MHD combustion., Secondary alr admitcted
downstream trom the high temperature gas tends to
complete combustlion primarily of €O and unidentified
arcmatic hydrocarbons, Work by Jackson also indi-
cates that combustion products may leak at the
superhaater unless special materials and cleaning
davicas are used.

MHD Powsr Generation--Economic and Hals, F. and W, D. Jackson, Proceedings of the 10th Symposium
Environmental Imp)ications an Engineering Aspects of MHD, MIT, Cambridpe, Massachusetts,
1369

This study discusses two routes of NO, cortrol:
minimizing the nitrogen oxides in the effluent, or
mdximizing the NOy {n the effluent so that récovery
of fixad nitrogen becomes ecwvnonically attractive.
Preliminary results indicate that fixed nitrogen
removal is economically feasibla.

Caontrol Tuchniques for Nitzxogen Oxides in MHD Hals, F, and P, F. Lawls, Proceedings of ths 1l2th Symposium on
Power Planty Engineering Aspacts of MHO, Argonns, !llinofs, 1972

This study looked at the possibility of using
two-stage combugtion in a fuel~-rich atmosphere
to reduce NOy emissions in MHD gases. The results
indicate that the procedure will reduce NO, emisgions
to levels waell below current EPA emission levels,

Alr Pollution Aspects of MHD Power Generation BOM/PERC, D. Biemstock, 1973

This report examines the alr pollution potential
of MHD aystomy, focusing on SO_ and NO_ ewmissiong and
sead recovery. It concludes that coal=fired MHD will
elwninate nearly all SO, emissjons for approximately
one-fifth the cost requfred in conventional coal-fired
power plants., Seed makeup costs are low even if as much
as 5 percent of the seed is not recovared., TwWwo~stage
combustion can reduce NO‘ emisslons to levels below
EPA regulations.

Atmospheric Pollution Aspects of MHD Powser Plants Stanford University, School of Engineering, 1974
This research program modeled an MUD power

plant and determined the influence of process varxi-

atlons on NO, emisslons, Gas phase reaction rates

ware measured for their Influence on NO, formatlon

and decomposltion, and the influences of surfaces

on NOy decomposition waere determined.

Magnetohydradynamic Power Generation ERDA/PERC, Blenstock, 0., et al., 1975

This »ry% * studied the use of threa-stage
combustion v .coduce a low ash, high-temperature
gas sultable for opmn-uycle MHD power generation.
1t also researched economically feasible seed re-
generation mothods and developed models to support
the teclnical and economic development of MID,
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CATEGORY S: SPECIFIC PROJECT SUMMARIES

ENVIRONMENTAL CONTROL TECHNOLOGY

F1 Number Title huthor or Performing Organization
Effect of Nitric Oxlde Control on MHD-Steam Power DOI/Stanford Univeraity, High Temperature Gasdynamics Laboratory,
Plant Economics and Performance 1974

This study was designed to minimize the total
generation cost of electric power from A combined
MHO~steam power plant while keeping NO, emissions
below a required leyel, Nitric oxide gocompostcion
was podeled, and losses were estimated from various
points within the system, The report concluded that
if the problems currently gncountured by open-cycle
MID are rosolvud (u.g., maturlalw lifetimo, wupor~
cunducting magnut purformancs, soed racovery,
¢hannul unthidlpy extrastion, hiyl temporature alr
pruhoater perfoimance), the combinod MiD-pteam
power plant would offer an efficient, low at~
mospherio pollution alternative to conventional
coal-fired steam power plants at competitive costa,

MHD Powsr Generation Development Program EPRI/AVCO Everett Research lLaboratory, 1975

This report summarizes the progress of MHD
develogment performed by AVCO Everett Research
Laboratory in collaboration with the Office of
Coal Research during 1974, Particular attention
tocused on NO_ lavels found in MHD psisnt effluent.
Two-stage combustion or afterburnirg was shown to
be an effective NO_ control technique, <Catalytic
NO_ decomposition and the radiation cooling and
kinetics of axhaust gas were studied, It was
shown that RO_ levels could be reduced to a fraction
of the EPA gtandard in a furnace of reasonable afze,

High-temperature Combustion of Coal Sesded with DOI, Bureau of Mines, 1970
Potassium Carbonate in the MHD Generation of
E£lactric Power

This projact achieved practically complete S0,
removal from the stack gas of a coal-fired MHD unit,
nitrates in the fly ash were lsss than 1.7 percent
of the total fixed nitrogen, Using water to extract
the tly ash, a 75 percent potassium seed recovexy
was obtained. Materials stability at high operating
temperatures was analyzed.

Davelopment and Design of High Temparature Alr AVCO Everett Research Laboyatory, Everett, MA,, 1975
Prehvaturs and Tuchnlques for Ewission Control of
Nitrogen Oxidus for Open-~cycle MHD Powar Systems

Using coal ay the primary fuel, this project
applied the MHD concept to commercial power gen-
eration., Auxiliary power plant components were
daeveloped. Particular attention was paid to
daveloping a high temperature alr preheater that
could contral nitrogan oxida emissions to de-
sirable levels,

Kinetic Study of Oxides of Nitrogan in MHD Powex 12th symposium on Engineering Aspects of Magnerohydrodynamios,
pPlants Argonno Natlonal Laboratory, Mori, Y., et al, iokyo Institule
of Technology, 1972
This paper desoxibes the kinetic behavior of
nitrogen oxides in an MHD-steaw combined power plant.
Plant conditions required to reduce KO, emissions
to & low level and the kinetics of nitrogen reduc-
tion also are discunsed. Process polnts (e.qg.,
gas phase and surface reactions, gas and heat ex-
chanyer tempexature variations, and position of
gacondary air fintroduction) are studied to see
how they affect NO formatioh and ducompesition,
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ENVIRONMENTAL CONTROL TECHNOLOGY

FI_Numbek

Title
Oirect Coal-fired MHD Power Ceneration Systenm

Thas Energy Conversion Division within the
Space Institute is firing coal dirsctly to fusl
MHD power generation, Azeas within ths system
where the gas cAn be cleaned before causing
pellutive and erosive problems are being
studled. The Division iy optimistic about
the results, lndicating that mechanical gqas
¢lean~up at the end of the generator may be
feasible,
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Universlty of Tenneases, Tullahoma Space Institute, 1975



CATEGORY 5: SPECIFIC PROJECT SUMMARIES

OPERATIONAL SAVETY

F{ Numbur Title Author or Purforming Oryanization

094041 Fusion Magnet Safety Studfes, Suparconducting ERDA/Brookhaven Natlonal Laboratory, to ba completed in 1980,

This study will analyze different supercon-
ducting magnet degsigns from a safety viewpoint
Potential safety problems will be identified,
accidant analysis codes developad, and safety cri-
teria formulated, Safsty analysis procedures for
superconducting magnets will be developed,

CATEGORY 6t SPECIFIC PROJECT SUMMARIES

OPERATIONAL SAFETY

Fl Number Title Author ox Performing Organization
0Y3042 Satety Considerations Roport; Montana Component ERDA/Gilbert Commonwealth Co., 1976

Develupment und Integration Facility

This project identified gsafery conslderations
for the Montana Component Development and Integra=-
tion Facility (CDIF) so that Jdesign and operating
procedures could ba devised to minimize risks to
personnel and facilities., Areas of potential
risk of high pressure explosions, pressurized pipe
whipping, dust exploslons, projaectiles, electric
shock, and fires ware identificd and safety
precautionary measures wure recommendud.

Envitonmuntal Analywls and safuoly Guldulines for Univaruity of Tenncsvue Epsce Institute at Tullahoma,
the UTs1 MiD Faclllity ‘fannuveuyoe

This report is not yet available, but contalng
ths environmantal analyses and safaty guidelines
daveloped for the MID facllity at the University
of Tennesses Space Tnstituts,
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HEALTH EFFECTS

FX_Number Title

athox or Perfarming Organization

Tin-steam MHD Power System, Vols, I and Il Argonne National Laboratory
Progress Raports, Feb,-Aug, 1975

The tin-steam MHD power system is being
studle ) vonceptually, with emphasis on design
criteria, The syatem 1is expected to be compatible
with light water reactors and may reduce noise
levels, since the few yotating parts ars small
and will move at low speeds,
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INTEGHATED ASSESSMENTS

FI Number Title

Author or Perfoimirg Orqanization

00168 Environmental Assessment of Advanced Energy EPA/Exxon Research and Engineering Co.
Conversion Technologing

Over a three-year psrlod, open and closed-cycle
MHD Bystems will be studied wich other advanced
enargy convarsion technologies to identify their
potential environmental impacts. Hodals will be
developad to estimate affluents, pellutants, and
waste energy, The cost-effectiveness of pollu-
tion cuntrol technologien will Le awsewwed spe-
cific to wach enurqgy ¢ycla, aid fiuld and labora=
Lury tustw will Le ye:furawud Lo Jrrojuot unviron~
montal fepactes. Data frum those tosts will be
tnput lnto the models developud earller.
Fuels, combustion processes, thermodynamics
and kinetics of wach cycle, pellutant for-
mation and creatment, and other related
factors will be analyzed, Information
from all work will bu used to ldentify
research needs to ensure the techuwology's
environmental acceptablility; anticipated
funding will be considered when determining
needed research, At present, progress
reports are available.

Enurgy Technologies (1975-1976), E. Plante; W. Cappa DOX/Dept. of Corwverce, Nat, Bureau of Standards, 1976
€. McDanlel; H, Frederikse; and T. Nagas ’

This project mapaged energy activities
within the Bureau of Standards' Inorganic
Materialy Division. As such it cooxdinated
work with other agencies, particularly ERDA,
and, speclfic to MHU, hulped prupare and
subnmit reswarch proposals. This project
also has established a national MHD mater-
tals plan with ERDA and EPRI,

Third U.8,~U.5.5,R. Colloquium on Magnetohydrody- Moscow, U.§.S.R., Sponsored by ERDA/FE, 1876
namic Electric bPuwer Generation

Papers of U.S. and U,5.S.K. authors are pra=-
sented in this volure and cover the engineering-
tachnical aspects of MHD plant design and construc=-
tion, research on the generator channel, super-
conducting magnet systems, and refractory mater-
lals, and diagnostic studies on working fluid
characteriatics, The Colloquia is a result of an
Understanding of Cooperation {n the fleld of open-
cycle MHD reached between U,S. and U.S,S8,R. repre-
sentativas in 1972 and formalized by the U.S.-
U.5.5.R. Joint Committee for Scientlfic and Tech~
nical Cooperation in 1973,

470136 pevelopmunt Status and Anticipated Environmental Lockheed Missiles and Space Co,, Huntsville, AL,
Hazards of Sevaral Candidate Advanced Enexrgy Sourqes

This report discusses the operating principles
of opan and closed-cycle and liquid metal MHD sys-
tems, their sfficiency and size limltations, and
the history of the technology. Solid, gaveous, and
particulate wastes ary estimated. The report indi-
catgs that thermal discharges and fuel intake poten-
tially are ruduced when compared with conventional
powsr plants because of the system's increased
efficlency. It concludes that curxent emission cone
trol for MHD should be adequate to meet all standards.
The report identifies organizations supporting MHD
resvarchy other advanced anerqy technologies are also
discugsed,
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INTEGRATED ASSESSMENTS
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F1 Number ritle

Environment and Conservation in Energy Reseaxch Council on Environmental Quallty, 1976
and Development

This report is a prograsmatic EIS covering the
environmental lmpacts of coal technology options.
It duscribes the developmentwl stagos of environ~
mental zesearch (characterization, effects, control
technology, assessments). Characterization is the
wost lmportant atage, for effects and mitigating ra~
duarch camiot be dutwrmined yntil the pollutanss
have besn identifivd,

CATEGORY 6t SPECIFIC PROJECT SUMMARIES

INPEGRATED ASSESSHENTS

£I Nunber Title Author or Performing Organization

A Raforence Summary of Current MHD Test Factlities Compiled for ERDA/MND by Gilbert/Commonwsalth, Reading, Pa., 1976
and Thair Capabilities

This document cutlines current work on MHD
at the Tennessee Space Institute, Arnold Engineare
ing High Temperature Laboratory Development Center,
Waltz Mill facility, AVCO-AERL MIID facility,
Stanford Univarsity, and Fluldyne Englnvering
Corporation,
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REGULATORY ACTIVITIES

FI Numbuye

Title

093043

093041

Environmental Assessments Montana MHD Component
Davelopment and Integration Fagillty

Thig Environmental Assesssent identified
Hutte, Montana, as the preferred Component
Development and Integration Facility (COIF) site
and specified the impacts of constructing the
site In accordance with the National Environ-
meatal Pollicy Act (NEPA) guidelines. The pro-
posad tewt facllity was not uxpucted to pro-
duce wignlticant environwwntal lirpacew,

Magnutohydrodynamics Systems Environmental Impact

study

This study assessed ths potential effects of
a 4000-MW, coal~Ffired, MID~stoam power plant on
several sites within the State of Montana. Ex-
igting data were used to isolate potential plant
sites. Physical, biological, social, culturai,
and licensabllity constralnts wera considered,
and pollutant centrol methods were recommended,
A linal dratt of tho impact study was completed
in 1976.

tnvironmental Analysis of Proposed UTST MHD
Project = Tullahoma, Tennassee¢

This study analyzes the gite-specific im-
pacts of thu propoved direct coal-fired MHD test
facillty in Tullaboma, Tennessee, Potential
unvironmental inpacts a9socirated with the project
are analyzed. 1he nuw facility will bo operating
less than two percent 9f thu Limd over & three-
year puriod and will employ efficient pollution
control measuras, The report concludes that the
project will not preduce siguificant anviron=
aental eftecta,

FY- 76 Annual Report -« Task H

An EIA of alternative ETF sites was fpiti-
ated it FY 1977, Impact assessment maethodology
{s buiny finallzad, and baselinu environmuntal
data are buing collevted, Upon completion of
the ELA, the DELS will Le prepared and presanted
to Fedoral ayencles and the public for review.

ERDA Subtask #

Under subtask M, MERDI i3 comducting the
ETF oite study wlithin Montana, evalualing
soctal, unvironmental, economic, managerial,
institutional, and physical constraints. Thay
highlight that few utility transmiusion grids
dre capable of receiving the MHD power cutputy
water availability is limited; and comnunities
are small and rural, thus maximizing potantial
socivecononic Impacts,

preliminary findings are roported in Selaction
of Tentative MID~ETE Candidate Slte Argas ==
Second Draft Interim Report
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ERDA/Gllbert Assoclates, Reading, Pa., 1976

ERDA/MERDY , 197¢

Office of Coal Reseaxch, DOI, 1974

MBRDI, 1977
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