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FOREWORD

Environmental Development Plans (EDP's) were conceived and 

prepared as basic documents fo r planning and managing environmental 

requirements of energy technology development. Approximately 30 EDP's 

covering major developing energy technologies were prepared p rio r 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 re s p o n s ib ili t ie s  has made i t  

impossible to complete the formal review and concurrence process as 

o rig in a lly  planned.

These EDP's are now being d is tr ib u te d  eo that a l l  having in te re s ts  

and re sp o n s ib ilitie s  may a s s is t  in a rev ision  and update which we plan 

to  in i t i a te  in  DOE along with preparation of EDP's covering environmental 

aspects of add itional DOE programs.

Robert D. Thorne 
Acting A ssistan t Secretary 

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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1. I N T R O D U C T I O N

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 1974^ and the Federal Nonnuclear Energy Research and

2/Development Act of 1974, 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 

3/1969 (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:

1. 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 environmental 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 t.he 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.

1.3 Scope

This document addresses the following technologies associated with ERDA’s MHD 
program:

• Open-Cycle Magnetohydrodynamics;
• Closed-Cycle Plasma Magnetohydrodynamics; and
• Closed-Cycle Liquid Metal Magnetohydrodynamics.

For each developing technology, the EDP discusses the environmental, health, 
and safety issues which need to 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 M HD are important and warrant assessment in future editions of the 
EDP when more information concerning selection of a seed regeneration system is 
available.

- 2 -



1.4 Organization

Section 2 describes the energy technology program being conducted by E R D A  

under the M H D  Program. Each technology is described briefly, and a milestone chart 

for the major program, open-cycle M H D ,  is given. Section 3 discusses the 

environmental issues which m a y  be anticipated from each technology and the 

requirements and research needs which are necessary to address 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 

conducting the environmental research program in coordination with the development 

schedule for each technology.

1.5 Executive Summary

The range of pollutants from an M H D  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 M H D  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 M H D  process, pollutants such as SO-,, 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 convsntional coal-fired power plant of 

comparable generating capacity.

Although the actual levels of air emissions are not yet established, preliminary 

work indicates that M H D  has a low air pollution potential when proper control 

techniques are used. The open-cycle M H D  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 SO£ emissions 

can be controlled in this manner to levels well below existing N e w  Source Performance 

Standards. The very high combustion temperatures used can result in the formation of 

greater quantities of N O  and fine particles. The control of N O  and fine particulate
X X

emissions is still to be resolved and is in an early stage of evaluation. The combustion
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conditions in the M H D  process also indicate that emissions of C O  and hydrocarbons 

will be very low.

For N O x> combustion modification (e.g., initial fuol 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 N O ^  can be controlled effectively at larger, more advanced 

facilities. For particulates, fabric filters and electrostatic precipitators axe 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 M H D  process. The extent to which fine 

particle emissions will be a problem must be assessed, and if necessary, improved 

control technologies developed.

The watar use and effluents related to M H D  are expected to be similar to those 

from conventional coal-fired power plants. As at conventional power plants, most 

water used at M H D  facilities is for cooling purposes; however, water use at M H D  

facilities 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 M H D ,  as well as 

from the M H D  seed regeneration system. Water effluent streams must be 

characterized to ensure that they do not contain any unexpected hazardous pollutants 

or excessively high potassium levels.

M H D  solid wastes should consist of slag, fly ash, and spent seed material 

containing primarily unrecoverable potassium compounds and inorganic elements from 

coal. Regeneratioa of spent seed for reuse, for economic as well as environmental 

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

M a n y  of the occupational health mid safety hazards that can occur at M H D  

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 m a y  pose a threat to the health of workers in M H D  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 attention. Because of the unique characteristics of M H D  

facilities and the general spontaneous combustible nature of coal dust, the primary 

safety hazards m a y  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 M H D  technology development, ongoing and completed research has 

been considered. An integrated environmentc.l action plan is presented in this 

document as a guide to the type and level of work which needs to be conducted in 

response to the environmental health and safety issues and requirements identified for 

the developing M H D  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, ;ind solid wastes from M H D ;

• determine potential environmental impacts and health hazards associated

with M H D ;

• model pollutant transport and transformation;

• ensure adequate control of pollutant emissions;

• identify and minimize occupational health and safety hazards;

• prepare N E P A  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 M H D  facilities, however, will be determined 

during implementation of this plan.

-5-



2. TECHNOLOGY OVERVIEW

Magnetohydrodynamics (MHD) is a mid-term, energy alternative in which 

electricity 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 combined 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 M H D  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/si:eam generator system offers the greatest potential to improve 

electricity generation plant efficiency and cost performance.

Initial development of M H D  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.S.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 M H D  

power generation.

M H D  could be commercially available in the late twentieth century. E R D A  has 

the lead in M H D  development in the U.S., but other government agencies such as the 

Environmental Protection Agency, the National Science Foundation, the National 

Aeronautics 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 M H D  development and impacts.

2.1 B a c k g r o u n d
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2.2 MHD Technology

2.2.1 O pen-Cycle M H D

M H D  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 field. 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 (K^CO^) — is the preferred seed material for open-cycle M H D .  

The potassium seed not only enhances the conductivity of the combustion gas but also 

provides a unique built-in capability for removing sulfur products released during the 

combustion ot 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 (K-,SO^) 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 M H D  topping cycle with a conventional .steam turbine 

bottoming cycle is illustrated schematically in Figure 2-2. Preheated, 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/seed mixture is fed into the M H D  channel which produces D C  

electrical power which is then converted to A C  power. The combustion gases then 

pass through a diffuser where the remaining kinetic energy is recovered. The exhaust 

gases leaving the M H D  generator are still at high temperatures (3300°~3700°F). This 

residual heat can be utilized downstream of the M H D  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

- 8 -
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FIGURE 2-1 SCHEMATIC ARRANGEMENT OF AN MHD DUCT
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the gas is cooled slowly to reduce N O ^  to an acceptable level before additional air is 

added and combustion is comploted. 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.

Closed-Cycle M H D

In the closed-cycle M H D  processes the basic energy conversion process is the 

same as that for open-cycle M H D  (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 souice 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 necessary to obtain sufficient 

conductivity for the M H D  process. The extraction of thermal energy from the working 

fluid and its conversion to electricity in an M H D  channel and conventional steam- 

bottoming plant are similar for open- and closed-cycle systems. There are two major 

approaches to closed-cycle M H D  technology: plasma systems and liquid metal

systems.

In a closed-cycle plasma M H D  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 M H D  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 M H D  loop. The argon gas is expanded through a 

nozzle where it is seeded with cesium. The argon/cesium gas passes through the M H D  

generator which, as in open-cycle M H D ,  produces D C  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-
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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 gaseous 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 M H D  

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 expansion as the fluid passes through the M H D  generator. After 

leaving the generator, the gas and liquid are separated and the liquid is recirculated 

back to t.he 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 M H D  Program

The relationship of the M H D  program to E R D A ’s Fossil Energy Program is 

illustrated in Figure 2-5. ERDA's M H D  program is directed toward the attainment of a 

major E R D A  Fossil Energy goal: to more effectively utilize coal directly in the

production of electrical power. M H D  power generation offers three potential 

advantages of major significance to the National Fossil Energy Program:

1) Direct conversion of the thermal energy of coal to electrical power;

2) Improved overall coal pile-to-busbar power conversion efficiencies; and

3) Unique characteristics which can potentially minimize environmental 

effects.

The current M H D  subprogram is directed primarily toward the development of the 

open-cycle, coal-fired M H D  system and is based on supporting science and technology 

activities, including laboratory scale testing and preliminary engineering studies. The
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closed-cycle concept is not as technically advanced as the open-cycle technology, and 

near-term closed-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 M H D  electric power plant. To 

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

• The near-term objective (1985} of the M H D  Program is to design and test 

M H D  components and subsystems, and to integrate these into complete 

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

• The mid-term objective (2000) of the M H D  Program is to continue 

development of the M H D  technology to improve the performance, reliabil­

ity, and benefits to demonstrate the readiness for commercialization of 

M H D  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 M H D  test facilities are summarized in Table 2-1. Figure 2-7 illustrates the 

relationship of supporting facilities to the three phases of M H D  facility development. 

Engineering and environmental data developed at these facilities will be useful in 

making decisions regarding the development of ERDA's M H D  program. Figures 2-8 and 

2-9 summarize the M H D  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 M H D  test facility at Tullahoma is supplying data on small 

scale (relative to the CDIF), directly coed-fired M H D  generators with 100 percent ash 

carryover. AVCO/Everett Laboratory, using oil-fired combustors with coal slag
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TABLE 2 - 1  
O B JE C TIV E S  OF E R D A 's  MHD F A C IL IT IE S

cni

TE S T F A C IL IT Y O B JE C TIV E S

C o m p o n en t D e v e lo p m e n t  
a n d  I n t e g r a t i o n  
F a c i l i t y  (C D IF )

•  T e s t  C o m p o n en ts  i n  5 0  MW*. R an ge
•  T e s t  I n d i v i d u a l l y  o r  i n  S u b s y s te m

T e s t  T r a i n
•  V e r i f y  M H D /S tea m  C y c le  C o m p o n en ts

E n g in e e r in g  T e s t  F a c i l i t y  
(E T F )

•  P r o v id e  D e s ig n  a n d  O p e r a t io n
D a t a  f o r  M H D /S tea m  P o w e r P l a n t

•  T o  V e r i f y  C o m p o n en t P e r fo r m a n c e
a t  2 5 0  MWt  S c a le  a t  C o m m e rc ia l  
O p e r a t in g  D u r a t io n s

•  P r o v id e  S c a le - u p  D a ta  f o r  MHD
B a s e l in e  P l a n t

•  P r o v id e  A d v a n c e d  S y s te m s  I n t e g r a t i o n

C o m m e rc ia l D e m o n s t r a t io n  
(CDP)

•  D e m o n s tr a te  D i r e c t  C o a l - F i r e d ,  O p e n -  
C y c le  MHD P o w e r G e n e r a t io n  R e a d y  
f o r  C o m m e rc ia l A p p l i c a t i o n  

..................  i

S o u r c e : J a c k s o n ,  W .D . ,  "MHD E l e c t r i c a l  P o w e r G e n e r a t io n :  P r o s p e c t s  a n d  I s s u e s , "
A IA A  P a p e r  N o . 7 6 - 3 0 9 ,  A IA A  9 t h  F l u i d  a n d  P la s m a  D y n a m ic s  C o n f e r e n c e ,
S an  D ie g o ,  C a l i f o r n i a ,  J u l y  1 4 - 1 6 ,  1 9 7 6 .



FIGURE 2-6

MAJOR MAGNETOHYDRODYNAMICS DEVELOPMENT PHASES
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SOURCE: EROA, Draft Program Plan for Majnetohydrodynamics, August 15,1977,

FIGURE 2-7 

MHD FACILITIES DEVELOPMENT SEQUENCE

SOURCE: ERDA, Dull Program Plan for Mapistohydtodynamlcs, August 15,1977.



FIGURE 2-8 
MHD 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 M H D  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.S.-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 drived from smaller 

scale prior activities and is centered on the engineering development, integration, and 

testing of major components and subsystems in the Component Development and 

Integration Facility (CDIF). The major components and subsystem.5 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 M H D  and supporting flow train components at 

approximately the 50 M W { level. From engineering data thus obtained, a pilot scale 

facility of about 250 M W ^  capacity can be designed as the next step.

The testing in the CDIF initially is planned to consist of Phase 1A and IB, and 

will begin in F Y  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 IB) will use a coal-fired combustor and a superconducting magnet. Future 

testing m a y  include 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 E T F  components, closing various thermodynamic 

loops, simulating E T F  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 II - Engineering T est

The primary purpose of Phase IE 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 M W ^  which has been designated as the Engineering Test Facility 

(ETF). The size of the E T F  is considered to be the minimum necessary to provide a 

reliable demonstration of the overall operational capabilities of an M H D  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 E T F  will consist of an M H D  system including a coal processing and feed 

system, high temperature air heaters, M H D  generator channel, superconducting 

magnet, inverter, bottoming steam plant, slag removal system, seed recovery and 

regeneration system, cooling systems, and pollution control systems.

2.3.3 Phase HI - Commercial Demonstration

The commercial feasibility will be demonstrated in Phase HI 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 E T F  and a regular commercial version based on the data obtained at the ETF.

The plant as a whole m a y  not be much different than the E T F  from the 

components point of view, but the size of the 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 M H D  

in the U.S. and the U.S.S.R. In the U.S., emphasis in M H D  has been in gaining a 

scientific understanding of the process and through this, learning how to predict the 

behavior of the key components, especially the M H D  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 M H D  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 M H D  components. Two 

significant installations developed in the Soviet Union are the U-02 M H D  systems test 

facility and the U-25 M H D  pilot plant, both located in Moscow.

The Joint N E A / I A E A  International Liaison Group on M H D  electrical power 

generation consists of 19 nations which meet at regular intervals for exchange of 

information. There are now bilateral and multilateral agreements between individual 

scientists as well as scientific organizations in a number of countries.
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3. ENVIRONMENTAL, HEALTH, AND SAFETY ISSUES 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) Progiam and 

identifies the major issues which need to be addressed to 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 

E R D A  M H D  technologies at all stages of their development.

Congress has passed laws designed to protect aspects of the environment 

potentially affected by energy f’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 technologies to meet national 

standards and criteria. Federal environmental legislation and its applicability to M H D  

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 m a y  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 m a y  include the impacts of 'vater 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. Socioeconomic disturbances can include a wide range of 

impacts on social, political, and economic structures. Effluents from energy facilities 

m a y  affect the health and safety of both the workers and area residents. These areas of 

environmental concern are discussed in detail specific to M H D  in the following 

paragraphs. Figure 3-1 presents a typical M H D  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 M H D  tc.chnology has developed further than the closed-cycle 

plasma or liquid metal M H D  technologies, and the E R D A  M H D  Program emphasizes 

open-cycle M H D ,  this discussion focuses primarily on the environmental concerns 

associated with open-cycle M H D .  For closed-cycle systems under normal operating 

conditions, the effluents associated with coal combustion (e.g., SO,, N O  , hydrocarbons,
u  X

CO, trace elements, particulates, ash residue, etc.) m a y  be similar to those of 

conventional boilers and will not be discussed further.

3.2 Impacts and Issues

The range of pollutants from an M H D  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 M H D  process as compared to the relatively 

low temperatures of direct combustion technologies, significantly different relative 

amounts of the various effluents will be emitted. Due to the higher overall plant 

efficiencies of M H D  power generation, less coal input is needed per unit electrical 

output; therefore, pollutants, such as SO^ 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. 

Hc-vever, sufficient experimental data are not yet available to verify this. The

following sections address known and anticipated environmental, health, and safety

issues associate d with M H D  technology and are organized around the following problem 

areas:

• air emissions;

• water use and effluents;

• solid waste;

• control technology;

• occupational health and safety;

• general population health effects;

• effects on terrestrial and aquatic ecosystems;

• physical disturbances; and

• social, socioeconomic,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 P U N T
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TA B LE 3 - 1

P O T E N T IA L  ENVIRONM ENTAL PROBLEM'} W ITH  MHD COMPONENTS— C D IF *

A c i t i v i t y  o r  C o m p o n en t P o t e n t i a l  E n v ir o n m e n t a l  P ro b le m s  t o  b e  E x a m in e d

C o a l  h a n d l i n g ,  p r e p a r a t i o n ,  a n d  s t o r a g e D u s t ,  p a r t i c u l a t e  m a t t e r ,  n o i s e ,  w a t e r  v a p o r  d u e  
t o  c o a l  d r y i n g

S e e d  h a n d l in g  a n d  p r e p a r a t i o n P a r t i c u l a t e  m a t t e r ,  n o i s e ,  f u g i t i v e  d u s t

C o m p re s s o rs , c o a l  a n d  s e e d  f e e d  s y s te m s N o is e ,  v i b r a t i o n s ,  p a r t i c u l a t e  m a t t e r ,  e x p lo s io n  
h a z a r d

M e t a l l i c  h e a t e r  (Low  t e m p e r a t u r e  p r e -  
h e a t e r )

N o is e ,  e x h a u s t  o f  c o m b u s t io n  g a s e s ,  (CO , CO , H O ,  
S 0 2 , e t c . )

V i t i a t e d  h e a t e r  ( H ig h  t e m p e r a t u r e  p r e ­
h e a t e r )

N o is e ,  NO ,  C O C O ,  H ^O , s u l f u r  p r o d u c t s ,  c o m b u s t io n  
p r o d u c t s  m  m a m  a i r  s u p p ly ,  h e a t

C o m b u s to r  ( o i l ) N o is e ,  NO? / C O ^ , C O , H2 0 ,  s e e d  v o l a t i l i z a t i o n ,  s u l f u r  
p r o d u c t s  m  m a m  a i r  s u p p ly ,  h e a t ,  e x p lo s io n  h a z a r d

C o m b u s to r  ( c o a l ) N o is e ,  N 0X '  ^ 0  ,  c ® ' H2^ '  s ^ a 9 '  s u l f u r  p r o d u c t s ,  
t r a c e  e le m e n ts  i n  g a s e s ,  s e e d  v o l a t i l i z a t i o n ,  
p a r t i c u l a t e  m a t t e r ,  h y d r o c a r b o n s ,  e x p lo s io n  h a z a r d

MHD C h a n n e l N o is e ,  p r o d u c t s  o f  e r o s io n  o f  e l e c t r o d e s  a n d  w a l l s ,  
m o lt e n  s la g  a n d  m o lt e n  s e e d

M a g n e t E f f e c t  o n  h u m a n s , s a f e t y  p r o b le m s

E x h a u s t  g a s  c o o l i n g  a n d  c le a n - u p  s y s te m s E x h a u s t  g a s e s ,  h ig h  w a t e r  v a p o r ,  p a r t i c u l a t e  m a t t e r ,  
l i q u i d  a n d  s o l i d  w a s te  r e m o v a l ,  t r a c e  e le m e n t s ,  NO , 
i f  q u i c k  q u e n c h  i s  u s e d ,  s c r u b b e r  s lu d g e

C o o l in g  to w e r s C o o l in g ,  w a t e r  u s e ,  w a t e r  v a p o r

S e t t l i n g  p o n d s
- ........................................................ _____________________

W a te r  v a p o r ,  la n d  u s e ,  d i s p o s a l  o f  s o l i d  w a s te

*  F o r  s i t e  s p e c i f i c  p r o b le m s  s e e  R e f e r e n c e s  4 2  a n d  4 3 .



TABLE 3 - 2
P O TE N TIA L ENVIRONMENTAL PROBLEMS W ITH  MHD COMPONENTS— ETF

Ito•sjI

1---------------- ---------------- -----------------

A c t i v i t y  o r  C o m ponent P o t e n t i a l  E n v ir o n m e n t a l  P ro b le m s  t o  b e  E x a m in e d

C o a l  h a n d l in g ,  p r e p a r a t i o n  an d  
s t o r a g e

S e e d  h a n d l in g  a n d  p r e p a r a t i o n

C o m p re s s o rs , c o a l  a n d  s e e d  
f e e d  s y s te m s

T h e  sam e a s  i n  C D IF ,  e x c e p t  t h e  c o m p o n e n ts  a r e  
l a r g e r  i n  s i z e  a n d  c a p a c i t y

H ig h  t e m p e r a t u r e  p r e - h e a t e r NO ^, s la g

C o m b u s to r  

MHD c h a n n e l  

M a g n e t

T h e  same a s  i n  C D IF ,  e x c e p t  t h e  c o m p o n e n ts  a r e  l a r g e r  
i n  s i z e  a n d  c a p a c i t y

R a d ia n t  b o i l e r ( s )  a n d  s la g  
s e p a r a t o r

N0X , s la g  d e p o s i t i o n ,  s e e d  m a t e r i a l ,  s la g  re m o v a l

L i q u i d  s e e d  c o n d e n s e r S e e d  s e p a r a t i o n  a n d  r e m o v a l

S te a m  s u p e r h e a t  a n d  r e h e a t  

Low t e m p e r a t u r e  a i r - p r e h e a t e r  

E c o n o m iz e rs

S ta n d a r d  s te a m  p l a n t  c o m p o n e n ts , e r o s io n  a n d  c o r r o s io n  
d u e  t o  s e e d  m a t e r i a l  a n d  f l y  a s h

S o l i d  s e e d  e x t r a c t o r S e e d  s e p a r a t i o n  a n d  e x t r a c t i o n

S e e d  r e g e n e r a t io n D is p o s a l  o f  s u l f u r  a n d  p a r t i c u l a t e s ,  e v a p o r a t io n  p o n d s ,  
w a t e r  v a p o r

S c ru b b e r s  a n d  p r e c i p i t a t o r s S o l i d  w a s te  d is p o s a l

C o o l in g  to w e r s C o o l in g  w a t e r  u s e ,  w a t e r  v a p o r



temperatures peculiar to M H D ,  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 m a y  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 M H D  processes, quantities of sulfur oxides (SO ) are likely to be
X

much lower in the effluents of an M H D  facility than in a standard commercial coal- 

fired power plant. The following discussion of air emissions is organized around these 

topics:

• SO ;
x’

• N O  ;x
• particulate matter;
• trace elements;

• radioactive compounds; and

• other emissions.

A  positive feature of the M H D  power generator is that a self-contained sulfur 

removal system is inherent in the system design. The K ^ C O ^  seed, used to increase 

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

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
4/

of the SO^ can be removed ). M H D  technology should appear very attractive in areas

where nondegradation of existing air quality is mandated or where SO^ levels are near

existing ambient standards. It appears that the most stringent SO^ pollution

regulations can be met with M H D  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 SO£ control is achievable at all stages of M H D  development, through 

commercialization.

The high combustion temperatures (4500-5000°F) used in open-cycle M H D  could

produce up to 10 times the nitrogen oxide (NO ) emissions produced in conventional 
/ / x 

coal combustion. N O  is an important pollutant both in the direct effect of N O  on
X X
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plants and animals and the role of N O  in the photochemical smog cycle. Thus, N O
X X

has the potential for being the most important emission problem in the M H D  system.

T w o  methods of N O  control have been identified: minimize N O  in the effluent gas,
x x 7/

or maximize N O ^  in the effluent to recover nitrogen products {e.g., fertilizer). 

Presently it appears that N O ^  emissions will be controlled by the. first technique 

through combustion modification. Combustion modification includes techniques such 

as initial fuel rich combustion, downstream adjustment of the fuel-air mixture to m a k e  

it air rich, and regulation of exhaust gas residence times in downstream components to 

enhance decomposition of NO^. As the technology evolves or efficiency considerations 

become important, it m a y  become necessary to resort to other control means to meet 

current standards as well as any stricter N O ^  emission standards which m a y  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 M H D  are expected to 

consist of a greater proportion of fine particulate matter compared to particulates 

produced in conventional coal-fired power plants due to tl,e very high combustion 

temperatures characteristic of M H D ,  and possibly due to the effects of superconduct­

ing magnets^ and N O ^  controls^. 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 

M H D .  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 M H D  

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 m a y  still be emitted as or on submicron-size particles because of 

collection inefficiencies in the small particle range inherent »n 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 M H D  because of its characteristically high temperatures.

Coal contains virtually all the naturally occurring elements. Trace element 

emissions which may be of concern from M H D  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 SO,, is not known. 

Multi-element mass balance studies conducted at conventional coal-fired power 

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

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

size particles, which are difficult to collect.^ Because trace elements and fine 

particulates are potentially hazardous to human health and ecosystems, their presence 

at M H D  facilities must be analyzed and assessed for potential impacts.

Radioactive compounds in coal may also be released during coal combustion. 

Western coals generally have greater concentrations of radioactive compounds than do 

eastern coals. Radioactive compounds retained in the fly ash can be removed to a 

large extent by particulate control devices. The radioactive emissions from coal-fired 

facilities are primarily a function of the radioactive content of the coal burned. 

Because the higher thermal efficiency of M H D  permits less coal combustion per unit 

electrical output, M H D  will produce fewer radioactive emissions per Btu output than 

conventional coal-fired facilities.

Other potential emissions which m a y  be significant environmentally in the 

various phases of M H D  development include hydrocarbons, carbon monoxide, and 

elements in gaseous form. At the expected temperatures of M H D  combustion, 

decomposition of all unburned hydrocarbons to their oxidized forms (CO^ and H^O) is 

expected. However, the fuel-rich first stage of combustion, the short residence time 

in the combustor, and off-design operating conditions m a y  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 C O  and the release of unburned hydrocarbons. Due to the experimental nature of
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the test facility, the probability of C O  and hydrocarbon emission occurring is

considerably higher than is expected for later M H D  developmental facilities.

Preliminary tests indicate that C O  emissions can be eliminated during second-stage
4 /

combustion by increasing the air supply. Stack sampling for C O  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 C O ^  in the atmosphere are a global concern 

associated with fossil fuel combustion. However, C O ^  emissions from M H D  will be 

less on a per unit electrical output basis than from conventional coal-fired power 

j ’ants due to the higher conversion efficiencies of M H D  units.

P’or open-cycle M H D  to be economically feasible, the spent 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; therefore, 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. 

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 M H D  as well as at conventional power plants is 

for cooling purposes. With the higher thermal efficiency of M H D ,  less waste heat ends 

up in Lhe cooling water. Preliminary studies indicate that thermal discharges from a 

first generation M H D  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.^ As a result, less cooling water will be needed and the total water 

requirements for an M H D  facility should be less than for a conventional coal-fired 

power plant of the same generating capacity. In addition, M H D  system efficiency may
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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 M H D  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 system for particulate control and associated solid waste disposal at the 

CDIF. At more advanced facilities, water will be used to extract K^SO^ from the fly 

ash/spent seed residue collected by particulate control devices and in the regeneration 

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 M H D  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. IVo data are currently available on the leachability of specific compounds and 

trace elements contained in M H D  slag and fly ash. It is expected that the trace 

elements potentially found in M H D  effluent streams and solid waste lenchate will be 

similar to those identified for air emissions. Effluents resulting from M H D  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

M H D  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 

M H D  to be acceptable, both environmentally and economically, the K ^ C O ^  seed 

material must be recovered, regenerated, and recycled. Regeneration of the spent 

seed will reduce the amount of solid waste requiring disposal. The K^SO^ and K ^ C O ^  

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

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 M H D  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 M H D  facilities may be similar to the fly ash 

disposal problem of conventional coal-fired power plants iuid may preempt other land 

uses. A  potential difference in the solid wastes from an M H D  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 m a y  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 differences will be studied in detail during the developmental stages of 

M H D .

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 M H D .  

M H D  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 M H D  systems.

3.2.4 Control Technology

Due to the very high operating temperatures and components unique to M H D ,  

new or improved techniques m a y  be necessary to evaluate, monitor, and control the 

undesirable compounds in the components of M H D  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 M H D  process m a y  be 

necessary for providing a sound data base.

Work which has been performed to date on SO,, N O  , and C O  control
u  X

technologies for M H D  indicate that these pollutants can be effectively controlled to 

levels at or below current N e w  Source Performance Standards (NSPS) for coal-fired 

steam electric power plants. Open-cycle M H D  has a built-in sulfur control technology; 

the potassium carbonate (K^CO^) seed, which is injected into the combustion gas 

passing through the M H D  generator to enhance its conductivity, also combines with 

S 0 2 to form potassium sulfate (K-,SO^) which later precipitates out at lower 

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

have achieved 99+ percent SO-, removal from the effluent gas/^
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T w o  routes of N O  emission control are available: 1) minimizing N O  in the
x x

effluent, or 2) maximizing N O ^  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 N O x emissions 

from M H D  will be controlled by combustion modification. Test results indicate that 

N O ^  emissions should be effectively controlled below current N S P S  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 C O  and unidentified aromatic hydrocarbons. At the 

same time, however, there m a y  be a trade-off in the increase in the production of 

NO^. Although preliminary work indicates that these control methods are effective, 

testing of their effectiveness at more advanced M H D  facilities must continue to 

ensure that adequate controls will be available for commercial M H D  facilities.

Research is needed to determine the extent to which fine particle emissions from

M H D  will be a problem. Efficient removal of particulate matter is necessary for M H D

to be economically as well as environmentally acceptable. Development of
17/

technologies to control fine particulate matter m a y  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 M H D  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
17 18/

rapidly with decreasing particle size. ’ 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 

technologies and are not unique to M H D .  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 obtained for a
4/slag rejection above 90 percent. 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, and runoff and leachate from solid waste disposal 
areas. However, further research is necessary to verify this and/or identify and 
resolve potential control problems 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, NO^, 
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/ 20/Accelerator Center and in the Soviet Union, no clear-cut information regarding
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 m 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 M H D  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 M H D .

In the event of incomplete combustion due to accidentally low combustion 

temperatures or air supply, coal tar and light oil m a y  be formed, separated out from 

the coal gas in the cyclone gasifier, and removed with the slag from the first-slage 

combustor. Handling and removal of slag m a y  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 (NCI) 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 M H D  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 m a y  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 wftter 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 m a y  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, m a y  be potential sources of heat stress. Removal of soot from

* 1 Tesla =10^ gauss.
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the radiant boiler m a y  cause a skin cancer hazard to workers subject to chronic 

exposure. The primary hazard in handling and removing slag from the slag separator 

m a y  b*» 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 m a y  be C O  and C H ^  from combustion of clean 

fuels, if not properly removed with a local exhaust ventilator. The directly fired 

preheater and superheater, however, m a y  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 M H D  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, 

m a y  cause a potential hazard to the workers as a result of the inhalation of SO,,, N O  ,
id X

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

dust or silica dust, and trace elements. Health hazards unique to M H D  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- 
21 22/

wealth. ’ Increasing the size of the magnet and the use of higher voltage applied 

across the combustor-channel portion as will occur in E T F  and C D P  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 M H D  

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 m a y  

induce vibration (leading to material fatigue) and cause erosion. In pressurized regions 

of open-cycle M H D  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 c o m m o n  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 m a y  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 M H D  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 M H D  facilities.

3.2.6 General Population Health Effects

Effects on the general population from the use of M H D  technology could differ 

from those resulting from conventional coal-fired power plants if N O ^  and fine 

particle emissions, especially particulate sulfates, are not controlled effectively. SO^ 

emissions.are expected to be lower due to the unique seeding procedure used in M H D .  

As discussed in the above sections, effluents and solid wastes fron M H D  facilities 

should be monitored and characterized to identify and analyze potential problems 

unique to M H D  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 pollutants 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 SO^ and particu­

lates and the frequency of respiratory infections;

- 3 8 -



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) SO^ also can damage the alveolar-capillary membrane which, with patholo­

gies c 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 SO-, emissions on
fj

vegetation. Sulfur oxides are highly toxic to plants and appear to be one of the most
23/

important pollutants affecting trees. ecological effects research is not nearly

as extensive. There is some evidence that excessive amounts of NO-, significantly
24/

affect photosynthesis. SO-, and N O  emissions m a y  not be a problem, but a well-
L X

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 m a y  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 M H D  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 M H D  facilities m a y  cause some disturbance to wildlife in the near 

vicinity of the plants. Potential pollutants unique to M H D ,  (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 M H D  

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 M H D  solid waste disposal 

sites is not known and should be investigated to determine potential land use impacts. 

The potential of M H D  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 M H D  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 01 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 M H D  facilities should be identified prior to scaling the C D P  

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 M H D  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 M H D  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 E R D A  M H D  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 tlu. construction employment demand peak in

order to minimize the need for temporary housing and services. Although E R D A

expres' .s the desire to address public concerns and social acceptability of its 
25/

actions, the procedure for doing so is not clear.

-40-



3.3 Research Requirements

M H D  technologies generally develop from conceptualization through a series of 

stages, e.g., technology development, component 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.

E R D A  guidelines require that E R D A  prepare a site-specific Environmental 

Impact Assessment (E1A) and, if necessary, an Environmental Impact Statement (EIS) 

for all Federal actions which m a y  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 m a y  have a significant impact on 

water availability. E R D A  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, E R D A  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 

M H D  are addressed and resolved and that M H D  develops through commercialization as 

an environmentally acceptable technology.
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TABLE 3 - 3

ENVIRONMENTAL IS S U E S  AND REQUIREM ENTS

E n v ir o n m e n t a l
Is s u e

I . Im p a c t  on  
A i r  Q u a l i t y

R e s e a r c h
C a te g o r y

C h a r a c t e r ­
i z a t i o n

B . M o d e lin g
a n d
M o n i t o r in g

R&D R e q u ire m e n ts

1 .  C h a r a c t e r i z e  p a r t i c u l a t e  e f f l u e n t s  as  a  f u n c t i o n  
o f  o p e r a t i n g  c o n d i t i o n s  a n d  f e e d s t o c k  a c c o r d in g  
t o  J

•  s i z e  d i s t r i b u t i o n ;
•  m ass r e s p i r a b l e  d i s t r i b u t i o n ?
•  c h e m ic a l  c o m p o s i t io n  a n d  fo r m  o f  e a c h  s i z e  

f r a c t i o n ; a n d
•  p h y s i c a l  a n d  m o r p h o lo g ic a l  p r o p e r t i e s  o f  

t h e  f l y  a s h  p a r t i c l e s .

C om pare  w i t h  s i m i l a r  s t u d ie s  a t  c o n v e n t io n a l  
c o a l - f i r e d  p o w e r  p l a n t s .

2 .  P e r f o r m  m u l t i - e l e m e n t  m ass b a la n c e  s t u d ie s  a t  
s e l e c t e d  MHD f a c i l i t i e s  a n d  c o m p a re  w i t h  s i m i ­
l a r  s t u d i e s  d o n e  a t  c o n v e n t io n a l  c o a l - f i r e d  
p o w e r  p l a n t s .  F u t u r e  s t u d ie s  w i l l  e x p a n d  mass- 
b a la n c e  a n a l y s i s  t o  in c lu d e  f lo w  t o  a i r ,  w a t e r ,  
a n d  s o l i d  w a s t e .

3 .  S tu d y  i n  d e t a i l  th e  f o r m a t io n  a n d  c h e m ic a l  com­
p o s i t i o n  o f  f i n e  p a r t i c l e s  i n  t h e  MHD p r o c e s s .  
E s t a b l i s h  w h ic h  t r a c e  e le m e n ts  m ay b e  p r e f e r e n ­
t i a l l y  e n r i c h e d .

4 .  C h a r a c t e r i z e  d u c te d  a n d  f u g i t i v e  e m is s io n s  
f ro m  t o t a l  p r o c e s s  a n d  s u p p o r t in g  o p e r a t io n s  
( e . g . ,  c o a l  p r e p a r a t i o n  a n d  s e e d  r e g e n e r a t i o n ) .

5 .  C h a r a c t e r i z e  b y - p r o d u c t  e m is s io n s  f ro m  t h e  
s e e d  r e g e n e r a t i o n  p r o c e s s .

6 . A s s e s s  p o s s ib l e  e m is s io n  o f  p o l y c y c l i c  a r o m a t ic  
h y d r o c a r b o n s  a n d  o r g e n o m e t a l l i e s .

1 * D e v e lo p  a n a l y t i c a l  c h a r a c t e r i z a t i o n  m o d e ls  
w h ic h  can  a c c u r a t e l y  p r e d i c t  e m is s io n s ,  b o th  
o r g a n ic  a n d  i n o r g a n i c .

2 .  E s t a b l i s h  b a s e l i n e  a m b ie n t  a i r  q u a l i t y  d a t a
NOf o r  s e l e c t e d  t r a c e  e le m e n t s ,  SO^ 

t i c u l a t e s ,  r a d i o a c t i v e  c o m p o u n d s , h y i  
b o n s , an d  o t h e r  r e g u la t e d  p o l l u t a n t s .
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I .

II.

Impact on 
Air Quality 
(continued)

Modeling
and
Monitoring
(continued)

Impact of 
Wate:: Use 
and
Effluents

Health
Effects

Character­

ization
and
Monitor­
ing

3. Monitor in-stack, in-plant and ambient air 
for trace elements, S 0 _ , NO , CO., hydrocar­
bons, particulates, radioactive compounds, 
and other regulated pollutants during and 
after operation. Identify individual hydro­
carbon compounds emitted.

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

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

6. Measure and establish the following metero-
logical parameters: air-flcw 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 .

7. Improve atmospheric transport and dispersion 
mode Is.

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

1. Obtain baseline water quality data from 
selected MHD facilities.

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

3. 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.

4. Determine optimal use of MHD waste heat based 
on system energy efficiency, economics, and 
environmental impact.
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I I . Impact of 
Water Use 

and
Effluents
(continued)

III. Solid
Waste

IV. Occupa­
tional 
Health and 
Safety 
Hazards

Character­
ization and 
Monitoring 
(continued)

Health
Effects

Resource
Require­
ments

Character­
ization
and
Monitor­
ing

B. Health 
Effects

Resource
Utilization

Character­
ization
and
Monitor­
ing

5. 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.

1. Assess health effects of MHD effluent pol­
lutants .

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

1. Characterize process solid wastes:
• slag?
• fly ash; and
• spent seed,
as a function of operating conditions and 
feedstocks.

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

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

1. Determine health effects of chemical com­
pounds identified in solid wastes from MHD 
facilities.

1. Develop uses for MHD solid waste.

2 . Identify and assess potential markets for 
MHD solid waste.

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

4. 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/or 
neighboring personnel areas, including:
• micron and sub-micron particulate 

matter;
• gases, vapors, mists, and fumes;
• known or suspected carcinogenic 

mutagenic, teratogenic, and other
--  toxic substances.
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I V . Occupa­
tional 
Health and 
Safety 
Hazards 
(continued)

A. Character­
ization and 
Monitoring 
(continued)

2. Identify and monitor other potential health 
hazards, including:
• noise;
• heat stress;
• vibration;
• electric field forces; and
• capacitor charges.

3. Assess compliance with the standards and 
protect worker's health by developing 
monitoring and control measure systems in 
the occupational environment.

4. Develop a dosimeter for monitoring magnetic 
field.

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

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

7. Identify potential safety hazards:
• areas of potential mechanical failure;
• combustion or explosion hazards, 

including
- overheating of superconducting 

magnets and
- thermal drying of coal;

• high voltage shock potential at the 
combustor-channel area/

• stresses from overheating, erosion or 
corrosion of combustor, channel, and 
pipe areas.

8. 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.

B. Health 
Effects

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

- 4 6 -



IV. Occupa­
tional
Health
and
Safety
Hazards
(continued)

B. Health 
Effects 
(continued)

C. Mitigat­
ing
Measures

2. Perform epidemiologic studies to determine 
health effects of MHD facilities:

• retrospectively--by collecting available 
data on workers exposed at the existing 
foreign MHD facilities or other operations 
that involve magnetic fields of high 
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 magi.etic 
fields, such as:
• ^n-vitro studies of possible biomagnetic 

effects on structure/morphology, proper­
ties, and function of macromolecules, cell 
organelles (including membranes), and 
cells.

• 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 quantitative biological 
dose/response data for animals to humans.

• Effects 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.

1. Evaluate, develop and enforce health protection 
procedures for workers at MHD facilities, 
such as:
• Use of protective clothing, polyure­

thane gloves, and face shields by workers 
handling and removing slag and water slurry;

• Use of protective breathing apparatus by 
workers 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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I V .

V.

VI.

Occupa­
tional 
Health 
and 
Safety 
Hazards 
(continued)

Impacts on 
Ecosystems

Adequacy 
of Control 
Technology

Mitigat­
ing
Measures
(continued)

Character­
ization and 
Monitoring

Ecological
Effects

A. Air
Emissions

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

a n d

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

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 S0„, NO , trace elements

i?ated3'or potentialand other regu] 
pollutants;

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

• 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. Assess 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.

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

2. Develop alternative plans for controlling 
SO and NO emissions from MHD, should 
additionalX secondary controls become 
necessary.

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

standards.
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Adequacy 
of Control 
Technology

A. Air
Emissions
(Continued)

4. Develop and test control technologies for 
particulate removal as follows:

• For efficient and economic seed recovery;
• For efficient removal of sub-micron 

size particles;
• For simplicity and reliability of 

equipment; and
• Include assessment of

- Baghouses,
- Electrostatic precipitator,
- Venturi scrubber system, and
- Reinluft system,

5. Develop, test, and evaluate potential economics 
of N0X control options.

• Assess process modifications, including:
- multi-stage combustion,
- gas cooling rates, and
- fuel-to-air ratio;

• Assess control options of absorption and 
adsorption (solid and liquid); and

• Study N0X 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 associated with 
identified control options (e.g., seed 
regeneration, use of C-laus plant for 
elemental sulfur recovery).

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

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

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

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



V I .

VII.

VIII.

IX.

Adequacy 
of Control 
Technology 
(continued)

Physical 
Disturbances 
Created by 
MHD
Development

Socio­
economic 
Effects 
Created by 
MHD
Development

Regulatory
Require­
ments

C. Solid 
Waste

Characteri­
zation and 
Monitoring

A. General

A. General

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

2. Establish site selection and operation 
criteria for land disposal of solid 
wastes.

3. Determine land requirements for disposal 
of solid waste .

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

2. Identify potential disturbances caused 
by electromagnetic fields.

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

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

1. 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.

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

2. Prepare general and site-specific water 
requirements data.

3. Prepare siting guidelines and requirements 
for MHD facilities.
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4 .  E N V I R O N M E N T A L  A C T I O N  P L A N

T h e  major purpose of the M H D - E D P  is to m a k e  environmental activities a part of 

the developing M H D  technology program. T h e  i m m e d i a t e  establishment of a detailed 

environmental research p r o g r a m  is essential to m a x i m i z e  the chances of the 

availability of appropriate environmental data for informed decisions on environmental 

standards, control technologies, and other mitigating measures.

T h e  environmental assessment and research p r o g r a m  should focus on the 

technology. It m u s t  be k e y e d  to the d e v e l o p m e n t  of the technology, and it should 

provide environmental information to be used as the technology proceeds toward 

commercialization. M H D  technology d e v e l o p m e n t  can be divided into the following 

phases: supporting science and technology; c o m p o n e n t  test and integration;

engineering testing; and c o m m e r c i a l  demonstration. M u c h  technological research w o r k  

has b e e n  and is being done, but research in the environmental area has b e e n  initiated 

only recently. T h e  environmental research p r o g r a m  also has certain developmental 

stages which include characterization, monitoring, effects, control technology, and 

assessments.

Environmental research, associated with the M H D  technology, m u s t  be adapted 

to the differences in the systems which h a v e  bee n  discussed throughout Sections 2 and

3. Consequently, environmental w o r k  co n d u c t e d  on the C D I F  will not necessarily 

provide data which will accurately reflect conditions existing in the E T F  system or 

c o m m e r c i a l  processes.

Environmental considerations change in response to modifications m a d e  to the 

M H D  technology system. M H D  technology will be in a rapid evolutionary phase for 

m a n y  years, and environmental research efforts m u s t  be attuned to n e w  developments. 

Failure to identify these technological changes will result in an inappropriate ranking 

of priorities. T h e  consequences of misdirected research efforts could result in lengthy 

a n d  costly delays in commercialization of otherwise acceptable hardware. B y  

identifying and investigating environmental issues during the entire M H D  d e v e l o p m e n t  

process, the chances for c o m m e r c i a l  success of M H D  will be greatly e n h a n c e d  in terms 

of its operating in an environmentally acceptable m anner.

4.1  I n t r o d u c t i o n
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T h e  environmental action plan for M H D  described in this section has b e e n  

developed fro m  the issues discussed in Section 3.2 and the research requirements listed 

in Section 3.3. Together, these e n c o m p a s s  the range of n e e d e d  activities which will 

assure that the technologies can be developed in an environmentally acceptable 

m a n n e r .  All of the identified research requirements, however, are not appropriate for 

all technologies at eac h  stage of development, because the required data m a y  not yet 

be available and because certain research areas are of m o r e  i m m e d i a t e  priority.

4.2 Priorities for D e t e r m i n i n g  Future R e s e a r c h

O f  all the environmental research activities w hich could be undertaken in 

response to the environmental issues arising fr o m  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. T h e  priority 

environmental research areas will be determined during the Fiscal Y e a r  1978 based on 

the following criteria:

• schedule for commercialization;

• severity of impact;

• regulatory concerns;

• degree of current knowledge;

• public concern;

• cost-effectiveness; and

• budget limits.

W h e n e v e r  it is estimated that the time required to resolve an environmental 

issue through R D & D  is greater than or equal to the time before the technology is 

available to the public (commercialization time) then that issue is given high priority. 

For e xample, health effects studies generally require at least several years; therefore, 

i m m e d i a t e  initiation of these projects is highly desirable.

In determining research priorities, the severity of environmental impacts should 

also be considered, including the s e g m e n t  of the environment affected, the nature of 

the potential impact, the extent (geographical distribution) of the impact, the i m p a c t  

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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T h e  degree of compliance required by existing as well as m o r e  stringent future 

Federal, State, or local regulations m u s t  also be given high priority. W h e n  regulations 

or standards exist, research is directed primarily toward producing cost-effective 

control technologies to m e e t  current limits, but also toward determining the potential 

for meeting m o r e  stringent levels of control.

Technologies w h o s e  environmental impacts h a v e  bee n  well characterized 

generally require less environmental research than the less understood technologies. 

For example, since the fundamental kinetics of NC>x formation and degradation have 

been well characterized and m o d e l e d  in the study of conventional technologies a n d  in 

laboratory w o r k  under conditions similar to those encountered in M H D  systems, 

resources should be spent on characterizing the emissions and m e c h a n i s m s  for which 

less information currently exists, such as the effects of strong electromagnetic fields 

or the size distribution and chemical composition of M H D  particulate emissions.

Public environmental c o m m e n t  m a y  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 c o m m e n t ,  and if necessary, research will be 

c onducted as appropriate.

M a n y  diverse technologies hav e  similar environmental problems, such as control 

of fine particulates a n d  emissions. Researching the problems of a particular

technology m a y  resolve similar problems associated with other technologies. Research 

applicable to m o r e  than one technology should be viewed as cost-effective and ranked 

accordingly.

Finally, budget limitations play an important role in determining which of the 

m a n y  identified research needs which ideally should be carried out will be funded in 

any given year. B e c a u s e  limited funds are m a d e  available to E R D A ,  it is impossible 

for all potential projects to be funded immediately. In order to use the available funds 

in the m o s t  effective way, those projects considered to be of the highest priority are 

selected for actual implementation.

4.3 O n g o i n g  a n d  C o m p l e t e d  Research

W h e n  determining future research needs, it is necessary to k n o w  wh a t  w o r k  is 

ongoing or has bee n  c o m p l e t e d  in order to avoid duplication and to aid scheduling of
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future research. S o m e  of the current and co m p l e t e d  environmental research projects 

relating to M H D  are included in a separate attac h m e n t  and can be used to identify 

general areas w h e r e  future w o r k  is needed. A  detailed literature search should be 

conducted on each subject area. H o w e v e r ,  such indepth study would be too voluminous 

to include in this effort. A t t a c h m e n t  A  does include both generic studies on the 

effects of emissions which are c o m m o n  to coal combustion technologies and studies 

w h i c h  are specific to M H D  (categories 5 and 6). T h o s e  projects specific to M H D  

technologies are s u m m a r i z e d  at the end of A t t a c h m e n t  A. T h e  Federal Inventory 

n u m b e r  (when applicable), title, monitoring agency, author or performing organization, 

and completion date for each project are listed. This information w a s  obtained f r o m  

the following sources:

• Inventory of Federal Energy-Related E n v i r o n m e n t  and Safety Research (FY 

1976);

• Smichsonian Science Information E x c h a n g e  (March, 1977);

• S u m m a r i e s  of projects sponsored by the Division of Environmental and 

S ocioeconomic P r o g r a m s  ( E R D A ) ,  1977;

• Division of Fossil Energy R e s e a r c h  Contract Fac t  Sheets, ( E R D A ) ,  Revised 

as of M a r c h  31, 1977;

• Bibliography compiled by E x x o n  R e s e a r c h  and Engineering C o m p a n y  for 

their report, Environmental A s s e s s m e n t  of A d v a n c e d  Energy Conversion 

Technologies;

• T h e  Electric P o w e r  R e s e a r c h  Institute's Publications and Rese a r c h  and 

D e v e l o p m e n t  Projects lists (1977);

• Matray, P., "The Bioenvironmental Impact of Trace E l e m e n t  Emissions f rom

a M a g n e t o h y d r o d y n a m i c s  ( M H D )  Facility: A  Literature R e v i e w  and

R e c o m m e n d a t i o n s , "  M E R D I  In-House D o c u m e n t  (September, 1976).

• Ene r g y  R e s e a r c h  Information System, O l d  W e s t  Regional C o m m i s s i o n  and 

U S D A  Forest Service, Surface E n v i r o n m e n t  and Mining, (1975-76); and

• Fiscal Y e a r  1976 Health a n d  Environmental Effects Research P r o g r a m  

Abstracts, Office of Energy Minerals and Industry, Office of R e s e a r c h  and
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D e v e l o p m e n t ,  U.S. Environmental Protection A g e n c y ,  E P A  600/7-77-04, 

(January, 1977).

M a j o r  environmental research related to M H D  is being carried out by E R D A  

through the Assistant Administrator for Fossil Ene r g y  a n d  the Assistant Administrator 

for E n v i r o n m e n t  a n d  Safety. Efforts relating to the overall M H D  system, seed 

recovery and the environmental aspects of the sys t e m  (primarily SO^, N O x > and C O  

emissions and control) are being co n d u c t e d  by  E R D A ' s  Pittsburgh E n e r g y  R e s e a r c h  

C e n t e r  (PERC). M u c h  of E R D A ' s  present environmental w o r k  specifically related to 

M H D  is in conjunction with the M H D  C D I F .  Studies being c o n d u c t e d  include: 1) trace 

el e m e n t  analysis; 2) socioeconomic i m p a c t  of C D I F  construction on the Butte, M o n t a n a  

area; a n d  3) baseline monitoring and biological monitoring for the C D I F .  Table 4-1 is 

a partial list of organizations participating in the E R D A  M H D  program.

M u c h  of E R D A ' s  environmental research, w h i c h  is related but not specific to 

M H D ,  concerns air pollution and has focused on such areas as gaseous and particulate 

pollutants, formation of toxic c o m p o u n d s ,  trace e l e m e n t s  in the biosphere, a n d  health 

aspects of fossil fuels. E R D A  also is funding research on the environmental transport 

a n d  fate and the ecological a nd health effects of coal c o m b u s t i o n  products. Guidelines 

for designing a n d  i m p l e m e n t i n g  environmental monitoring p r o g r a m s  for E R D A  Fossil 

Ene r g y  p r o g r a m s  are being developed.

E P A  is c o n c e r n e d  primarily with setting emission a n d  effluent standards and 

evaluating environmental controls for n e w  technologies. It has developed an extensive 

array of studies on sampling, monitoring, and characterization techniques, as well as 

air, water, a n d  solid w a s t e  impacts of coal combu s t i o n  (e.g., effects of fly ash, coal 

leachate, long-term exposure to coal combu s t i o n  emissions). C oncerning e n v i r o n m e n ­

tal control, E P A  has studied the effects of combu s t i o n  a n d  other process modifications 

in controlling N O  emissions, the effect of fuel sulfur on N O  formation, and theX X
e c o n o m i c s  of control processes.

T h e  National Institute of E nvironmental Health Sciences (NIEHS), the National 

C a n c e r  Institute (NCI), E P A ,  a n d  E R D A  are performing the bulk of the health studies, 

covering the s p e c t r u m  of health effects (e.g., carcinogenicity, mutagenicity, terato­

genicity, and cardiovascular, neurological, a n d  reproductive disturbances) of such 

pollutants as N O  , S O  , C O ,  particulates, hydrocarbons, sulfates, trace metals,
X  X

thermal effluents, p h o t o c h e m i c a l  oxidants, and fluorocarbons. In addition E R D A  is 

currently conducting studies on the health effects of m a g n e t i c  fields.
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T h e  Electric P o w e r  R e s e a r c h  Institute (EPRI) contributes m o s t  actively in the 

private sector to environmental research. E P R I  has funded research on the emissions 

and impacts of thermal discharges, SO^, N O ^ ,  and fine particulates. E P R I  has also 

funded studies of N O ^  control technologies for M H D .

C o m p l e t e d  and ongoing research which is of particular impor t a n c e  to the 

dev e l o p m e n t  of an environmentally acceptable M H D  technology is discussed briefly 

below.

4.3.1 Characterization, M e a s u r e m e n t ,  and Monitoring

A  n u m b e r  of research projects hav e  addressed the problems of physical and

chemical characterization of particulates f r o m  conventional coal-fired p o w e r  plants,

which are similar to particulates expected f r o m  M H D  facilities, as well as from coal-

fired M H D  test units. Studies indicate that fine particles in the 0.1—1.0 fx range are

difficult to collect in c o m m e r c i a l l y  available sampling d e v i c e s . ^  Techniques used to

m e a s u r e  particle size and morphological properties include the light microscope,

scanning electron microscope, X-ray analysis, a n d  optical m e a s u r e m e n t  of m e a n
26 ? *7/

particle size in the exhaust of a coal-fired M H D  generator. ’ ' M e t h o d s  of

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

A u g e r  spectroscopy, and the use of ion microprobe analyses.

C h e m i c a l  analyses of fly ash indicate that fly ash composition is influenced

strongly by the chemical composition of the coal used. T r a c e  elements are

differentially absorbed into or adsorbed onto fly ash particles and b o t t o m  ash as a

function of particle size a n d  the elements' volatility. T h e  m o r e  volatile elements are

enriched preferentially in fly ash as c o m p a r e d  to b o t t o m  ash, and s o m e  elements

(particularly the toxic elements) increase in concentration with decreasing particle

size.*^ Studies on the effects of high temperatures and magn e t i c  fields on seed

recovery, particulate formation and size distribution indicate that M H D  processes m a y

result in a greater proportion of fine particle emissions and vast differences in other
8/

emissions as well, c o m p a r e d  to those f r o m  conventional coal-fired p o w e r  plants. 

Several m a s s  balance analyses ha v e  been p e r f o r m e d  on coal-fired p o w e r  plants,^ 

a n d  will be useful for compa r i s o n  with a similar analysis focusing on trace elements 

currently u n d e r w a y  for M H D  (funded by E R D A  under M E R D I  Ta s k  S).

Mode l i n g  studies h a v e  b e e n  directed primarily tow a r d  modeling the formation 

a n d  decomposition of N O x under a variety of combustion, stochiometric oxygen, air-
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TABLE 4-1 
SELECTED MHD PARTICIPANTS

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 (NBS)

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 (UTSI)

Wastinghouse 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, a n d  gas cooling rate conditions. A s  m e n t i o n e d  earlier, w o r k  is

currently u n d e r w a y  to develop a model(s) w h i c h  will simulate emissions f r o m  open- 

cycle, coal-fired M H D  p o w e r  plants.

A m b i e n t  baseline monitoring is being co n d u c t e d  (funded by E R D A  u nder M E R D I  

T a s k  Q) at the M H D  C D I F  in Butte, M o n t a n a  a n d  currently includes analysis of air 

quality, meteorology/climatology, a n d  w a t e r  quality. Air quality data include total 

suspended a n d  settleable particulates a n d  their c h e m i c a l  analysis (including trace 

elements), a m b i e n t  N O x a n d  SC^* flourides, sulfates, nitrates, a n d  precipitation 

w a s h o u t  samples a n d  their chemical composition. Baseline w a t e r  quality monitoring is 

being c o n d u c t e d  for both gro u n d w a t e r  and surface waters n e a r  the C D I F .  S a m p l e s  are 

analyzed for normally e x p e c t e d  minerals a n d  trace elements.

4.3.2 Pollutant Pa t h w a y s ,  Transport,and F a t e

Several analyses of large p o w e r  plants h a v e  b e e n  u ndertaken to d e t ermine

d o w n w i n d  concentrations of pollutants using existing m a t h e m a t i c a l  dispersion 
29-32/

models. P l u m e  rise a n d  associated d o w n w i n d  concentrations for other industrial

sources axe considered similar to that of p o w e r  plants. T h e  m a j o r  factors w h i c h  could 

result in different concentrations are p h o t o c h e m i c a l  alteration of effluent constitu­

ents, depositional depletion of particulates, a n d  coagulation. M o u n tainous terrain 

effects on diffusion h a v e  also b e e n  investigated, but n o n e  of the studies hav e  p r o d u c e d

a m o d e l  w h i c h  will predict accurately p l u m e  dispersion a n d  pollutant concentra- 
3 3—36/tions. In the event photochemical, depositional, a n d  coagulation effects data do

not b e c o m e  available or are inadequate to m o d e l  M H D  facilities, independent research 

efforts should be initiated to define the effects of the early M H D  plants so that the 

results m a y  be used in assessing the i m p a c t  of the larger plants of the future.

A  f e w  studies of leaching of solid w a s t e  h a v e  b e e n  c ompleted. H o w e v e r ,  little is 

k n o w n  about the total a m o u n t s  of water-leachable elements in different coal ash a n d  

the migration of such elements through soils.

4.3.3 E n v i r o n m e n t a l  Control T echnology

N O  control for M H D  has b e e n  primarily c o n c e r n e d  with minimizing the 

formation of N O  by  controlled c o mbustion techniques a n d  reduction of N O  by
X  X

holding exhaust gases at temperatures w h e r e  the chem i c a l  kinetics favor the 

decomposition of N O ^ .  E x perimental a n d  modeling w o r k  in N O x control through two-

28/
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stage combustion and other combustion modifications, h a v e  been con d u c t e d  by 

P E R C , ^  A V C O  Everett Research L a b o r a t o r y , a n d  Stanford U n i v e r s i t y . T h e s e  

studies indicate that these m e t h o d s  should be adequate to m e e t  the needs of M H D  

facilities. In addition, if gas residence times in the radiant boiler a n d  high 

temperature air preheater sections are controlled properly, these emissions should be 

reduced even further. Research will be nee d e d  to verify the a d e q u a c y  of these 

control techniques in advanced M H D  facilities.

R e s e a r c h  directed at remo v i n g  N O  at the end of the system and converting it to
X 39/a saleable product lv*s not been as extensive. Results conflict as to w h e t h e r  or not 

recovery of fixed nitrogen products is economically feasible. M o r e  research in this 

area m a y  be warranted.

Experimental results indicate that the use of potassium carbonate seed in open- 

cycle M H D  systems will provide a satisfactory m e a n s  of controlling S O ^  emissions to 

well below acceptable levels. R e s e a r c h  should continue to ensure that S O ^  control will 

be both adequate a n d  economical.

Current studies at the University of Tennessee S pace Institute include evaluating 

the effectiveness of baghouses and wet scrubbers for collecting the submicron 

particles f o r m e d  in the M H D  test train. Study of particulate formation and control at 

other existing support technology facilities could greatly benefit the selection of 

control equipment for larger M H D  facilities.

4.3.4 Occupational Health and Safety

Wit h  the exception of the safety considerations reports on the M o n t a n a  C D I F  by
21 22/G i l b e r t / C o m m o n w e a l t h  Engineers/Consultants, ’ little direct information in

published form exists on occupational health and safety aspects of open-cycle M H D  

operations. Environmental analyses and safety guidelines hav e  been developed for the 

University of T e n n e s e e  Space Institute (UTSI) M H D  facility in Tullhoma, Tennessee; 

however, the resultant d o c u m e n t  is not yet published. A  c o m p r e h e n s i v e  research 

p r o g r a m  in this general area is being supported by E R D A  with major efforts at the 

L a w r e n c e  Berkley Laboratory and Pacific N o r t h w e s t  Laboratory.

4.3.5 Health Effects

Adverse health effects have be e n  reported f r o m  m a g n e t i c  fields resulting from 

m a g n e t i c  separators (used in coal preparation to separate out pyrite and t r a m p  metals)

- 5 9 -



a n d  high intensity m a g n e t i c  fields encountered at the Stanford Linear Accelerator '
20/a n d  at the Soviet M H D  facility. H o w e v e r ,  there is no clear-cut information 

regarding total duration of exposure or dose/response relationships.

Although considerable research efforts have been e x p e n d e d  on the introduction 

of metal ion pollutants via the atmosphere, most of the effort has concentrated on 

lead and m e r c u r y  to s o m e  extent, while little predictive information is available yet 

for trace elements such as Sb, As, Cd, Cr, Ni, Cu, a n d  M n .  It is questionable whether 

the vapor phase is significantly involved in the emission a n d  transport of trace 

e lements other than mercury. T here is s o m e  evidence that Zn, Cd, Sb, Se, a n d  P b ^  

as metals or volatile m e t a l  chelates w o u l d  be transported significantly through a vapor 

phase. A  n u m b e r  of transition metals fo r m  volatile carbonyl c o m p l e x e s  such as nickel 

tetracarbonyl a n d  thus, can be transported readily in the vapor phase.

Investigations into the toxicology of trace elements associated with fly ash 

particles are complicated b y  several factors. First, an elemental analysis of the fly 

ash particle does not give the chemical nature ( c o m p o u n d  form) of the trace element 

in question. T h e  chemical f o r m  of the e l e m e n t  has profound impor t a n c e  on the trace 

element's solubility, biological availability, and toxicological potential. Second, the 

usual procedure for investigating the toxicity of a trace e l e m e n t  is to introduce into 

test animals graded doses of a soluble f o r m  of the trace e l e m e n t  in question. 

H o w e v e r ,  fly ash consists of insoluble oxides of a whole s p e c t r u m  of trace elements 

w h i c h  are essentially inert w h e n  tested in bioassay.

R e s e a r c h  on toxicological effects of metals has focused primarily on acute 

effects of a single e l ement a n d  its c o m p o u n d s .  O b s e r v e d  toxic effects of h e a v y  metals 

include: kidney d a m a g e  and  respiratory problems f r o m  c a d m i u m  and mercury;

behavioral, central nervous system, teratogenic and embryotoxic effects of certain 

nickel c o m p o u n d s ;  antihemopoetic, neurotoxic and nephorotoxic effects f r o m  lead; and 

Parkinson-like s y m p t o m s  from m anganese.

Considerable progress has be e n  m a d e  recently in the d e v e l o p m e n t  of short-term 

screening methodologies, which, in a f e w  days can differentiate carcinogenic organic 

c o m p o u n d s .  T h e  onset of chemically induced cancer requires about 20 to 30 years in 

h u m a n s  or several years in laboratory rats. T h e  A m e s  test m e a s u r e s  backg r o u n d  vs. 

chemically-induced mutations in bacteria. T h e  test is also co n d u c t e d  using h u m a n  

tissue cells, a n d  similar m u t a g e n  testing systems Eire being developed for higher 

organisms.

1 9 /
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Unlike organic c o m p o u n d s ,  the carcinogenicity and teratogenicity of a large 

n u m b e r  of inorganic c o m p o u n d s ,  with the exception of chromic oxides and certain 

platinum complexes, cannot be  verified with the m u t a g e n  screening techniques n o w  

available.

While the systemic effects of the majority of the trace elements h a v e  be e n  

d o c u m e n t e d ,  the carcinogenicity (with the exception of As, Ni, Cr, U, Ra), 

teratogenicity, a n d  mutagenicity of the trace elements rem a i n  largely unveiled. T h e  

synergistic or antagonistic effects of combinations of trace elements should also be 

investigated.

4.3.6 Ecological Processes and Effects

A  t r e m e n d o u s  a m o u n t  of research has be e n  conducted on the ecological effects

of construction a n d  operation of conventional coal-fired p o w e r  plants which should be

similar to the effects f r o m  M H D  facilities. T h e  bioenvironmental impacts of trace

elements are currently under investigation at the Colstrip M o n t a n a  generating 
41/facility. Similar research at M H D  facilities m a y  be helpful in determining w h e t h e r  

M H D  has less bioenvironmental impact than conventional coal-fired facilities.

Infrared p h o t o g r a p h y  has b e e n  used successfully in aerial detection of vegetation 

d a m a g e  caused by air pollution. Infrared slides have bee n  obtained for the C D I F  by 

M E R D I  for use in establishing baseline vegetation characteristics. A n  analysis of 

grassland c o m m u n i t i e s  near the C D I F  site w a s  also p e r f o r m e d  and a baseline biological 

surveillance p r o g r a m  is currently under way.

4.3.7 Integrated A s s e s s m e n t s

T h e  programmatic: assessment of E R D A ' s  M H D  p r o g r a m  is included in the 

Environmental I m p a c t  A s s e s s m e n t  for E R D A ' s  Coal P r o g r a m .  This p r o g r a m m a t i c  

assessment will be u p d a t e d  periodically as m o r e  information b e c o m e s  available.

Environmental, physical, a n d  socioeconomic effects resulting f r o m  construction

a n d  operation of the C D I F  h a v e  b e e n  addressed in the C D I F  comp r e h e n s i v e  site
42/ 43/

survey and evaluated in the environmental assessment . It w a s  determined from

cnis assessment that an environmental i m p a c t  s tatement w a s  not required. In addition,

an assessment of the environmental, health, safety, and socioeconomic i m pacts and

consequences of the developed M H D  technology has bee n  initiated at M o n t a n a  State
44/University. A n  E T F  siting study is currently being conducted. This four phase
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study is evaluating social, environmental, economic, managerial, and institutional 

constraints as well as physical constraints.

E R D A  is currently funding a study to monitor the socioeconomic impact of the 

C D I F  during the pre-construction, construction, and post-construction phases. Al ­

though social imp a c t  assessment has been included in the Environmental Impact
45 46/Ass e s s m e n t s  for t w o  recent energy developments in M o n t a n a ,  ’ there w a s  no 

apparent criteria o n  h o w  this information w a s  evaluated in t erms of other constraints, 

nor w a s  the research found to be entirely adequate for analysis of the M H D  

technology. A n other deficiency in socioeconomic evaluation is in the area of 

c o m m u n i t y  impacts from the termination of an energy related industry. H o w e v e r ,  the 

social impact of the termination of t w o  g o v e r n m e n t  A B M  sites has bee n  invesii-
4 7/

gated, and m a y  provide a basis for impa c t  analysis at M H D  facilities.

4.4 Future E n v i r o n m e n tal R e s e a r c h  and A s s e s s m e n t Activities

B a s e d  upo n  the environmental, health, and safety issues and research needs 

identified in Section 3, and the review of ongoing and c o m p l e t e d  research reviewed 

a b o v e  and in A t t a c h m e n t  A, and in accordance with the priorities s c h e m e  presented in 

Section 4.2, it is possible to develop a future environmental research plan to be 

i m p l e m e n t e d  in concert with the M H D  technology d e v e l o p m e n t  program. T h e  proposed 

plan presented in this section includes a discussion a n d  scheduling of those projects 

considered to bo of high priority. T h e s e  attempt to address the issues pertinent to 

M H D .  It should b e  realized, however, that there are m a n y  projects, other than those 

presented here, w h i c h  w o u l d  further the d e v e l o p m e n t  of M H D  as an environmentally 

acceptable technology.

In brief, the plan for future research e n c o m p a s s e s  general research, such as 

i m p r o v e d  s a m p ’ing a n d  control techniques for fine particulates, and specific research, 

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

Monitoring a n d  characterization are of primary impor t a n c e  in determining w hich 

pollutants are produ c e d  fr o m  M H D  facilities and which ones present potential 

environmental problems. T hese data aid in the modification or d e v e l o p m e n t  of the 

environmental control systems n e e d e d  to control those effluent species deter m i n e d  to 

be of greatest concern. Monitoring data also are very useful in identifying which 

pollutants f r o m  M H D  are of greatest concern with respect to effects on h u m a n s  and 

ecosystems. This in turn helps to define the areas of n e e d e d  future research on health
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effects. Finally, based u p o n  the baseline and operating a m b i e n t  and effluent 

monitoring data, control technology evaluation a n d  development, an.u effects research, 

assessments c a n  be m a d e  concerning the environmental, health, and safety impacts of 

M H D  facilities and the developed industry. Figures 4-1, 4-2, and 4-3 s u m m a r i z e  the 

schedule of the w o r k  plan presented below.
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FIG URE 4 - 1

ENVIRONMENTAL ACTION PLAN FOR THE MHD C D IF

CDIF Technology Development 
Detailed Design 
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Train IB
Downstream Components

Baseline and Operating Ambient Monitoring Programs for 
MHD Facilities

Characterize and Monitor Air Emissions and Water Effluents 
During Operation

Assessment of Particulate Control Technologies

Assessment of Nitrogen Oxides Emissions

Design and Implementation of an Occupational 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 oi' 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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FIG U R E 4 - 2

ENVIRONMENTAL ACTION PLAN FOR THE MHD ETF

F i s c a l  Y e a r
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FIGURE 4 -3
ENVIRONMENTAL ACTION PLAN FOR GENERAL MHD RESEARCH
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P R E P A R A T I O N  O F  E I A  A N D ,  IF N E C E S S A R Y ,  EIS F O R  T H E  M H D  ETF. 
(In R esponse to R & D  R e q u i r e m e n t s  IX.A. 1)

Objective: T o  c o m p l y  with N E P A  and E R D A  guidelines for N E P A  compliance relative 
to the M H D  p r o g r a m  b y  preparing an E I A  and, if necessary, an EIS on major projects.

Significance: N E P A  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 E I A  and EIS, if necessary, for the E T F  will 
fulfill E R D A ' s  legal obligations under the National Environmental Policy A c t  (NEPA), 
and thereby avoid project delays which w ould result f r o m  any criticisms or law suits 
brought against E R D A  on this subject.

Suggested R e s e a r c h : During the detailed design phase and after selection of the site,
preparation of the E I A  will begin in parallel to the water availability assessment, if 
necessary, and baseline monitoring program. Basic data on the range of environmental 
and socioeconomic impacts expected fro m  the E T F  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 r e c o m m e n d e d ,  the E I A  will be expa n d e d  into an EIS.

T h e  E I A  and EIS will include assessment of environmental impacts of the E T F  on the 
following areas: air, surface water, groundwater, land use, ecosystems, and the
socioeconomic environment (e.g., e m p l o y m e n t ,  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 compo u n d s ,  and health effects of h u m a n  exposure to magnetic fields 
should be addressed. T h e  social impact of terminating a test facility with a design life 
of 15 years should be determined and mitigating m eas u r e s  identified.

T h e  E I A  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. T h e  E I A  and EIS 
should be c o m pleted in time for the project evaluation at the end of the detailed design 
phase and before the decision to construct is m a d e .

R e c o m m e n d e d  Schedule of Activities: Initiate E T F  environmental assessments - F Y
1983.

Final E I A  - F Y  1985
Final EIS, if necessary - F Y  1986
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C H A R A C T E R I Z E  A N D  M O N I T O R  A I R  E M I S S I O N S  A N D  W A T E R  E F F L U E N T S
F R O M  M H D  F A C I L I T I E S  

(In R e s p o n s e  to R & D  R e q u i r e m e n t s  I.A.l, 2, 3 &  6/1.B.3, 4, 5/II.A.2/
IH.A.1,2/IX.A.2)

Objective: T o  insure that specific E R D A  facilities will not adversely affect air and
water quality and to obtain .emission and effluent data w hich can be scaled up  to 
evaluate i m p a c t s  of the larger M H D  facilities.

Significance; Characterization a n d  quantification of emissions a nd effluents at specific 
M H D  facilities, w h e n  coupled with baseline a m b i e n t  air and w ater quality monitoring, 
will provide a basis for assessing w h e t h e r  M H D  systems will be significant contributors 
to ambient pollutant levels. Emissions and effluent data f r o m  the C D I F  will b e  useful in 
preparing the E I A  for the E T F  and also will provide a basis for modifying E T F  control 
system designs if this proves necessary. D a t a  f r o m  the E T F  and m o v e  a d v a n c e d  M H D  
facilities will be scaled up to evaluate impacts f r o m  c o m m e r c i a l  plants. Without 
adequate emissions and effluent data, subsequent E P A  regulatory actions regarding 
M H D  emissions could i m p e d e  C D I F  operation or delay E T F  construction until the 
emission a n d  effluent control potential of M H D  facilities has b e e n  adequately 
addressed.

Suggested R e s e a r c h : Design a n d  i m p l e m e n t  a c o m p r e h e n s i v e  p r o g r a m  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 b y  M H D  facilities. Include monitoring of solid waste 
leachate and/cr runoff f r o m  solid w a s t e  disposal sites. Start up, load changes, s h u t d o w n  
a n d  m a i n t e n a n c e  operating m o d e s  will be considered in addition to design conditions. 
A n a l y z e  for criteria pollutants, thermal discharges, trace elements, fine particulates, 
radioactive emissions, a n d  highly toxic or carcinogenic compo u n d s .  P e r f o r m  chemical 
analyses on effluents a n d  various size fractions of particulates for potassium seed 
c o m p o u n d s ,  sulfates, trace metals, and other potentially harmful substances. P e r f o r m  
multi-element m a s s  balance studies of air, w a t e r  or solid waste effluents at selected 
M H D  facilities a n d  c o m p a r e  with similar studies don e  at conventional coal-fired p o w e r  
plants. Establish the relationship b e t w e e n  specific operating p a r a m e t e r s  and the 
relative concentration of toxic molecules in particle emissions. Monitoring data 
obtained at the C D I F  will also be used in a c o m p u t e r  m o d e l  currently being developed to 
forecast trace el e m e n t  a n d  sub-micron particle emissions f r o m  the M H D  E T F ,  and m a y  
provide a basis of k n o w l e d g e  for the E T F  EIA.

R e c o m m e n d e d  Schedule of Activities: Initiate design of emissions a n d  effluent
monitoring systems for the 

C D I F  - F Y  1979 
E T F  - F Y  1987 

Initiate monitoring and analysis p r o g r a m  for the
Supporting technology c e n t e r s - F Y  1978 
C D I F  - F Y  1980
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B A S E L I N E  A N D  O P E R A T I N G  A M B I E N T  M O N I T O R I N G  P R O G R A M S
F O R  M H D  F A C I L I T I E S  

(In R e s p o n s e  to R & D  R e q u i r e m e n t s  I.B.2, 3, &6/II.A.1 &  3/V.A.l/V.B. 1)

O bjective: T o  establish a data base against w hich the effects on the e n v i ronment of
M H D  facility construction and operation can be c o m p a r e d  and evaluated.

S ignificance: T h r o u g h  the comparison and analysis of baseline a m b i e n t  air quality,
water quality, and ecological monitoring data with these s a m e  types of monitoring data 
obtained during construction and operation of M H D  facilities, adverse environmental 
effects are identified, if they exist. This provides corrective feedback for control 
technology modifications and contributes to the verification of the environmental 
acceptability of the M H D  technology. Baseline monitoring data are very helpful in 
preparing the site-specific EIA/EIS for proposed facilities.

Suggested R e s e a r c h : Design and i m p l e m e n t  p r o g r a m s  for baseline and operational
monitoring of ambient air quality and surface and g r o u ndwater quality at M H D  
facilities. Include data collection for criteria pollutants, tract; elements, and all other 
c o m p o u n d s  which potentially could result fro m  operations at M H D  facilities (in 
particular potassium seed compounds). Emph a s i s  will be primarily on fine; particulates, 
N O  , trace elements and sulfates. Meteorological data on wind velocity, direction, 
stability, etc., will also be obtained if data are not available f r o m  existing nearby 
we a t h e r  stations. Ecological monitoring will include terrestrial and aquatic fauna and 
flora and will concentrate on sensitive indicators of habitat quality and those species 
m o s t  likely to suffer fr o m  M H D  plant siting, construction and operation. Assess the 
response of economically important species to M H D  potential pollutants such as fine 
particles and trace elements.

Baseline a n d  operational ecological monitoring should include such aspects as: a
reference collection of soil, plant, and animal samples; soil, vegetation and animal 
analyses for SO^, N O  , trace elements, and other regulated or potential pollutants; 
ecological c o m m u n i t y  structure near the site prior to facility operation; use of infrared 
photographs of the site before operation to establish the extent of vegetational d a m a g e ,  
if any. Monitoring at the C D I F  site will focus on developing techniques which will be 
used to determine heelth effects at the E TF .

A m b i e n t  baseline sampling and continuous monitoring of a m bient air quality will occur 
prior to plant operation within a specified region (usually 1 to 3 miles fro m  the plant 
site). This baseline monitoring has already b egun at the C D I F  site and will be continued 
until C D I F  test operation, scheduled to begin in 1980. M o r e  extensive sampling and 
continuous monitoring of a m b i e n t  air quality d o w n w i n d  of plant emissions will continue 
after the onset of C D I F  operation. Baseline monitoring at potential E T F  sites will begin 
in F Y  1978. U p o n  selection of a specific site, the monitoring p r o g r a m  will be expanded.

R e c o m m e n d e d  Schedule of Activities: Initiate baseline a m bient monitoring program. 
E T F - F Y  1983

C o m p l e t e  baseline a mbient monitoring p r o g r a m  and initiate operational a m b i e n t  
monitoring program.

C D I F  - F Y  1980
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A S S E S S M E N T  O F  N I T R O G E N  O X I D E S  E M I S S I O N  C O N T R O L  
T E C H N O L O G I E S  F O R  M H D  P O W E R  P L A N T S  

(In R e s p o n s e  to R  &  D  R e q u i r e m e n t s  VI.A. 1, 2, 3, 5, 6, &  8)

Objective: T o  perform a quantitative and qualitative assessment of the atmospheric
emissions of nitrogen oxides f r o m  M H D  p o w e r  systems and to analyze the effectiveness
of alternative N O  control measures, x

Significance: M H D  systems m a y  result in N O  emissions a bove those of conventional
coal-fired boilers. This is due to typically higher combustion temperatures (4000°Fy 
5000 F), and possibly f r o m  superconducting m a g n e t s  and N O  control systems. 
Since allowable emissions of N O  m a y  be decreased in the future, it is necessary for 
E R D A  to develop data on M H D  1^0 emissions and alternative techniques available for 
their control to insure that adequate controls will be available for the m o r e  adva n c e d  
M H D  facilities.

Monitoring and quantification of atmospheric N O  emissions at M H D  sites will provide a 
data base on actual M H D  N O  emissions in the ̂ ight of potentially stricter standards. 
S o m e  w o r k  in this area has already been carried out at the Stanford University, P E R C ,  
A V C O  and U T S I  facilities. Failure to c o m p l e t e  this study m a y  delay E T F  operation or 
c o m m e r c i a l  d e v e l o p m e n t  until the ' N O  p r o b l e m  has been adequately addressed and 
control measures implemented. Further, it m a y  result in the setting of N O  emission 
limits applicable to M H D  without the full benefit of technical data produci^e only at 
E R D A  facilities.

Suggested R e s e a r c h : Emissions of nitrogen oxides at M H D  facilities will be monitored
and emissions data collected and recorded during the length of the facility's operation. 
N O ^  emissions data will be m o d e l e d  and c o m p a r e d  to a m bient air qulaity data derived 
fro m  baseline air quality monitoring p e r f o r m e d  prior to plant operation. This will result 
in an assessment of M H D  contributions to ambient N O  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 N O  
emissions, research into alternative control meas u r e s  will be conducted. Such research 
will be a i m e d  at developing an environmentally acceptable (considering potentially 
stricter N O  emission standards) and cost-effective control procedure. Cost/control 
curves will be developed for all N O  control technologies evaluated.

R e c o m m e n d e d  Schedule of Activities: Initiate quantitative assessment of N O
emissions and conventional control technologies 

C D I F  - F Y  1980
C o m p l e t e  assessment of conventional N O  control technologies and, if necessary, 
initiate assessment of alternative technologies 

C D I F  - F Y  1984 
C o m p l e t e  alternative N O  control technology d e v e l o p m e n t  

C D I F  - F Y  198^
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A S S E S S M E N T  O F  P A R T I C U L A T E  C O N T R O L  T E C H N O L O G I E S  
F O R  M H D  F A C I L I T I E S  

(In R e s p o n s e  to R & D  R e q u i r e m e n t s  VI.A.l, 3, 4, 6 &  8)

Objectives: T o  analyze and evaluate the effectiveness of alternative particulate
control technologies, with particular emphasis on the control of fine particulates.

Significance: E P A  is currently revising the particulate standards for utility boilers
d o w n w a r d .  T o  ensure that future standards applicable to M H D  can be met, adequate 
control technology m u s t  be m a d e  available. In addition, M H D  p o w e r  generation m a y  
result in the creation of fine particulates not effectively r e m o v e d  by existing 
particulate control technologies. T h e s e  particulates will contain trace elements and 
sulfates f o r m e d  via reaction of the seed material with the sulfur and trace elements 
present in the coal. T h e  E P A  views atmospheric sulfates as a potentially serious air 
pollution problem a n d  is conducting further research in this area. E R D A  requires 
adequate k n o w l e d g e  of the potential for and degree of M H D  contribution to atmospheric 
sulfate and trace e l ement levels if the environmental acceptability of the technology is 
to be established. Failure to complete this study m a y  delay E T F  operation until the fine 
particulates p r o b l e m  has been addressed and control measures, if necessary, are 
implemented. In addition, although the promulgation of emission limits for small 
particulates is probably several years away, E R D A  should begin to identify the 
incidence of small particle emissions and develop the best possible and m o s t  cost 
effective technologies possible for their control.

S u g gested R e s e a r c h : This project should concentrate on the d e v e l o p m e n t  of control
options for particle control. T h e  characterization and monitoring data collected during 
operation of supporting technology facilities and the C D I F  will be used to determine the 
physical and morphological characteristics and chem i c a l  composition of various size 
fractions of particulates from M H D  facilities. T h e  m a s s  respirable fraction should also 
be determined. T h e  effectiveness of existing control technologies for particulates will 
be evaluated (e.g., high energy w e t  scrubbers, cyclones, electrostatic precipitators and 
baghouses). If fine particle emissions for M H D  are a pr o b l e m  and control with current 
technology is found to be inadequate, variations, i m p r o v e m e n t s ,  and/or n e w  teclinology 
options will be investigated and tested. Cost/control analyses will be p e r f o r m e d  for all 
potential technology options so as to determine the m a x i m u m  level of control 
economically achievable.

R e c o m m e n d e d  Schedule of Activities: Initiate evaluation of particulate emissions 
Supporting technology facilities F Y  1980 
C D I F  - F Y  1980

C o m p l e t e  control technology evaluation and, if necessary, intiate modification and/or 
d e v e l o p m e n t  of n e w  control technologies 

C D I F  - F Y  1984 
C o m p l e t e  particulate control technology d ev e l o p m e n t  

C D I F  - F Y  1985
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D E S I G N  A N D  I M P L E M E N T A T I O N  O F  A N  O C C U P A T I O N A L  H E A L T H  
A N D  S A F E T Y  M O N I T O R I N G  P R O G R A M  A T  M H D  F A C I L I T I E S  
(In R e s p o n s e  to R & D  R e q u i r e m e n t s  IV.A.l, 2, 3, 5, 6, 7 &  8/

IV.B.2/IV.C.1, 2, &  3)

Objective: T o  establish an occupational health and safety monitoring and recording
p r o g r a m  for ea c h  E R D A  M H D  facility to assess occupational health and safety hazards
associated with M H D  facilities and to provide a data base for establishing O S H A
standards.

Significance: T h e  occupational health and safety hazards associated with M H D
technologies are not fully known. O f  particular concern in the M H D  process is the 
generation of high intensity magnetic fields reaching six or m o r e  Tesla, the 
occupational health effects of which are largely u n k n o w n .  Noise, vibration and 
generation of fine particulate matter are also potential problems. Without an adequate 
data base for use in evaluating possible occupational health and safety hazards, a basis 
for evaluating the technology's environmental acceptability and for establishing O S H A  
standards will not exist. This would delay operation at the E T F  a n d  commercialization 
goals. This project will also provide guidance to A E S  by identifying areas of n e e d e d  
health effects research.

S u g gested R e s e a r c h : A  detailed occupational health and safety monitoring p r o g r a m
should be developed specific to M H D  facilities which includes p a rameters to be
monitored, level, frequency, and location of monitoring stations. Monitoring of the
w o r k  environment will include qualitative and quantitative monitoring of e l e c t r o m a g ­
netic fields, in-plant air emissions, heat, nois'/, and vibration levels. W o r k e r s  will be 
m o n itored by m e a n s  of medical surveillance* including p r e - e m p l o y m e n t  ?nd periodic 
physicals; and epidemiological studies of workers at the I'.TF will be conducted to 
identify potential health effects of M H D ,  particularly those associated with exposure to 
high intensity m a g n e t i c  fields. A  specially trained physician with experience in 
occupational health and industrial hygiene should be provided to establish appropriate 
p r e - e m p l o y m e n t  a n d  subsequent periodic medical laboratory examinations and suggested 
research. A n  industrial hygienist should also be employed. N e e d s  for protective 
clothing, such as gloves and respirators, or e q u ipment (i.e., shields for superconducting 
magnets) will be identified, and health protection procedures for workers will be 
established. Ha z a r d o u s  components, areas of potential mechanical failure, combustion 
hazards and other safety hazards in M H D  facilities will be identified, and m e t h o d s  to 
m i n i m i z e  these hazards will be developed. Monitoring p r o g r a m s  will be m o r e  extensive 
at the E T F  and c o m m e r c i a l  demonstration facilities as these facilities will operate for 
longer periods of time and provide data m o r e  representative of a c o m m e r c i a l  M H D  
facility.

R e c o m m e n d e d  Schedule of_ Activities: Design occupational health and safety
monitoring p r o g r a m

C D I F  - late F Y  1978 
E T F  - F Y  1987

I m p l e m e n t  monitoring p r o g r a m  and develop necessary protective m e a s u r e s  
C D I F  - F Y  1979
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D E F I N I T I O N  O F  B I O L O G I C A L  E F F E C T S  I N D U C E D  B Y  
H I G H - I N T E N S I T Y  M A G N E T I C  F I E L D S  A S S O C I A T E D  W I T H  M H D  S Y S T E M S  

(In R e s p o n s e  to R & D  R e q u i r e m e n t s  IV.B.3. &  5.)

Objective; T o  build a data base to be used in devising guidelines for occupational and 
other exposures to the high-intensity m agn e t i c  field associated with M H D  systems.

Significance: Health effects of m a g n e t i c  fields are ill-defined and poorly understood.
A  n u m b e r  of s y m p t o m s  in h u m a n s  e x posed to high-intensity magnetic fields h a v e  been 
reported including headache, fatigue, irritability, altered appetite, altered pulse rate, 
lowered blood pressure, and decreased white blood cell count. Published results f r o m  
several laboratories indicate that low level magnetic field intensities m a y  cause 
mutagenesis a n d  teratogenesis, as well as cell and c h r o m o s o m e  division perturbation. 
H o w e v e r ,  h u m a n  data are very limited and m u c h  of w h a t  is available is o pen to serious 
question. M o r eover, although m a n y  studies of biomagnetic effects in animals have 
been reported, results hav e  riot b e e n  sufficiently reproducible or reliable to permit 
extrapolation to m a n .  Given the existing high degree of uncertainty relative to health 
effects of m a g n e t i c  fields, the possibility of worker exposure to the high-intensity 
fields expected to exist at M H D  facilities is of m ajor concern. I n a s m u c h  as an 
adequate data base on h u m a n  responses to magnetic fields will not be available for 
m a n y  years, early decisions concerning limits on occupational exposures will of 
necessity rely heavily on quantitative data obtained f r o m  carefully controlled animal 
experiments. A t  present, n o  formal guidelines or standards applicable to h u m a n  
exposure to m a g n e t i c  fields are in effect in the United States.

Suggested R e s e a r c h : T o  ensure proper assessment of exposure, research on
instrumentation to m e a s u r e  dosage f r o m  high intensity magnetic fields is vital and 
should include the d e v e l o p m e n t  of: 1) an area monitor for m e a s u r e m e n t  of magnetic
field strength, orientation, a n d  gradient; 2) a personal integrating monitor or dosimeter 
to m e a s u r e  exposure to workers; a n d  3) a theoretical f r a m e w o r k  for m a g n e t i c  field 
dosimetry w hich includes effects of field strength, orientation, gradient a nd frequency.

Selected short-lived animal? will be exposed to magnetic fields at the C D I F  and 
possibly the U - 2 5  under carefully controlled conditions. Both short-term a n d  long­
te r m  exposures will be employed. Particular care will be taken to define all animal 
exposure p a r a m e t e r s  precisely a n d  to eliminate physical as well as biological artifacts. 
T h e  acquisition of quantitative dose-response data will be emphasized. Supporting 
research in simpler experimental systems will serve to identify biomagnetic response 
param e t e r s  of interest, develop a basis for understanding animal responses to magn e t i c  
fields, and facilitate the design and interpretation of animal experiments. B e c a u s e  so 
little is k n o w n  about biomagnetic p h e n o m e n a ,  m a n y  response parameters will n e e d  to 
be evaluated in ex p o s e d  animals, including (1) genetic effects, (2) effects on 
reproduction, growth, a n d  development, (3) effects on the nervous system and 
behavior, (4) effects on hematopoiesis a n d  blood chemistry, (5) effects on cardiovas­
cular function, (6) effects on morbidity patterns, a n d  (7) effects on life span and 
mortality patterns. Range-finding studies of biomagnetic effects n o w  in progress will 
be selectively e x p a n d e d  as scientific k n o w l e d g e  increases.

Prospective epidemiological strategies will be designed and co m p l e t e d  with the 
exposure data collected by monitoring devices so that m o r e  meaningful safety 
standards c a n  be developed as guidelines for occupational exposures to m a g n e t i c  fields. 
R e c o m m e n d a t i o n s  regarding limits on  occupational exposures to magnetic fields will 
be m a d e ,  and periodically r e v i e w e d  as m o r e  information b e c o m e s  available.
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T h e  possibility that M H D  m a g n e t i c  fields m a y  affect flight patterns of birds will 
be assessed b y  a scientific panel to define possible impacts, identify uncertainties, and 
plan any research that inay be needed.

R e c o m m e n d e d  Schedule of Activities
Initiate instrumentation research - F Y  1978.
Initiate exposure research - F Y  1979.
M a k e  r e c o m m e n d a t i o n s  regarding limits on occupational exposures to magn e t i c  
fields occurring in E R D A  operations - F Y  1979.
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D E T E R M I N A T I O N  O F  H E A L T H  E F F E C T S  O F  T R A C E  E L E M E N T S  
A N D  O R G A N I C  C O M P O U N D S  IN M H D  P R O C E S S  W A S T E S  

(In Response to R & D  R e q u i r e m e n t s  I.C.l/II.B.l/III.B. 1/and IV.B.4.)

Objective: T o  identify and quantify any process-specific health effects attributable to 
trace elem e n t s  or organic c o m p o u n d s  in emissions, effluents, and solid wastes produced 
at M H D  facilities under normal operating conditions.

Significance: Trace elements, fine particulates, hydrocarbons, a n d  other organic
c o m p o u n d s  released as by-products of coal combustion are k n o w n  to represent a serious 
hazard to h u m a n  health. In m a n y  instances, toxicity is incompletely understood, 
particularly with respect to possible late effects (e.g., mutagenesis) resulting f r o m  
chronic, low-level exposures. Nevertheless, Federal standards limiting h u m a n  exposures 
to a n u m b e r  of the abov e - m e n t i o n e d  by-products have been established. O n g o i n g  
research sponsored b y  Federal agencies (including E R D A )  is providing additonal toxicity 
data that will be n e e d e d  to refine and supplement existing standards. In view of the 
high temperatures involved in the M H D  combustion process, the introduction of 
potassium seed material into the combustion stream, and the ionic character of the 
combustion plasma, the profile of M H D  by-products is expected to differ both 
qualitatively and quantitatively fro m  the profile seen in conventional coal-combustion 
processes. Suc h  differences m u s t  be defined a n d  their significance with respect to 
health effects m u s t  be determined. It is anticipated that nonunique M H D  health effects 
can be assessed primarily on the basis of M H D  by-product monitoring, existing 
information on coal-combustion health effects, a n d  data produced by other fossil-fuel 
studies. T h e  purpose of this w o r k  unit is to conduct both process-specific and generic 
assessments in the context of occupational as well as public health.

Suggested R e s e a r c h : P e r f o r m  a literature search on the health effects of expected
pollutants in process waste streams. In the operational monitoring p r o g r a m s  M H D  
emissions, effluents, and solid wastes will be analyzed, characterized (where necessary), 
a n d  quantified with respect to trace elements, particulates, hydrocarbons, nd  other 
organic c o m p o u n d s .  T o  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 general, a multi-tier system of toxicological testing will be 
e m p l o y e d  in which test materials are rapidly screened in simple, well-standardized 
biological systems (including the A m e s  bacterial system) to obtain preliminary 
information on mutagenic, carcinogenic, clastogenic, and teratogenic properties as well 
as cytotoxicity. In the case of c o m p l e x  mixtures (e.g., organic materials) screening is 
c o n ducted in conjunction with chemical separations to evaluate the toxicity of 
reproducible fractions and eventually specific compo u n d s .  Substances identified as 
potentially hazardous are further studied in animal systems. L o n g - t e r m  animal studies 
are c o n ducted only w h e n  warranted on the basis of preliminary evaluations of acute, 
subacute, a n d  delayed responses. In the case of particulate materials, preliminary w o r k  
consists of chem i c a l  and physical characterization, evaluation of cytotoxicity in vitro 
(rabbit alveolar m a c r o p h a g e  test system), and screening (as described above) of 
inorganic a n d  organic fractions extracted from the particulate material. Positive 
indications of toxicity w o u l d  require long-term inhalation studies of particulates in 
animal systems. Wi t h  the experimental approach outlined, only a limited n u m b e r  of 
long-term animal studies is anticipated.

R e c o m m e n d e d  Schedule of Activities:
Initiate literature search - F Y  1978.
Initiate health effects studies using data f r o m  the C D I F  ctnd E T F  

C D I F  - F Y  1980

- 77-



D E V E L O P M E N T  O F  E C O N O M I C  A N D  E N V I R O N M E N T A L L Y  A C C E P T A B L E  
M H D  S E E D  R E C O V E R Y  S U B S Y S T E M S  

(In R e s p o n s e  to R & D  Requi r e m e n t s  1II.C.3/VI.A. 1, 4, 6, 7 &  8/VI.B.l)

Objective: T o  develoji e c o n o m i c  and environmentally acceptable seed recovery and
regeneration subsystems to be used in the M H D  E T F  and to evaluate the potential 
environmental i mpacts of these subsystems.

Significance: For e c o n o m i c  as well as environmental reason;;, the alkali metal seed
materials used in M H D  p o w e r  generation m u s t  bo recovered and regenerated and sulfur 
must be r e m o v e d  and disposed of in the regeneration process. This will entail a series 
oi’ recovery, regeneration, 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 
measures. This project will enable the integral dev e l o p m e n t  of impact mitigation 
measures with E T F  seed recovery system design modifications for purposes of 
mitigating environmental problems. Secondary environmental, problems attributed to 
the seed subsystems could delay E T F  construction if this project is not completed.

Suggested R e s e a r c h : 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 m e c h a n i s m s  leading to 
significant seed loss (e.g., slag or possible fine particulate emissions), and develop and 
test control m e t h o d s  to m a x i m i z e  seed recovery, including process and design 
modification and particulate control technologies. P e r f o r m  engineering and cost
analyses on potential candidates for seed extraction and regeneration systems to select 
the most promising technologies for further research. Test and develop extraction 
technologies which m a x i m i z e  potassium extraction from spent seed and fly ash/seed 
material. Test and develop regeneration technologies which m a x i m i z e  seed recovery 
and mini m i z e  solid waste generation and other secondary environmental problems 
associated with seed regeneration systems. Scale up the mos t  promising systems for 
testing at the E T F  scale. D e t e r m i n e  the potential emission and effluent sources in the 
seed recovery/regeneration subsystems. Characterize all potential emissions and 
effluents resulting fro m  seed regeneration, subsequent cleanup measures (e.g., Claus 
sulfur recovery unit), and generation of the H ^  and C O  synthesis gas used in seed 
regeneration. Assess the impacts on air and w ater quality of identified pollutants and 
identify potential health hazards. Assess the practicability of various effluent and 
emission control and imp a c t  integration measures. D e t e r m i n e  the combination of
recovery/regeneration systems and seed materials which offer the greatest degree of 
environmental acceptability and cost/effectiveness.

R e c o m m e n d e d  S c h e dule of Activities:
Initiate engineering and environmental assessment of seed recovery 
and seed regeneration systems - F Y  1982.
C o m p l e t e  engineering and environmental assessment of seed recovery 
subsystems - F Y  1985.
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A N A L Y S I S  O F  T H E  C H E M I C A L  A N D  P H Y S I C A L  S T A B I L I T Y  O F  
M H D  S L A G  A N D  F L Y  A S H  A N D  T H E  I M P L I C A T I O N S  F O R  

T R E A T M E N T  A N D  D I S P O S A L  
(In R esp o n s e  to R & D  R e q u i r e m e n t  II.A.4/III,A. 1)

Objective: T o  analyze the physical and chemical stability of M H D  generated slag and 
fly ash a n d  to assure the use and/or d e v e l o p m e n t  of environmentally acceptable 
m e t h o d s  for treatment and disposal.

Significance: M H D - g e n e r a t e d  slag and fly ash m a y  h ave different characteristics than 
slag and fly ash usually encountered in coal-fired boilers. This is due to the very high 
combustion temperatures (2760 C / 5 0 0 0  F) and the addition of potassium seed material 
(potassium carbonate). Consequently, research is necessary to assess potential disposal 
and leachability problems resulting f ro m  M H D - g e n e r a t e d  slag and fly ash and 
determine appropriate environmental control measures. This analysis will result in an 
assessment of the environmental implications of M H D - g e n e r a t e d  slag and fly ash and 
identify appropriate control measures available to mitigate such problems. Failure to 
c o m p l e t e  this assessment could result in significant disposal prob l e m s  for C D I F  and 
ETF'-generated wastes, and delay M H D  commercialisation if w a s t e  disposal m e t h o d s  
are not formulated or developed at this time.

Suggested R e s e a r c h : Using samples derived f r o m  the C D I F  and E T F  w h e n  operating
under conditions representative of c o m m e r c i a l  plant conditions, the chemical 
composition and physical stability of MHD-generat.ed slag and fly ash will be c o m p a r e d  
analytically with ash generated by conventional coal-fired boilers, with special 
emphasis on quantitative and qualitative assessment of trace elements which m a y  be 
generated in M H D  systems by high combustion temperatures. Conditions under which 
M H D  solid wastes release potential contaminants will be characterized and the 
individual contaminant concentrations under these conditions will be determined. T h e  
rates at which various contaminants are released will be evaluated. Laboratory 
analyses will be c onducted to simulate leaching of M H D  solid residues before and after 
seed 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 c o m p o u n d s .  T h e  following 
analytical information will be determined: 1) physical properties of slag and fly ash
including bulk and particle density, porosity, and surfacc area; 2) chemical 
composition with emphasis on m a i n  constituents and significant trace elements; and 3) 
c ontaminant composition of leachate including pH, sulfate levels, and trace metals 
content. Finally, a determination will be m a d e  of whether conventional treatment and 
disposal m e t h o d s  are adequate for M H D  slag and fly ash.

R e c o m m e n d e d  Schedule of Activities:
Initiate analysis of C D I F  non-regenerated solid waste - F Y  1981.
C o m p l e t e  analysis of C D I F  solid wastes - F Y  1984.
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D E V E L O P M E N T  O F  A  W A T E R  C O N S E R V A T I O N  P L A N  F O R  M H D  F A C I L I T I E S  
(In R e s p o n s e  to R & D  R e q u i r e m e n t s  n.C.l/VII.A.4/IX.A.2)

Objective; T o  develop data on water resource requirements and water supply 
availability for proposed M H D  facilities in ord^r to avoid hindrance of M H D  technology 
d e v e l o p m e n t  and facility siting due to limitations on w ater use.

Significance: C o m p l e t i o n  of the water conservation plan for the C D I F  and E T F  will
provide important data on M H D  water requirements, which will be useful to the W a t e r  
R e s o u r c e s  Council in preparing the water assessments m a n d a t e d  by Section 13 of the 
Federal Nonnuclear E n e r g y  R & D  A c t  of 1974. This project will also provide information 
on the m e t h o d s  available for the reduction of M H D  w ater usage. L a c k  of these data 
could i m p e d e  E T F  a n d  c o m m e r c i a l  plant d e v e l o p m e n t  and siting due to water 
availability limitations.

Suggested R e s e a r c h : W a t e r  conservation plans for M H D  facilities will be prepared.
D a t a  will be collected o n  the quantitative and qualitative water requirements of M H D  
operations. Techniques for reducing M H D  w a t e r  consumption, such as recycling or 
cooling system modification, will be examined. In addition, m e t h o d s  of utilizing low 
quality or w a s t e w a t e r  in M H D  systems will be investigated. R e c o m m e n d a t i o n s  will be 
m a d e  for the implementation of cost effective techniques capable of reducing overall 
M H D  fresh water requirements and/or substituting lower quality water for M H D  uses. 
T h e  C D I F  water conservation plan will support E T F  design a n d  siting analyses as well as 
provide a b ackground in this area for the E T F  EIA.

R e c o m m e n d e d  Schedule of Activities:
C o m p i l e  data on M H D  w a t e r  requirements 

C D I F  - early F Y  1978 
E T F  - F Y  1980

C o m p l e t e  w a t e r  conservation plan including r e c o m m e n d a t i o n s  for applicable 
w ater conservation techniques 

C D I F  - F Y  1980 
E T F  - F Y  1982
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A S S E S S M E N T  O F  E C O L O G I C A L  I M P A C T S  O F  M H D  E M I S S I O N S  
(In Response to R & D  Requi r e m e n t s  V.B. 1.)

Objective: T o  outline a research plan for the determination of the ecological impacts 
of M H D  emissions.

Significance: T h e  m o s t  important factor in an evaluation of the ecological impact of
M H D  emissions is to establish h o w  these emissions differ both qualitatively and 
quantitatively from pollutants produced fro m  conventional coal combustion. Current 
evidence indicates that open-cycle M H D  will produce significantly lower a m o u n t s  of 
SO^, up to ten times as m u c h  N O  depending on the types of controls used, and an 
increased proportion of fine particles (adhering to these particles will be various trace 
elements and potassium seed material). T h e s e  pollutants can have substantial effects 
on both terrestrial a n d  aquatic ecosystems, and it will be necessary to m e a s u r e  the 
distribution and accumulation of these substances in both plants and animals.

Suggested R e s e a r c h : T h e r e  are two major elements to an evaluation of the ecological
impact of M H D :  1) baseline studies w hich determine the distribution of important
pollutants and inventory the presence of biota prior to the operation of M H D  facilities, 
and Z) research p r o g r a m s  on the biological effects of emissions from M H D  facilities 
after operation has begun.

Baseline monitoring studies which arc and will be c onducted at M H D  facility sites, 
should establish the concentration of important pollutants in soil, vegetation, and 
animals. T h e  following pollutants should be m e a s u r e d  either because they are directly 
produced by M H D  or because it is an important secondary reaction product of primary 
emissions. T h e y  include SO^, sulfates, N O ,  N O ^ ,  and fine particulate matter including 
seed material (potassium c ompounds) in the atmos p h e r e  at and d o w n w i n d  of the 
proposed sites; and the potentially toxic h eavy metals listed above in soils, animals, 
(both terrestrial and aquatic), and vegetation native to the region. B y  establishing the 
levels of pollutants prior to operation, it will be possible to clearly establish, whether 
increases in concentrations occur after the facility is in operation. O f  equal importance 
is that baseline m e a s u r e m e n t s  also will provide convincing demonstration that no 
significant increases in pollutants hav e  occurred should that be the case.

T h e  biological effects should provide an inventory of: 1) economically important
agricultural and forest crops, Z) endangered animal or plant species, 3) private, State, or 
P’ederal parks or wildlife preserves, 4) important habitats for wildlife such as 
marshlands, and 5) potable water supply regions. This w o r k  is being conducted in the 
E T F  siting w o r k  presently being carried out by M E R D I  under Task M.  M E R D I  is also 
presently conducting a preoperational baseline biological surveillance p r o g r a m  near the 
C D I F  site. This p r o g r a m  is designed to establish reliable techniques which can be used 
at the larger E T F  and C D P .  D u e  to the size of the C D I F  and short time of operation 
(less than 100 hours), it is improbable that measurable a m o u n t s  of effluents will be 
deposited in the eco s y s t e m  surrounding the CDIF' site. Therefore wor k  at the C D I F  
should concentrate on technique, and as soon as an E T F  site is chosen, a comprehensive 
E T F  baseline p r o g r a m  should be initiated. T h e  emphasis of this project will bear 
directly u p o n  the characterization and air and water monitoring work.

R e c o m m e n d e d  Schedule of Activities:
Initiate biological baseline data study for the 

C D I F  - ongoing 
E T F  - F Y  1983
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Operational analysis for the 
C D I F  - 1980

C o m p l e t e  d e v e l o p m e n t  a nd evaluation of techniques for determining effects 
C D I F  - F Y  1983.



D E T E R M I N A T I O N  O F  M E C H A N I S M S  O F  T R A N S P O R T  A N D  F A T E  O F  
T R A C E  E L E M E N T S  IN S O L I D  W A S T E  L E A C H A T E  

(In R e s p o n s e  to R & D  R e q u i r e m e n t s  m . A . 3 )

Objective: T o  de t e r m i n e  transport m e c h a n i s m s  and c h e m i c a l  a n d  physical actions of 
the trace metals, seed materials a n d  a n y  organometallics in the leachate as it affects 
g r o u n d w a t e r  supplies.

Significance: T h e  chemical a n d  physical composition of slag, fly ash, and effluents
fr o m  M H D  plants is different fro m  the w aste products of conventional coal boilers. 
T h e  difference s t e m s  f r o m  the high temperatures { ~  2 760 C / 5 0 0 0  F) a n d  the use of 
seed materials such as K - C O ^ .  T h e  leachates p r o d u c e d  b y  M H D  operations m u s t  be 
carefully studied to see w h a t  deleterious effects m a y  result u p o n  adsorption onto or 
absorption into the soil. Effects u p o n  soil chemistry, microbiology, a n d  vegetation 
m u s t  be  examined. Further m o v e m e n t  through the soils, geologic formations, a n d  
g r o u n d w a t e r  supplies m u s t  be k n o w n  to avoid c o n t a mination of private or municipal 
wells.

Suggested R e s e a r c h : B a s e d  u p o n  the data fro m  c h e m i c a l  analyses p e r f o r m e d  on the
slag, a n d  ducted emissions p r o d u c e d  at M H D  facilities, a n d  w h e r e  possible, soliciting 
similar analytical data f r o m  other M H D  facilities p e r f o r m i n g  these analyses, a 
p r o g r a m  will be estabished to m e a s u r e  the transport rates through various types of 
soils. Baseline a n d  operational hydrologic (e.g., w a t e r  table, stream flow, lake levels) 
a n d  w a t e r  quality (surface a n d  groundwater) monitoring data collected at the M H D  
facility sites will b e  m a d e  available, a n d  representative w a t e r  and soil s amples will be 
provided by the C D I F  a n d  E T F  monitoring t e a m s  a n d  sent for laboratory analysis. 
Laboratory tests will be co n d u c t e d  on these samples to de t e r m i n e  the m e c h a n i s m s  of 
transport and fate and the types of c h e m i c a l  and microbial reactions. Special 
attention will be paid to sulfates, pH, trace metals, a n d  organometallics.

R e c o m m e n d e d  Schedule of Activities;
Initiate transport test and c hemical analyses for leachate 

C D I F  - F Y  1983
C o m p l e t e  transport and fate analyses 

C D I F  - F Y  1985
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A N A L Y S I S  O F  A L T E R N A T I V E  M E A N S  O F  M H D  S O L I D  W A S T E  M A N A G E M E N T  
(In R e s p o n s e  to R & D  R e q u i r e m e n t s  III.C.l &  2/VI.C.l, 2 &  3/VH.A.3)

Objective; T o  develop an e c o n o m i c  and environmentally acceptable m e t h o d  of disposing 
of M H D  solid waste.

Significance; Disposal of solid wastes from M H D  facilities m a y  be similar to the fly ash 
disposal p r o b l e m  of conventional coal-fired p o w e r  plants. H o w e v e r ,  there is a 
possibility that different disposal techniques, load requirements and beneficial use of 
solid wastes f r o m  M H D  m a y  be desirable due to the expected enrichment of potassium 
c o m p o u n d s  a n d  trace elements in M H D  solid wastes. In addition, the higher c ombustion 
temperatures m a y  also cause solid wastes to ha v e  a finer texture c o m p a r e d  to those 
fro m  conventional facilities. T o  ensure the environmental acceptability of MHD., 
potential w a s t e  disposal p r o b l e m s  and beneficial uses m u s t  be identified, and adequate 
waste m a n a g e m e n t  m e t h o d s  developed.

Suggested R e s e a r c h : B a s e d  u p o n  the results of the solid w aste characterization study, 
in which the physical and chemical stability of M H D  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 up o n  geological, 
hydrologic, climatologic and soil characteristics of proposed disposal sites. A s  a basis, 
perform a literature search of beneficial uses of solid waste f r o m  conventional coal- 
fired p o w e r  plants. Potential uses of M H D  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 M H D  solid waste. Cost/effective analyses will be p e r f o r m e d  for all land 
disposal and by-product use options identified to determine which alternatives are the 
m o s t  e c o n o m i c  and environmentally acceptable for individual M H D  facilities. S e c o n d ­
ary impacts of viable disposal techniques and beneficial uses for M H D  solid waste will 
also be analyzed.

R e c o m m e n d e d  Schedule of Activities:
Initiate study of solid w a s t e  m a n a g e m e n t  alternatives 

C D I F  - F Y  1982
C o m p l e t e  cost/effective analysis of solid waste m a n a g e m e n t  alternatives and provide 
r e c o m m e n d a t i o n s

C D I F  - F Y  1984
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D E V E L O P M E N T  O F  A N A L Y T I C A L  M O D E L S  T O  P R E D I C T  A I R  
E M I S S I O N S  F R O M  M H D  F A C I L I T I E S  

(In R e s p o n s e  to R & D  R e q u i r e m e n t s  I.B.l.)

Objective: T o  develop an analytical m o d e l  which can be used to predict air emissions 
f ro m  M H D  facilities under varying operating conditions.

Significance: While the characterization and quantification of air emissions fr o m  a
specific M H D  facility will yield useful data, the information will tend to be very 
specific to the process conditions at the time of m e a s u r e m e n t .  T h e ^ e  data alone will 
h a v e  little value in predicting emissions f r o m  a c o m m e r c i a l  facility. This is 
particularly true of a p r o g r a m  in its early d e v e l o p m e n t  stage w h e n  various reaction 
conditions are being considered such as temperature, pressure, air-to-fuel ratio, gas 
composition, seed concentration and other variables. A n  analytical m o d e l  w hich could 
assist in predicting air emissions w ould be a useful tool.

Suggested R e s e a r c h : T h e  first step in the d e v e l o p m e n t  of a predictive analytical
m o d e l  for air emissions is to obtain data fr o m  the C D I F  under specified operating 
conditions such as temperature, pressure, air-to-fuel ratio, gas composition, type of 
coal used, etc. T h e  analytical m o d e l  can then be developed for the air emissions 
actually produ c e d  under the given operating conditions. T h e  next step in the process is 
to evaluate the predictive capability of the analytical m o d e l  under different M H D  
operating conditions, by compa r i s o n  with actual emissions data. T o  develop a truly 
predictive m o d e l  for air emissions the M H D  sys t e m  will have to be operated under a 
series of varying conditions, i.e., temperature, gas composition, type of coal, air-to- 
fuel ratio, ^ e d  concentration, etc. O n  this basis, through an iterative process, an 
analytical m o d e l  can be eventually developed which would predict with reasonable 
a ccuracy air emissions f r o m  an M H D  facility. A s  with all models, the developed 
analytical m o d e l  is expected to be extremely sensitive to the operating conditions of 
the M H D  system.

R e c o m m e n d e d  Schedule of Activities:
Initiate modeling effort 

C D I F  - F Y  1982.
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I M P R O V E M E N T  O F  A T M O S P H E R I C  T R A N S P O R T  A N D  D I S P E R S I O N  M O D E L S  
(In Response to R & D  R e q u i r e m e n t s  I.B.7)

Objective: T o  develop impr o v e d  atmospheric: transport and dispersion models which
will allow determination of both short ter m  exposures fro m  fugitive emissions of 
potentially toxic substances as well as long term doses at various distances from the 
M H D  plant.

Significance: Because of the high temperatures ( ~  2760°C/5000°F) associated with a
M H D  plant such as the Engineering Test Facility or the C o m m e r c i a l  Demonstration 
Plant and the use of K ^ C O ^  seed materials, the normal emissions due to fugitive 
omissions a nd inefficiencies in collectors m a y  be different f r o m  that of a conventional 
coal-l'ired p o w e r  plant. Existing models a s s u m e  that all emissions arc dispersed as 
gases, and do not take into account the effects of mountainous topography on 
dispersion. T o  assess the impact on vegetation, 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 M H D  emissions. With higher 
temperatures, particle sizes are expected to be smaller resulting in slower deposition 
rates and thus, transport over potentially larger distances. In selecting M H D  facility 
sites as well as in selecting other p o w e r  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 R e s e a r c h : T h e  d e v e lopment of mode l s  tailored to the emissions from M I I D  
plants will of necessity dep e n d  upon the air quality data obtained from other M H D  air 
quality and emission characterization programs. This m u s t  be a mutually dependent 
effort since the p l a c e m e n t  of monitors mu s t  depe n d  on a sound model, and conversely, 
a sound m o d e l  m u s t  be developed from go o d  sets of baseline data. A  cooperative 
p r o g r a m  starting with the C D I F  should be set up for the d e v e l o p m e n t  of an i m p r o v e d  
model.

It is essential to set up a n e t w o r k  of meteorological monitoring stations, 
especially at sites in irregular terrain, for several years prior to plant operation and 
continue; for at least several years during operation to determine the effect upon the 
a t m o s p h e r e  of the M H D  plant operation. This should be started with the C D I F  and 
repeated for the E T F  and C D P .  T h e  meteorological data obtained from a specially 
designed network coordinated with those of the air quality networks art; necessary for 
the development of a sound transport and dispersion m o d e l  to predict transport and 
fate in irregular terrain and particle deposition rates. These networks of air quality 
and meteorological stations are essential for m o d e l  verification. Existing National 
W e a t h e r  Service Stations or stations operated by industry are generally unsuitable for 
high caliber m o d e l  development.

R c c o m m o n ded Schedule_of Activities:
Obtain data from meterological and air quality monitoring stations and initiate 
the d e v e l o p m e n t  of transport models 

C D I F  - F Y  1978 
E T F  - F Y  1983.

C o m p l e t e  transport and chemical fate models 
F Y  1984.
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E X P A N S I O N  O F  T H E  E T F  S I T I N G  S T U D Y  
(In Response to R & D  R e q u i r e m e n t s  IX.A.3)

Objective: Public L a w  93-404 Section 107 requires that E R D A  construct the M H D - E T F  
in the state of Montana. In order that the siting be environmentally acceptable several 
areas of the siting study require expansion.

Significance: Traditional siting studies have not included the utilization of low grade
waste heat from facilities. T h e  omission of this results in t w o  basic effects. First, 
useful energy is wasted which, if used, m a y  decrease d e m a n d  and lower direct pollutant 
emissions. Second, this waste heat m u s t  be dissipated in s o m e  m a n n e r  that potentially 
increases consumptive water use, fogging and thermal pollution.

Although E R D A  explicitly states the need to consider social impacts equally with 
physical effects in determining environmental acceptability, there is no defined 
procedure for doing so. T h e  siting of a facility in an area w h e r e  it is not socially 
acceptable m a y  greatly hinder its development.

Suggested R e s e a r c h : This project will be an expansion of the siting survey being
conducted under M E R D I  Task M ,  funded by E R D A .  A  c o m p l e t e  literature' search of 
waste heat utilization possibilities for the E T F  will be conducted. U p o n  receipt of E T F  
design criteria, those uses suitable for M o n t a n a  m u s t  be analyzed in detail to determine 
under wh a t  specific conditions they would be environmentally, energetically and 
economically optimal. Siting locations which m a y  feasibly allow for the waste; heat 
f r o m  the E T F  bottoming cycle to be utilized in existing facilities will be identified.

A  m e t h odology will be formulated to incorporate social acceptability into decision 
making. Such a m e t h odology will weigh survey findings, majority votes, public hearing 
response, and c o m m u n i t y  leadership involvement into a w eighted criteria.

R e c o m m e n d e d  Schedule o f Activities:
Initiate both studies - F Y  1978.
Site selection - F Y  1983.
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5. M A N A G E M E N T  S T R A T E G Y

5*1 M a n a g e m e n t  of E R D A  Environmental Responsibilities

Within E R D A ,  the Assistant Administrator for Fossil Ene r g y  (AFE) and the 

Assistant Administrator for E n v i ronment a n d  Safety (AES) hav e  m ajor a n d  c o m p l e m e n ­

tary responsibilities for the environmental, health, and safety aspects of Fossil Energy 

programs.

T h e  Assistant Administrator for Fossil E n e r g y  m a n a g e s  a n d  directs the fossil 

energy research, development, demonstration, and c o m m e r c i a l  application p r o g r a m  for 

the E n e r g y  Research and D e v e l o p m e n t  Administration concerning coal liquefaction, 

coal gasification, gas and oil development, oil shale, coal utilization, including 

c o m b i n e d  cycle, direct combustion, and m a g n e t o h y d r o d y n a m i c s ,  and a d v a n c e d  technol­

ogy (including materials research, combustion systems, extraction technology (exclud­

ing coal), and offshcve drilling technology), a n d  their directly related environmental, 

safety, a n d  socioeconomic matters. H e  provides policy guidance, p r o g r a m m a t i c  

direction, and coordination to the E R D A  organizations e n g a g e d  in carrying out the 

foregoing functions and activities. H e  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. H e  also identifies major fossil energy research, development, d e m o n s t r a ­

tion, a n d  commercialisation p roblems in E R D A  p r o g r a m s  a n d  takes action to resolve 

t h e m  or r e c o m m e n d s  solutions. H e  establishes and i m p l e m e n t s  procedures for periodic 

consultation with representatives of science, industry, environmental organizations,

consumers, and other groups which h a v e  special expertise or interest in the areas of
48/

fossil energy research, development, and technology,

T h e  Assistant Administrator for E n v i r o n m e n t  and Safety (AES) m a n a g e s  an4 

directs the e nvironment and safety p r o g r a m  for the Ener g y  R e s e a r c h  a n d  D e v e l o p m e n t  

Administration and acts as the principal spokesperson, advisor, and assistant to the 

Administrator on  all aspects of biomedical, environmental, wid safety research and 

d e v e l o p m e n t  and the protection of health, safety, and e n v i r o n m e n t  with respect to 

d e v e l o p m e n t  of energy technologies. H e  develops transportation standards and 

technology for E R D A  operations f r o m  the standpoint of e n v i r o n m e n t  and safety. H e
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coordinates E R D A  activities required or specified under the National Environmental 

Policy A c t  ( N EPA); and in concert with appropriate staff and field offices, coordinates 

e n v i ronment and safety activities with others such as Congress, Federal and State 

agencies, industry, universities, foreign and international organizations having an 

interest in these activities. H e  administers health, safety, and environmental 

protection p r o g r a m s  applicable to all E R D A  activities, including p e r f o r m a n c e  of 

independent assessments of the health, safety, and environmental protection aspects of 

E R D A  p r o g r a m s  a n d  facilities, the conduct of research a n d  d e v e l o p m e n t  related to 

E R D A - w i d e  problems of health, safety, and environmental protection; and the 

overview a n d  assessment of environmental and safety research a n d  development, 

primarily control technology, p e r f o r m e d  under p r o g r a m s  of other Assistant A d m i n i s ­

trators. H e  identifies major biomedical, environmental, and safety research, 

development, and demonstration prob l e m s  in E R D A  p r o g r a m s  and takes action to 

resolve t h e m  or r e c o m m e n d s  solutions. H e  exercises overview responsibility for the 

environmental and safety aspects of E R D A  p r o g r a m s  a n d  working with other Assistant 

Administrators, assures that for e a c h  energy source and energy conversion system 

being developed or impr o v e d  there are early identification and full consideration of 

such factors as environmental degradations, effluent hazards, uncontrolled land use, 

resource depletion, and waste generation, a n d  that to resolve these and related 

p r o b l e m s  there is timely d e v e l o p m e n t  of adequate plans and provision for funding. H e  

concurs or nonconcurs in all E nvironmental I m p a c t  S t a t e m e n t s  and Environmental 

D e v e l o p m e n t  Plans. H e  initiates a n d  performs research, development, and d e m o n s ­

tration directed at achieving environmental protection and safety w h e n  such 

undertakings are not appropriate for assignment to a particular energy or energy 

conversion prog r a m .  H e  establishes procedures for periodic consultation with 

representatives of science, industry, environmental organizations, consumers, and

other groups w hich hav e  special expertise or interest in the areas of biomedical,
49/environmental, a n d  safety research, development, and technology.

T h e  Assistant Administrator for Fossil E n e r g y  a n d  the Assistant Administrator 

for E n v i r o n m e n t  a n d  Safety shall include a m o n g  p r o g r a m  elements a n d  activities 

research, development, and demonstration designed to assure that p r o g r a m  activities 

under their direction are conducted with due regard for: safety, energy conservation, 

environmental a n d  social consequences, a n d  i mpa c t  of w a t e r  c o n s u m p t i v e  technologies 

on  w a t e r  resources; the n e e d  for environmental assessments and the preparation of 

E n v i r o n m e n t a l  I m p a c t  Statements; technologies w h i c h  utilize r e n ewable or essentially 

inexhaustible energy sources; and the potential of technologies for net energy 

production.^®’
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5.2  E n v i r o n m e n t a l  O v e r v i e w  C o m m i t t e e  (EOC)

T o  facilitate these activities, an Environmental O v e r v i e w  C o m m i t t e e  ( EOC) will 

be established to advise A E S  a nd A F E  m a n a g e m e n t  personnel on matters that relate to 

evaluation of the Fossil E n e r g y  E DP's a d e q u a c y  of the research, implementation, and 

associated progress. T h e  c o m m i t t e e  will consist of a m a x i m u m  of eight m e m b e r s  fr o m  

A F E - A E S  Divisions. This c o m m i t t e e  will be co-chaired by A E S / T O  and A F E / E S P  

c o m m i t t e e  m e m b e r s ,  O t h e r  representatives m a y  be called upon to contribute to the 

E O C  as necessary.

5.3 Responsibilities for E D P  Updating

A E S  has the responsibility for ensuring the quality and timeliness of EDP's. 

Preparation is the joint responsibility of A E S  and A F E .  O ther p r o g r a m  and staff

Assistant Administrators are to review E DP's relative to their current planning
^ 25/ needs.

5.4 Interaction with O t h e r Federal A g e n c i e s

O t h e r  Federal agencies are involved in various environmental and safety aspects 

of M H D .  E R D A  will continue to cooperate with these agencies by providing

information obtained through the w o r k  of A F E  and A E S ,  through interagency 

M e m o r a n d a  of Understanding, and Interagency A g r e ements. Included in such 

cooperation is w o r k  with E P A  in developing N e w  Source P e r f o r m a n c e  Standards (NSPS) 

a n d  other environmental standards for M H D  facilities; with W a t e r  Resources Council 

( W R C )  to assess w a t e r  requirements of these facilities and water availability; and with 

O S H A  to set w o r k e r  health and safety standards.

5.5 Public I n v o lvement

This E D P  and its annual updates will be m a d e  available for public review, and 

e a c h  year E R D A  will consider public c o m m e n t s  w h e n  setting priorities for environ­

m e n t a l  issues and scheduling environmental research and assessment activities. 

T h r o u g h  the E D P  process, the public will be kept a w a r e  of E R D A ' s  activities in 

technology d e v e l o p m e n t  a n d  environmental research. This m e c h a n i s m  will allow the 

public to help E R D A  evaluate its progress t o w a r d  the M a g n e t o h y d r o d y n a m i c s  P r o g r a m  

goal: the d e v e l o p m e n t  of environmentally acceptable and c o m m e r c i a l l y  viable M H D

technologies.
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APPENDIX A

FEDERAL ENVIRONMENTAL LEGISLATION APPLICABLE TO 

MAGNETOHYDRODYNAMICS

L e g i s l a t i o n Applicability to Magnetohydrodynamics

• Energy Reorganization 
Act of 1974,
P L  93-438

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 E l S’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 
PI. 92-157 
PL 93-15 
PL 93-319

• Ambient air quality standards have been 
set for so2» TSP, N02 , CO, HC, and 0X ; 
more are being considered.

• New Source Performance Standards (NSPS) 
apply to coal-fired boilers and 
regulate SO2 , NO and particulates.
Lower emission levels are being 
considered, as are regulations for 
small particulates. Stricter standards 
specific 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 siting.

• 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.



L e g i s l a t i o n Ap p l i c a b i l i t y  t o  M a g n e t o h y d r o d y n a m i c s

• Federal Water Pollution •
Control Act Amendments 
of 1972 
PL 92-500

• Resource Conservation •
and Recovery Act of 1976 
PL 89-272

• Toxic Substances Control 
Act (TOSCA)
PL 93-523

• Safe Drinking Water Act 
PL 93-523

• Noise Control Act of 1972 
PL 92-574

• Occupational Safety and 
Health Act (OSHA)
PL 91-596

• Coastal Zone Management •
Act of 1972 
PL 92-583

National Pollutant Discharge Elimination 
System (NPDES) permits are required to 
control wastewater discharges.

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

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

Solid waste disposal must comply with 
most stringent air and water standards; 
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.

State coastal zone management plans 
developed with Federal financing assis­
tance may affect plant siting and design.

• Disposal of specific materials used in 
MHD processes may be regulated.

• Wastewater discharges may require
additional treatment for heavy metals 
or organic waste if they impact 
drinking water supplies.

• To protect health and welfare, ambient 
noise levels are recommended; they may 
become standards for facilities regu­
lated by state and local governments.

• Health and safety regulations must be 
met for workers in MHD facilities.
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L e g i s l a t i o n A p p l i c a b i l i t y  t o  M a g n e t o h y d r o d y n a m i c s

• 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 
33U.S.C. 401-413

• Permits are required for dredge and fill 
activities in navigable waters, which 
may affect MHD facility siting.

• Projects must be integrated with flood 
control, river, and dam projects.

• National Historic Preser­
vation Act of 1966 
PL 89-665

Federally financed, assisted, or permitted 
projects cannot impact important historic 
or cultural sites unless no alternatives 
exist.

• Endangered Species Act 
PL 93-205

• Identification of endangered aquatic 
and terrestrial species at a potential 
construction site is required, which 
may affect MHD facility siting.

• Fish and Wildlife 
Coordination Act 
PL 85-624

• Any project requiring modification of 
bodies of water must be reviewed to 
prevent loss or damage to fish and 
wildlife.

• Wildlife and Scenic Rivers • Project must not degrade the quality
Act of wild and scenic rivers.
PL 90-542

NOTE: 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.
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A t ta c h m e n t  A

A .  I n t r o d u c t i o n

T h i s  i s  a  c o m p i l a t i o n  o f  s o m e  o f  t h e  c u r r e n t  a n d  c o m p l e t e d  
e n v i r o n m e n t a l  r e s e a r c h  p r o j e c t s  r e l a t i n g  t o  MHD a n d  c a n  b e  u s e d  
t o  i d e n t i f y  g e n e r a l  a r e a s  w h e r e  f u r t h e r  w o r k  i s  n e e d e d .  T h i s  i s  
n o t  i n t e n d e d  t o  b e  a  c o m p r e h e n s i v e  s u m m a r y  o f  a l l  e n v i r o n m e n t a l  
r e s e a r c h  p r o j e c t s  a p p l i c a b l e  t o  M H D ,  b u t  i n s t e a d  s h o u l d  i n d i c a t e  
t h e  t y p e s  o ^  r e s e a r c h  b e i n g  c o n d u c t e d  i n  v a r i o u s  a r e a s .  A n y o n e  
i n t e r e s t e d  i n  a  p a r t i c u l a r  s u b j e c t  a r e a  s h o u l d  c o n d u c t  a  m o r e  
e x t e n s i v e  l i t e r a t u r e  s e a r c h  t h a n  i s  p r o v i d e d  h e r e ,  u s i n g  t h i s  
b i b l i o g r a p h y  a s  a  s t a r t i n g  p o i n t .  T h e  i n f o r m a t i o n  p r e s e n t e d  
h e r e  w a s  o b t a i n e d  f r o m  t h e  f o l l o w i n g  s o u r c e s ;

•  I n v e n t o r y  o f  F e d e r a l  E n e r g y - r e l a t e d  E n v i r o n m e n t  a n d  
S a f e t y  R e s e a r c h  ( F Y  1 9 7 6 ) ;

•  S m i t h s o n i a n  S c i e n c e  I n f o r m a t i o n  E x c h a n g e  ( M a r c h ,  1 9 7 7 )  ;
•  s u m m a r i e s  o f  p r o j e c t s  s p o n s o r e d  b y  t h e  D i v i s i o n  o f  

E n v i r o n m e n t a l  a n d  S o c i o e c o n o m i c  P r o g r a m s  ( 1 9 7 7 ) ;
•  F o s s i l  E n e r g y  R e s e a r c h  U p d a t e  f o r  1 9 7 7 ;
•  b i b l i o g r a p h y  c o m p i l e d  b y  E x x o n  R e s e a r c h  a n d  E n g i n e e r i n g  

C o m p a n y  f o r  t h e i r  r e p o r t ,  E n v i r o n m e n t a l  A s s e s s m e n t  o f  
A d v a n c e d  E n e r g y  C o n v e r s i o n  T e c h n o l o g i e s ;

•  t h e  E l e c t r i c  P o w e r  R e s e a r c h  I n s t i t u t e ' s  P u b l i c a t i o n s  
a n d  R e s e a r c h  a n d  D e v e l o p m e n t  P r o j e c t s  l i s t s  ( 1 9 7 7 ) ;

•  M a t r a y ,  P . ,  " T h e  B i o e n v i r o n m e n t a l  I m p a c t  o f  T r a c e  E l e m e n t  
E m i s s i o n s  f r o m  a  M a g n e t o h y d r o d y n a m i c s  (M HD )  F a c i l i t y  ~ -
A  L i t e r a t u r e  S e a r c h  a n d  R e c o m m e n d a t i o n s , 1' S e p t e m b e r ,  1 9 7 6 ,  
M E R D I  i n - h o u s e  d o c u m e n t ;

•  E n e r g y  R e s e a r c h  I n f o r m a t i o n  S y s t e m ,  O l d  W e s t  R e g i o n a l
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9  C o m m is s io n  and USDA F o r e s t  S e r v i c e ,  S u r f a c e  E n v ir o n m e n t
a n d  M i n i n g ,  1 9 7 5 - 7 6 ; a n d

© F i s c a l  Y e a r  1 9 7 6  H e a l t h  a n d  E n v i r o n m e n t a l  E f f e c t s  R e s e a r c h  
P r o g r a m  A b s t r a c t s ,  O f f i c e  o f  E n e r g y  M i n e r a l s  a n d  I n d u s t r y ,  
O f f i c e  o f  R e s e a r c h  a n d  D e v e l o p m e n t ,  U . S .  E n v i r o n m e n t a l  
P r o t e c t i o n  A g e n c y ,  E P A  6 0 0 / 7 - 7 7 - 0 4 ,  J a n u a r y ,  1 9 7 7 ,

P r o j e c t s  l i s t e d  i n c l u d e  b o t h  g e n e r i c  s t u d i e s  o n  t h e  e f f e c t s  o f  
e m i s s i o n s  w h i c h  a r e  c c p m m o n  t o  c o a l  c o m b u s t i o n  t e c h n o l o g i e s  a n d  
s t u d i e s  w h i c h  a r e  s p e c i f i c  t o  MHD ( c a t e g o r i e s  5 a n d  6 )  . T h e  l a r g e  
n u m b e r  o f  g e n e r i c  s t u d i e s  o n  h e a l t h  e f f e c t s  p r e c l u d e d  t h e  i n c l u ­
s i o n  o f  a l l  t h e s e  p r o j e c t s  i n  A t t a c h m e n t  A ;  h o w e v e r ,  r e p r e s e n t a ­
t i v e  g e n e r i c  p r o j e c t s  h a v e  b e e n  i n c l u d e d  i n  t h e  b i b l i o g r a p h y  t o  
i l l u s t r a t e  t h e  n a t u r e  o f  o n g o i n g  r e s e a r c h  i n  t h i s  a r e a . ^

T h e  F e d e r a l  I n v e n t o r y  n u m b e r  ( w h e n  a p p l i c a b l e ) ,  t i t l e ,  m o n i t o r ­
i n g  a g e n c y ,  a u t h o r  o r  p e r f o r m i n g  o r g a n i z a t i o n ,  a n d  c o m p l e t i o n  d a t e  
f o r  e a c h  p r o j e c t  a r e  l i s t e d .  I n  a d d i t i o n ,  e a c h  p r o j e c t  h a s  b e e n  o r  
g a n i z e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  e n v i r o n m e n t a l  r e s e a r c h  a r e a s :

e C h a r a c t e r i z a t i o n ,  m e a s u r e m e n t ,  a n d m o n i t o r i n g ;
o E n v i r o n m e n t a l  t r a n s p o r t  -  p h y s i c a l a n d  c h e m i c a l  p r o c e s s e s

a n d  e f f e c t s ;
e E n v i r o n m e n t a l  c o n t r o l  t e c h n o l o g y ;
® O p e r a t i o n a l  s a f e t y ;
© H e a l t h  e f f e c t s ;

E c o l o g i c a l  p r o c e s s e s  a n d  e f f e c t s ;
• I n t e g r a t e d  a s s e s s m e n t s ;  a n d
• R e g u l a t o r y  a c t i v i t i e s .

1 /  S e e  t h e  E R D A  I n v e n t o r y  o f  F e d e r a l  E n e r g y - r e l a t e d  E n v i r o n m e n t  a n d  
S a f e t y  R e s e a r c h  f o r  F Y  1 9 7 6 ,  V o l u m e  I I ,  P a r t  2 ,  f o r  s p e c i f i c  
s t u d i e s ,  p r e p a r e d  b y  t h e  A e r o s p a c e  C o r p o r a t i o n ,  A p r i l ,  1 9 7 7 .



T h e s e  r e s e a r c h  a r e a s  a r e  f u r t h e r  d i v i d e d  i n t o  c a t e g o r i e s  a c c o r d i n g  
t o  t h e  l e v e l  o f  s p e c i f i c i t y  o f  t h e  p r o j e c t .  T h e  f o l l o w i n g  c a t e ­
g o r i e s  a r e  u s e d :

9 C a t e g o r y 1
® C a t e g o r y 2
• C a t e g o r y 3
® C a t e g o r y 4
C C a t e g o r y 5
® C a t e g o r y 6

G e n e r a l  e n v i r o n m e n t a l  r e s e a r c h ;  
E n e r g y - r e l a t e d  r e s e a r c h ;
C o a l  r e s e a r c h ;
C o a l  u t i l i z a t i o n  r e s e a r c h ;  
M a g n e t o h y d r o d y n a m i c  r e s e a r c h ;  a n d  
S i t e - s p e c i f i c  o r  p r o j e c t - s p e c i f i c  r e s e a r c h .

F o l l o w i n g  t h e  l i s t i n g  o f  p r o j e c t  t i t l e s ,  b r i e f  s u m m a r i e s  a r e  
i n c l u d e d  f o r  t h o s e  p r o j e c t s  s p e c i f i c  t o  MHD t e c h n o l o g i e s  ( c a t e g o r ­
i e s  5 a n d  6)  f o r  w h i c h  i n f o r m a t i o n  w a s  r e a d i l y  a v a i l a b l e .  T h e s e  
s u m m a r i e s  a r e  a l s o  o r g a n i z e d  a c c o r d i n g  t o  r e s e a r c h  a r e a .
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N a t i o n a l  Bureau of  S t a n d a r d s  1900
N a t io n a l  Bureau  o f  s t a n d a r d s  n / a

n/a * not available
•J - ongoing -5 -
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CATEGORY 2 I

01J012

0X301*1

012017

077036

070152 
0ti605tf

0tJ754H

0*1023 
091024

0 9 I1 W

0^tl026

09dU56

09*0*7

Oi)y06tt

070247

070255

O702tJ7

070153

U70it)d

070271

FI Number T i t l e
M o n i t o r i n g

A gor icy A u t h o r  o r  P e r f o r m i n g  
O r g a n i z a t i o n CompletionDate

EHERliY- RELATED RESEARCH

Cloud and P r e c i p i t a t i o n  M o d i f i c a t io n  E f f e c t s  o f  
P o l l u t a n t s  from Energy P r o d u c t io n
L lda r  T e c h n iq u es  f o r  Measuring P a r t i c u l a t e  
P o l l u t a n t s  from Energy P r o d u c t io n  and T h e i r  
T r a n s p o r t  and D i s p e r s i o n  P r o c e s s e s
Enum era t ion  o f  Energy O c c u p a t io n a l  H e a l th  
Problems

I d e n t i f i c a t i o n  and Measurement o f  High M olecu la r  
O rg a n ic  Compounds i n  Emiss ions  from power P l a n t s  
and O i l  R e f i n e r i e s
P a r t i c u l a t e  sam p l in g  and S upport
E nv ironm en ta l  Vo H u t  Lon A n a l y s i s ,  I n s t r u m e n t s ,  
and Methods D eveloping
C h a r a c t e r i z a t i o n  o f  Gaseous M ole cu la r  P o l l u t a n t s  
k n i t t e d  by Enurgy G e n e ra t io n  Sourcan
N onnuc lear  P o l l u t a n t s  in  S u r f a c e  A ir  ( b j s e l i n e )
Assessm ent  and C o n t r o l  o f  Nonnuclear  A ir  
C ontam inant*
N onnuc lear  p o l l u t a n t s  on  t h e  E a r t h ' s  S u r f a c e  
( b a s e l i n e )
S t u d i o s  to  D ete rm ine  sO^and S04 in  Power P l a n t  
S t a c k  t i n i s s i o n s
D eve lop  I n s t r u m e n t a t i o n  and Methods to  I d e n t i f y ,  
Mwasure, and Analyze E n e rg y -K u la te d  A e r o s o l s  and 
P a r t i c u l a t e s  i n  R e l a t i o n  to  D i r e c t  E f f e c t s  on 
H ea l th
Doveloproent o f  Improved G e n e r a t i o n  K ethods  and 
S i z in g  in s t r u m e n t*  fo r  f i n e  P a r t i c l e s  i n  A ero so l*  
fo r  C h a r a c t e r i z i n g  I n i t i a t i o n  l la?a rds
O pt im ized  F i l t e r s  and S tac k  Probe f o r  A eroso l  
S tack  Sampling
Sampling and A n a l y s i s  o f  "Reduced" and " O x id i i e d "  
S p e c i e s  in  P r o c e s s  Streams
F ue l  D eco m p o si t io n  and P lan e  R e a c t io n s  i n  Conver­
s io n  o f  Tael  N i t r o g e n  t o  NO
C h a r a c t e r i z a t i o n  of  M i s s i o n  and Combustion 
(’urfuriuAnco o f  Alte r ii i iuo  Fue ls
I d e h t l t i c u t i o n  and Muasuruiueiit o f  High M ole cu la r  
Wuiyht O rg an ic  Compounds in  E m is s io n s  front 
power P l a n t s  and  O i l  R e f i n a n c e
Review and D eve lop  T e s t  P lan s  and Measurement 
Program s
The Development  o f  F u g i t i v e  E m iss io n s  Sampling
Use o f  a T r a c e r  t o  Determ ine  c o n t r i b u t i o n  o f  a 
Power P l a n t  to  Suspended P a r t i c u l a t e  L eve ls
T e c h n ic a l  Manual f o r  Measurement o f  F u g i t i v e  
E m is s io n s
Measurement o f  NO and NO  ̂ in  Combustion Systems
F u e l - S p e c i f i c  E nv i ron m en ta l  E m iss ion  C o e f f i ­
c i e n t s  f o r  I n d u s t r i a l  P r o c e s s e s

EPA N a t i o n a l  O cean ic  and A tm ospheric  n / a
A d m i n i s t r a t i o n  (NOAA)

EPA NOAA I960

P u b l i c  W estern  Area O cc u pa t ion a l  H e a l th  n /a
H e a l th  L ab o ra to ry
S e r v i c e s
EPA S ou th e rn  R esearch  I n s t i t u t e  n /a

LPA S o u th e rn  R esearch  I n s t i t u t e  n /a
SRDA B a t t e l l e  P a c i f i c  Nor thwest  L a b o ra to ry  n /a

ERDA Ames L a b o ra to ry  n /a

ERDA In-House  n /a
ERDA In-House  n / a

ERDA In-Mouae n /a

EPA Brookhaven N a t io n a l  L ab o ra to ry  n /a

ERDA L ov e lac e  Fou n d a t io n  f o r  Medica l  1976
E d u c a t io n  and Research

ERDA L ov e lac e  Fou n d a t io n  f o r  M edical  n /a
E d u c a t io n  and Research

EPA Los Alamos s c i e n t i f i c  L ab o ra to ry  n / a

EPA TRW, I n c .  n /a

EPA Rockwell  I n t e r n a t i o n a l  C o r p o ra t i o n  n /a

EPA EPA 0*

KI’A S ou th e rn  k e su a ro h  I i iH t i tu l u  n /a

EPA M it ru  C o r p o ra t io n  n / a

EPA R ese a rc h  C o r p o ra t i o n  o f  Nsw s ' .gland n / a
<V& American E l e c t r i c  Power s e r v i c e  1976

C o r p o ra t i o n
EPA R ese a rc h  C o r p o ra t io n  o f  Mew England 1976

n / a  U n i v e r s i t y  o f  C a l i f o r n i a  1973
n /a  Brookhaven  N a t i o n a l  L ab o ra to ry  n / a

n/a - not available
•0 - ongoing
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F I  N u m b e r  

CATEGORY 2 i

T i t l e

ENERGY-FEfATED RESEARCH

L a b o ra to ry  S t u d i e s  and M athem atica l  Modeling 
o f  NO  ̂ Form at io n  in  Combustion p ro c e s s e s
K in e t i c  Mechanisms Governing the  F a te  o f  
Chem ical ly -Bound  S u l f u r  t N i t ro g e n  lit CoipJjustlon
Rafcitd C o n t in u o u s  D e te rm in a t io n  o f  N0X Concen- 
t r a t i o n  i n  Exhause Gases
E v a l u a t i o n  o f  S a l t z m jn  and Phenol D isu lC o n ic  
Acid Methods f o r  Dete rm in ing  NO in  Engine 
t ixhaust  G ases  x
A i r ,  t t a t a r ,  and S o l i d  Res idue  Models fo r  
C o n v en t io n a l  Combustion Sources
Modeling o f  C om bustors i  The E f f e c t s  o f  Anb ien t  
C o n d i t i o n s  upon P er fo rm ince
R a te - C o n s t r a in u d  P a r t i a l  e q u i l i b r i u m  Models f o r  
t h e  F orm at ion  o f  NÔ  u o m  O rganic  F ue l  N i t ro ge n
A Study o f  NO Emiss ion  C h a r a c t e r i s t i c s  in  2-  
S tag e  Combust ion
C hem is t ry  o f  Fuel N i t ro g e n  C onvers ion  to  N0X in 
Combustion
B as ic  K i n e t i c  S t u d i e s )  Modeling of  HO 
Form at ion  in  Combustion Procu ses
NO^ P r e d i c t i o n  from D i f f u s i o n  Model
The F o rm at io n  and D e s t r u c t i o n  of  Hydrogen 
Cyanide  from A tm ospheric  an-1 Fuol N i t r o g e n  in  
Rich A tm ospheric  P r e s s u r e  Flamos
Aji E xp e r im en ta l  C o r r e l a t i o n  of  Oxides o f  N i t r o ­
gen  E m iss io n s  from Power B o i l e r s  based  on F i e l d  
Data

B i o l o g i c a l  Impact  o f  A lr  P o l l u t i o n  on 
Insects

T ra c e  Metal  V a r i a t i o n  in  S o i l s  and 
and S ageb rush  in  t h e  Powder R iv er  B a s in ,
Wyoming
A ccum ulat ion  o f  F l u o r i d e s  by I n s e c t s  
Near an E m iss ion  Source  In Western 
Montana

Gas and L e a c h a t e s  from L a n d f i l l s
Program Approval  Documant FY 77 
M agnetohydrodynamlc  Program
R es idence  Time o f  P a r t i c l e s  i n  Urban 
Ait
Evidence f o r  t h s  Accum ula t ion  o f  
A tm ospheric  Lund by I n s o o t s  in  Ar^as 
o f  High T r a f f i c  D en s i ty
ChdmiuAl C o n c e n t r a t i o n s  o f  P o l l u t a n t  
Lead A e r o s o l s ,  T e r r e s t r i a l  Dusta  and 

Sea S a l t s  in  Uruunland  and A n t a r c t i c a  
Snow s t r a t a
E f f e c t  o f  S o i l  P r o p e r t i e s  and Amendmonto on 
th e  A v a i l a b i l i t y  o f  Z inc  in  S o i l s

M o n i t o r i n g  A u t h o r  o r  P e r f o r m i n g
A g e n c y  O r g a n i z a t i o n

n /a  Exxon

n /a  S h e l l  Development Company

n / a  U n i v e r s i t y  o f  C a l i f o r n i a

n / a  P r a t t  and Whitnoy

n /a  Monsanto Research C o r p o ra t io n

n / a  Lfwal U n iv e r s i ty

n / a  MIT

n / a  Tokyo Gas Co., Ltd .

EPA Rockwell  I n t e r n a t i o n a l  Corp.

n / a  Exxon

n / a  W est inghouse  E l e c t r i c
n / a  S h e l l  Research , L td .

n / a  R i l e y  S tok e r  C orp o ra t ion

n / a  J e r r y  J  , BroftensUenk
F o r t  union  Coal F i e l d  symposium

n /a  J .  J .  Connor , J .  R, K e i th ,  and
B, M. Anderson, J o u r  ■ knu earch ,  
U.S. G eo log ica l  Survey

n / a  j ,  E. Dewey, gi.vuon m en ta  1 i
Entomology

n / a  EPA
n / a  ERDA

n / a  N. A, Eatrao, Ati»ospher ic  ■,
En v i to f  >u->a'vt

n / a  F. E. u i lH tt , S, G. MidAlutOA.
and J ,  c .  Grau, Environm enta l  
Entomology

n / a  A, J .  MacLean, R. L. H a l s t e a d ,  and
B. J .  F in n ,  Cooohim Cos^ochim 
Acta

n / a  A. J .  Maclean, Can. J .  S o i l  S c i .

CompletionDate

n / a

n /a

1968

1969

1976

1973

n /a

n / a

n / a

n /a

n / a
n / a

n / a

1975

1976

1973

1976
1976

1971

1973

I96y

1974

- 7 -
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FI Number T i t l e
M o n i t o r i n g  

A g e n c y
Author or Performing__ On a ni2a tion CompletionDate

CATEGORY 2 i ENERGY-RELATED RESEARCH

Mercury in P l a n t s  and R e te n t io n  o f  Mercury 
by f>oils in  R e l a t i o n  to  P r o p e r t i e s  and 
Added S u l f u r
f u r t h e r  Measurements  Around Modern Power 
S t a t i o n s — T - I I l
C h a r a c t e r i z a t i o n  o f  A tm ospheric  P o l l u t a n t s  
f o r  Power P l a n t s
M u l t i -o l a n e r i t  S ize  C h a r a c t e r i s a t i o n  o f  Urban 
Aerosol i i
Lead in  T e r r e s t r i a l  A rth ropods*  Evidence  
f o r  B io l o g i c a l  C o n c e n t r a t io n

Gaseous N i t ro ge n  Compound P o l l u t a n t s  from 
Urban and N a tu ra l  Sourceu
Atm osphuric  C o n c e n t r a t i o n s  and S o u rc es  o f  
T race  Kier .ents  a t  the  South  P o le

CATEGORY 3 i COAL KKSLAHaI

070139 M inera l  A n a ly s i s  o f  Coal
0?014!> C h a r a c t e r i s a t i o n  of Coal and Coal Residue
09302B C o l l e c t i o n ,  ChtMUcal A n a ly s i s  and E v a l u a t i o n

o f  Coal Samples f ra n  U.S. Coal R ese rves
0yJ077 Improvement o f  A n a l y t i c a l  M ethxls  f o r  D e t e r ­

mining T ra c e  Kluft-oiild m  c o a l
C lean  Energy from A laskan Coa ls
t i o p l r i c a l  C o r r e l a t i o n  o f  Coal Ash V i s c o s i t y  
With Ash Chemical Com posi t ion
An E xam ina t ion  of  live I n f l u e n c e  o f  Ash on the  
Combustion C h a r a c t e r i s t i c s  o f  A n t h r a c i t e s
Oxygen S t o i c h io m e t r y  in  Coal and Coal 
D e r iv a t  ivoa
Neutron  A c t i v a t i o n  A n a ly s i s  o f  Oxygen in  Coal
C h c n lca l  S t r u c t u r e  of  Coal and C o a l - d e r i v e d  
P ro d u c ts
C h e n i s t r y  and s t r u c t u r e  o f  Coal

CATEOUKY 4i  COAL UTILISATION RESEARCH

081025 C l i a r a c t u r i z a t I o n  o f  Plui tes Q u i t t e d  from T a l l
S tac k s

0U6093 R ea c t io n  K in e t i c s  o f  Combustion P r o c e s s e s *
13G01ij P a r t i c u l a t e  Technology
09t»01n Lab ’t e s t i n g  of  S u r fa c e  Combustion
ObOHS Combudtioi; Uom'iirch on Coal N i t r o g e n  and

P a r t i c u l a t e  O rganic  M at tu r

A. J .  KacLean, Can. J .  S o i l  S c i .  1974

ri' a A. M art in  and F, K. B a rb e r ,  1973
Atjnoaphoric Environment

n^ A D. F. S. Natusch p / a

n/f* J .  J ,  Pac iga  and R. E. J e r v i s  1976
En v iro nm enta l  S c ience  and Technology
P e t e r  P r i c e ,  8 .  3.  R a th e re ,  and 1974
D, A. G entry , Environmenta l
Entomology

n/,a E , Robinson and R. C, Nobbine 1970
j . A ir  P o l l u t l o n

n//a W, h. 2 o l l o r ,  E. J .  G ladney , and 1974
R. H. Duce, Science

EPA I l l i n o i s  S t a t e  G e o lo g ic a l  Survey n / a
EPA I l l i n o i s  S t a t e  G eo log ic a l  Survey n /a
ERDA U.S. G eo log ic a l  Survey n / a

ERDA PERC n /a

ERDA S t a n f o r d  Research I n s t i t u t e  1975
n / a  Babcock and Wilcox 1976

n / a  V'oster Wheeler n / a

FER U n i v e r s i t y  o f  C a l i f o r n i a  a t  I r v i n e  1978

HER N orth  Dakota S t a t e  U n i v e r s i t y  1977
FER Aryonne N a t io na l  L ab o ra to ry  1977

FER Oak Ridge N a t io na l  L ab o ra to ry  1977

ERDA Brookhaven N a t io na l  L ab o ra to ry  n / a

ERDA B a t t e l l e  P a c i f i c  Northwest Lab. n / a
TVA TVA n /a
NASA NASA Lewis Research C en te r  n / a
fcPA MIT 0*

n/a - not Available
*0 - ongoing

- 8 ~



CHARACTERIZATION, MEASUREMENT/ AND MONITORING

PT Number

CATEGORV 4;

070157

T i  t i e M on i  t o r  i n g  
A g e n c y

Author or PerformingOrganization
COAL UTILIZATION RESEARCH

E f f e c t  o f  f u e l  S u l f u r  on SO F orm a t io n  i t  
Com bust ion p r o c e s s e s  ( p i l o t  p l a n t )
C h a r a c t e r i z a t i o n  of  Hazardous  M a t e r i a l s  
k n i t t e d  from Coal  Combustion and C on v ers io n
Study  o f  C o a l - A s s o c i a te d  Wastes  R e s u l t i n g  from 
K il l ing ,  P r o c e s s i n g ,  and U t i l i z a t i o n  o f  Coal
D i r e c t  Sampling and C h a r a c t e r i z a t i o n  o f  Gaseous 
S p e c i e s  R e s p o n s ib le  fo r  F i r e s i d e  and T u rb in e  
C o r r o s io n  in  F o 9 S i l -F u e l  F i r e d  sy s te m s
Ash F o u l in g  S t u d i e s  R e la t e d  to  Combustion o f  
L i g n i t e  and o t h e r  Western Coa ls
Energy C on v ers io n  A l t e r n a t i v e s  S tu d y i  Phase t j  
F i n a l  R eport
T ruce  E lem en ts  i n  a Combust ion System - F in a l  
Roport
E m iss io n  Assessm ent o f  C o n v e n t io n a l  Co:i\bustion 
Systems
R e a c t i o n s  o f  F u e l  N i t ro ge n  in  Rich  Flrme Gases 
C o a l - F i r e d  Power P la n t  T raco  E ie n u n t  Study 
F a t e  o f  Trace  Mercury i n  t h e  Combustion o f  Coal

F undam en ta ls  o f  N i t r i c  Oxide Form at io n  in  
F o s s i l  F ue l  Combustion
Study  o f  M in e ra l  M a t t e r  D i s t r i b u t i o n  in  
P u l v e r i s e d  F ue l  C oa ls  w i th  R espec t  to  S lag  
D ep o u l t  F o rm a t io n  in  B o i l e r  F u r n a c e s

S u r f a c e  Resource  i n v e n to r y  o f  E a s t e r n  Montana 
R angelands  U t i l i z i n g  High A l t i t u d e  C o lo r  
I n f r a r e d  A e r i a l  Photography
S i g n i f i c a n c e  o f  P a r t i c u l a t e  E m iss io n s
T ra c e  Clement  C o n te n t  o f  t h e  Four C orn e r s  
Power P l a n t
L a t e r a l  and V e r t i c a l  V a r i a t i o n s  i n  S u l f u r  and 
T ra c e  E lem en ts  in  Coa l i  C oa ls  c r i p  F i e l d ,  Montand
P a r t i c u l a t e s  from Power P l a n t s

Hazardous  E m iss ion  C h a r a c t e r i s t i c s  o f  U t i l i t y  
B o i l e r s

T ra c e  E le m onts  i n  Fly Ash; Dependence o f  
C o n c e n t r a t i o n  on  P a r t i c l e  S i t e

A C o a l - F i r e d  Power P l a n t  T ra c e  E lem en t  S tudy j  
A T h r e e r .S t a t io n  Comparison
The B lo e n v l ro t im en ta l  I n p a c t  o f  a C o a l - F i r e d  
Power P l a n t

SPA U n i v e r s i t y  o f  Arizona

NSF U n i v e r s i t y  o f  I l l i n o i s

ERDA West  V i r g i n i a  U n i v e r s i t y

ERDA Midwest Research  I n s t i t u t e

£RDA GFERC

NASA W ost inghouse  E l e c t r i c  (Phaye I)
G e n e ra l  E l e c t r i c  (Phase I I )

EPRI B a t t a l i a ,  Columbus

n / a  B a t t e l l e ,  CoiUfnLua

n /a  G en e ra l  E l e c t r i c  Co.
n / a  Rad ian c o r p o r a t i o n
U.S, U.S . Bureau o f  Mines
Bureau
o f
Mines
PER W estern  Michigan U n i v e r s i t y

FHR P e n n s y lv a n ia  S t a t e  U n i v e r s i t y

n / a  Fi T,  B a te son  and J ,  c ,  E l l i o t t ,
F o r t  Union Coal  F i e ld  Symposium

n / a  J ,  X, B urcha rd ,  JAPCA
n / a  L. Cannon and B, M. Anderson*

Coal  R eso u rc e s  Work Group
n / a  K. A. Chadwick,  R. A. W o o d r i f f ,

ft. W. S to n e ,  and C, M. B e n n e t t ,
F o r t  Union Coa l  F io ld  Symposium

n / a  R, J . Cheng, V. A. Hohnun, T, T. Shen,
M, C u r r e n t ,  and J .  8 . Hudson, J APCA

n /a  C, Cowherd, M, Marcus, C. M. G ue n th e r ,
and J ,  L. S p l g a r e l l i ,  HPA

n / a  r ,  l .  Dav ison ,  D. f ,  H a tusch ,
R. W a l l a r d ,  and J .  R. Evans,
E nv i ron m en ta l  S c ie n ce  and Technology

n / a  EPA Heglon V I I I ,  Danv«r. Co I omcJo

n /a  EPA

CompletionDate

o*

n /a

n / a

n /a

n / a

1977

1975 

n /a

1976 
1975 
n /a

1978

1979

1975

1974 
1972

1975

1976 

197&

1974

1975 

1975

r\/a - not available
*0 - ongoing -9 -
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PI Number T i t l e
M o n i t o r i n g

A g e n c y
A u t h o r  o r  P e r f o r m i n g  

O r g a n * z a t i o n
CompletionDatfl

CATEGORY 4;  COAL UTILI2ATJ0N RESEARCH

C om pos i t Ion  and S i z e  D i s t r i b u t i o n  o f  I n - S ta c k  n / a
P a r t i c u l a t e  M a t e r i a l  a t  a C o a l - T i r e d  PowerPlant
T ra c e  E lement B eh a v io r  i n  C o a l - F i r e d  Power n / a
Plants

M agnet ic  D e m i n e r a l i z a t i o n  o f  P u l v e r i z e d  Coal  n / a
Pathways o f  T h i r ty - S o v e n  Trace  E lements  th ro u g h  n / a
C o a l - F i r e d  Power P l a n t s
T ox ic  T race  E l t J n a n t s - “ P r « f e r e n t l a l  C o n c e n t r a t i o n  n / a
i n  K e s p i r a b l e  P a r t i c l e s
C h a r a c t e r i z a t i o n  o f  T ra c e  E lem en ts  Ln F ly  Ash n / a
C om p os i t ion  and Trace  E lem ent  C on ten t  o t  Coal n / a
and  Power P l a n t  Ash
C om p os i t ion  and T ra c e  tl lument C on ten t  o f  C oa l ,  n / a
N o r th e r n  G re a t  P l a i n s  Area
The D e t e rm i n a t i o n  o f  T ra c e  E lem ents  i n  C o a l ,  F ly  n / a
Ash , Fue l  O i l ,  a n d C a s o l i r i o ,  P a r t  Z\ A 
P r e l i m i n a r y  Compar ison o f  S e l e c t e d  A n a l y t i c a l  
T ec h n iq u es
O rg a n ic  M a t e r i a l  i n  t h e  Atmosphere  n / a

E. S, G ladney , J ,  A. Sm U ,  G. * . 1 ,7 6
Cordon, and w. H. Z o U » r ,
A tm osphe r ic  Environment
J ,  Vi. Ka&kinen, R. H. J o r d a n ,  Law asin i  1975 
and West , Env ironm en ta l  S c ie n ce  and Technology-  ^
W, M. f a s t e r ,  Mining E ng lnu i ' r lnq  1965
D. M. K le i n ,  e t  a l . ,  E nv ironm en ta l  1975
S c ie n ce  and Technology
O, F. s .  N atusch ,  J .  R. W a l l a c e ,  and  1974
C, A. Evans ,  S c i e n ce
0 .  F, S, N atusch n / a
J .  E, Swanson, Coal R eso u rces  Work 1972
Group
Vi E. Swanson, D» Huffman, and J .  C. 1974
H am il ton .  M inera l  KOHouccea Work Group
D, J .  VonLehnden, R. H. J i m y e r s ,  and 1973
R, E, Lee , Anal , Chewu

E, W, Went, Proc . N at ,  A cce l .  S c l .  1960

CATEGORY 5> MAGNtTOIIYDRODYNAMlC ReSHAKCH

A tm o sp h e r ic  P o l l u t i o n  A sp e c t s  o f  Magnetohydro~ 
d ynamics  Power P l a n t s  -  f i n a l  Report
Advanced Energy C o n v e r s io n  T ec h n iq u es  t o r  
U t i l i t y  A p p l i c a t i o n s  Using c o a l  or  C oa l -D er iv ed  
F u e l s
C o a l - F i r e d  MUD E l e c t r i c  Power G e n e ra t io n
Comparative) s tu d y  o f  AUvuuuud-Cyolu s y s tu u u
MuthoJy o f  Coal Cor ibus t lou  and P r o c e ss in g  in  
Open Cyclo MlfD Systems
1 3 th  Sytr.posium on E n g in e e r in g  A sp ec t s  o f  
Mayne tohydr'odynamics
The Thermodynamic Data T a b le s  f o r  F o s s i l  
F ue l  U t i l i z a t i o n  P r o c e s s e s  ( i n c l u d e s  MHD)
T herm o p hy s ica l  P r o p e r t i e s  o f  Molten Coal 
S l a g s  and A l k a l i  Seed M ix tu re s  R e la t in g  
to  KMU
C om p os i t ion  o f  F ly  Ash from a C o a l - F i r e d  
HKD G e n e ra t o r  w i th  P o ta s h  Seed
E nergy T e c h n o lo g ie s

EPRI S ta n f o r d  U n i v e r s i t y ,  High T em p era tu re  1975 
Gasdynamios Lab.

n / a
n /a
n / a

n / a

NSF

BOM

W est inghouse  E l e c t r i c  C o r p o ra t io n

Montana S t a t e  U n i v e r s i t y
t!HI«
AVCO E v e r e s t  Ras#*roh Lab. 

S t a n f o r d  U n i v e r s i t y  

Dow Chemical Company 

B a t t e l l e  Memorial i n s t i t u t e *

HERC

mho Program

O f f i c e  N a t i o n a l  Bureau  o f  S t an d a rd s  
o f
Coal
R esearch
Q f f i c a  HIT 
o f
Co p i
R ese a rc h

n / a

n /a
n / a
1975

1973 

1979

1976

1974

1975

1974

- 1 0 -

n/i - not available
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CATEGORY Si HAGNETOHYDROPVNAMIC RESEARCH

Econom ica l ly  E f f i c i e n t  Design  o t  an  MHD Power 
S t a t i o n  Employing an Open-C ycle  S y a t e a
O p t i c a l  Measurements  o f  Mean P a r t i o l e  S i z e  i n  
t h e  E xhaus t  o f  a C o a l - F i r e d  HJiD G e n e ra to r
Urban A eroao l  T o x i c i t y }  The i n f l u e n c e  o f  
P a r t i c l e  S ize
I n v e s t i g a t i o n  o f  F a c t o r s  I n f l u e n c i n g  P o t a s s i u a  
Seed Hecovary  i n  a D i r e c t  C o a l - F i r e d  G e n e ra to r  
System

S ia g - a e e d  I n t e r a c t i o n s  and  P a r t i o u l a t e  F orm at ion

ERDA Taak 3 :  C h a r a c t e r i z a t i o n  and M odell ing
of  khd t i n i s s l o n s

n / k  F o re ig n  Technology D i v . ,  W right  1372
P a t t e r s o n  AFB

n / a  0, Holve and S, S a i f ,  U n i v e r s i t y  o f  1976
C a l i f o r n i a ,  San Diego and La J o l l a

n /a  D, F . S. H atuech  and J ,  R, WaLlace* 1974
S c ie n c e

n / a  K. E, Tufcpel iteyer,  L. S h e r ,  L, B acker ,  1977
M, D eaton, and J .  M a r t i n ,  1 6 th  r
UytitpotfiuA— E n g in e e r in g  A sp e c t s  o f  
M agnutohydrodynaa ica ,  U n i v e r s i t y  
o f  Tetmeusee  Space  l m i t i t u e n

ERDA U n i v e r s i t y  o f  T en n esse e  Space  I n s t i t u t e  0*

ERDA HFROI 0*

C h a r a c t e r i z a t i o n  o f  A tn o d p h e r ic  P o l l u t a n t s  n / a  D. F. S. N a tv ich  ( i n  p r e s e )
f o r  Power P l a n t s  { in c lu d e s  c o a l - f i r e d  HMD)
Duve4optn«nt Program f o r  MHD D i r e c t  C o a l - F i r e d  Q u a r t e r l y  T e c h n i c a l  P r o g r e s s  R e p o r t  1975
Powiar G e n e ra t i o n  T ea t  F a c i U t i u i  U n i v e r s i t y  o f  T e n n e s s e e ,  T u l la ho » a

Space I n s t i t u t e

CATEGORY 6t  SITE-SPECIFIC OR PROJECT-SPECIFIC RESEARCH

ERDA Task Qi Ambient  B a s e l i n e  M o n i to r in g  ERDA MERDl
Prograw a t  t h e  MHD CDIF
ERDA Taak Si B io l o g i c  and S o c io ec o n o * io  ERDA herdi
M oni to r in g  Program f o r  th o  MltD CDIF

*0 - ongoing -11 -
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FI Number T i t l e
M o n i t o r i n g

Affoncy
A u t h o r  o r  P e r f o r m i n g  
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GENERAL ENVIRONMENTAL KKSKAftCH

P r e c i p i t a t i o n  Scavenging
H em isp h er ic  P o l l u t i o n  B eh a v io r  S t u d i o s  o t 
Chemical and R a d ia t i o n  S u b s t a n c e s
Atcr.osphoric Research  - Cloud P h y s i c s ,  t a r o s o l e ,  
P o l l u t a n t  G ases ,  A tm ospheric  T r a c e r s ,  and 
T urb u len ce
In s t r u i ' i u n t a l  B a l lo on  Invea t. i t jn t  Ion o f  P o l l u t a n t s  
T r a n s m i t  and T rn n s£ o im a t io n
D i s t r i b u t i o n  and I n t e r r e l a t i o n s h i p  t o  Trace  
E lem en ts  in  B i o l o g i c a l  S y a te n s
Study  o f  th e  e f f e c t s  o f  A irb o rn e  SuLfur  P o l l u ­
t a n t s  on M a t e r i a l s
A irb o rn e  K o n i to r J n y  S tudy :  H y p e rb o l ic  C oa l ing
Tower E f f l u e n t s  and I n t e r a c t i o n s

Sampling and A n a ly s i s  o f  A tm ospheric  A ero so ls
S o u rc es  and T r a n s p o r t  o f  T ra c e  M e ta l s  i n  Urban 
A e r s o l s
Hea t  Exchanye and T r a n s p o r t  i n  t h e  E nvironm ent
M odeliny t h e  G as -P hase  K m o c t s  o f  F u e l - N i t r o g e n  
R e a c t io n s  -  f i n a l  Huport

ERDA B a t t o l l e  P a c i f i c  N or ihw ea t  Lab. n / a
ERDA B a t t e l l e  P a c i f i c  Noi thwe&t Lab. n / 4

ERDA B a t t e l l e  P a c i f i c  N o r th w e s t  Lab. n / a

tliDA SttfiJi L*bj , n/4

EKDA U n i v e r s i t y  of C a l i f o r n i a ,  n / e
Loe Angeles

EPA Rockwell  I n t e r n a t i o n a l  Corp . n / a

N a t 1I M&ryland Bureau o f  Air Q u a l i t y  n / a
E n v i r .  C o n t ro l
Res.
C t r ,
EPA M innesota  U n i v e r s i t y  n / a
EPA F l o r i d a  s t a t e  U n i v e r s i t y  n / a

EPRI J o hn s  Hopkins U n i v e r s i t y  1974
EPRI KVB E ng in ee r in g  Co. 1976

KNE KGY-RELA7ED _RESE A HOI

C oo l ing  Tower A tm osphe r ic  Impact ERDA
I n f l u e n c e d  ot  S o i l s  and Sediment*  on the  Chemical  ERDA
B e h a v io r ,  T r a n s p o r t  and BLUdV.ii Labi 1 i t /  of  
P o l l u t a n t *  K u s u U m g  fton; Eneigy P r o d u c t io n
D ecerm ininy  t h e  E f f e c t s  o f  i n c r e a s e d  F o s s i l  Fuel  L'RDA 
U t i l i z a t i o n  in  Power P r o d u c t io n  on tho  
C h e u U a l  N a tu re  o f  F’r e c i p i t a t i o n  in  t h e  N or th -  
e d s t  U. Si
PluiiiH S t u d i e s  BKUA
Sir.o<j Chouibur StudLuS o f  AtinouphdiJ u Chcm iu try  L'PA
o f  O rganic  and Ni iroych~C,ont<uriiii(j Umiuaiona 
from Linergincj Lnurgy T e c h n o lo g ie s
M u l t i s t a t e  Ati. ioaphono Power P r o d u c t io n  P o l l u -  ERDA
t i o n  Study
Combined E f f e c t s  o f  Waste Heat  and E nv i ron m en ta l  ERDA
F a c t o r s  A c t in g  in  C on cer t
T e c h n i c a l  a n d / o r  P o l i c y  E v a lu a t io n  f o r  A ir  a n d /  FEA
o r  Water E nv i ro n m en ta l  I n t a c t a  Cro.n Energy 
G e n e ra t i o n
E n v i ro n m en ta l  Response* t o  Thermal D is c h a r g e s  EPRX
from M a r s h a l l  Steam S t a t i o n ,  Lake Norman,
N or th  C a r o l i n a
E n v i ro n m e n ta l  Responses t o  T h o m a l  D is c h a r g e s  EPRI
from th e  I n d i a n  R iv e r  S t a t i o n ,  I n d i a n  R iv e r ,
L>- ware

b a t t e l l e  P a c i f i c  N or thw es t  Lab. 1976
D a t t e l l e  P a c i f i c  Nor thwest  Lab. n / a

B a t t e l l e  P a c i f i c  N or th w e s t  Lab. n / a

Hrookhavsn N a t i o n a l  Lab. n / a
Ruauareh T r i a n g l e  I n s t i t u t e  n / a

C a l i f o r n i a  U n i v e r s i t y ,  Llvercnore n / a

B a t t e l l e  P a c i f i c  L a b o ra t o ry  n / a

Env ironm en ta l  R ese a rc h  Techno logy ,  n / a
LoxXngto/ii Mass.

Jotine Hopkins U n i v e r s i t y  1974

Johns  Hopkins U n i v e r s i t y  1974

- 1 2 -

n/a - not available
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CATEGORY 2 I ENERGY-RELATED RESEARCH

E n v i ro n m en ta l  R esponses  t o  Thermal D is c h a r g e s  
from th e  C h e s t e r f i e l d  s t a t i o n ,  Ja.'.ujs R iv e r ,  
Virg  i n l a
R e a c t i o n s  o f  N i t r o g e n  O x id es ,  Ozones , and 
S u l f u r  i n  Powur P l a n t  Plx.ur.es - F \ n a l  R e p o r t ,  
I n t e r i m  R ep o r t
D e t e r m i n a t i o n  o f  t h e  F e a y i b i l i t y  o f  Ozone 
F o rm a t io n  in  Power P l a n t  P lunks  - Volumes l -V

C oncern ing  th e  E f f e c t  o f  T e r r a i n  C o n f i g u r a t i o n  
on Smoke D i s p e r s a l
Study o f  t h e  M i s s i o n s  from Md]or A i r  P o l l u t i o n  
S ou rces  and  t h e i r  Atrr.ospheric I n t e r a c t i o n s

EPRI

n /a

n /a

Johns  Hopkins  U n iv e r s i ty

U n i v o r u l t y  o f  Washington

M eteoro logy  R esearch ,  Inc .  and 
Sys tems A p p l i c a t i o n s ,  in c .

G. E. Gordon, o t  a l . ,  P ro g re s s  
R ep o r t ,  U n i v e r s i t y  of Maryland, 
Departm ent  of  Chemistry

1976

G, F lem ing , Atmospheric  Environment  1967

1974

D i f f u s i o n  o v e r  C o a s t a l  M oun ta in s  o f  Sou t h o r n  
Cal i f o r m a
A Theory o f  Pliure Riae Compared w i th  F i e l d  
O b s e rv a t Io n a

n /a  W. T- Hinds, Atmospheric  Environment  1970

n /a  D. P. H ou l t ,  J .  A. Fay, and L. J , 1969
Korney, Jo u rn a l  o f Aix Po l l u t i o n  
C o n t ro l  A ss o c ia t i o n

R e s u l t s  o f  R ecen t  TVA i n v e s t i g a t i o v i s  o f  Plume 
Rise

n /a  T . L. Montgor.ory, S. ft. C a r p e n t e r ,  197i
W. C. Colbaugh, and F, W. Thomas,
J o u r n a l  o f  A» r P o l l u t Ion C o n t ro 1 
A s s o c i a t i o n

E f f l u e n t  D i l u t i o n s  o v e r  M ounta inous  T e r r a i n n/a
D i f f u s i o n  i n  a Canyon w i t h i n  I<ough M ounta inous  n / a
T e r r a i n

G. F,. S t a r t ,  N. R. R icks ,  and C. R. 1974 
D ickson , NOAA Tnchnoh"]y Memo
G. E . S t a r t ,  C, R. Dickson, and L. L. 1975
W endell , J o u r n a l  of  Ap p l i e d
M eteoro logy

CATEGORY Ai COAL UTILIZATION HKSl-AHCU

094002

087759

065116

Cdb014
0«775tJ

130001

130002

A tm o sp h e r ic  P a r t i c l e  C hem is t ry  and S u l f u r -  ERDA
E m iss ion  C o n t r o l  S t u d i e s
E nv i ron m en ta l  Im pact  o f  Coal Ash on ERDA
t a k a  E r i e

E n v i ro n m en ta l  F a t e  o f  E m iss io n s  from Coal Combus- ERDA
t i o n  P l a n t s
A*rouol and T racd  Gab T r a n u f o i u j t i o n B  ERDA
The C o n ta m in a t io n  Of Groundwalur  by Heavy M e ta l s  EKUA
Through th e  Land D i s p o s a l  o f  Fly Aali
A tm o sp h e r ic  T r a n a f o r m a t io n  o f  E m is s io n s  from C o a l -  EPA
F i r e d  Power P l a n t s  i F u l l - S c a l e  F i e l d  S t u d i e s
R eg io na l  A tm o sp h e r ic  T r a n s p o r t  o f  C o a l - F i r e d  EPA
Power P l a n t  E m is s io n s
S u l f a t e  F o rm a t io n  i n  Coal P r o c e s s u s  ERDA
F undam enta l*  o f  N i t r i c  Oxide Fon t ia t ion  in  F o s s i l  ^RDA
F ue l  Coinbuation
Heavy M eta ls*  F a l l o u t  Around a Power P l a n t  n / a

E f f e c t s  o f  S tack  E m iss io n s  on  Range R esource  in  
V i c i n i t y  o f  C o l d t r i p ,  Montana

Aigonne N a t io n a l  L ab o ra to ry  n /a

S t a t e  Un i v o r s i t y  C o l l e g e ,  n / a
F r e d o n ia ,  New York
Oak Ridge  N a t io n a l  L ab o ra to ry  n / a

HaCCelle P a c i f i c  Northwool Lab. 1976
Notre  Damu U n i v e r s i t y  n / a

TVA, M uscle  S h o a ls ,  Alabama 1981

TVA, Muscle Si ioale , Alabana 1980

FPC n /a
W estern  Michigan U n i v e r s i t y  n / a

0 , H. K le in  and P. R u s s e l l  1 9 7 J
E nv ironm en ta l  S c ience  and y uchnoioay
P> Hunehower, Montana S t a t s  U n i v e r s i t y  197ii

n/» - not available
■ 1 3 -
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PI Number T i t l e M o n i t o r i n g  
A g e n c y Author or PerformingOrganization___ CompletionDate

CATEGOH* 1 i GEHEHJU, ENVTRONMtNTM. RESEARCH

070210 E v a l u a t i o n  o f  Novel Tina  P a r t i c u l a t e  C o l l e c t i o n  
D ev ices

EPA P er fo rm in g  O rg a n i z a t i o n  S o u th e r n  
R ese arc h  I n s t i t u t e

n /a

070300 High V e l o c i t y  F a b r i c  F i l t r a t i o n EPA Harvard  U n i v e r s i t y n / a
065028 Automated A na lyse s  f o r  B io c h em ica l  I n d i c a t o r s  o f  

G e n e t i c  D i f f e r e n c e s
ERQA Oak Ridge  N a t i o n a l  L a b o ra to ry n / a

070140 The S y n t h e s i s  o f  U nlaUellvd  and R a d l o l* b « l l « d  
Compounds

SPA Midwest Research  I n s t i t u t e n / a

070218 Development o f  Env ironm en ta l  A ssessm ent  and 
C o n t r o l  Technology Q u a l i t y  A ssessm ent  Program s

EPA R ese a rc h  T r i a n g l e  I n s t i t u t e n / a

070221 P o l i c y  A n a l y s i s  f o r  Hazardous H as te  C o n t r o l EPA C olo rad o  School o f  Mines R ese arc h n / a
070280 E v a l u a t i o n  o f  Fundamental Combustion Phenomena EPA n / a n / a
0IJ7024 S tud y  o f  P h y s i c a l  P a r * » e t « r i  o f  T r a n s p o r t a t i o n  

A c c id e n t s
ERDA •Sandla L a b o r a t o r i e s n / a

087026 M ain tenance  o f  a T r a n s p o r t a t i o n  E nv i ro n m en ta l  
D a ta  Dank

ERDA S an d ia  L a b o r a t o r i e s n /a

090089 E nv ironm en t  and S a f e t y  P la n n in g  S u p p o r t ERDA A ero sp ace  Corp. n /a
094002 A tm osphe r ic  P a r t i c l e  C hem is t ry  and S u l f u r  

E m iss io n  C o n t r o l  S t u d i e s
ERDA Argonna N a t io n a l  L ab o ra to ry n / a

094020 S o l v e n t  E x t r a c t i o n  S t u d i e s  U sing  N ig h -M o le c u la r  
Weight  Amines

ERDA Texas  S ou th ern  U n i v e r s i t y n /a

096014 S u r f a c e  C on b us t io n  Computer Model NASA n / a n /a

CATEGORY 2 i ENERGY-RELATED flL'SEAftCH

0X305 3 Power P l a n t  S i t i n g  and Energy I s s u e s  i n  th e  G re a t  
L4k*s C o a s t a l  Zona

MOAA W isc on s in  U n i v e r s i t y n/a

054012 Mined Area R ec lam a t io n  and R e la t e d  Land Use 
P la n n in g

USGS n / a 1976

054015 Energy Lands Program US OS n / a n / a
054023 A r c t i c  E nv i ron m en ta l  S t u d i e s USGS n / a 1982
054024 S u b s u r f a c e  H ea t  S to r a g e USGS n / a 1978
055001 S u b s t a t i o n  A c o u s t i c a l  Study DOI/

B o n n ev i l l e
Power
Admin.

B o l t /  Beranck and Newman, I n c . n /a

070174 Im p a c t s  t o  Groundwater  and  S u r f a c e  Water  Q u a n t i t y  
and Q u a l i t y  from P roposed  Energy Development  on 
th e  t fo r th e c n  Cheyunne R e s e r v a t i o n ,  Montana

EPA N o r th e rn  Cheyenne R esearch  P r o j e o t n /a

070198 T e c h n i c a l  S u p p o r t  f o r  E nv iron m en ta l  P rob lem  
D e f i n i t i o n  and P o l l u t a n t  System S t u d i e s

EPA fU d U n  C o r p o ra t i o n n / a

070201 C o n t r o l  T echno logy  Development  f o r  P r o d u c t s  and 
B y -p ro d u c t s

EPA C a t a l y t i c ,  In c , n /a

070211 T e c h n i c a l  and E n g in e e r in g  S u p p o r t  f o r  t h e  
I n d u s t r i a l  E nv i ro n m en ta l  R esuarch  Lab - w js e a rc h  
T r i a n g l e  Park

EPA Dow Chemioal  Co. n / a

070213 Quick R e a c t io n s  E n g in e e r in g  and  T e c h n i c a l  S e r v i c e s EPA R ese a rc h  T r i a n g l e  i n s t i t u t e n /a
070214 Sup p o r t  t o  EPA i n  E v a l u a t i o n  o f  C o n t r o l  

T ec h n o lo g ie s
EPA Dayton U n i v e r s i t y n /a

070216 Quick R e a c t io n s  E n g in e e r in g  and T e c h n i c a l  S e r v i c e s EPA EPA n /a

n/« - nt>t Available - 1 4 -
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LNEROY-KELATEUKESEARCH

P r o f e s s i o n a l  S e r v i c e * ;  Or. Jum pei  Ando -  E va lu -  
a ' . i o r s  o f  J a p a n e s e  P o l l u t i o n  c o n t r o l  T e c h n o lo g ie s
A i r ,  W a te r  and S o l i d  R es idue  P r i o r i t i z a t i o n  
Models  f o r  C o n v en t io n a l  Combust ion Systems
I n v e s t i g a t i o n  o f  Aerodynamic Phenomena in  
P o l l u t i o n  C o n t r o l
C o m p o s i t i o n /T e m p e ra tu re  Measurements  in  fc'lam«i3
T e c h n i c a l  S u p p o r t  Cor USA/USSR C o o p e r a t iv e  
Agreement
C h a r a c t e r i s a t i o n  o f  Eai isaion and Combustion  
P e r fo rm a nc e  o f  A l t e r n a t e  F ue ls
Program S u p p o r t  i n  E n v i ro n m en ta l  A ssessm ent  and 
C o n t r o l  T echno logy  Development f o r  Advanced roisil Funis
W estern  E n e r g y - R e la t e d  Overhead M o n i to r in g
A ir  P o l l u t i o n  dud l t d  C o n t r o l  in  F o s u i l  Energy 
P r o c e s s e s
An I n v e s t i g a t i o n  o f  t h e  P o t e n t i a l  f o r  U t i l i z a t i o n  
o f  S a l i n e  Groundwater  in  E n e r g y - R e l a t e d  P r o c e s s e s
New Concept; f o r  Fine  P a r t i c l e  C o n t r o l  a t  High 
T em p e r a tu r e  and P r e s s u r e
Measurement  o f  C r i t i c a l  Rat»i C o n s t a n t s  f.or 
N i t r i c  Oxide  D ecom posi t ion
Thu I n f l u e n c e  o f  Deuign V a r i a b l e s  on t h e  P ro d u c ­
t i o n  o f  Thermal  and f u u l  no from R e s id u a l  O il  
and Coal  Com bust ion  x
firtgs, C a g e s ,  A c c e s s o r i e s  f o r  a l l  Make? o f  
B iy h o u iey

A ir  Q u a l i t y  C r i t e r i a  f o r  P a r t i c u l a t e  H a t t e r
A i r  Q u a l i t y  C r i t e r i a  f o r  N i t r o g e n  O xides
C o n t r o l  o f  f i n e  P a r t i c u l a t e  A ir  P o l l u t a p t a :  
Kquipa-.ent Update  Report
F ine  P a r t i c l e  C o n t r o l  Techno logy j  Convan- 
t l o n a l  and Novel Devices
D is p o sa l  o f  O rg a n o c h lo r ln e  Has loo  by I n c i n ­
e r a t i o n  a t  Sea
M e t e o r o l o g i c a l  Program f o r  L im i t in g  Power P l a n t  
S tack  E m is s io n s

A ir  Q u a l i t y  C r i t e r i a  f o r  S u l f u r  O x id es ,  Sun- 
mary and C o n c lu s io n s
A ir  Q u a l i t y  C r i t e r i a  t o r  P a r t i c u l a t e  H a t t e r ,  
Summary and  C o n c lu s io n s
M r  Q u a l i t y  and Power P l a n t  E f f l u e n t s  R eport
EPA S e t s  I t s  S i g h t s  on  Nix ing C P I ' s  NO 
E m iss io n s

EPA Chuo U n i v e r s i t y  n / a

EPA Monsanto  Co. n /a

EPA U n i te d  A i r c r a f t  Corp. n / a

EPA U n i te d  T e c h n o lo g ie s  R ese arc h  C e n t e r  n / a
EPA B a t t e l l e  Columbus Laby. n /a

EPA EPA n / a

EPA S t a n f o r d  U n i v e r s i t y  n / a

EPA NASA 1980
ERDA A ir  P o l l u t i o n  T ech no lo gy ,  I n c .  1976

ERDA Radian  Corp. 1977

EPA A ir  P o l l u t i o n  Techno logy ,  I n c .  n / a

EPRI S t a n f o r d  U n i v e r s i t y ,  High T em p era tu re  1975
f o r  Dynamics L ab o ra to ry

EPA EPA 1973

n / a  Baghouse A c c e s s o r i e s  Co. n / a

A ir  P o l l u t i o n  C o n t ro l  A d m i n i s t r a t i o n  1969
A ir  P o l l u t i o n  C o n t ro l  A d m i n i s t r a t i o n  1971
P. C h e r e m is ln o f t and R. Younq, P o l i q -  1976
ti-on Kinnmifering
D. Orehmel, JA1}̂ A 1977

EPft 1975

J .  L e a v i t t ,  S. C a r p e n t e r ,  J ,  B la c k -  1971
\ l ,  T. Mojitgowery, J o u r n a l  o f  A ir  

V-A Vution C o n t ro l  A s s o c i a t i o n
N a t i o n a l  Air P o l l u t i o n  c o n t r o l  Admin- 1969
i a t r a t i o n
N a t i o n a l  A ir  P o l l u t i o n  C o n t r o l  Admin- 1969
i s t r a t i o n
L, R a n c i t e l l i ,  B a t t e l l e - N o r t h w e s t  1975
L. R i c c i ,  Chemical E n g in e e r in g  1977

- 1 5 -
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000006

000007

07010}
070106

070109

070110

070 LI 7 
070124

070i:'6
070126

070127 

07012a

C o n t r o l  Technology f o r  Hina PDA
Reclam at ion

T e c h n o lo g ie s  f o r  C o n t r o l l i n g  E f f e c t s  o f  Mining USPA/
on t h e  F o r e s t  and Range e n v i ro n m en t  and on U se rs  F o r e s t
And R e la ted  Communities Svc.
P l a n t  M a t e r i a l s  S tu d t e u  t o  Improve T e c h n o lo g ie s  USDA
o f  S u r f a c e  Mine Land EtocluuiatLon
Coal Mlnu Haul ftoad Sudl jnunt  C o n t r o l  Tunhniijuu El'A
Snowy C re o k -L au re l  Kun W aturshud  D em o n s t r a t io n  EPA
P r o j e c t  f e a s i b i l i t y
E n v i r o n n e n ta l  M on i to r in g  and A sse s sm e n t  o f  Codl EPA
S c r i p  Mining and R ec lam a t ion  in  t h e  Four Corner*
Area
E f f e c t s  ot  S u r fa c e  C o n f i g u r a t i o n  i n  W ate r  EPA
P o l l u t i o n  C on t ro l  on S c m i - a r i d  Mined Lands
Eiwiccnrr.ontal  Impact  o f  Coa l  T r a n s p o r t a t i o n  EPA
A C c o p u r a t iv a  Program t o  E v a l u a t e  S u r f a c e  and EPA
Groundwater  P roblems A s s o c i a t e d  w i t h  P o t e n t i a l  
S t r i p  Mine S i t e d
A ssessm ent  o f  F u g i t i v e  Ou»t in  Mining EPA
Manual P r a c t i c e  f o r  P r s - m in in g  S i t e  E v a l u a t i o n  -  EPA
E a s t e r n  S u r f a c e  Coal Mining
E nv i ron m en ta l  Impact  o f  S t e e p  S lo p e  Min ing EPA

t 'n v l ro n m e n ta l  and p o l l u t i o n  A s p e c t s  o f  Coal 
S l u r r y  P i p e l i n e s

USDA/Forest  S e r v i c e

US DA

West V i r g i n i a  Dept , o f  N a t u r a l  
R esources
A rizona  U n i v e r s i t y

Montana S t a t e  U n i v e r s i t y

n / a

n / a

I960

Kentucky Dupt. o f  N a t u r a l  U ssou rosa  n /a
n / a

n /a

n /a

PEDCO Env ironm en ta l  S p e c i a l i s t s i  / .nc. n /a  
Montana S t a t e  U n i v e r s i t y  V *

PtiDCO Env ironm en ta l  s p e c i a l i s t s ,  I n c .  n / a  
P e n n s y lv a n ia  S t a t s  U n i v e r s i t y  n / a

West V i r g i n i a  S u r f a c e  Mining and n / a
R ec lam at ion  A s s o c i a t i o n
C olo rado  School o f  Mined n /a

07012*

070134

070135

030049

Otf4071

00)1213

130056

H.itai- Q u a l i t y  Hydrology o f  S u r f a c e  Mined 
Watersheds
E v a l u a t i o n  o f  Groundwater  P o l l u t i o n  from E a s t e r n  
Underground Coal Mi net*
Underground S towing o f  Waste

M od i f ie d  Block Cut U t i l i s i n g  O n s i t e  C o n t r o l s  o f  
Suvface-tft ine S ed im e n ta t i o n
Land R ec la n a r io n  Program

A ssessm ent  and C o n t ro l  o f  E n v i ro n m en ta l  Con tam i­
n a t i o n  froir. Coa ls  O un u g  S to ra g e
Coal Mining I m p a c t s ,  Development o f  E n v i r o n ­
m en ta l  Assessm ent  in  A p p a la c l r a
TVA Long P i t  S t r i p  Mining

C o lo rad o  S t a t e  U n i v e r s i t y  

G eragh ty  and M i l l e r ,  i n c .

EPA Kentucky Dopt, o f  E nv i ro n m en ta l
Resou rood

EPA Aryonne N a t io n a l  L a b o ra to ry

hJHDA Los Alamos S c i e n t i f i c  L a b o ra to ry

EKDA Oak Hidge N a t io n a l  L ab o ra to ry

TVA TVA

n / a

n / a

P e n n s y lv a n ia  Dept, o f  E n v i ro n m en ta l  n / a  
R esources

n / a

Annual
Report
1976
n / a

n / a

n /a

CATEGORy 4j COAL UTILIZATION Rt:Sr'A^H

070164

070165

A ssessm ent  o f  P o l l u t i o n  C o n t r o l  T e c h n o l o g i e s  t o  EPA 
I d e n t i f y  Data c o l l e c t i o n  Needs
F i e l d  T e a t i n g j  A p p l i c a t i o n  o f  Combustion  M u d i f i -  EPA 
c a t i o n  t o  C o n t r o l  P o l l u t a n t  E m is s io n s  from 
Power G e n e ra t i o n  Combustion System s

n/A • riot available - 1 6 -
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?*xort R e s t a rc h  and E n g i n e e r in g  Co, n / a
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070255
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070265

130013
130014
130015
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A u t h o r  o r  P e r f o r m i n g  
O r g a n i  z a t i o t -_____

C o m p l e t i o n  
Da t e

COAL UTILIZATION RESEARCH

F i e l d  T e s t i n g i  A p p l i c a t i o n  o f  Cocubustion M o d i f i ­
c a t i o n  Techno logy  t o  I n d u s t r i a l  Combustion 
Equipment

O p e r a t i o n  o f  IEKL T ou t  F a c i l i t y
P i l o t  S c a l e  E v a l u a t i o n  o f  Advanced Convbustiori 
C o n t r o l  Technology  f o r  F o s s i l  and Waste F u e l s
E n v i ro n m en ta l  C o n t r o l  Techno logy  for  G e n e ra t i o n  
o f  power from Coal
Oevolop C om p ara t iv e  Economic* o f  Major S tac k  
Cd* E ci isa ions  C o n t r o l  P r o c e s s e s
E m iss io n s  C on t ro l  Techno logy  f o r  High P r e s s u r e  
Combuyt to n  Sys tems
The D es ign  and li r.plenventat ion  o f  a  D em on s t ra t io n  
S u p p lem e n ta ry  C o n t ro l  rfyatem
C o n t r o l  Technology  A ssessm ent
Combuation  R ese a rc h  and t h e  Ei*RI
C o n t r o l  o f  P o l l u t a n t s  in  F o s s i l  Fuel  C o n v e r s io n /  
T re a tm e n t  P r o c e s s e s
1/aw E m iss io n  B urn e r s  fo»- Package  B o i l e r s  (Modi- 
f * od b u r n e r  d e s ig n )
S t a t u s  o f  F lue  Cag D e a u l f u r i z a t i o n  and S i m u l t a ­
neous  Roj!»val of  SOj atvl in  J ap a n
C o n t r o l  o f  NO  ̂ and SO^ E m is s io n s
E f f e c t  o f  Fuel  S u l f u r  on  N i t r o g e n  Oxide t-'ormalion 
in  Combustion P r o c e s s e s
A n a l y s i s  o f  NO  ̂ C o n t r o l  i n  U t i l i t y  B oi le rB

EPA AV0 E n g i n e e r in g ,  I n c ,  n / a

EPA Monsanto fto*uarch Corp . n / a
EPA Acurex Corp. n / a

ERDA Argonnne N a t io n a l  Lab. 1978

EPA TV A n / i

EPA EPA n / a

ERDA MIT n / a

ERDA PERC n / a
EPR: n/d  1976
n / a  Exxon 1973

EPA U l t r a  sy s tem s ,  i n c .  n / a

EPA Chuo U n i v e r s i t y  1976

n / a  AICHE 1975
EPA A rizona  U n i v e r s i t y  n /a

EPA Aerospace  C o r p o ra t i o n  n / a
C a t a l y t i c  R educ t ion  o f  N i t r o g e n  Oxides  w ith  
Axrjftonlaj U t i l i t y  P i l o t  P l a n t  O p e r a t i o n
E n v i ro m n o n ta l  Asaeasp.eni. o f  S t a t i o n a r y  Source

C o n t r o l  T ec h n o lo g ie s
F u e l  D eco m p o si t io n  and fr'lamu R e a c t io n s  in  C onver ­
s i o n  o f  Fuel  N i t r o g e n  to
Mechanising and C hem is t ry  o f  Fue l  N i t ro g e n  t o  NO^
Combust ion  R esearch  on C oa l  N i t r o g e n  and P a r t i ­
c u l a t e  O rg a n ic  M at te r
Economic S tud y  o f  Dry NOx Removal P r o c e s s e s  
NO^ Technology
C o n t r o l  o f  NO^ F orm at ion  In  W al l ,  C o a W ' i r e d  
U t i l i t y  B o i l e r s
R e d u c t io n  o f  NO th ro u g h  S tag e d  Combust ion In 
Combined C yc le  S up p lem e n ta l  b o i l e r s  -  F in a l  
R ep o r t  -  Volumes 1 and 2
It umcgenoua Gas Phase D ecom posi t ion  o f  Oxides o f  
N i t r o g e n  - F i n a l  R eport

EPA E n v i r o n i c s ,  I nc .  n / a

EPA Acurex C o r p o ra t i o n  n / a

EPA Rockwell  I n t e r n a t i o n a l  Corp. n /a

EPA Rockwell I n t e r n a t i o n a l  Corp, n / a
EPA MIT n /a

KPR5 TVA r./a
TVA TVA n / a
EPA TVA n / a

EPRI KVB, m o .  1975

EPRI KVB, In c .  1976

fc f f e c t iv a n a a f t  o f  Cas R e c i r c u l a t i o n  and S taged  EPRI KVB, i n c .
C om bus t ion  In  Reducing NO on a 560- mW C o a l - F i r e d  
B o i l e r  - F i n a l  R ep o r t  x

n/a - not available - 1 7 -
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COAL UTILIZATION RESEARCH

F a b r i c  F i l t e r  A n a l y s i s
Bayhouse9 as  E m iss io n  C o n t r o l  D ev ices  foe a S o l id  
Wait* I n c i n e r a t i o n / B o J . l d n  A P i l o t  P l a n t  S tu d y
O p e r a t in g  P r o c e d u r e s  f o r  P ine  P a r t i c u l a t e  C o n t ro l  
i-'quipment
E l e c t r o s t a t i c  P r e c i p i t a t i o n  o f  H i g h - r e s i s t l v i t y  
F ly  Ash i n  S t a c k  Cases
P a r t i c u l a t e  Technology
f a b r i c  F i l t r a t i o n  Measurements  and Modeling Pro* 
gram
F a b r i c  V i l t r a t i o n  R ese a rc h
Survey  I n f o r m a t i o n  on  F ine  P a r t i c l e  C on t ro l
E l e c t r o s t a t i c  p r e c i p i t a t o r s  j Gas C o n d i t i o n i n g
Baghouae F i l t r a t i o n  o i  A ir  P o l l u t a n t s
C o n t r o l  T ech n iq u es  f o r  P a r t i c u l a t e  A i r  P o l l u t i o n
The P r o d u c t io n  and T re a tm e n t  o f  Gaseous P o l l u ­
t a n t s  in an E l e c t r o s t a t i c  p r e c i p i t a t o r
Concept o f  E f f e c t i v e  R es id en c e  Time A pp l ied  t o  
Cyclone  Type P a r t i c l e  C o l l e c t o r *
S ha l lo w  M u l t i s t a g e  F l u i d i z a d  B«*ds f o r  P a r t i c l e  
C o l l e c t i o n
High G ra d ie n t  M agnet ic  P a r t i c u l a t e  C o l l e c t i o n
F i l t r a t i o n  o f  Subttucron P a r t i c l e s  by F ixed  and 
F l u i d i z d d  G ra n u la r
P r im a ry  F in e  P a r t i c l e  C o n t r o l  Technology
F ine  P a r t i c l e  S c r u b b e r  P er fo rm ance  T e s t s
Improvement o f  A n a l y t i c a l  Methods f o r  D ete rm in in g  
T ra c e  Element*  in  Coal
T ra c e  Element S tudy
Power Pl«*.nt C oo l ing  Tower Blowdown Reoycle  by 
V e r t i c l e  Tuba E v a p o r a t io n  w i t h  I n t e r f a c e  Enhance-  
muntj t o b i l e  P l a n t  C o n s t r u c t i o n  and F l u i d  T e s t i n g
Bromine C h l o r i n e ,  An A l t e r n a t i v e  t o  C h lo r in e  f o r  
F o u l in g  C o n t r o l  in  C ondensor  Cool Log Systems
O p t i o d i i n g  Design S p e c i f i c a t i o n s  f o r  L a rg er  Dry 
C o o l in g  System*
Advanced Waste Hea t  C o n t r o l  -  w as te  Heat  and 
Water  U t i l i z a t i o n
W astew ate r  R en o va t ion  * R ecyc le  f o r  a Novel 
Power P l a n t  C oo l ing  C yc le  U t i l i s i n g  i r r i g a t i o n  
Ura inago  w i th  I n t u r f a c e - F n h u n e u d  C oo p e ra t io n
Mobile  Bed F lux  F o r c e /C o n d e n s a t i o n  S c ru b be rs
A l l e v i a t i o n  o f  Power P l a n t  C ondense r  and Haw 
Water  Sys tem F o u l in g  by C o r b i c u l a
Study  of  HuUiodV to  P r e v e n t  S a t u r a t i o n  o f  
C lo& ed-loop  Ash pond S ys tem s
P r o t e c t i o n  o f  A q u a t i c  L i f e  a t  Power P l a n t  
C oo l ing  W ater  I n t a k e *

EPA n /a  n/4

EPA N a s h v i l l e  Thermal  T ra n s fe r  Corp. rv/a

EPA PEDCO E n v i ro n m en ta l  S p e c i a l i s t s ,  Ino ,  n / a

ERDA GFERC n / a

TVA n / a  n / a
EPA GCA C orp .  n / a

EPA EPA n /a
EPRI S ou th e rn  R esearch  I n s t i t u t e  1975
n / a  B it*  L ab s .  n / a
n / a  P o l l u t i o n  E ng in ee r in g  1974
n / a  NAPCA 1969
n / a  Texas ASM U n i v e r s i t y  n / a

n / a  Corning C la s s  Co. 1976

n / a  U n i v e r s i t y  of  Idaho  n / a

EPA EPA 1976
n / a  U n i v e r s i t y  o f  P u e r t o  Rico and 1976

U n i v e r s i t y  o f  C i n c i n n a t i
EPA n / a  n / a
n / a  APT Inc» n / a
ERJ)A PEkC n / a

TVA TVA n / a
EPA C a l i f o r n i a  U n i v e r s i t y  n / a

EPA M ar t in  M a r i e t t a  Corp. n / a

EyA PFR E n g in e e r in g  Systems, In c .  n / a

EPA Lockheed E l e c t r o n i c s ,  I n c .  n / a

epa  C a l i f o r n i a  U n i v e r s i t y  n / a

EPA A ir  p o l l u t i o n  T echnology , I n c .  n / a
TVA n / a  n /a

TVA n / a  n / a

TVA n / a  n /a

n/a - not avallabl* - 1 8 -



fcNVl llONMUNTAL CONTHOL TECHNOLOGY
M o n i t o r i n g

r i  N u m b e r  T i t l e  A g e n c y

CATtCOftY 4 t  COAL UTILIZATION RESEARCH

N it r o g e n  Oxide* R educ t ion  EPRI
C o n t r o l  o f  MO Form at ion  in  T a n g e n t i a l l y  C o a l -  EPRI
F i re d  Steam G e n e ra to r s
Aqueous S c ru b b in g  of  HO  ̂ from S t a c k  C ases  n / a
NO^ Abatuw.ont Cor S t a t i o n a r y  Souvcoa  in  J a p a n  r / a
Energy Coa t  o f  HO  ̂ C o n t ro l  n /a
Development o f  t h e  Atjuoou* P r o c e s s u s  f o r  EPA
Removing frotn Fluu Gas
P r e f i x e d  Combustion in  a B a f f l e  Combustor  -  The n /a
E f f e c t  o f  Steam I n j e c t i o n  on NOx Emission:!
A sse ssm ent  o f  C a t a l y s t s  f o r  C o n t r o l  o f  N0X from EPA
Power P l a n t s
Design C r i t e r i a  f o r  S t a t i o n a r y  Source  C a t a l y t i c  n /a
Combustor*
C a t a l y t i c  O x i d a t i o n  o f  F u e l s  f o r  N0x C o n t r o l  EPA
P r o c e s s  Removes NO^ E f f i c i e n t l y  n /a
C a t a l y t i c  Combust ion  and t h e  F u e l - N i l r o g e n  n /a
P roblem
NO C o n t r o l  f o r  S t a t i o n a r y  Combustion  S o u r c e s  n / ax ’
A S tud y  o f  Low NO^ Convbustion n /a

070254 E n v i ro n m en ta l  A ssessm ent  o f  S t a t i o n a r y  S ource '  EPA
. C o n t r o l  T e c h n o lo g ie s

R oduot ion  o f  NO^ by ECR in  a Compact Combustor  n /a
NO  ̂ E m is s io n s  R educ t ion  from S taged  Com bustion  n /a
NO^ E m is s io n s  a t  Low E x c e s s - a i r  L e v e ls  P u l v e r -  n / a
i z e d  - Coal  Combustor
NQX C o n t r o l  Review EPA
NO C o n s i d e r a t i o n s  i n  A l t e r n a t e  F ue l  Combust ion EPAx

0 7(1 4 6  The E f f e c t s  o f  High T em p era tu re  and P r e s s u r e  on EPA
P a r t i c l e  C o l l e c t i o n  Mechanisms

07014? New C oncep t  f o r  F ine  P a r t i c l e  C o n t r o l  a t  High EPA
T em p era tu re  and  P r e s s u r e

070154 E l e c t r o s t a t i c  P r e c i p i t a t o r s  f o r  C o n t r o l  o f  r i n e  EPA
P a r t i c l e s

070200 D uiQonstra t ion  o f  l i igh -Ef  t i c i e n c y  T hroughput  EPA
Baghouse

070207 Nonwoven F a b r i c s  as  F i l t e r s  f o r  t h e  Removal o f  EPA
P a r t i c u l a t e  H a t t e r  i n  K u s p i r a b l e  uu>'t llangn

070208 E v a l u a t i o n  o f  Novel Devious EPA
070309 P ina  P a r t i c u l a t e  C o n t r o l  w i t h  U.W. E l e c t r o s t a t i c  EpA

S cru b b e r
070210 E v a l u a t i o n  o f  Novel  F ine  P a r t i c u l a t e  C o l l e c t i o n  EPA

D ev ices
070241 E l e c t r o s t a t i c  E f f e o t s  In  F a b r i c  F i l t r a t i o n  EPA
070242 D es ig n ,  F a b r i c a t e ,  and I n s t a l l  a P i l o t » S o a l e  EPA

E l e c t r o s t a t i c  P r e c i p i t a t o r
070243 Deuit/n and c o n s t r u c t i o n  o f  a  V e r s a t i l e  F a b r i c  EPA

I'LL t o r  T uu t  U n i t
n/a - not available * " ! $ * “
*0 » Ongoing

Author or Performing CompletionOrqani zation Date

F o s t e r  Wheeler  1976
Combustion E n g in e e r in g  1976

Exxon n / a
PEDCO Env ironm en ta l  S p e c i a l i s t s ,  I n c .  1976
rLUOk X976

Exxon 1972

Lava l  U n i v e r s i t y  1974

TRW Systems 1975

A cro the rm /A curex  Corp. 1976

Acurex Corp. 1976
Sura i tone  Chein  Co.,  L td .  1974
U n i v e r s i t y  o f  C a l i f o r n i a  n / a

MIT 1976
Tokyo Gas Co. , Ltd. 1974
Acure* Corp. 0*

b a t t a l i a ,  ColUobUS 1973
B a t t e l l e ,  Colusibus 1972
U.S. Bureau  o f  Hines 1970

n / a  1976
n / a  1975
A ir  P o l l u t i o n  T echno logy ,  I n c .  n / a

Air  P o l l u t i o n  Technology* In c .  n / a

S o u th e r n  R esearch  I n s t i t u t e  n / a

EPA n / a

T e x t i l e  H e tea roh  I n s t i t u t e  n / a

K e te o ro lo g y  R ese a rc h ,  I n c .  n / a
W ashington U n i v e r s i t y  n / a

t fou thern  Research  I n s t i t u t e  n / a

C arnsg ie -M elon  U n i v e r s i t y  n / a
Acurex Corp. n / a

n / *  n / a



e n v i r o n m e n t a l  c o n t r o l  t e c h n o l o g y

Monitoring Author or Performing CompletionFl Number Title Agency_ Organization__  Date

CATEGORY 4 I CO At. UTILIZATION RESEARCH

UQQM Membrane P r o c e s s * *  f o r  R e f u r b i s h in g  Power P l a n t  
Water S upply

TVA n / a n / a

130040 C h a r a c t e r i z a t i o n  o f  E f f l u e n t s  Crow C o a l - F i r e d  
U t i l i t y  B o i l e r s

EPA TVA n / a

070166 D ew ater ing  P r i n c i p l e s  and Equipment  Design 
S t u d io s EPA Auburn U n i v e r s i t y n / a

13G03S f l y  Ash C h a r a c t e r i s a t i o n  and D isp o sa l EPA TVA n /a
O'DJOJS An I n v e s t i g a t i o n  o t Ukj Muuluniuw* at! f l y  Ash 

Foiirmtiou In  C a a l - r i i u s l  U t i l i t y  i i o l l o i u
UJU>A Now Ffampuhir* U n iv e r s i t y n /a

130045 B y-Product  M arke t ing £PA TVA n / a

130031 Heat  D i s s i p a t i o n  Technology TVA n / a n / a
130032 Thermal E f f s c t a  from S t e ^ n - t l e c t r I c  G e n e ra t i n g  

F a c i l i t i e s
TVA n / a n /a

130039 * Study o r  Methods to  Reduce C h l o r in e  D is c h a r g e s TVA TVA n/a
130041 Advanced Waste H ea t  C o n t r o l fcPA TVA 1979

S e l e c t i n g  and I n s t a l l i n g  S y n t h e t i c  Pond L in in g s n / a Van Scoyco and Wiskeg n /a
A l t e r n a t i v e s  f o r  D is p o sa l  o f  F lue  Gas C le a n in g  
W astes

EPA A ero sp a c e  Corp. 1976

Sludge  D i s p o s a l  from SO^ and P a r t i c u l a t e  
Removal P r o c e s s e s TVA TV A n /a

P o l l u t a n t  C o n t r o l  Through S tag e d  Combustion 
o f  P u l v e r i z e d  Coal

FER U n i v e r s i t y  o f  A r i iona 1978

C o n t r o l  T e c h n iq u es  f o r  B e r y l l i u m  A ir  P o l l u t a n t s EPA n /a n /a

R ed u c t io n  of  S u l f u r  from Steam Coal by Mag­
n e t i c  Methods

W. K e p te r ,  0 .  Leonard and S. Wilson 
M in ina  Conurese  J o u rn a l

1967

S i z e  D i s t r i b u t i o n  o f  F ine  P a r t i c u l a t e  E m iss io n s  
f r o n  a C o a l - F i r e d  Power P l a n t

£ . Sclun idt ,  J . Gie»«ka and J .  A llen  
A tm o sp h e r ic  Environment

1976

Thermomagnetic  Method o f  C o n c e n t r a t i n g  and De- 
s u l f u r i z i n g  Coal

A. Yoiovuky and 1. fcvjMMhikov. Koksi 
Khimiia

19 50

CATKCOKV 5 i MAGNETONYDRODYNAMIC RESEARCH

E f f e c t  o f  N i t r i c  Oxide C o n t ro l  on MHD - 
Steam Power P l a n t  Economics and 
Per fo rm ance

Dept.
o f

I n t e r i o r
S t a n f o r d  U n i v e r s i t y ,  High Temper­
a t u r e  Gasdynanica  Lab.

1974

Magnetohydrodynam lc  Power G e n e ra t io n BRDA PERC 1975
\  P r e l i m i n a r y  E nv i ro n m en ta l  Assessm ent  
f o r  an MHD Energy System

n /a Lockheed M is s i l e *  and  Space Co. 1975

S t u d i e s  o f  Gasuous Core R ea c to r  -  KHD 
Power P l a n t  C oncep ts

n / a G eo rg ia  I n s t i t u t e  o f  Technology 1973

R a d ia t i o n  T r a n s p o r t  f o r  MHD P o l l u t i o n  
C o n t ro l " A AVCO E v e r a t t  fUMiireh L a b . , I n c . 1975

C o a l - t i r e d  HUD f o r  C e n t r a l  S t a t i o n  
Povot  G e n e r a t i o n  Power G e n e ra t i o n

n /a J a c k s o n ,  H.D, and (t. V. S h a n k l i n ,  
ZXXi Oklahoma S t a t e  U n i v e r s i t y

1973

n / a  •  n o t a v a i l a b l e
- 2 0 -



ENVIRONMENTAL CONTROL TECHNOLOGY

FI Number Title M o n i t o r i n g
A g e n c y

A u t h o r  o r  P e r f o r m i n g  
O r g a n i z a t i o n _____

CompletionDate

CATEGORY S> HAGNETOHVCRQpyNAKIC RESEARCH

Recovery  and U t i l i z a t i o n  o f  D i l u t e  N i t r i c  Oxide 
from an MHD G e n e ra to r  -  r a s h  H-IV

1976

P r e d i c t i o n  o f  NO C o n c e n t r a t i o n s  in  HHD Power 
P l a n t s  by Axi-Symmetrlo  Two-Dimension A na lysos
K i n e t i c  Study  o f  Ox Idas  o f  N i t r o g e n  in  MJIO Power 
P l a n t s
R ed u c t io n  o f  NO C o n c e n t r a t i o n s  i n  HJIl) Stuam 
Power P l a n t  System
A tm o sp h e r ic  P o l l u t i o n  A sp e c t s  o f  KiiD Power 
P l a n t s
Development and Design o f  High T em p era tu re  A ir  
P r e h e a t e r a  and T echn iquea  f o r  E m iss io n  C o n t r o l  
of  N i t r o g e n  Oxides  f o r  Open C yc le  MND Power 
Syvtouu
E u y in oo r ing  A sp o c t t  o f  MagnotohydrodynuMica
M>ll> Power G e n e ra t i o n  -  SO, Removal, Seed 
R e g e n e r a t io n  and P r e h e a t in g

HHD Powar G e n e ra t i o n  Development 
Program

n / a

n / a

n / a

Edi9on
E le c t .  
I n s t .
n /a

n/a
Bureau
of
Hines
EPRI

Mori, Y.i e t  a l  1975
Tokyo I n s t i t u t e  of Technology
M ori , V . , e t  a l  1972
Tokyo I n s t i t u t e  o f  Technology
Mori , V . , a t  a l  1973
Tokyo I n s t i t u t e  o f  Technology
S t a n f o r d  U n i v e r s i t y  School  o f  E n g i -  1974 
n e a r in g
AVCO E v e r e t t  Reserach  Lab. 1975

Argonno N at io na l  L ab o ra to ry  1972
n / a  1974

AVCO E v e r e t t  Research Lab. 1975

HHD G e n e ra to r  Development

Coa l  Combust ion A spects  of  Power 
G e n e ra t i o n

Bureau  o f  *yco E v e r e t t  Research L a b . ,  I n c .  
Hines O f f i c e  of  Coal Research
Bureau o f  
Mines PERC

1974

1974

T h r e e - S t a g e  Combustor f o r  MHO Power 
G e n e ra t i o n
A ir  P o l l u t i o n  A sp e c ts  o f  MUD Power 
G e n e ra t i o n

Bureau o f  
Mines n / a

Bureau  o t  PSPC 
Mines

1974

1973

P r o d u c t io n  o f  a C lean  Working F l u i d  
f o r  Coal  B u rn in g ,  Open-Cycle HHD Power 
G e n e ra t i o n

Bureau o f  
Mines

PERC 1972

E nv i ron m en ta l  A sp e c t s  o f  MHD Power 
G e n e ra t i o n

Bureau o f  perc 
Hi n e s 1971

H igh-Teropera ture  Combustion o f  Coal 
Seeded w i t h  P o t a s s i u n  C arb on a te  in  
the  HfID G e n e ra t i o n  o f  E l e c t r i o  Power
D ecomposi t ion  o f  NO on Alumina S u r f a c e s  
under  Reducing C o n d i t i o n s  f o r  Emiss ion 
C o n t ro l  o f  NO i n  HHD Power P l a n t s

n / a

Tokyo I n s t i t u t e  o f  Technology

1970

1975

Economic and Energy C o n s i d e r a t i o n s  i n  
MHO Sned K eaenerf t t ion

O p e n -c y c le  c o a l  Burning MHO Power P l a n t s  
f o r  Commercial S e r v i c e

MHD Power G en e ra t ion - -E co no m lo  and Environ*  
m e n ta l  I m p l i c a t i o n s

C o n t r o l  T ech n iq u es  f o r  N i t r o g e n  O xides  in  
MHO Power P l a n t s

P. Bergman, D. Gyorke and D< B ie n s to c k  1977 
1 6 th  Symwjsiu«“ - E n q in e e r in u  A so o c t s  o f  
Hagnetohydrodyrtaaics
J ,  C u t t i n g s ,  R. Schnydar , R, L a u i t ,  B. 1977 
Headman, and P. Z yg ie lbaun ,  P ro c a e d ln g t  
o f  the  16th Syaposiun  on  E n g in e e r in g  
A sp ec ts  o f  HHD
F. Hals  and W. Jack son ,  P r o c e e d in g s  o f  1969 
t h e  Tenth  Symposium on E n g in e e r in g  As* 
p e c t s  of  MHD
F. Hals  and P. Lewis,  P r o c e e d in g s  
o f  t h e  12th  Sy«(>ofliuji on  E n g i n e e r in g '  
A sp e c t s  of  KHD

1972

n/a - not available
-21-



ENVIRONMENTAL CONTROL TECHNOLOGY

Monitoring Author or Performing CompletionFI Number Title Agency Organization Date
CATEGORY St KACNETOHYDKQDYHAHIC RESEARCH

Development and Des ign o f  H ig h -T e n p e ra tu re  
A ir  P r e h e a t e r s  and Techniques  f o r  f tn f s s lo n  
C o n t ro l  o f  N i t ro ge n  Oxides  f o r  Opeu-C ycle  
MitP Power Systems
S t a t u s  o f  t h e  R efe rence  D ua l-C y c le  MND-Stuam 
PowHr Phnt ‘

P r o s p e c t s  f o r  More E f f e c t i v e  U t i l i z a t i o n  o f  
Fuel  t h ro u gh  Mi ID
NO c o n c e n t r a t i o n s  in  MHO Stet ia  Power t l a n t  
systems

F. l l a l s ,  R, Cannon, 8, K iv e l ,  P, 1975
Decker  and H. S t e i n i e ,  S i x t h  I n t e r ­
n a t i o n a l  Conference  on MHD e l e c t r i c a l  
Power G en e ra t ion
W, J a c k s o n ,  h, L awlt,  R. S t o u d t ,  M, 1977
K l e t t ,  J.  C u t t i n g s  and C. Maxwell, 
P roc e ed ing s  of  t h a  lOLh Symposium 
on E ng in ee r in g  Aapecta  o f  HMD
V. Ovcharenko, N a tu ra l  R esources  1976
Forurr.
J .  P ep p e r ,  R< E u s t i a  and C. K tu g e t ,  1972
Procoed ingB of  th e  12th  Symposium on 
E ng in ee r in g  A spects  o f  MHO

CATEGORY 6t SITE‘ SPECIFIC OR PROJECT-SPKCIFIC RESEARCH

D ir e c t  C o a l - t i r e d  MHD Power G e n e ra t io n  System ERDA U n i v e r s i t y  of  Tennessee  Space  I n s t .  1975

- 2 2 -



OPERA.*,jNAX, safety

P I  N u m b e r  T i t l e  A o e n c v  A u t h o r  o r  P e r f o r m i n g  C o m p l e t i o n------------------- ----------- -------2-------*-----  O r g a n i z a t i o n  D a t e ____

CATEGORr 1 ■. GENERAL ENVIRONMENTAL RESEARCH................  ......

09caa E nvironm ent  and S a f e t y  P l a n n i n g  S up p o r t ERDA A erospace  C o r p o ra t i o n n / a
08305? C r i t e r i a  f o r  S e i s m ic  Design o f  ERDA F a c i l i t i e s ERDA C a l i f o r n i a  U n i v e r s i t y ,  L iverm ore n / a
150140 D i s t r i b u t i o n  o f  Tornadoes > N uc lea r  

R e g u la to r y  
Cocun,

Chicago  U n i v e r s i t y , D e p t ,  o f  
C eo p hy s ica l  S c i e n c e s

n / a

150141 W ate rsp o u t  Measurements N u c le a r
R e g u l a t o r y

Copvn.
C o lo rad o  S t a t e  U n i v e r s i t y ,  Dept , o f  
A tm osphe r ic  S c ien ce

n / a

150143 E n g i n e e r in g  A n a l y s i s  o f  N ea r -g ro un d  W in d f i e ld s  
in  'fornadoou N u c lea r

R e g u la to r y
COflVK

Texas Tech. U n i v e r s i t y n / a

150144 U.S. Tornado  S t a t i s t i c s N u c le a r
R e g u l a t o r y

Conun.
KOAA, Kansas C i t y ,  MO n /a

150145 L ld a r  V e l o c i t y  Measurements N u c le a r
R e g u l a t o r y

Comm.
NOAA, Bou lder ,  CO n / a

150146 Tornado C h a r a c t e r i s t i c s N u c le a r
R e g u l a t o r y

Comm.
NOAA, Norman, OK n / a

150148 M odeling Tornado Dynamics N u c le a r
R e y u la to r y

Conrn.
A e r o n a u t i c a l  R esearch  A s s o c i a t e s  o f  
P r i n c e t o n ,  Inc .

n / a

087020 V u l n e r a b i l i t y  o f  Tornado R e s i s t a n t  S t r u c t u r e s  t o  
Wind G e n e ra t e d  M i s s i l e s

EPRI S and ia  Labs. n / a

I n d u s t r i a l  Hygiene Workshop ERDA Booz, ALlen, and l l a n i l t o n 1977

CATEGORY 2 i ENERGY-RELATED RESEARCH

033117 A u d i to r y  E f f e c t s  o f  Long E xposure  t o  Low L ev e ls  
o f  Noise

NIEHS M edica l  U n i v e r s i t y  o f  Sou th  C a r o l in a ,  
C h a r l e s t o n

n / a

085157 I n f o r m a t i o n  C e n te r  f o r  Energy  S a f e t y ERDA Oak Ridge N a t io n a l  L a b o ra to ry n / a

089532 A l k a l i  Metal  P r o t e c t i v e  S u i t ERDA W estinghouse  Hanford Coapany 1976

032005 R e c i r c u l a t i o n  o f  E xh a us t  A ir EPA NIOSH n / a

084061 R e s p i r a t o r  Research  and Development ERDA Los Alamos S c i e n t i f i c  L ab o ra to ry 1976

CATEGORY 4: COAL UTILIZATION RKSEARCH

032010 D i r e c t  Reading P o r s o n n o l  Gas and Vapor M on i to rs EPA NIOSH, D iv i s io n  o f  L a b o ra to ry  and 
C r i t e r i a  Development { C in c in n a t i )

n / a

083054 A t a o s p h e r i c  R e le as e  A dv iso ry  C a p a b i l i t y ERDA C a l i f o r n i a  U n i v e r s i t y ,  L ivermore  
[Lawrence Livermore Lab,}

1981

084062 A ero so l  Sampling  and C h a r a c t e r i z a t i o n  f o r  Hazard  
E v a l u a t i o n

ERDA Los Alamos s c i e n t i f i c  Lab. n / a

S a f e t y  Program P l a n n in g  f o r  CCO Programs ERDA H1TRE Corp. 1977
F i r e  and E x p lo s io n  H aza rds  i n  F lu i4 U e d * B e d  
Thermal  Coal  D ry e rs

n /a H. A, S ch re ce n go s t  and M. S . C h i l d e r s ,  
U. S. Bureau o f  Mines

, W 5

n/« - not *v*IUbl«



operational safety

Monitoring Author or Performing CompletionFI Number Title Agency Organ!zation _ Date
CATEGORY 5 » HAGNKTOHYPRODYNAMIC HK*jEARCH

094041 f u s i o n  Magnet S a f e t y  S t u d i e s ,  S u p e rco n d u c t in g  ERDA Brookhaven N a t io n a l  Lab.

CATEGORY 6t SITE-SPECIFIC OR PROJECT-SPECIFIC RESEARCH

093042 S a f e t y  C o n s i d e r a t i o n s  R ep o r t )  Montana Component ERDA G i l b e r t  Comnonvealth Companies 1976
Development and I n t e g r a t i o n  F a c i l i t y
E nv i ro n m en ta l  A n a l y s i s  and S a f e ty  G u i d e l i n e s  ERDA U n i v e r s i t y  o f  T ennessee  Space n /a
f o r  the  UTSI MHO F a c i l i t y  I n s t i t u t e  a t  TulZahoma, Tennessee

n/a - not available - 2 4 -



HEALTH LTFLCTS

F l  N u m b e r  

CATEGORY l i

000006

OU2036

033001

03̂ 012

034021

CATEGORY 2

0300b7

03311?

096004

05100*3

094042
046005

033002 

096099

09d< 97 

032013

00S102

007009

130012

l\/A - not

Title MonitoringAgency Author or PerformingOrganization CompletionDate
GENERAL ENVIRONMENTAL RESEARCH

D e t e c t i o n  And C h a r a c t e r i z a t i o n  o f  Dawages i n  
P h y s i o l o g i c a l ,  C e l l u l a r  and M olecu la r  
Systems
P r o b a b i l i s t i c  and S t a t i s t i c a l  S t u d i e s  o f  D is e a se  
E f f e c t s  o f  P o l l u t a n t s
A n a l y s i s  o f  Mechanisms o f  E xp e r im e n ta l  Emphysema 
( N i t ro g e n  Compounds)
R e l a t i o n s h i p  o f  M etabo l ism ,  P a t e ,  and  T o x i c i t y  of 
P a r t i c u l a t e s  and O rg an ic  Compounds
M olecu la r  P r o c e s s e s  I nv o lve d  In t h e  C a r c in o g e n ic  
A ct ion  o f  P o l y c y l l c  Arom at ic  H ydrocarbons

ERDA

ERDA

Nat. 
Cancer 
I n s t .

Argonne N a t i o n a l  L a b o ra to ry  n / a

U n i v e r s i t y  o f  C a l i f o r n i a ,  B e r k e l e y  n / a

S t ,  Luke’ s  H o s p i t a l ,  C le v e la n d ,  O hio  n / a

U n i v e r s i t y  o f  C a l i f o r n i a ,  Dept , o f  n / a
Zoology

ENERGY-RELATED RESEARCH

Combined i ' p u l s e  - C on t inu o u s  Noises A ud i to ry  
E f f e c t
A u d i to ry  E f f e c t s  o f  Long Exposure  to  Low L eve ls  
o f  No m u
S c i e n t i f i c  R ese a rc h  to  I n v e s t i g a t e  th u  B i o l o g i c a l  
E f f e c t s  o f  High V o l t j y e  E i e c t x i c  F i e l d s
Survey  t o  D ete rm ine  t h e  E x lu n t  and l o c a t i o n  o f  
Ulidlluyatovt Writer i n  tho  11 WoUlo»n S t a l e s

E nv i ron m en ta l  E f f e c t s  (m agne t ic  f i e l d s )
T ra n s m is s io n  Line A ud ib le  N o ise  Measurements  
( i n c l u d i n g  th ose  o f  n lec t ro r t iag r ie t lc  f i e l d s )

Q u a n t i t a t i v e  G e n e t i c  Study  o f  E nv ironm en ta l  
Mutagens ( f o s s i l  f u e l  c o u b u s t io n )
U-ce o f  t h e  Mouse S p e c i f i c - L o c u s  wothod to  
Q u a n t i t y  the  Gene M uta t io n  Hazard from Mutagens 
A s s o c i a t e d  w i th  N onnuc lear  Energy Technology
In-V ivo  S c r e e n in g  f o r  Gene M uta t io n s  in  Mouse 
Germ C e l l s  and Som at ic  C e l l s
M o r t a l i t y  Study o f  TVA Hifjh-RiBk w o rk e r s  (NO^)

B io e n g in e e r in g  R esearch  
B io m ed ical  E f f e c t s  o f  E x p lo s io n s

E f f e c t s  o f  liigh I n t e n s i t y  E l e c t r i c  
F i e l d s

T ra c e  MetAls  i n  Urban A e r o s o l s  * F i n a l  Report
I n t e r a c t i v e  E f f e c t s  o f  S u l f u r i c  AcLd and N i t r o "  
gen D io x id e  In Cynomolgus Monkeys -  F i n a l  
Report
e f f e c t s  o f  S u l f u r  O xides  on t h e  Lungi An 
A n a l y t i c  Base - F i n a l  R eport
B i o l o g i c a l  E f f e c t s  o f  High V o l ta ge  E l e c t r i c  
F i e l d s  -  F i n a l  Report
H e a l th  E f f e c t s  o f  N i t r o g e n  O xides  -  Q u a r t e r l y  
Report

Available

Nil S t a t e  U n i v e r s i t y  o f  New York ( U p s ta t e  n / a
Kc. lica l  C en te r)

NIEIIS Medica l  U n i v e r s i t y  o f  South  C a r o l i n a ,  n / a
C hu r lo b to n

ERDA B a t t e l l e  P a c i f i c  Northwest  Lab. n / a

F i sh  & F ish  end W i l d l i f e  S e rv ice  n / a
W ild­
l i f e  
SVC.
ERDA b a t t e l l e  P a c i f i c  Nor thwest  Lab. n / a
ERDA N a t io n a l  Bureau  o f  S t an d a rd s  n / a

NIEHS L o u i s ia n a  S t a t e  U n i v e r s i t y ,  Dept , o f  n / a
Zoology and P hy s io lo g y

ERDA Oak Ridge  N a t i o n a l  L a b o ra to ry  n / a

ERDA Oak Ridge N a t i o n a l  L a b o ra to ry  n / a

P u b l i c  A pp a la c h ia n  Lab. f o r  O c c u p a t io n a l  n / a
Hea l th  R e s p i r a t o r y  D is e a s e ,  Morgantown,
Svc. V i r g i n i a
Ekl)A Oak Ridge N a t i o n a l  L ab o ra to ry  n / a

ERDA L ov e lac e  Fou n d a t io n  f o r  Medica l  n / a
E d u c a t io n  and R esearch  (A lbuquerque,
New Mexico)

TVA T ennessee  V a l le y  A u t h o r i t y  n / a

EPRI New York U n i v e r s i t y  1975
EPEU l l i u l e t o n  L a b s . ,  I n c .  1975

EPRI S c i e n c e  A p p l i c a t i o n s  1975

EPRI ITT R esearch  I n s t i t u t e  1975

EPRI S c ie n c e  A p p l i c a t i o n s  1976

- 2 5 -



HEALTH EFFECTS

FI Number Title M o n i t o r i n g
Agency

Author or PerformingOrganization CompletionDate

CATEGORY 2 i ENERGY-RELATED RESEARCH

E f f e c t s  o f  O x id an t  A ir  P o l l u t a n t s

NCI L i s t s  C a rc ino g en s  Which May Be Linked 
t o  O cc u p a t io n s
Advanced Modern T ox ico logy
B io l o g i c  and C l i n i c a l  E f f e c t s  o f  Low-Frequency 
M agnet ic  and E l e c t r i c  f i e l d s

n/& W. W. Heck, J o u r n a l  o f  O cc u p a t io n a l  i960
Medic ine

n /a  Gershon W. F i s h b e i n ,  O cc u p a t io n a l  1977
H ea l th  and S a f e ty  L e t t e r

n /a  F . W, Sunderman {in  p r e s s )
n / a  Haurado , S au n c es ,  and B a t t o c l e t t i ,  1974

R ep o r t  a t  M arq ue t te  U n i v e r s i t y  and 
th e  Mudica l  C o l l e g e  o f  Wisconsin

H e a l th  E f f e c t s  o f  E l e c t r i c i t y  P r o d u c t io n

D e te rm in a t io n  of  the  E f f e c t s  o f  M a t e r i a l  
f rom A l t e r n a t e  Energy S ou rc es  on Upper 
EPA R e s p i r a t o r y  T r a c t  C le a r a n c e  Mechanisms
H e a l th  A sp e c t s  o f  F o s s i l  f u e l s
I n t e g r a t e d  Approach to  P o t e n t i a l  O c c u p a t io n a l  
H ua l th  Prob lems A ss o c ia t e d  w i th  f o s s i l  Energy 
Devtiloi-iMunt

L cfu c ty  o f  I n h a l i n g  S u l f u r  D iox ide ,  S u l f u r i c  
A cid ,  and F ly  Ash

B io lo g ic  and C l i n i c a l  E f f e c t s  o f  Low-Frequency 
Magnet ic  and E l e c t r i c  F i e l d s

ERDA
ERDA

EPRI

n /a

E P R I -p re se n t e d  speech  a t  the  
C o l l e g e  o f  P h y s i c i a n s  of  P n i l a d e l p h i a  
B ic e n t e n n i a l  L e c t u r e s  - World H e a l th  
in  Honan P e r s p e c t i v e
B a l l  S t a t e  U n i v e r s i t y  ( Ind iana}

ERDA
G r e e n f i e l d ,  A ttaway , Tyle r

H az le to n  L a b s , , I n c .

Haurado, S au n c es ,  and B a t t o c l e t t i  
M arq ue t te  U n i v e r s i t y  and the  Medical  
C o l l e g e  o f  Wisconsin

1976

n /a

n /a
1977

1975

1974

CATEOOKY 4:  COAL UTILIZATION RESEARCH

070076

070085

096053

098120

09U117

090096

096098

C om p ara t iv e  T o x l c o l o g i e a l  A ssessm ent  o f  F ly  Ash 
isom W estern  and E a s t e r n  Coal
S tu d y  S pec i f ic -  Causes o f  M o rb id i ty  and M o r t a l i t y  
i n  P o p u l a t i o n s  w i th  Long-Term Exposure  t o  
E m iss io n s  from Coal Combustion
E f f e c t  o f  Acid  S u l f a t e  P a r t i c l e s  and H^SO^ M is t s  
on  t h e  A n t i - B a c t e r i a l ,  A n t i - V i r a l /  And P a r t i c l e  
C le a r a n c e  Mechanism* o f  Lung
G e n e t i c  E f f o o tn  from E l e c t r i c  F i e l d s  a t  the  
Chromouojiial Level o f  D ro s o p h i l a
T o x i c i t y  o f  CO, H0X, SOK, and Fly 
S tea f t  T u r b in e  N oise  -  A s t a t u s  Report

N o ise  Dobs and H ear ing  Loss in  a C oa l -B u rn in g  
Power P l a n t
H o t a g e n i c i t y  Assays o f  F r a o t io n e d  Coal  Conver­
s i o n  P r o d u c t s  ( i n c l u d e s  com bust ion)
Chemical  I n t r o d u c t i o n  o f  Chromosomal A l t e r a t i o n s  
i n  Mouse Germ C u l l s  by Coal C on v e r s io n  P ro d u c t s  
( i n c l u d e s  com bus t ion)
Hazardous  Chem ica ls  from Coal C on vers ion  P r o c e s s e s

Coa l  P r e p a r a t i o n

EPA

ERDA

ERQA

ERDA
n /a

n /a

ERDA

n /a

n / a

EPA, H ea l th  E f f e c t s  Research  Lab, 
( C i n c in n a t i )

n / a

Love lace  F o u n d a t io n  f o r  Medical 
E du c a t io n  and Research

B a t t a l i *  P a c i f i c  Nor thwest  Lab.

B a t t c l l e  P a c i f i c  Nor thwest  Lab.
Heyman, F . J . ,  B a n n i s t e r ,  R .L . .a n d  
N lskode, P.M.
B ro d e r s o n , A .B . ,  Edwards, R .G . ,  and 
Green, w.w.
Oak Ridge N a t i o n a l  L ab o ra to ry  

Oak Ridge N a t i o n a l  L ab o ra to ry

n /a

n /a

n / a

n /a

n /a
n / a

1975

n /a

n /a

D. W, K o n e n a a l  and s .  E. Manahan 1976
Fnv i ron jaen ta l  S c ie n ce  and Technology
iJ. W. t e o n a r d  and T. S. S p ic e r ,  .U68
Tho American I n s t i t u t e  o f  Min ing, 
M e t a l l u r g i c a l , and Pet ro leum  
L ng ln ao ra ,  i n o ,

n/« - not avallabl*
- 2 6 -



HEALTH EFFECTS

CATEOORYJi

FI Hurcber Title MonitoringAgency Author or PerformingOrganization CompletionDate
HAGNbTCHYDRQOVNAHlC RESEARCH

Tin-S team  MHD Power S y s t e a ,  Volumes 1 and I I ,  Defense Xrgonne N a t io n a l  L ab o ra to ry  1975
P r o g r e s s  k e p o r t a  (Noise)  Advanced

Research
P r o j e c t s
Agency

- 2 7 -



ECOLOGICAL PROCESSES AND EFFECTS

FI Number T i t l e M o n i t o r i n g
A g e n c y

Author oc PerformingOrganization CompletionDate

CATEGORY l i  GENERAL ENVIRONMENTAL RESEARCH

o m &2

033103
R e s i s t a n c e  o f  P l a n t s  t o  Env ironm en ta l  S t r e s s
r a t e  o f  Heavy M e ta l s  and Heavy M eta l  Complexes 
La S o i l s  and P l a n t s

ERDA Michigan S t a t e  U n i v e r s i t y
NZEHS B a t t e l l e  P a c i f i c  N or thw es t  Lab.

n /a
n /a

CATEGORY 2: ENERGY*RELATED RESEARCH

omo6S

0830*0
0&S056
070003

08001?

0UGO24

090027

oyaibo

*30005

l)v007

111015

E f f e c t s  o f  Acid  Rain on  T e r r e s t r i a l  Ecosystems
Trace  E lements  i n  Major Pood Chains
E nv ironm en ta l  E f f e c t s  o f  Cooling  Tower O r i f t
Toxic E f f e c t s  on the  A qua tic  B io t a  from Coal and 
O i l  Sha le
Land and F resh  Water Environm enta l  S c i e n c e s ,  
Impact of  F o s s i l  Fuel U t i l i z a t i o n  on T e r r e s t r i a l  
Kcosystcins
E t f u c t s  o f  B ehavio r  o f  F o s s i l  Fuel  E f f l u e n t s  
m  F re sh w a te r  Ecosystems
E f f e c t s  o f  N onnuc lear  P o l l u t a n t s  on Arid 
Environments
Trace  Mutal C y c l in g  and E f f e c t s  on T e r r e s t r i a l  
Ecosystems in  S .E .  U n i te d  S t a t e s
C h a r a c t e r * . n d  Q u a n t i f y  t h e  T r a n s f e r .  F a t o ,  
and E f f e c t s  o f  SO , NOx , and Acid P r e c i p i t a t i o n  
in  t h e  T e r r e s t r i a l  Ecosystem R e p r e s e n t a t i v e  o f  
the  T en n essee  V a l le y  Region
F a te  and E f f e c t s  o f  Atmoaphar ic  E m iss io n s  from 
C o o l i n j  Systems on T e r r e s t r i a l  H a b i t a t s
B ehav io r  o f  H^S In t h e  Atmosphere and i t s  
E f f e c t s  on V e g e ta t i o n
R eg iona l  C l i m a t i c  E f f e c t s  o f  Power P l a n t  Heat 
Rejection
Computer S i m u l a t i o n  o f  A tm ospheric  E f f e c t s  o f  
Waste Heat
Hydrocarbon C o n c e n t r a t i o n  in  Food Cttalns
S im u la t i o n  o f  Spray  Canal  C oo l ing  f o r  Power 
P l a n t s  ~ Perform ance  and K*i4iroumental E f f e c t s
Coo l ing  Water D is c h a rg e  Research  P r o j e c t  - -  
F i n a l  Report
Tho E f f e c t  of  S tack  Dnias lono  on th o  Rango 
Rosourco i n  the  V i c i n i t y  of  C o i s t r l p ,
Montana

ERDA Broofchaven N a t i o n a l  L ab o ra to ry
ERDA U n i v e r s i t y  o f  C a l i f o r n i a .  L ivermore
ERDA Oak Ridge N a t i o n a l  L ab o ra to ry

EPA C o lo rad o  S t a t e  U n i v e r s i t y
ERDA Argonne N a t i o n a l  L ab o ra to ry

ERDA

NSF

n /a

n /a

NOAA
n / a

EPRI

n /a

B a t t e l l u  P a c i f i c  Northwest  Lab.

TVAi Muscle  S h o a l s ,  Alabama

n /a
n /a
1976

n / a
Annual
R eports

1980

ERDA U n i v e r s i t y  of  C a l i f o r n i a ,  Los A nge la s  1977

ERDA DuPont de Nemours IE, I . )  and Co. n /a

EPA TVA, Muscle  S h o a l s .  Alabama 1900

1980

U n i v e r s i t y  o f  C a l i f o r n i a ,  R i v e r s i d e  n /a
(S ta t e w id e  Air P o l l u t i o n  R ese a rc h  C t r . )

C o r n e l l  U n i v e r s i t y  1976

S t a n f o r d  Research  I n s t i t u t e  n / a

L o u i s ia n a  S t a t e  U n i v e r s i t y  n /a
D e t r o i t  E d ison  n /a

E c o l o g i c a l  A n a l y s i s ,  I n c . / J o h n s  1976
Hopkins  U n i v e r s i t y

F. Hunshowor, B, W, S i n d o l a r ,  and  1975
D> R. Nuuman, Montana S t a t e
U n i v e r s i t y

CATEGORY 3: COAL RESEARCH

070001

070010

B io a ssa y s  Using P e r ip h y to n  Communities 
w i th  Emphasis on the  E f f e c t s  o f  Coal 
L eacha te
S t a t i c  Coal S to r a g e  B io l o g i c a l  and Chemical 
E f f e c t s  on th e  A qu a tic  Environment

EPA

U n i v e r s i t y  o f  M innesota

W iscons in  U n i v e r s i t y

n/*

n/»

n/a - not available
-28-



ECOLOGICAL PROCESSES AND EFFECTS

FI Number T i  1 11 ■ Monitoring 
_Agency Author or PerformingOrganization__ CompletionDate

CATLGORY 4» COAL UTILI2ATION RESEARCH

065119 E c o l o g i c a l  E f f e c t s  o f  Coa l  Com bus t ion ,  Response 
o f  V e g e ta t i o n  t o  SOj, Ozone, anti Acid  P r e c i p i -

ERDA Oak Ridge N a t io n a l  L a b o ra to ry n / a

085156

070007

070006

070009

098114

ousn7

098060

09B112

130003

130004

Workshop on E f f c c t s  o f  T ra c e  C o n ta m in an ts  from 
Coal  Com bustion  Systems
E c o l o g i c a l  E f f e c t s  o f  F o s s i l  Fuel  Power P l a n t s  
on a G ra s s la n d  Ecosystem  i n  C o l s t r i p ( HT
The Impact  o f  C o a l - F i r e d  Powur P l a n t s  on  the  
Lnvirunneht

O rg a n ic  LeachLng and P a r t i c u l a t e  D i s p e r s i o n  
from Coal
Power P l a n t  Heat and Chemical  E f f l u e n t  E f f e c t s  
on S e l e c t e d  M arine  and E s t u a n n e  Communit ies
B io g eoch em ica l  C y c l in g  in  A qu a t ic  E cosys tem s  of  
T ra c e  E lem en ts  i n  Coal
E c o l o g i c a l  F a t e  and E f f e c t s  o f  T ra c e  C on tam in an ts  
from Coal Combust ion and P r o c e s s i n g
The Immedia te  E f f e c t s  o f  E f f l u e n t s  from Coal  
U t i l i z a t i o n  on th e  Behavior  and P hy s io lo g y  o f  
F r e s h w a te r  B io t a
F i l t e r e d  and F i l t e r e d / U n f i l t e r e d  Exposure  Chamber 
s t u d i e s  o f  E f f e c t s  of  C o a l - F i r e d  Power P l a n t  
D n i s s i o n s  on Crop and F o r e s t  S p e c ie s
Determ ine  Dose-Reaponse  K i n e t i c s  f o r  E f f e c t s  of  
A tm osphe r ic  E m is s io n s  from C o a l - F i r e d  Power 
P l a n t s  on  Soybeans  and O th e r  Crop and F o r e s t  
S p e c ie s

ERDA Oak Ridge N a t io n a l  L a b o ra to ry

EPA N a t i o n a l  Env ironm en ta l  R ese a rc h
C e n te r

EPA W isc on s in  U n i v e r s i t y

EPA M in n eso ta  U n i v e r s i t y

ERDA B a t t e l l e  P a c i f i c  N.W. Labs .

ERD\ Oak Ridge N a t i o n a l  L a b o ra to ry

BRDA Los Alamos S c i e n t i f i c  Lab.

ERDA B a t t e l l e  P a c i f i c  N>w, Labs .

EPA TVA, Muscle S h o a l s ,  Alabama

EPA TVA, Muscle S h o a l s ,  Alabama

1976

n /a

n /a

n / a

1978

n /a

n /a

1976

n / a

n / a

n/a - not available - 2 9 -



INTEGRATED ASSESSMENTS

FINumbar Title M o n i t o r i n g
A g e n c y

Author or PerformingOrganization CompletionDate
CATEGORY 1 l GENERAL ENVTHONHb'HTAt RESEARCH

E f f e c t s  o f  a ase o u*  P o l l u t a n t s  on M a t e r i a l *  EPA
Syetem s A n a ly s i s  o f  t h e  E f f e c t s  o f  U r  P o l l u t i o n  on n / a
M a t e r i a l s
A S u rv e y  Economic Assessm ent  o f  th e  E f f e c t s  o f  A ir  n / a
p o l l u t i o n  on  E la s tom er*
A S urv e y  on E l o c t r i c a l  Components n / a
Economic Im pact  o f  A ir  P o l l u t a n t s  on P l a n t s  i n  thu  IB n / a
Economic Measurement  o f  E n v i ro n m en ta l  Damage OECD
I n d u s t r y  C o s t s  fo r  S tac k  M u n l to r in g  n / a

n / a
Midwest  Research  I n s t i t u t e  

B a t t a l i a

ITT E l o o t r o  •  P h y s i c s  L a b o r a t o r i e s  
S t a n f o r d  R esearch  I n s t i t u t e  
n / a

U n i v e r s i t y  o f  Texaa

1976
1970

1970

1971 
1971 
1976 
1976

CAVEPOKY 1: ENERGY-RELATED RESEARCH

O0OOJi s o c i a l  C os t s  o f  Energy Supply  Systems
089104 G ra d u a te  T ra i n in g  in  Energy R e l a t e d  Problem*

i n  H e a l th  and K n v i ro i i fu n ta l  B io logy

ERDA Argonne N a t io n a l  L a b o ra t o ry  n/ a
ERDA T en n essee  U n i v e r s i t y ,  Oak Ridge n / a

E n v i r o n m e n ta l  A spects  o f  F o s s i l  O e« ion* tr i . t ion  
P l a n t s
A s s i s t a n c e  i n  A s s e s s in g  Wator R esource  A p p l i c a -  ERDA
t l o u u  o f  UKUA
E n v i ro n i i t in l a l  G u i d e l i n e s  f o r  F o s s i l  E ne rgy  erda
p i l o t .  D em on s t ra t io n  and Com mercial  F a c i l i t i e s
S oc ioeconom io  Impact  Study  EROA
S oc io ec o no m ics  Data T Book -  Task I ERDA
S oc io eco no m ic  Impaot  Methodology ERDA
E n v i r o n m e n ta l  E v a l u a t i o n  R equ irem en ts  f o r  d ie  ' ERUA
fE P r o g r a *
I n v e s t i g a t i o n  o f  S econdary  Im p ac ts  o f  W es te rn  
E ne rgy  Development
Develo pment  and A p p l i c a t i o n  o f  a Methodology  ERDA
f o r  the  Soc loeconom io  Impacts  o f  D e n o n s t r a t l o n
p l a n t s
E n v i r o n m e n ta l  and C o n s e rv a t i o n  S u p p o r t  S e r v i c e s  ERDA
t o  F o s s i l  Energy O f f i c e  o f  p l a n n in g s  and  A n a l y s i s
I n v e s t i g a t i o n  o f  t h e  P o t e n t i a l  f o r  U t i l i z a t i o n  ERM
o f  S a l i n e  G roundwater  i n  Enurgy - R e l a t e d
Processus

e f f e c t s  o f  Power P ld i i t  E m iss io n s  o r  M a t e r i a l *  EPRI

I n v e n to r y  o f  Environmental , and S a f e t y  P r o j e o t a  
i n  t’o e s i l  Energy

Energy and E n v i r o n m e n ta l  A n a l y s i s ,  197s
I no 1
Enargy and E n v i ro n m en ta l  A n a l y s i s ,  1977
In c ,
PERC 1979

N a t i o n a l  Gov*more  C o n fe re n ce  1977

Oak Ridge n a t i o n a l  L a b o ra to ry  1977
Murphy -  W i l l i am s  1977
MITRE 1976

CEO (Denver  R ese arc h  I n s t i t u t e )  1977

P r o p o s a l  Under Review 1979

PERC 1979

Radian Corp.

R ese a rc h  Corp. o f  New E ngland  1975

TW 1976

n / a

O onferenc*  on  Local Technology and Advanced 
Sys tem* - -  t h e  U n i v e r s i t y ' s  Hole

C o n s t r u c t i o n  Worker p r o f i l e i  U e e r ' a  a u i d e  
t o  t h e  Data
OCS o i l  and G a a > - E n v i r o m u n ta l  Aseeaaawnt 

n o t  a v a i l a b l e

Nsr

n / a

n / a

S t a t e  U n i v e r e l t y  S c h o o l  o f  E n g i n e . * .  n / ain g s
J 1 C h a l m r s  and  J ,  G l a t n e r  1975
M ounta in  Nest  Res e a r o h ,  Ino .
Counoil on tnvlronMntal Quality 1974

-30-



INTEGRATED ASSESSMENTS
PI Number Title M o n i t o r i n g

A o e n c y
A u t h o r  o r  P e r f o r m i n g  

O r g a n i z a t i o n
CompletionDate

CATEGORY 2; ENERGY-RELATED RESEARCH

E f f o c t s  o f  C oa l  Development in  t h e  n / a
N o r th e r n  G r e a t  P l a i n s * - *  Review o f  
Major  i s s u e s  and C onsequences  a t  
D i f f e r e n t  R a te s  o f  Developcne.it
The S o c i a l  and EconoiQic Impact  o f  n / a
a Camp Gruber  Energy C en te r
Development and A p p l i c a t i o n  o f  Methodology f o r  t h e  ERDA n / a  
Soc ioeconom ic  Im pacts  o f  D em o n s t r a t io n  P l a n t s

N or th ern  G re a t  P l a i n s  Resouroe 
Program

J ,  R. Voting and K. E. Yandon, 
B a t t e l l e  P a c i f i c  N or thw es t  Lab.

1975

1975

1979

A N a t i o n a l  P l a n  f o r  Energy R e s e a rc h ,  n / a
Development and D e m o n s t r a t io n !  C r e a t in g  
Energy C h o ic es  f o r  t h e  F u tu re
E x p lo r in g  Energy C h o ic es  n / a
M eth od o log ie s  f o r  Power P l a n t  S i t i n g  USGS

Second D r a f t  o f  a S o c i a l  Impact  n / a
A ssessm ent  P r im er
A Procedure, f o r  E v a l u a t i n g  E nv i ron m en ta l  Impact  n /a

Power F a c i l i t y  S i t i n g  in  th e  S t a t e  o f  I l l i n o i s  n /a

F i n a l  Report  o f  th e  F o r t  Union R eg iona l  Task n / a
F orc e  on S o c i a l  and Economic Impact

Energy R esearch  and Development  1976
A d m ln l s t a t l o n

Ford Fou n d a t io n  1974
E. Graf~W ebster , S . Hsus, S . Lubore 1975 
J .  P f e f f e r ,  and .. .  Watson 
MITRE C o r p o ra t i o n
R. L. Gold , U n i v e r s i t y  of  Hontana

L, B. Leopold , F . E. C la r k e ,  8. 1971
Hanshaw, and J .  B a l s l a y
D. R. K c f a r l a n e ,  B. M. Hoglund,  P. A. 1975 
R o b e r t s ,  and J .  J .  Y ate s ,  S t a t e  o f  
I l l i n o i s  I n s t i t u t e  f o r  E nvironm ental  
Q u a l i ty
N a t io n a l  S c ie n ce  F ounda t ion  1976

3 i COAL RjjSSABCH

Coal R ese a rc h ,  Development  and D em ons t ra t ion  
E n v i ro n m e n ta l  A n a ly s i s
Coa l  KDkD Impact  Stat t i ioent

ERDA

ERDA

MO the 1977

1977

CATEGORY 4i  COAL UTILIZATION RESEARCH

085156 Workshop on E f f e c t s  o f  T race  C on tam in an ts  from EROA
Coal  Com bust ion Systems
F a o t o r s  i n f l u e n c i n g  an  A r e a ' s  A b i l i t y  t o  Absorb  ERDA
a L a r g e - s c a l e  Com mercial  Coal  P r o c e ss in g  Complex -  
A Case  Study o f  t h e  F t ,  u n io n  L i g n i t e
B o n e f i t  -  C o s t  E v a l u a t i o n  o f  th u  ERDA FE Combun- n / a  
t l o n s  Advanced Power Development  ® rograa
D r a f t  E nv i ron m en ta l  Im pact  s t a t e m e n t  on  n /a
C o l s t r l p  E l e c t r i c  G e n e r a t i o n  U n i t s  3 & 4 ,
500 K i l o v o l t  T ra n s m i s s i o n  L in e s  and 
A s s o c ia t e  F a c i l i t i e s
F i n a l  E nv i ron m en ta l  Im p a c t  S ta t e m e n t i  P rop o sed  n / a
P la n  o f  Mining and R e c l a m a t io n ,  E aa t  Decker 
and Nor th  E x t e n s i o n  H in e s ,  Decker  Coal 
Company, Big Horn C ou n ty ,  Montana

OaX Ridge N a t io n a l  L ab o ra to ry  1976

Denver R esearch  I n s t i t u t e  1975

M itre  C orp .  1976

Energy P la n n in g  D iv i s i o n ,  1974
Montana S t a t e  D epartm ent  o f  
N a tu r a l  R esources  and C o n s e rv a t io n

USGS, Departm ent  o f  t h e  I n t e r i o r ,  1977
and Hontana  D epartm ent  o f  S t a t e
Lands

n/a * not available -31-



INTEGRATED ASSESSMENTS

FI Number Title MonitoringAgency Author or PerformingQrgani zation CompletionDate
CATEGORY 5i HAGtJETOIIYOHOOYNAM IC RESEARCH

070136

070168

Development S t a t u s  and E nv i ron m en ta l  Hazards EPA
o f  S ev e ra l  Advanced Energy Systems ( i n c l u d e s
MHO)
Env ironm en ta l  Assessm ent  o f  Advanced Enerqy EPA
C on vers ion  T e c h n o lo g ie s  { i n c l u d e s  MHO)
An O v e r a l l  Program f o r  the  Developer,ent o f  EFr ?
Open C yc le  MHD Power G e n e ra t i o n
Energy T e c h n o lo g ie s  ( I n c l u d e s  MHD) DOI
T h i rd  U. S. - U. S. S, R. ‘ C ol ioqu im  on ERDA
Mdynotohydrodyna/nics E l e c t r i c  Power 
Gonura t  i oi i
M ^ne tohydrodyna in lca  Power G e n u ia t i o n  and n / a
Thuoryi  A H lb lioyrr t^ l iy
Environment and C o n s e r v a t i o n  i n  Energy n / a
Research  and Development
MHD f o r  C o n t ra !  S t a t i o n  Power G e n e ra t i o n j  n / a
A P lan  f o r  Action
S e l e c t i o n  of  T e n t a t i v e  MHD-ETF C an d id a te  n / a
S i t e  Areas

Lockheed M i s s i l e s  and Space Co.

4 E ng in ee r in g  Co.

EJ'RI

8ureau  o f  S tan d a rd s  
Moscow/ U .S .S .R .

n / a

n / a

1975

1976 
1976

NTIS n / a

C ou n c i l  on E nvironm enta l  Q u a l i t y  1976

O f f i c e  o f  S c ie n ce  and Technology. 1969
E x e c u t iv e  O f f i c e  o f  the P r e s i d e n t
The Montana Energy and MHD R esearch  1977
and D ev e lo p aen t  I n s t i t u t e ,  Inc .

CATEGOHV 6i SITE-SPECIFIC OR PHOJECT-SPECIPIC RESEARCH

A R efe ren ce  Suirwary o f  C u r r e n t  KHD T e s t  F a c l J i -  ERDA G ilU er t /Cow nonw eal th  A ss o c ia t e s  1976
t i e o  and T h e i r  C a p a b i l i t i e s

n/a - not available - 3 2 -



REGULATORY ACTIVITIES

FI Number Title Monitoring
Agency A u t h o r  o r  P e r f o r m i n g  

O r g a n i z a t i o n
CompletionDate

CATEGORY 2i ENERGY-RELATED RESEARCH

E l e c t r i c  U t i l i t i e s ,  C lean  A i r  Act  Amendments,and S'JlfAtftB
Im pacts  o f  C lean  A i r  Act Vnendmenta on F o s a i l  
Energy P r o j e c t s
G u i d e l i n e s  end M e th od o log ie s  f o r  E nv i ron m en ta l  
R ep o r t s
Data  A na lyo ia  and S upport  S e r v i c e d  Cor P repa*  
r a t i o n  o t  E nv i ron m en ta l  Irupdct S t a te m e n ts

i n d u s t r i a l  S i t i n g  L e g i s l a t i o n  and P r o t e c t i o n  
o f  t h e  Environm ent

ERDA

ERDA

MITRE

MITRE

MITRE

J ,  Speck, Rocky Mountain C e n te r  
on  Environment

n / a

1976

1977 

1977 

1973

CATEGORY 3; COAL RESEARCH

P e r a i t  I n t e g r a t i o n  to  Improve Coal P r o d u c t io n  
and t h e  R e g u la to r y  P r o c e s s

Coa l  RDfcD Program D r a f t  E nv i ron m en ta l  Im pac t  
S ta te m e n t

ERDA HERC

MITRE

1976

1977

CATEGORY 6« SITE-SPECIFIC OR PROJECT-SPECIFIC RESEARCH

094043

093041

E nv i ro n m en ta l  A ssessm ent!  Montana MHD Component ERDA 
Development and  I n t e g r a t i o n  F a c i l i t y
E nv i ron m en ta l  A n a l y s i s  o f  P rop o sed  t)TS3 MHD DO!
P r o j e c t  - Tullahoff ia,  T ennessee
JY 19?6 Annual R eport  — Task H and S e l e c t i o n  ERDA
o f  T e n t a t i v e  MHD ETF C a n d id a te  S i t e  Areas - -  
Second D r a f t  I n t e r i m  R eport
MaijnutohydrodynamicB Syutomw ^environmental ERDA
Iflipact Stingy

G i l b e r t  A s s o c i a t e s ,  I n c .  

O f f i c e  o f  Coal Research  

MERDI

MKHD1

1976 

1974

1977

1976

n/a - not available - 3 3 -



C . S p e c i f i c  P r o j e c t  S u m m a r i e s

CATEGORY 5: SPECIFIC PROJECT SUMMARIES

T i t l e

Advanced Energy C on vers ion  Techniques  f o r  U t i l i t y  
A p p l i c a t i o n s  Using Coal o r  C o a l - d e r i v e d  F ue ls

T h is  s tu d y  i s  p a r t  o f  the  Energy C onvers ion  
A l t e r n a t i v e s  Study (ECAS). Research  h a s  been  c on ­
d u c t e d  on HHD pei ' fo imance r e q u i r e m e n t s ,  economica, 
e n v i r o n m e n ta l  i n t r u s i o n s ,  and n a t u r a l  r e s o u r c e s .

f tothor  o r  P e r fo rm ing  O rg a n i s a t io n  
NSF/Westinghouse  E l e c t r i c  C orp . ,  P i t t s b u r g h ,  PA.

Com para t ive  Study  o f  A dv anced -cy c le  Systems EPRI
Ef'RI I s  t fup p or t in g  « p rogram t o  d e v e lo p  I 

com par ison  w j lh o do lo gy  and p e r fo rm  a d e t a i l e d  
• v a l u a t i o n  and com parison  o f  open  and y lo u u d -  
c y c lu  MUD s y s t e m s ,  g as  t u r b i n e s ,  advanced  s team  
sy s te m s ,  m e ta l  vapor  t u r b i n o s ,  f u e l  c e l l s ,  and 
th o r m io n i c s .  C oa l ,  g a s i f i e d  c o a l ,  o i l ,  LMFBR, 
and HTGR a r e  c o n s i d e r e d  as  f u e l s .

HJID Program MIT, G ra d u a te  S c h o o l ,  m oni tored  by th e  O f f i c e  o f
Coal R e s e a r c h ,  1974HIT f a c u l t y  d ev e lop e d  a n o d e l  i n  s u p p o r t  o f  

t h e  O f f i c e  o f  Coa l  R e s e a r c h ' s  KHD deve lopm en t  p r o ­
gram. I n c lu d e d  in  t h i s  model wore c h a r a c t e r i s t i c s  
o f  cortl couvbuat ion and g a s i f i a a t i o n ,  th o  g e n e r a t o r ,  
t h e  a i i '  p r e h e a t e r ,  seed  r e c o v e r y  and g as  c l e a n in g  
s y s t e n s ,  t h e  s tuam  g e n e r a t i n g  p l a n t ,  and a u x i l i a r y  
p l a n t  c o p p o n e n ts .  MIT a l s o  c o n d u c te d  extensive* 
m a t e r i a l s  r e s e a r c h .

13th  Symposium on th e  E n g in e e r in g  A sp e c ts  o f  Mag- S t a n f o r d  U n i v e r s i t y ,  1973
n e to h yd ro dy n am ies

P ap e r s  p r e s e n t e d  a t  t h i s  symposium a r e  c o l ­
l e c t e d  in  t h i s  volume. S t u d i e s  on p o l l u t i o n  a s p e o t s  
c o v e r  g e n e r a l  a i r  p o l l u t i o n  p ro b lem s .  N0X decompo­
s i t i o n  m o d e l in g ,  and NO  ̂ r e d u c t i o n .

THuraodynamic Dala  T ab lea  f o r  F o a s i l  F ue l  U t i l l i a -  3RDA/MER, Dow Chemical  Conjwny, M id land , MI.-, 1979t i o n  P r o c e s s e s
T h is  p r o j e c t  w i l l  dev e lop  thermodynamic  d a t a  

fok chem ica l  compounds and s p e c i e s  o f  i n t e r e s t  t o  
c o a l  c o n v e r s i o n  and u t i l i z a t i o n  p r o c e s s e s .  P o t a s ­
sium s i l i c a t e s  and a l u m i n o s i l J c a t e s  w i l l  be s t u d i e d  
s p e c i f i c  t o  MilDi a s  w e l l  as  c e s i u n  s u l f i d e s  and 
s i l i c a t e s  and g ase o us  COj, NO, S02> PO, and POj.
T ab le s  w i l l  a l s o  be p r e p a re d  f o r  w a t e r ,
H?S, C |-C^ a c i d s ,  a l c o h o l s ,  m e r c a p ta n s ,  and a rg o n .

-34-



CATEGORY St SPECIFIC PROJECT 9UK4AMES

CHARACTER!ZA'PION, HEftSUB£MENT, AND MONITORING

f t  Number T i t l e  A.uthor o r  P er fo rm ing  O rg a n i s a t i o n

Development Program f o r  HHD D i r e c t  C o a l - f i r e d  U n i v e r s i t y  o f  T en n esse e ,  T u l la h o o a  Space I n s t i t u t e
Power G e n e r a t i o n  T e s t  F a c i l i t i e s .  Q u a r t e r l y  
T e c h n i c a l  P r o g r e s s  R ep o r t ,  J u ly - S e p t e m b e r , 1975.

T h i s  r e p o r t  d i s c u s s e s  p r o g r e s s  wade i n  th e  
Measurement and a n a l y s i s  o f  t h e  i n t e r a c t i o n  be ­
tween s l a g  and  seed  m a t e r i a l .  Sys tem r e q u i r e m e n t s  
f o r  v e r y  f i n e  p a r t i c u l a t e  p o ta s s iu m  s u l f a t e  fume 
r e c o v e r y  were c h a r a c t e r i s e d .

C h a r a c t e r i s a t i o n  o f  A tm ospheric  P o l l u t a n t #  f o r  N e tu s c h ,  0 .  p, S< ( in  p r e s s )  ( i n o l u d i n v  c o a l - C l r e d  HHD)
Pow«»r P l a n t *  ( In c l u d i n g  c o s W i r s d  HMD)

T h i s  p u b l i c a t i o n  d i s c u s s e s  t h e  p h y s i c a l  and 
m o r p h o lo g ic a l  p r o p e r t i e s  of  f l y  a sh  c o m p o s i t i o n  p r o ­
duced  i n  c o a l  c c a b o s t l o n  and ,  in  p a r t i c u l a r ,  KltD power 
g e n e r a t i o n .  N atusch  b e l i e v e s  t h a t  l a r g e  numbers o f  
f i n e  p a r t i c l e s  w i l l  be c r e a t e d  in  HHD power g e n e r a t i o n ,  
w h i l e  none o f  t h e  l a r g e r ,  ho l low  s p h e r e s  (a  c l a s s i f i c a ­
t i o n  o f  f l y  a s h  20 * 60 p i  in  d i a m e t e r )  w i l l  be p r o ­
d uced.

O p t i c a l  Measurements  o f  Mean P a r t i c l e  S i t e  In t h e  Holve, D. and S . S e l f ,  p r e s e n t e d  a t  f a l l  m ee t ing  o f  Western
e x h a u s t  o f  a C o a l - f i r e d  MHD G e n e ra to r  S t a t e s  S e c t io n  o f  the  Combustion I n s t i t u t e ,  U n i v e r s i t y  of

C a l i f o r n i a ,  San Diego, and L a J o l l a ,  C a l i f o r n i a
T h i s  p r o j e c t  i s  d e v e lo p in g  t e c h n i q u e s  t o  

■easure t h e  mean p a r t i c l e  s i z e  in  t h e  a x h a u s t  o f  a 
c o a l - f i r e d  HHD g e n e r a t o r ,  Work i s  d i r e c t e d  a t  
d e t e r m i n i n g  s l a g  d e p o s i t i o n  r a t e s  and how p a r t i c l e  
s i z e  e f f e c t s  d e p o s i t i o n .  Many sam p l in g  t e c h n iq u e s  
c an n o t  be used  w i th  MHD due t o  t h e  h ig h  t e m p e r a t u r e s  
i n v o l v e d ;  t h e  above a pp ro ac h  ( s l a g  d e p o s i t i o n  
r a t e s / p a r t i c l o  s i z e )  may prove  a p r a c t i c a l  a l t e r ­
n a t i v e .

I n v e s t i g a t i o n  o f  f a c t o r s  I n f l u e n c i n g  P o ta s s iu m  Seed 
Recovery  i n  a  D i r e c t  C o a l - P i r e d  G e n e r a t o r  System

T h i s  p r o j e c t  s t u d i e d  the  e f f e c t s  o f  h ig h  
t e m p e r a t u r e s  and m ag n e t ic  f i e l d s  on  seed  rec o v e ry  
and p a r t i c u l a t e  f o r m a t io n  and s i t e  d i s t r i b u t i o n  in  
MHO s y s t e m s .  ( S tu d i e s  o f  t h i s  s o r t  s u g g e s t  the  
v a s t  d i f f e r e n c e s  t h a t  may e x i s t  between  e m is s io n s  
from c o a l - f i r e d  and MHD p l a n t s . )

Tempelmeypr, s t  a l ,  1 6 th  Sysipoaium—-Eng inee r ing  A spec ts  o f  
Magnetohydrodynam ics , P i t t s b u r g h ,  P e n n s y lv a n ia

S l a g - s e e d  I n t e r a c t i o n s  and P a r t i c u l a t o  Form at ion  U n i v e r s i t y  of  Tennessee  Specs I n s t i t u t e  (UTSI) (Ongoing)
UTSI i s  i n v e s t i g a t i n g  p o t a s s i i m  seed manage­

m ent , i n c l u d i n g  c h a r a c t e r i z i n g  s l a g - s e e d  i n t e r ­
a c t i o n s  and r e l a t e d  p a r t i c u l a t e  f o r m a t i o n .  Bag- 
houses  and wet  s c r u b b e r s  a r e  be in g  s t u d i e d  f o r  
t h e i r  e f f e c t i v e n e s s  to  c o l l s c t  t h e  subm icron  s i t e  
p a r t i c u l a t e s  formed In th e  MHD t e s t  t r a i n .

ERDA Task  S* C h a r a c t e r i z a t i o n  and M od e l l in g  of  HHD • HERDI (Ongoing)
Em iss ions

The E nv i ron m en ta l  T ra c e  S u b s t a n c e s  R esearch  
C e n ta r  a t  th e  U n i v e r s i t y  o f  M is s o u r i  i s  c o n d u c t in g  
a mass b a l a n c e  s t u d y  and c h a r a c t e r i z i n g  I n f l u e n t s  
and e f f l u e n t s  o f  an o p e r a t i n g  MHD p l a n t  f o r  MEROI, 
funded by ERDA Task S. One o r  two p r o c e s s  d e v e l -  
oi« iont  u n i t s  w i l l  be s e l e c t e d ,  and s u b s e q u e n t  
work ( i f  f u n d in g  c o n t i n u e s )  w i l l  p r o v i d e  p a r t i c l e  
s i z e  d i s t r i b u t i o n  c u r v e s ,  e s t a b l i s h  w he the r  par** 
t u t o r i n g  t a k d s  p l a c e ,  and a n a ly z e  a s p e c t s  o f  f i n e  
p a r t i c l e  l a y e r i n g  as t h e  gas  s t re a m  c o o l s .  The 
s tudy  w i l l  fo c u s  on t r a c e  e lem en t  c h a r a c t e r i z a t i o n .
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CATEGORY ‘>i SPECIFIC PROJECT SUMMARIES

CHARACTKXmTlON, MEASUREMENT, AND HONITOH1HG 

J J N u m k e r  TLtlo Author or Performing Organization
ERDA Task S» C h a r a c t e r i s a t i o n  and M od e l l in g  MERDI
o f  MHD E m U sio n s
(Continued)
MEKOI Is  a l s o  i n v o lv e d  In  p ro d u c in g  a model o r  
models t o  s imuLate  e m is s io n s  f ro *  o p o n - c y c l e ,  
c o a l - f i r e d  MHD power p l a n t s  under  a c t u a l  o p e r ­
a t i n g  c o n d i t i o n s .  T h is  work in c lu d e s  i U i d e n ­
t i f i c a t i o n  o f  o x i s c ln t j  module, 2) i d e n t i f i c a t i o n  
o f  n u c u es a ry  mwluMii1) c a p a b i l i t y ,  3) l r i v n t l f l u a -  
11 oil u t  d * l a  roqu l i ' i id ,  4) c o o p o ia t i  vt# duvulcn*uynt 
o f  model* and ildia  b ase ,  and 5) model t e s t i n g .

A tauByher ic  P o l l u t i o n  A sp ec ts  o f  M agnetohydrody- S t a n f o r d  U n i v e r s i t y ,  High Tem pers tu re  Gaedynamic* L a b o ra to ry  (191S)
namic Wjwer P l a n t s

T his  p ap e r  summarises  r e s e a r c h  on th e  economics 
and n i t r i c  o x id e  e m is s io n s  o f  MHD power g e n e r a t i o n .
Both  system s t u d i e s  and l a b o r a t o r y  measurements  
were con d u c te d .  The s tudy  con c lud e d  MHO can  be 
c o m p e t i t i v e  w i th  c o n v e n t i o n a l  power p l a n t s  and t h a t  
NO* e m i s s io n s  nay be c o n t r o l l e d  by t w o - s t a g e  com­
b u s t i o n .  The l a b o r a t o r y  s t u d i o s  measured NO d e ­
c o m p o s i t io n  r a t e s  in  d i f f e r e n t  t e m p e r a tu r e  r a n g e s .

E co n om ica l ly  E f f i c i e n t  Des ign o f  an HMD Power F o re ig n  Technology  D iv i s io n ,  W r i g h t - P a t t e r s o n  A i r  Force  B ase ,  OH
S t a t i o n  Employing an O pen-cyc le  System

T his  p ap e r  a d d r e s s e s  t h e  k i n e t i c s  o f  n i t r o g e n  
o x id e  f o rm a t io n  in  MHD g e n e r a t o r s .

Methods o f  Coal Combustion and P r o c e s s i n g  i n  Open AVCO E v e r e t t  R esearch  L ab o ra to ry ,  E v e r e t t ,  HA,
C ycle  MHD Power sy s te m s

T his  p r o j e o t  s t u d i e d  d i f f e r e n t  c o a l  com­
b u s t i o n  t e c h n iq u e s  fo s  MHO s y s te m s .  D i r e c t  com- 
b u s tL o n ,  c o n v e r s i o n  t o  a c l e a n e r  f u e l  p r i o r  t o  
c om b us t io n ,  and s i n g l e  and m u l t i - s t a g e  com b us t io n  
were a n a l y s e d  f o r  t h e i r  e f f i c i e n c y  in  MHD s y s te m s .

C o a l - f l r e d  MHD E l e c t r i c  Power G e n e ra t i o n  Montana S t a t e  U n i v e r s i t y
T h is  p a p e r  was p r e s e n t e d  a t  an AXCKE m ee t ing  

and d i s c u s s e s  t h e  h i s t o r y ,  o p e r a t i n g  p r i n c i p l e s ,  
e f f i c i e n c y ,  c a p a c i t y ,  and f u e l  and w a te r  r e q u i r e -  
a « n t s  f o r  MUD e l e c t r i c i t y  g e n e r a t i o n .

s:sr2s“1.s:"!:«’j su” -* »»/»■«*•»• ,m
This s t u d y ' s  o b j e c t i v e s  were t o  n e a e u r e  the  

n o l t e n  and v ap o r  p r o p e r t i e s  o f  s l a g  and seed  and 
to  model and  d e s i g n  c o a l - f i r e d  MIID g e n e r a t o r s .
Thermal d i f f u i i v i t y ,  v i s c o s i t y ,  e l e c t r i c a l  conduc ­
t i v i t y ,  and s u r f a c e  t e n s i o n  o f  th e  m ol ten  s l a g s  
were measured a s  f u n c t i o n s  o f  t e m p e r a t u r e ,  com­
p o s i t i o n ,  and seed c o n c e n t r a t i o n .

Energy T e c h n o lo g ie s  (1974-197S)  E. P l a n t e ;  doI ,  N a t i o n a l  Bureau o f  S tandards
W. Cappsi C. McDanieli  H. F r e d e r i s k e /  T. Negas

T his  p r o j e c t  was e s t a b l i s h e d  to  p r o v i d e  d a t a  
f o r  t h e  d e s i g n ,  c o n s t r u c t i o n ,  and o p e r a t i o n  o f  
MHD sy s te m s .  I t  foo u sed  on d e t e r m i n i n g  th e  phy s -  
i o a l  and chem ica l  b e h a v i o r  o f  com ponents , p r o c e s s  
c o n ta m in a n t s ,  and t h e i r  r e a c t i o n  p r o d u c t s  a t  a 
f u n c t i o n  o f  th e  p r e s s u r e s  and t e m p e r a t u r e s  s p e ­
c i f i c  t o  HltD o p e r a t i o n ,



CATEGORY 6* SPECIFIC PROJECT SUMMARIES

CHARACTERIZATION, MEASUREMENT, and monitoring

n  Nuober  T i t l e

ERDA TASK Qi A»b len t  B a s e l i n e  M o n i to r in g  
Program a t  th e  MtlO COIF

A t o t a l  am b ien t  e n v i r o n m e n t a l  m o n i to r in g  
p rogram Cor t h e  MHD COIF i n  B u t t ' i ,  Montana, has  
b een  d e s i g n e d  and i s  c u r r e n t l y  b e in g  implemented.
A i r  and w a te r  q u a l i t y  and r a e t e r o l o g y / c l i m a t o l o g y  
a r e  b o inq  roo n i to re d .  I m p le m e n ta t io n  o f  t h e  
program  w i l l  a dh e re  t o  g u i d e l i n e s  s u g g e s t e d  
by th e  O f f i c e  o r  i ief tearch and M on i to r in g  o f  
t h e  U.S , E nv i ron m en ta l  l * ro to c t io n  Agency and 
would g u a r a n t e e  a c c e p t a n c e  u nd e r  an d i r  and 
r a t e r  a s s u r a n c e  program . B a s e l in e  d a t a  w i l l  be 
m o n i to re d  d u r i n g  CDIF o p e r a t i o n ,  and t h e s e  d a t a  
w i l l  be u sed  to  p r e d i c t  th e  e n v i r o n m e n ta l  im p a c ts  
o f  f u t u r e  c o a l - f i r e d  HMD f a c i l i t i e s .  Ambient 
n o i s e  l e v e l s  and a VKf f re q u e n c y  su rv e y  a r e  
p l a n n e d .  B a s e l in e  a i r  q u a l i t y  d a t a  c u r r e n t l y  
b e in g  m on i to re d  i n c l u d e  th e  fo l lo w in g *

•  T o t a l  su spended  and s e t t l e a b l e  p a r t i ­
c u l a t e  c o n c e n t r a t i o n s  and chem ica l  
a n a l y s i s  o f  t h e  p a r t i c u l a t e s  c o l l e c t e d ]  
i n c l u d i n g  t r a c e  e l e m e n t s )

•  S h o r t - t e r m  am bien t  NO^and SO^ c on c en ­
t r a t i o n s ^

•  Long-term  s t a t i c  s am p l in g  f o r  f l u o r i d e s ,  
s u l f a t e s ,  and n i t r a t e s ;  and

•  P r e c i p i t a t i o n  washout  sam ples  and c h e m ic a l  
a n a l y s e s  o f  t h e  c o l l e c t e d  m a t e r i a l .

Ambient  a i r  q u a l i t y  m o n i t o r i n g  f o r  p a r t i c l e  
a l a e  d e t e m n n a t i o n  and chem ica l  a n a l y s i s  of  e ach  
s e p a r a t e  f r a c t i o n  a ce  among a d d i t i o n a l  sam pl ing  
t e c h n iq u e s  p lan n ed  f o r  t h i s  p rog ram . A nbien t  
m o n i t o r i n g  o f  CO and h y d ro ca rb o n  l e v e l s  in  the  
COIF v i c i n i t y  a l s o  i s  p l a n n e d .  Data  a r e  b e in g  
o b t a i n e d  f rom a p e rm a n e n t ly  l o c a t e d  m e t e o r o l o g y /  
a i r  q u a l i t y  s t a t i o n  w i t h i n  a q u a r t e r  o f  a m i l e  
o f  the  MHO-COIF c u r r e n t l y  u n d e r  c o n s t r u c t i o n *
T hese  d a t a  a r e  b e in g  u sed  t o  d e f i n e  a i r f l o w  
c h a r a c t e r i s t i c s  o f  t h e  CDtF s i t e  and to  compare 
th«*«  c h a r a c t e r i s t i c *  w i th  a i r  flow d a t a  o b t a i n e d  
a t  t h e  B u t t e  a i r p o r t .  Two o t h e r  s i t e s  a r e  
b e in g  examined f o r  t h e  p lac e m e n t  o f  m ob i le  a i r  
q u a l i t y / m e t e o r o l o g y  u n i t s ,  Wind and t e m p e r a t u r e  
on  a 4Of* tow er  w i l l  be m easured  s o  t h a t  d i s p e r s i o n  
p a t t e r n s  and  a tm o s p h e r i c  th e rm a l  s t r a t i f i c a t i o n  
c a n  be c h a r a c t e r L z o d . The h e i g h t  and d u r a t i o n  of  
t h e  n o c t u r n a l  t e m p e r a tu r e  I n v e r s i o n  i n  B u t t e  i s  
b e in g  m ea su re d  by an a c o u s t i c  r a d a r  u n i t .  In  a d d i ­
t i o n  v e r t i c a l  t e m p e r a t u r e  p r o f i l e s  o b t a i n e d  by 
a i r c r a f t  s o u n d in g s  o v e r  B u t t e  a r e  be in g  compared 
t o  t h e  a c o u s t i c  r a d a r  d a t a  t o  e s t a b l i s h  t h e  v a l i d ­
i t y  o f  t h e  r a d a r  to  d e t e r m in e  t e m p e r a t u r e  i n v e r s i o n  
h e i g h t .  Water  q u a l i t y  s t u d i e s  i n c l u d e  e s t a b l i s h m e n t  
o f  b a s e l i n e  d a t a  f o r  b o th  g ro u n dw a te r  and s u r f a c e  
w a t e r s  i n  t h e  v i c i n i t y  o f  t h e  CDIF* Normally  ex ­
p e c t e d  m i n e r a l s  a s  w e l l  a s  t r a c e  e l e m e n t s  a r e  b e in g  
a n a ly z e d  f o r  t h e i r  p r e s e n c e  i n  b o th  s u r f a c e  w a t e r  
and g ro u n d w a te r .

A uthor  o r  P e r fo rm ing  O r g a n i s a t i o n  

MEKDI (Ongoing)
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CATEGORY fit SPECIFIC PROJECT SUMMARIES

CHARACTERIZATION, MEASUREMENT, AND MONITORIKG

£ L Aut hor  o r  P e r fo rm ing  O rg a n i z a t i o n

ERBA Task  Si B i o l o g i c a l  and Soc ioeconom ic  M o n i to r in g  MERDI (Ongoing)
P i o g r a a  f o r  t h o  HltO CDIF

I n f r a r e d  c o l o r  s l i d e s  o b t a i n e d  d u r i n g  th*  i i m r  
o f  1976 ware u s e d  t o  p r o v i d e  r e a l i s t i c  v e g e t a t i v e  
b a a « l i n e  r e c o r d s .  The s t r u c t u r e  o f  v a r i o u s  g r a s s ­
l a n d  com m uni t ies  a t  s i t e s  n e a r  t h e  COIF l o c a t i o n  
was a n a l y z e d  i n  o rd e r  t o  c l a s s i f y  th e  g r a s s l a n d  
c om m u n i t ie s  a t  s i t o s  n e a r  t h e  CDIF l o c a t i o n  and 
th us  p ro v i d e s  b a s e l i n e  v e g e t a t i o n * !  d a t a .  A 
m u v u lU k tu u u  p r^ j ro m  has  Lkjuii l n U U i w d  n u a r  the 
CDIF l o c a t i o n .  T u r r e b t t i a l  and a q u a t i c  l l f u  
i t id igunou*  t o  th e  CDIF a r e a  w i l l  be m on i to re d  f o r  
i t s  r e a c t i o n  t o  CDIF e m i s s io n s  and  e f f l u e n t s .
V a r io u s  s am pl ing  s i t e s  w i l l  be s e l e c t e d ,  sam pl ing  
s c h e d u l e s  recommended, and sam p l in g  and a n a l y t l o  
t e c h n iq u e s  d e s c r i b e d .  A lthough  CDIF a f f l u e n t s  
a r e  e x p e c t e d  to  be  m in im a l ,  t h e  a pp ro ac h es  u sed  
t h e r e  w i l l  be h e l p f u l  l a t e r  when e s t a b l i s h i n g  an 
e c o l o g i c a l  e f f e c t s  p rogram a t  t h e  ETF. a s tud y  
i s  a l s o  be in g  co n d u c te d  t o  m o n i to r  t h e  s o c i o ­
econom ic  im pact  o f  t h e  DCIF on a d e p r e s s e d  coawu- 
n i t y  d u r i n g  t h e  p r e c o n s t r u c t i o n ,  c o n s t r u c t i o n ,  and 
p o s t - c o n s  t r u c t i o n  p h a s e s .  The s i z e  and c h a r a c t e r i s ­
t i c s  o f  t h e  work f o r c e  w i l l  be e s t i m a t e d  a s  w e l l  as  
M ig r a t i o n  r a t e s >  p e r - c a p i t a  income, land  o w nersh ip  
end t a x e s ,  p h y s i c a l  i n f r a s t r u c t u r e ,  CDIF d i r e c t  
im p ac t  on economic  s t i m u l a t i o n ,  employment and la nd  
USD, and i n d i r e c t  COIF im p a c t s  on  s ec o n d a ry  income 
and employment.
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ENVlftOHKENTAL CONTROL TECHNOLOGY
f l  Nugtoer T i t  la  Author o r  P er fo rm ing  O r g a n i s a t i o n

MHD G en e ra to r  bavelopeaent  AVCO C o r p o ra t i o n .  E v e r e t t  Research  L a b o ra to ry ,  E v e r e t t ,  HA., ^ 7 4
These system  d e s i g n  s t u d i e s  a s s e s s  t h e  eco-» 

nomic, t e c h n i c a l ,  and e n v i r o n m e n ta l  f e a s i b i l i t y  
o f  Mrifr g e n e r a t o r s .  S up e rc o n d u c t in g  magnets  were  
s t u d i e d  and one magnet  d e s i g n  was com ple ted ,
Seed r e c o v e r y  and th e  c o r r o s i v e  e f f<?cts o f  s ee d  
m a t e r i a l  on p e t a l  h e a t  e x c h a n g e r  s u r f a c e s  were 
i n v e s t i g a t e d *  A ir  p o l l u t i o n  c o n t r o l s  were d i s -  
c u s s e d .

G eorg ia  I n s t i t u t e  o f  T ech no lo gy ;  School  o f  N u o le a r  E n g in e e r in g ,
1973

T his  s tu d y  d e m o n s t r a t e s  t h e  f e a s i b i l i t y  o f  
u s i n g  a g a s e o u s  c o re  r e a c t o r  w i th  HilD c o n v e r s i o n .
U sing t h i s  r e a c t o r , t h e  sy s te m  p ro d u c e s  more e c o ­
n om ica l  e l e c t r i c  t o w e r  w i t h  few er  e n v i r o n m e n ta l  
im p a c t s  th a n  any n u c l e a r  power sys tem  c u r r e n t l y  
e n v i s i o n e d .  O v e r a l l  th e rm a l  e f f i c i e n c i e s  o f  
n o t e  th a n  70 p e r c e n t  a r e  e x p e c t e d .

S t u d i e s  o f  Gaseous Core R e a c to r  -  MJtD Power 
P l a n t  Concepts

T h r e e - s t a g e  Combustor f o r  MHD Power G e n e ra t i o n  001,  Bureau o f  Mines, 1974
T his  p r o j e c t  s t u d i e d  t h e  u se  o f  t h r e e - s t a g e  

com bus t ion  i n  MHD power g e n e r a t i o n  f o r  I t s  p o t e n ­
t i a l  to  p ro d u ce  an a s h - f r e e ,  e l e c t r i c a l l y  conduc­
t i v e  c o a l  com bus t ion  g a s .  The sy s tem  would r ed u ce  
t h e  amount o f  a sh  r e j e c t e d  w i t h  th e  e x i t  g a s e s ,  
m in im iz in g  p o l l u t a n t  p ro b lem s  c aused  by  such  r e ­
j e c t i o n  .

MHD Power G e n e ra t i o n  -  SO. Feiroval , Seed R e g e n e r a t io n ,  DOI, Bureau  o f  Mines, 1974 
P r e h e a t i n g

In t h i s  s t u d y ,  a lm o s t  c om ple te  SOx removal was 
a c c o m p l i sh e d  And 99 p e r c e n t  o f  t h e  deed  m a t e r i a l  
was r e g e n e r a t e d .  The t e c h n i c a l  and economic  a s ­
p e c t s  o f  MHD power g e n e r a t i o n  were c o n s i d e r e d  and 
i t  wa.9 p r o j e c t e d  t h a t  an a n n u a l  s a v i n g s  o f  o ve r  
$300 m i l l i o n  i n  t h e  c o s t  o f  f o s s i l  f u e l s  f o r  e l e c ­
t r i c i t y  g e n e r a t i o n  c o u ld  be a c h i e v e d ,

E nv i ron m en ta l  ^ s p e i t s  o f  MHD Power G e n e ra t i o n  I n t e r s o c i e t y  Energy C on vers ion  C on fe re n ce ,  B o s to n .  1971/Sponsored
by PEfcC. S l e n s t o c k ,  o>. e t  a l

T h is  s tu d y  f o c u s e s  on r e d u c t i o n s  a c h i e v a b le  i n  
a i r  and th e rm a l  p o l l u t i o n  by employ ing  MHO t o  g en ­
e r a t e  e l e c t r i c i t y .  P r a c t i c a l l y  a l l  S0X was r e -  
stoved by  t h e  seed  a d d i t i o n .  N i t r i c  o x id e  forma­
t i o n  a p p r o x i m a t e d ' t h e o r e t i c a l  e x p e c t a t i o n s .  F ly  
a sh  w<is e x t r a c t e d  w i t h  w a t e r > and 75 p e r c e n t  o f  
t h e  seed  was r e c o v e r e d .  M a t e r i a l s  were t e s t e d  
and p ro v ed  r e s i s t a n t  a t  d i f f e r e n t  t e m p e r a t u r e s .

E n g in e e r in g  A sp e c ts  o f  Magnetohydrodynamics Argonne N a t i o n a l  L a b o ra to ry ,  1972
T h is  i s  a  c o m p i l a t i o n  o f  p a p e r s  p r e s e n t e d  a t  

t h e  1 2 th  Symposium on E n g in e e r in g  A sp e c t s  o f  Mag- 
n e to h yd ro dy n am ics  i n  Argonne, I l l i n o i s  on 
March 27, 1972. P ap e r s  c o v e re d  such  t o p i c s  as  
com puter  modeling  o f  NO d e c o n ^ o s i t i o n ,  NO* c o n t r o l  
by tw o - s t a g e  c om bus t ion ,  and p r e l i m i n a r y  d e s ig n  
o f  a  t h r e e - s t a g e  c o a l - f i r e d  MHD p i l o t  p l a n t .  Two- 
s t a g e  combustion  i s  shown t o  be an e f f e c t i v e  t e c h ­
n iq u e  in  c o n t r o l l i n g  N0X e m i s s io n s  from t h e  MHD 
e f t l u e n t  s t a c k  to  below c u r r e n t  EPA NSPS. The 
a i r  p r e h e a t e r  a l s o  a p p e a r s  t o  have  a s i g n i f i c a n t  
e f f e c t  on t h e  r a t e  o f  NO d e c o m p o s i t i o n .
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p r o s p e c t *  fo r  Korn E f f e c t i v e  U t i l i z a t i o n  
o f  F ue l  th ro u g h  MHD

T h i s  a r t i c l e  d U c u i s o t  t h e  f e a s i b i l i t y  o f  
t h e  HHO p r o c e s s .  I t  e m phas izes  t h a t  t h e  Abi l~  
i t y  o f  KHCj t o  meet p o l l u t i o n  c o n t r o l  r e q u i r e ­
ment* w i l l  be a r a j o r  f a c t o r  In e s t a b l i s h i n g  
i t s  p r a c t i c a b i l i t y .

Author o r  P erfo rm ing  O r g a n i s a t i o n

Ovcharenkor V a l e r i y  A. , N a t u r a l  R esources  F orua ,  1, 
U ni ted  Nations ., N.YM 1976

NO C o n c e n t r a t i o n *  in  MHO S t t t f e  Power P l a n t  Peppe r ,  J .  W,, R. M. E m t i s ,  and C. H, K ru g er ,  P r o c e e d in g s  o f
Syatncns th e  12th  Symposium on K ng iu ee r in g  A sp e c ts  o f  MHD, Argonne N a t ions

L a b o ra to ry ,  Argonne, I l l i n o i s ,  1972
T h i s  p ap e r  d i s c u s s e s  t h e  p o s s i b i l i t y  o f  re*

Uucing NOx e m is s io n s  by c o n t r o l l i n g  the  gas  
r e s i d e n c e  t im e  in  t h e  h ig h  t e m p e r a tu r e  a i r  
h e a t e r .

O p e n -c y c le  Coal B urn ing  MHD Power P l a n t s  f o r  Coauner- C u t t i n g s ,  J .  L . , A. P, Schnydsr< R. L. M w i t ,  B. Headman, and
c i a l  S e r v i c e  P. S. Z y g ie lb a u c ,  P r o c e e d in g s  o f  t h e  16th  S ynpoaiua  o f  E / ig in se r in

A sp ec ts  o f  MHD, U n i v e r s i t y  o f  P i t t s b u r g h ,  1977
B as ing  t ^ e i r  c o n c l u s i o n s  on an STO Research  

C o r p o ra t i o n  R eport  p re p a re d  fo r  EPKI, C u t t i n g s  
e t  a l  have  conc luded  t h a t  the  econom ics o f  NOx 
re c o v e ry  in  KHO sy s tem s  a r e  n o t  p r a c t i c a l  (u s in g  
th e  M it s u i  Wet P io c e s s  d e s c r ib e d )  ,

Recovery  and U t i l i z a t i o n  o f  D i l u t e  N i t r i c  Oxide MERDI, 1976
from an MUD G e n e r a t o r ,  Task H-IV

Thi.-i p r o j e c t  e v a l u a t e d  t h e  econom ics  o f  NO* 
re c o v e r y  and r e s e a r c h e d  t h e  p ro c e s s i n g  s t e p s  n e c ­
e s s a r y  to  remove NQX from tho g as  s t r e a n  and con ­
v e r t  i t  t o  a s a l e a b l e  p rvx luc t . S o l i d  and l i q u i d  
a b s o r p t i o n  and a d s o r p t i o n  t e c h n iq u e s  f o r  NOx r e ­
moval arid c o n c e n t r a t i o n  were s t u d i e d ,  and methods 
t o  c o n v e r t  tho c o n c e n t r a t e d  NOx i n t o  n i t r i c  a c i d /  
ammoniua n i t r a t e ,  and o t h e r  f i x e d  n i t r o g e n  s a l t s  
wore i n v e s t  i g a t e d .

Economic and Energy C o n s i d e r a t i o n s  in  MHD Seed 
R e g e n e r a t i o n

Bergman h as  a n a ly z e d  t h e  e f f i c i e n c y  p e n a l ­
t i e s  f o r  c o n t r o l l i n g  SO2 e m is s io n s  from an HMD 
power p l a n t .  He p r e d i c t s  t h a t  a p p r o x im a te ly  0 .4  
o f  an  e f f i c i e n c y  p o i n t  must be s a c r i f i c e d  t o  
a c h i e v e  z e r o  SO^ e m i s s io n s  from a 2000 MŴ MHD 
power p l a n t  o p e r a t i n g  a t  50 p e r c e n t  e f f i c i e n c y  and 
b u r n in g  3 Wt p e r c e n t  s u l f u r  c o a l .

Bergman, P. D , ,  D. G yorke , and  D. B ie n a to c k ,  16th  Symposium- 
E ng in ee r in g  A spects  o f  Hagnetohydrodynacn ics , P i t t s b u r g h ,  
P en n s y lv a n ia ,  1977

S t a t u s  o f  t h e  R e fe re n c e  D ua l-C yo le  MHO-steam Power 
P l a n t

T h i s  p r o j e c t  s t u d i e s  SO2 c o n t r o l  o p t i o n s
• i p p l l c a b l e  t o  MllD--coal c l e a n u p ,  seed r e g e n e r a t i o n ,  
and f l u e  g as  B c ru bb in ys .  Seed r e g e n e r a t i o n  a p p e a r s  
taost  c o s t - e f f e c t i v e  Cor low s u l f u r  c o a l s j  f l u o  
gas  s c r u b b i n g s  f o r  h i g h e r  s u l f u r  c o a l .  Coal c l e a n ­
in g  r e d u c e s  th e  c o m b u s t ib le  m a t e r i a l  in  tho c o a l ,  
a l t h o u g h  th e  reduced  a sh  c o n t e n t  and h i g h e r  h e a t in g  
v a l u e  or* t h e  washed c o a l  may improve i t s  com bust ion  
p e r f o rm a n c e .  A c o n c e p tu a l  com m erc ia l  p l a n t  h aa  been 
d o s i g n e d  and w i l l  employ an BSP and a baghou' je,  d ry  
c o l l e c t i o n s  s y s t e n s  that: w i l l  r e d u c e  w ate r  vapor

Jac k s o n ,  W. D., R, h,  L a w i t ,  R, A. S to u d t ,  M. G. K l e t t ,  J .  C, 
C u t t i n g ,  and C. D. Maxwell, P r o c e e d in g s  of  th e  1 6 th  Sywposiuft 
o f  E ng in ee r in g  A spects  o f  MHD, U n i v e r s i t y  o f  P i t t s b u r g h ,  1977
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S t a t u s  o f  the  R e fe re n c e  D ua l-C yc le  MHO-Steaa Power 
P l a n t  ( c o n t 'd }

r e l e a s e s  from HHO c o o l  i n x t o w e r s ,  T h is  r e p o r t  
a l a o  e s t i m a t e s  t h e  s i z e  o f  t h e  c o a l  p a r t i c l e  
f o r  MHD com b u s t io n .  S econdary  a i r  a d m i t te d  
downst ream  from t h e  h ig h  t e m p e r a t u r e  g as  t e n d s  t o  
c om p le te  c om b us t io n  p r i m a r i l y  o f  CO and u n i d e n t i f i e d  
a ro m a t i c  h y d r o c a r b o n s .  Work by Jac k son  a l s o  i n d i ­
c a t e s  t h a t  c om b us t io n  p r o d u c t s  nay leaX a t  t h e  
s u p e r h e a t e r  u n l e s s  s p e c i a l  m a t e r i a l s  and c l e a n i n g  
d e v i c e s  * re  u sed .

MHD Power n e n e r a t i o n - - E c o n o » i c  and H a ls ,  F . and W, D. J a c k s o n ,  P roceed ings  o f  t h e  10 th  Symposium
E nv ironm en ta l  I m p l i c a t i o n s  on E n g in ee r in g  A sp e c t s  of  MHD, MIT, C am bridge, M a s s a c h u s e t t s ,

1969
T h is  s tu d y  d i s c u s s e s  two r o u t e s  o f  NOx c o n t r o l i 

m in im iz ing  th e  n i t r o g e n  o x i d e s  in  t h e  e f f l u e n t )  o r  
m aximiz ing  th e  NC^ in  the  e f f l u e n t  so t h a t  r e c o v e ry  
o f  f i x e d  n i t r o g e n  becorr.es e c v n o m c a l l y  a t t r a c t i v e .
I*re l i tf i inary  r e s u l t s  i n d i c a t e  t h a t  f i x e d  n i t r o g e n  
rem oval  i* e c o n o m ic a l ly  f e a s i b l e .

C o n t ro l  T e c h n iq u es  f o r  N i t r o g e n  Oxides  in  MHD H als ,  F\ and P, F ,  Lewis, P roceed ings  o f  t h e  12th  Symposium on
Power P l a n t s  E n g in e e r in g  A sp e c ts  o f  MHO, Argoano, I l l i n o i s ,  1972

T his  s tu d y  lo ok e d  a t  t h e  p o s s i b i l i t y  o f  u s in g  
t w o - s ta g e  c om b us t io n  in  a f u e l - r i c h  a tm osphe re  
t o  reduce  NÔ  e m i s s io n s  in MHO g a s e s .  The r e s u l t s  
i n d i c a t e  t h a t  tho  p ro c e d u r e  w i l l  r ed u ce  NOx e m i s s io n s  
t o  l e v e l s  w e l l  below c u r r e n t .  LPA e m is s io n  l e v e l s .

A i r  P o l l u t i o n  A sp e c t s  o f  MHO Power G e n e ra t i o n  BOM/PEKC, 0 .  B ie n s to c k ,  1973
T his  r e p o r t  exam ines  t h e  a i r  p o l l u t i o n  p o t e n t i a l  

o f  fUiD n / s to m a ,  f o c u s in g  on SO c*nd NO e m i s s io n s  and 
seed  r e c o v e r y .  I t  c o n c lu d e s  t f i a t  c o a l - f i r e d  MUD w i l l  
e l u n i n a t e  n e a r l y  a l l  S02 e m i s s io n s  f o r  a p p r o x im a te ly  
o n e - f i f t h  t h e  c o s t  r e q u i r e d  in  c o n v e n t i o n a l  c o a l - f i r e d  
power p l a n t s .  Seed makeup c o s t s  a r e  low even i f  as  much 
a s  5 p e r c e n t  o f  t h e  s e e d  i s  n o t  r e c o v e r e d .  T wo-s tage  
com bust ion  can  r ed u c e  NO e m i s s io n s  to  l e v e l s  below 
EPA r e g u l a t i o n s .

A tm osphe r ic  P o l l u t i o n  A sp ec t s  o f  MHD Power P l a n t s  S t a n f o r d  U n i v e r s i t y ,  School  o f  E ng in ee r in g ,  1974
T his  r e s e a r c h  p rog ram  modeled an MHD power 

p l a n t  and d e t e r m in e d  t h e  i n f l u e n c e  o f  p r o c e s s  v a r i ­
a t i o n s  on NO* e m i s s i o n s ,  Gas phase  r e a c t i o n  r a t e s  
were m easured  f o r  t h e i r  i n f l u e n c e  on N0X f o rm a t io n  
and d e c o m p o s i t i o n ,  and  the  i n f l u e n c e s  o f  s u r f a c e s  
on NO* d e c o m p o s i t i o n  were d e t e r m in e d .

Magnatohydtodyfiftt tic Power G e n e ra t io n  ERDA/PERC, l H a i m o c k ,  0. ,  « t  * 1 , ,  i975

T hia  *n v«* s t u d i e d  t h e  u se  o f  t h r e e - s t a g o  
cocibustiof , t.f; r rod u c e  a low a s h ,  h i g h - t e m p e r a t u r e  
g as  s u i t a b l e  f o r  o p e n - u y c le  MJID power g e n e r a t i o n .  
I t  a l s o  r e s e a r c h e d  e c o n o m ic a l ly  f e a s i b l e  seed  r e ­
g e n e r a t i o n  mothod8 and d e v e lo p e d  m odels  t o  s u p p o r t  
th e  t e c l m l c a l  and e conom ic  deve lopm en t  o f  MHO,
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e f f e c t  o f  N i t r i c  Oxide C o n t ro l  on KHD-stearo Power D O I/S tan fo rd  U n i v e r s i t y ,  High T em p era tu re  Caedynamics L ab o ra to ry ,
P l a n t  Economics and P erform ance  1974

T his  s tu d y  was d e s ig n e d  t o  minimize t h e  t o t a l  
g e n e r a t i o n  c o s t  o f  e l e c t r i c  power from a combined 
KHO~steam power p l a n t  w h i le  keep ing  NO* e m i s s io n s  
below  a r e q u i r e d  l e v e l .  N i t r i c  ox ide  d e c o m p o s i t io n  
was modeled, and l o s s e s  were e s t im a te d  from v a r i o u s  
p o i n t s  w i t h i n  t h e  sy s tem ,  The r e p o r t  con c lud e d  t h a t  
i f  t h e  p ro b lem s  c u r r e n t l y  ^ncountu rod  by  o p e n - c y c le  
KjID a r e  ro e o lv o d  (u .g .<  m a t e r i a l s  l i f e t i m e ,  a up u r -  
c um iuc t t i ig  magnut i jerforinanco, unuil ruuove. ry,  
c h a n n e l  u n th d lp y  e x t r a c t i o n ,  high t e m p e r a tu r e  a i r  
p r u h o a t e r  pe rform ance)  , the  combined MJlD-utetun 
power p l a n t  would o f f e r  an e f f i c i e n t ,  low a t -  
m ospher io  p o l l u t i o n  a l t e r n a t i v e  co c o n v e n t i o n a l  
c o a l - f i r e d  s t e a a  power p l a n t s  a t  c o m p e t i t i v e  c o s t a .

MHO Power G e n e ra t i o n  Development Program EPRI/AVCO f i v e r e t t  Research  L a b o ra to ry ,  1975
This  r e p o r t  summarizes t h e  p ro g r e s s  o f  MHD 

deve lopm ent  perfo rm ed  by  AVCO E v e r e t t  R esearch  
L a b o ra to ry  in  c o l l a b o r a t i o n  w i t h  the  O f f i c e  o f  
Coal Rvi.searcii d u r in g  1974, P a r t i c u l a r  a t t e n t i o n  
foc u sed  on NO l e v e l s  found in  KHD ;>}*nt e f f l u e n t .
Two-stage  com bus t ion  o r  a f t e r b u r n l i> ;  was shown to  
be an e f f e c t i v e  NO c o n t r o l  t e c h n iq u e .  C a t a l y t i c  
NO d ec o m p o s i t io n  and the  r a d i a t i o n  c o o l i n g  and 
k i n e t i c s  o f  e x h a u s t  g a s  were s t u d i e d ,  I t  was 
shown t h a t  NO  ̂ l e v e l s  c o u ld  be reduced  t o  a  f r a c t i o n  
of  t h e  £PA s t a n d a r d  i n  a fu r n a c e  of  r e a s o n a b l e  s i z e ,

H ig h - te m p e r a tu r e  Combustion o f  Coal Seeded w i t h  DOJ, Bureau o f  Mines, 1970
P o ta s s iu m  C arbona te  i n  t h e  MHO G en e ra t io n  o f  
E l e c t r i c  Power

T his  p r o j e c t  a c h i e v e d  p r a c t i c a l l y  com p le te  SO2 
removal  f r o a  t h e  s t a c k  g as  o f  a c o a l - f i r e d  MHD u n i t ;  
n i t r a t e s  In t h e  f l y  a s h  were l e s s  than  1 ,7  p e r c e n t  
o f  t h e  t j t a l  f i x e d  n i t r o g e n .  Using w a te r  t o  e x t r a c t  
t h e  t ' ly  a sh ,  a 75 p e r c e n t  p o ta s s iu m  seed  r e c o v e r y  
was o b t a i n e d .  M a t e r i a l s  s t a b i l i t y  a t  h i g h  o p e r a t i n g  
t e m p e r a t u r e s  was a n a ly z e d .

Development and Des ign o f  High Tem pera tu re  A ir  AVCO E v e r e t t  R esearch  L a b o ra to ry ,  E v e r e t t ,  MA,, 1975
P r e h e a t e r e  and T echniques  f o r  Emission C o n t r o l  o f  
N i t r o g e n  Oxides f o r  O;oen-cycle Mill) Power Systems

Using c o a l  as  the  p rimary  f u e l ,  t h i s  p r o j e c t  
a p p l i e d  t h e  MHD c o n c ep t  to  com mercial power g e n ­
e r a t i o n ,  A u x i l i a r y  power p l a n t  components were 
d e v e l o p e d .  P a r t i c u l a r  a t t e n t i o n  was p a i d  to  
d e v e l o p i n g  a h igh  t e m p e r a tu r e  a i r  p r e h e a t e r  t h a t  
c o u ld  c o n t r o l  n i t r o g e n  ox id e  e m is s io n s  t o  d e ­
s i r a b l e  l e v e l s ,

K i n e t i c  S tud y  o f  O xides  o f  N it ro gen  i n  KHD Power 1 2 th  Sywposlua on E n g in ee r in g  A spect#  o f  hagne iohydrodyn& aioa ,
P l a n t s  Argonne N a t i o n a l  L ab o ra to ry ,  Mori , Y., e t  a l ,  ' iokyo i n s t i t u t e

o f  T ech no lo gy ,  1972
T his  p ap e r  d e e o r i b c s  t h e  k i n e t i c  b e h a v io r  o r  

n i t r o g e n  o x i d e s  in  an MHD-steaa combined power p l a n t .
P l a n t  c o n d i t i o n s  r e q u i r e d  t o  reduce  N0X e m is s io n s  
t o  a low l e v e l  and t h e  k i n e t i c s  o f  n i t r o g e n  r e d u c ­
t i o n  a l s o  a re  d i s c u s s e d .  P ro c e ss  p o i n t s  ( e . g . ,  
gas  phase  and s u r f a c e  r e a c t i o n s ,  gas  and h e a t  e x ­
c h a n g e r  t e a p e r a t u r e  v a r i a t i o n s ,  and p o s i t i o n  o f  
sec o n da ry  a i r  i n t r o d u c t i o n )  a r e  s t u d i e d  t o  see  
how th e y  a f f e c t  NO f o r m a t io n  and decomposit ion*
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CATEGORY 61 SPECIFIC PROJECT SUMMARIES

ENVIRONMENTAL CONTROL TECHNOLOGY
PI  Number T i t l e  Author o r  P e r fo rm in g  O r g a n i t a t i o n

O ic e e t  C o a l - f i r e d  MHD Power G e n e r a t i o n  S ys te i i  U n i v e r s i t y  o f  T e n n e s s e e ,  Tul lahotna Space  I n s t i t u t e » 1975
Tha Energy C onvera ion  D i v i s i o n  w i t h i n  the  

Space I n s t i t u t e  i s  f i r i n g  c o a l  d i r e o t l y  t o  f u e l  
MHD power g e n e r a t i o n ,  t e a a s  w i t h i n  t h a  syatem 
where t h e  9a« c a n  be c l e a n e d  b e f o r e  c a u s i n g  
p o l l u t i v e  and e r o s i v e  problems a r e  b e in g  
s t u d i e d .  The D i v i s i o n  i s  o p t i m i s t i c  a b o u t  
t h a  r e s u l t 8 ( i n d i c a t i n g  t h a t  m e c h a n ic a l  g a s  
c l e a n u p  a t  th e  end  o f  t h e  g e n e r a t o r  stay be 
f e a s i b l e ,
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CATEGORY 5: SPECIFIC PROJECT SUMMARIES

OPERATIQSM SAFETY

FI Niuaijgr T i t l e  A u th o r  o r  P e r fo rm ing  O r g a n i z a t i o n
094041 F us io n  Magnet S a f e ty  S t u d i e s ,  S u p e r c o n d u c t in g  ERDA/Brookhaven N a t io n a l  L a b o ra to ry ,  t o  t a  c om p le te d  i n  1980,

T his  s tudy  w l J l  a n a ly z e  d i f f e r e n t  s u p e r c o n ­
d u c t i n g  magnet d e s i g n s  from a s a f e t y  v i e w p o in t .
P o t e n t i a l  s a f e t y  p r o b l e m  w i l l  be i d e n t i f i e d ,  
a c c i d e n t  a n a l y s i s  codes  d e v e lo p e d ,  and s a f e t y  c r i ­
t e r i a  fo r m u la t e d .  S a f e t y  a n a l y s i s  p r o c e d u r e s  f o r  
s u p e r c o n d u c t in g  n a g n e t s  w i l l  be d e v e lo p e d .

CATEGORY 6' SPECIFIC PROJECT SUMMARIES

OPERATIONAL SAFETV

0*3042
T i t l e
S a f e t y  c o n s i d e r a t i o n s  R epor t ]  Montana Component 
Development und I n t e g r a t i o n  F a c i l i t y

This  p r o j t c t  i d e n t i f i e d  s a f e t y  c o n s i d e r a t i o n s  
f o r  t h e  Montana Component Development  and I n t e g r a ­
t i o n  F a c i l i t y  (CDIF) so  t h a t  U os ig n  and o p e r a t i n g  
p r o c e d u r e  cou ld  be d e v i s e d  t o  m in im ize  r i s k s  to  
p e r s o n n e l  and f a c i l i t i e s .  A reas  o f  p o t e n t i a l  
r i s k  of  h igh  p re s s u r e  e x p l o s i o n s ,  p r e s s u r i z e d  p ipe  
w hip p in g ,  d u s t  e x p l o s i o n s ,  p r o j e C t i l u s ,  e l e c t r i c  
s h o c k ,  and f i r e s  wore i d e n t i f i e d  and s a f e t y  
p r e c a u t i o n a r y  m easures  wore recow ne .u iud .
IvnvlronmuhtdI A na lyu la  and d o f o t y  C u i d o l l n o a  fo r  
th o  UTS I HJH) F a c i l i t y

T h is  r e p o r t  i s  n o t  y e t  a v a i l a b l e ,  b u t  c o n t a i n s  
t h e  e n v i r o n m e n ta l  a n a l y s e s  and s a f e t y  g u i d e l i n e s  
d ev e lo p e d  f o r  t h e  MUD f a c i l i t y  a t  t h e  U n i v e r s i t y  
o f  T en n essee  Space I n s t i t u t e .

A uthor  o r  P e r fo rm ing  O rg a n i z a t i o n  
ERDA/Gilb ert  Commonwealth C o . ,  1976

U n i v u r s i t y  of  T*nnoH»ee Space I n s t i t u t e  a t  T u l lahom a,  
Teitnueuoe
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HEALTH EFFECTS 

F T N urb e r T i t l e

T i n - * t e a «  HHD Power S y a te * ,  V ols . I and I I  
Pro<jr«ss  R e p o r t s ,  Tab.-Aug, 1975

Tha t i n - s t e a a  HHD power a y a t e n  l a  b e i n g  
s t u d l ?  ) c o n c e p t u a l l y ,  w i th  emphas is  on d e s i g n  
c r i t e n a .  Th* syatera i a  e x p e c t e d  t o  be c o m p a t ib l e  
w i t h  l i g h t  w a t e r  r e a c t o r s  and nay r ed u ce  n o i s e  
l e v e l s ^  s i n c e  t h e  few r o t a t i n g  p a r t s  a r e  s i a a l l  
and  w i l l  cov e  a t  low sp e e d s .

Author  o r  P e r fo rm ing  Orqanir.Mj.on 

Argonne N a t i o n a l  L ab o ra to ry
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INTEGRATED 

TI Number 

070168

070136

ASSESSMENTS

Author o r  P e r fo rm ing  O rg a n iz a t io n

Env ironm en ta l  A ssessm ent  o f  Advanced Energy EPA/Exxon R esearch  And E ng inee r ing  Co.
C on vers ion  Techno loq*os

Over a t h r e e - y e a r  p e r i o d ,  open and c l o s e d - c y c l e  
MHD sy s tem s  w i l l  be s t u d i e d  wich o t h e r  advanced  
e ne rg y  c o n v e r s i o n  t e c h n o l o g i e s  t o  i d e n t i f y  t h e i r  
p o t e n t i a l  e n v i r o n m e n ta l  im p a c ts .  Models w i l l  be 
d uve loped  to  e s t i m a t e  e f f l u e n t s ,  p o l l u t a n t s ,  and 
waste  e n e rg y .  The c o s t - e f f e c t i v e n e s s  o f  p o l l u ­
t i o n  c o n t r o l  t e c h n o l o g ic *  w i l l  be ause suo d  sp e ­
c i f i c  t o  each  e n e rg y  c y c l e ,  and f i e l d  and l a b o r a ­
to ry  tustM w i l l  bw pa* foruKid t o  p r o j u o t  e n v i r o n ­
mental  la 'p ao t* . Data  from t h e s e  t e s t s  w i l l  be 
in p u t  i n t o  the  models d ev e lop e d  e a r l i e r .
F u e l s ,  c o n b u s t io n  p r o c e s s e s ,  thermodynamics 
and k i n e t i c s  o f  each  c y c l e ,  p o l l u t a n t  f o r ­
m ation  and t r e a t m e n t ,  and o t h e r  r e l a t e d  
f a c t o r s  w i l l  be a n a l y z e d .  In fo rm a t io n  
from a l l  work w i l l  be used  to  i d e n t i f y  
r e s e a r c h  needs  t o  e n s u r e  th e  t e c h n o l o g y ' s  
e nv i ron m en ta l  a c c e p t a b i l i t y i  a n t i c i p a t e d  
funding  w i l l  be c o n s i d e r e d  when d e t e r m in in g  
needed r e s e a r c h .  At p r e s e n t ,  p ro g r e s s  
r e p o r t s  a re  a v a i l a b l e .

Energy T e c h n o lo g ie s  (1975-1976) ,  E. P l a n t e ;  W. Cappap DOI/Dept. o f  Commerce, Nat . Bureau  o f  S tan d a rd s ,  1976
C. McDanieli  H. F r e d e r i k s e i  and T. Negas

T his  p r o j e c t  managed energy  a c t i v i t i e s  
w i th in  the  Bureau  o f  S t a n d a r d s 1 I n o r g a n ic  
M a t e r i a l s  D i v i s i o n .  As such  i t  c o o r d in a t e d  
work w i t h  o t h e r  a g e n c i e s ,  p a r t i c u l a r l y  KRDA, 
and, s p e c i f i c  t o  MHD, h e lp e d  p r e p a r e  and 
subm it  r e s e a r c h  p r o p o s a l s .  T h is  p r o j e c t  
a l s o  has  e s t a b l i s h e d  a n a t i o n a l  MHD m a te r ­
i a l s  p l a n  w i th  ERDA and EPRI.

T h i rd  U .S . - U . S . S .R .  Col loquium  on Magnetohydrody- Moscow, U .S .S . R , ,  Sponsored by  ERDA/FE, 1976
namic E l e c t r i c  Power G e n e ra t io n

P a p e r s  o f  U .S . and U .S .S .R .  a u t h o r s  a r o  p r e ­
s e n t e d  in  t h i s  volume and cov e r  t h e  e n g i n e e r i n g -  
t e c h n i c a l  a s p e c t s  o f  MHD p l a n t  d e s i g n  and c o n s t r u c ­
t i o n ,  r e s e a r c h  on  t h e  g e n e r a t o r  c h a n n c l ,  s u p e r ­
c o n d u c t in g  magnet  s y s t e m s ,  and r e f r a c t o r y  m a t e r ­
i a l s ,  and d i a g n o s t i c  s t u d i o s  on working f l u i d  
c h a r a c t e r i s t i c s .  The C o l lo q u ia  i s  a r e s u l t  o f  an 
U n d e rs ta nd in g  o f  C o o p e r a t io n  in  th e  f i e l d  o f  open-  
c y c l e  MHD r e a c h e d  between  U.S. and U . s . s . R .  r e p r o -  
u o n t a t i v e s  in  1972 and f o r m a l i z e d  by t h e  U . S . -  
U .S .S .R .  J o i n t  Committee  f o r  S c i e n t i f i c  And Tech­
n i c a l  C o o p e r a t io n  in  1973.

Development S t a t u s  and A n t i c i p a t e d  E nv i ron m en ta l  Lockheed M i s s i l e s  and Space C o . ,  H u n t s v i l l e ,  AL.
Hazards o f  S e v e r a l  C an d id a te  Advanced Energy Sourqea

T his  r e p o r t  d i s c u s s e s  the o p e r a t i n g  p r i n c i p l e s  
o f  open and c l o s e d - c y c l e  and l i q u i d  m eta l  MHD sy s-  
tecvsr t h e i r  e f f i c i e n c y  and s l 2& L i m i t a t i o n s ,  and 
the  h i s t o r y  o f  th o  te c h n o lo g y .  S o l i d ,  g a s e o u s ,  and 
p a r t i c u l a t e  w a s t e s  a ru  e s t i m a t e d .  The r e p o r t  i n d i ­
c a t e s  t h a t  th e rm a l  d i s c h a r g e s  and fu e l  i n t a k e  p o t e n ­
t i a l l y  a r e  r e d u c e d  when compared w ith  c o n v e n t i o n a l  
power p l a n t s  b e c a u s e  o f  the  s y s t e m 's  i n c r e a s e d  
e f f i c i e n c y .  I t  c o n c l u d e s  t h a t  c u r r e n t  e m is s io n  c o n ­
t r o l  f o r  HMD s h o u l d  be a d e q u a te  t o  meet a i l  s t a n d a r d s .
The r e p o r t  i d e n t i f i e s  o r g a n i s a t i o n s  s u p p o r t i n g  MHD 
r e s e a r c h i  o t h e r  a d v anced  anerqy  t e c h n o l o g ie s  a re  a l s o  
d i s c u s s e d .
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INTEGRATED ASSESSMENTS

FI Number T i t l e  Author  o r  Per fo rm ing  O rg a n iz a t io n

Environment and C o n s e rv a t i o n  i n  Energy R esearch  C ou n c i l  on E nv i ro n m en ta l  Q uali ty*  1976
and Development

This  r e p o r t  i s  a p ro g ram m at ic  EIS c o v e r in g  the  
e n v i r o n m e n ta l  im p a c ts  o f  c o a l  t e ch n o lo g y  o p t i o n s .
I t  d e s c r i b e s  t h e  d ev e lop m en t* !  s t a g o a  o f  e n v i r o n ­
m en ta l  r e s e a r c h  ( c h a r a c t e r i z a t i o n ,  e f f e c t s ,  c o n t r o l  
t e c h n o lo g y ,  a s s e s s m e n t s )  . C h a r a c t e r i z a t i o n  I s  th e  
most  i n p o r t a n t  s t a g e ,  f o r  e f f e c t *  and m i t i g a t i n g  r e*  
e u a r c h  c an n o t  be d u te rm in e d  u n t i l  th »  t> o l lu tan t*  
have bwen i d o n t i f i u d .

CATEGORY 6i SPECIFIC PROJECT SUMMARIES

INPEGKATEO ASSESSMENTS

FI Nufliber TJ t i e  Author  o.r Per fo rm ing  o r g a n i z a t i o n

A H tt fo tence  Sunmaty o f  C u r r e n t  HHD T ea t  F a c l l i t i c b  Compiled f o r  BRDA/mmd by G l lb e r t / c o s m o n w e a l th ,  R e a d in g ,  P a . , 1976 
and T h e i r  C a p a b i l i t i e s

T h i s  document o u t l i n e s  c u r r e n t  work on MHD 
a t  t h e  T en n essee  Space  I n s t i t u t e ,  Arnold  E ng in ee r*  
ing  h igh  T em p era tu re  L a b o ra to ry  Development C e n t e r ,  
Waltz  M i l l  f a c i l i t y ,  AVCO-AERL MJID f a c i l i t y ,  
S t a n f o r d  U n i v e r s i t y ,  and F lu ld y jie  E n g in e e r in g  
C o r p o r a t i o n .
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REGULATORY

FI NumbeC 

09 304 3

09JQ41

ACTIVITIES

Title

E n v i ro n m en ta l  A asessm enti  Montana MHD Component 
IXjvelopmont and I n t e g r a t i o n  F a c i l i t y

T h i s  E nv i ron m en ta l  Assessm ent  i d e n t i f i e d  
B u t t e ,  Montana, ay the  p r e f e r r e d  Component 
Development and I n t e g r a t i o n  F a c i l i t y  (COIF) s i t e  
and s p e c i f i e d  the  impacts  o f  c o n s t r u c t i n g  the  
s i t e  in  a cc o rd a n ce  w ith  the  N a t io n a l  E n v i ro n ­
m en ta l  P o l i c y  Act (NEPA) g u i d e l i n o a .  Tho p r o ­
posed t e « t  f a c i l i t y  was n o t  expuctod  t o  p r o ­
d u c t  n l g n l t l c a n t  e nv i ron m en ta l  Impact* .

Autho r  o r  P erfo rm ing  O rg a n iz a t io n  

ERD A/G ilbert  A s s o c ia t e * ,  Reading;  P a , ,  1976

M agnntohydrodynanica  Systems Environcmantal Impact  ERl>A/MEKi>I , 1076
Study

T his  s tu d y  a s s e s s e d  th e  p o t e n t i a l  e f f e c t s  o f  
a 4000- mw, c o a l - f i r e d ,  MJJD-stoara power p l a n t  on 
s e v e r a l  s i t e s  w i th in  tho S t a t e  o f  Montana . Ex­
i s t i n g  d a t a  wore used  to  i s o l a t e  p o t e n t i a l  p l a n t  
s i t e s .  P h y s i c a l ,  b i o l o g i c a l ,  s o c i a l ,  c u l t u r a l #  
ami l i c e n s a b i l i t y  c o n s t r a i n t s  were c o n s i d e r e d ,  
and p o l l u t a n t  c o n t r o l  methods were rocomnended,
A l i n a i  d r a t t  of  the  Impact s t u d y  was com ple ted  
in  1070.

E nv i ron m en ta l  A n a ly s i s  o f  Proposed  UTSI mjid O f f i c e  o f  Coal R esearch ,  DOI, 1974
P r o j e c t  -  Tul lahom a, Tcnnessoe

T h is  s t u d y  a n a l y z e s  tho  s i t e - s p e c i f i c  im­
p a c t s  o f  th o  propoyed d i r e c t  c o a l - f i r o d  MUD t o s t  
f a c i l i t y  in  Tulldhoma, T en n es s e e .  P o t e n t i a l  
environD-.ontul i n p a c t a  a s s o c i a t e d  w i t h  tho p r o j e c t  
a r e  a j i a i y i e d .  The new f a c i l i t y  w i l l  bo o p e r a t i n g  
l e s s  th an  two p e r c e n t  o f  t h e  time o v e r  a t h r o e -  
y oa r  p e r i o d  and w i l l  employ e f f i c i e n t  p o l l u t i o n  
c o n t r o l  m ea s u re s .  The r e p o r t  c o n c lu d e s  t h a t  the  
p r o j e c t  w i l l  risA pit-ducu s igtii f l c a n t  e n v i r o n ­
m en ta l  e t t i i c l j ,

FY 76 Annual Report  - -  Task H MBHDI , 1977
An EIA o f  a l t e r n a t i v e  FTP s i t e s  waa i n i t i ­

a t e d  m  FY 1077. Impact  a s s e s s m e n t  methodology 
I s  b e in g  f i n a l i z e d ,  and b a s e l i n e  env i ronpunta  1 
d a t a  a r e  b e in g  c o l l e c t e d ,  Uj>oii c o m p le t io n  of 
t h e  EIA, t h e  DEIS w i l l  t e  p re p a re d  and p r e s e n t e d  
t o  F e d e r a l  A gencies  and th e  p u b l i c  f o r  rev iew .

EW)A S u b la sk  M
Under s u b ta s k  M, HERD I i s  c o n d u c t in g  tlie 

ETF o i t e  s t u d y  w i t h i n  Montana, cva l» iaU ng  
s o c i a l ,  e n v i r o n m e n t a l ,  economic , m a n a g e r i a l , 
I n s t i t u t i o n a l ,  and p h y s i c a l  c o n s t r a i n t * .  They 
h i g h l i g h t  t h a t  few u t i l i t y  t r a n s m i s s i o n  g r i d s  
a r e  c a p a b le  o f  r e c e i v i n g  th e  KKD power o u tp u t j  
w a te r  a v a i l a b i l i t y  i s  L lm i ted j  and cora iu in i t ie s  
a re  sm a l l  and r u r a l ,  th us  m aximizing  p o t e n t i a l  
s o c io ec o no m ic  im p ac ts .

p r e l i m i n a r y  f i n d i n g s  a re  r e p o r t e d  i n  S e l e c t i o n  
o f  T e n t a t i v e  MJfD-ETF Candidate* S i t e  Areas - -  
Second D r a f t  I n t e n r o  Report
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