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Abstract 

IERL/RTP is conducting a number o f  pro- 
grams involving environmental assessment and 
control technology development for both 
energy and industrial processes. However, this 
report focuses on one particular aspect; Le., 
the status of  some IERL/RTP efforts to develop 
Environmental  Assessment  Methodology,  
especially as i t  relates to the Federal Interagen- 
cy Energy/Environment R&D Program. 

For purposes o f  brevity in presentation o f  a 
large number o f  concepts relating to formula- 
t i on  o f  E n v i r o n m e n t a l  A s s e s s m e n t  
Methodology, this paper is formatted as a 
series o f  figures or tables which outline the 
essential features o f  Environmental Assess- 
ment Methodology being developed for fossil 
energy processes, i t  should be noted that the 
approaches indicated are developing and 
therefore subject to substantial change, but  
certain components are better established than 
others. 

The efforts to develop Environmental 
Assessment Methodology involve several par- 
ticipating environmental assessment contrac- 
tors who, as a part  o f  their overall activities, 
have been assigned tasks to develop one or 
more o f  the specialized environmental assess- 
ment methodology components. The various 
components when complete wil l  constitute the 
o v e r a l l  e n v i r o n m e n t a l  a s s e s s m e n t  
methodology protocol. This methodology is 
needed on a reasonably near-term basis to 

eliminate large gaps, inefficiencies and pro- 
liferation of  techniques for evaluating or com- 
paring environmental effectiveness. However, 
the potential value and usefulness o f  the ap- 
proaches developed have such significance for 
the Agency that i t  would be undesirable to pro- 
ceed in other than a logical and orderly fashion. 
An Environmental Assessment Steering Com- 
mittee is in operation (see Appendix A for 
members) to support certain methodology 
tasks and provide review and consultation on 
others. 
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SUMMARY AND CONCLUSIONS 

Environmental assessment and control 
technology development programs are under- 
way as part of the Interagency Energy/Environ- 
ment R&D Program. The Industrial Environmen- 
tal Research Laboratory at the Research 
Triangle Park, North Carolina, is conducting 
work in the fossil energy area in connection 
with this effort. The environmental assessment 
work underway is organized on an industry 
basis and provides for a multipollutant, 
multimedia analysis of problems and solutions 
in support of the standards setting and 
regulatory functions of EPA. Substantial need 

e x i s t s  for  env i ronmenta l  assessment  
methodology to support this rather ambitious 
undertaking. 

This presentation outlines a number of the 
approaches or components comprising the en- 
vironmental assessment methodologies. The 
approaches, because of their complexity in 
dealing totally with such entities as complex ef- 
fluents, are only partially developed at this 
time. However, enough progress has been 
made to illustrate the overall approach and 
several facets which are important com- 
ponents. These include: 
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1. Gathering and analyzing of existing 
process data on energy systems. 

2. Phased (Levels 1, 2, and 3) com- 
prehensive chemical/biological testing 
of process effluents. 

3. Techniques for defining when and 
which more costly detailed chemical 
analysis is needed. 

4. Compiling and organizing information 
on control/disposal approaches. 

5. Control assays to provide standardized 
laboratory procedures to be used in 
conjunction wi th Level 1 sampling and 
analysis to define the best potential 
control options. 

6. Use of existing health and ecological ef- 
fects and other data to define 
Mu l t imed ia  Env i ronmenta l  Goals 
(MEG's). 

7. Source analysis models to evaluate en- 
vironmental alternatives by utilizing 
MEG's to determine potential degree- 
of-hazard or toxic unit discharge rate 
for a given control option or plant. 

8. Formats for information to be included 
in standards of practice manuals which 
provide part of the research documen- 
tation from the Office of Research and 
Development as input to EPA's pro- 
gram offices. Such manuals will consist 
of an integrated, multimedia, industry- 
oriented, single-package review of the 
environmental requirements, guide- 
lines, and best control/disposal op- 
tions. 

The methodologies being developed as a part 
the environmental assessment program are 

uf extreme importance to the Agency in that 
they represent prototype approaches to 
multimedia, multipollutant problem identifica- 
tion and control effectiveness evaluation for 
complex effluents. They are prototypes of 
potential future regulatory approaches that can 
handle the whole problem and are aimed at 
preventing problems before they occur. 
Hopefully they will allow resolution of existing 
problems on other than a one-pollutant-at-a- 

time basis, a basis which is fraught with 
endless studies, only partially effective results, 
and high cost at all levels of implementation. 

ENVIRONMENTAL ASSESSMENT 

Current Process Technology Background 
Environmental Data Acquisit ion 
Current Environmental Background 
Environmental Objectives Development 
Control Technology Assessment 
Environmental Alternatives Analysis 

CONTROL TECHNOLOGY DEVELOPMENT 

Gas Treatment 
Liquids Treatment 
Solids Treatment 
Final Disposal 
Process Modification 
Combustion Modif ications 
Fuel Cleaning 
Fugitive Emissions Control 
Accidental Release Technology 

TECHNOLOGY AREAS 

Conventional Combustion 
Nitrogen Oxide/Combustion Modification 
Control 
Fluid Bed Combustion 
Advanced Oil Processing 
Coal Cleaning 
Synthetic Fuels 

OUTPUT OBJECTIVES FOR 
ENVIRONMENTAL ASSESSMENT 

Defined Research Data Base for Stand- 
ards 
Quantified Control R&D Needs 
Quantified Control Alternatives 
Quanti f ied Media Degradation Alter- 
natives 
Quantified Nonpollutant Effects and 
Siting Criteria Alternatives 
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IERL/RTP STANDARDS DEVELOP~NT SUPPORT R~D 
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I IERL Deveiops Standards of 
I Practice Manual (SPM) for 

/ ~teria Po l lu t an t s .  'Developed 
fo r  Each Uniquely' b ' i f fe ren t  Basic 

/ I Energy Process (at the Commer- 
[ "[ / ] cial or Demonstration Stage) 
] IERL Develops I /  [ A 

' J Standards Support ~ T 
/ ~  Plan [SSP) for  Each I \ ~ _  I . . . . . . .  ! 
/ I Energy Process I \ ~ I I 

/ I I \ ~.,l IERL Conducts l 
/ t ~ ~ C°ntr°l Techn°l°gy RD'D 1 

~ t 

[ ~1[ of  P rac t i ce  Manual (SPM) 
~ ' ~  | . ~ f o r  All Other Multimedia 
- -  ~ POliUtants of  Concern and/or 

Standa~dSResearch DataDeVel°pmentBase I[ Complex Effluents of Concern 

Developed by 
IERL for Each Energy 
Process 

" '~, ..... 

EPA Program Office Priori- 
tization Studies for Standards 
Setting 

I" EPA Program Offices Conduct Deta 
[ Internal and External Reviews, 

Propose in Federal  Reg i s t e r ,  
J Conduct Further  Reviews, and 

• J Promulgate Standard 

Detailed 



PRIMARY USERS OF PROGRAM 
ACTIVITIES/RESULTS 

EPA 
IERL/RTP (several inputs to internal pro- 
gram) 
OEMI/OR&D (inputs for planning, in- 
tegrated assessments, OMB, Con- 
gress) 
Health and Ecological Effects Groups 
(samples, source characterization, 
ecological testing needs, pollutant ef- 
fects data needs, test facilities) 
Environmental Sciences (analytical 
needs, pollutant transport~transforma- 
tion study needs, test facilities, 
samplesl 
Policy and Planning (development of 
basis for technologylenvironmental 
alternatives and costs) 
Regional Offices (information on prob- 
lems and control options on a 
multimedia basis; technical assistance) 

- Enforcement (control information) 

STATE AND LOCAL REGULATORY 
Multimedia integration of industry en- 
vironmental considerations 

NIOSH 
Information 
Samples 
Sharing of Data Acquisition Burden 
Common Control Technology Iden- 
tification 

DOE 
Environmental Input to On-going Pro- 
gram 
Independent Environmental Review of 
DOE's Technology Development 
Environmental Assessment Method- 
ology 

Control Technology Recommendations 
Design Reviews 
Proposal Reviews 

FEA 
Energy Related Aspects of Environmen- 
tal Control Approaches 

NAS 
Environmental Inputs to National 
Academy of Sc iences/Nat iona l  
Academy of Engineering Studies 

ENVIRONMENTAL GROUPS 
Environmental Alternatives and Control 
Option Information 

INDUSTRY 
Process Developers 
Control Technology Developers/Sup- 
pliers 
Environmental Engineers/Consultants 
Coal and Oil Processors/Users 
Equipment Suppliers/Servicers 

GENERAL PUBLIC 
Guidelines for Direct Use of 
viduals 
Information on Problems/Control 

Indi- 

STATE OF 
DEVELOPMENT/COMMERCIAL- 

IZATION AFFECTS APPROACH TO 
ENVIRONMENTAL ASSESSMENT AND 

CONTROL TECHNOLOGY DEVELOPMENT 

Existing Energy Technologies 
Commercial/Private Sector Capacity 

Emerging Energy Technologies 
ERDA/Department of Energy 
velopments 
Private Sector Developments 

De- 
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I U.S. DEPAR~,~NT OF 
ENE?GY 

U.S. ENViRON~ENTAL 
PROTECTION AGENCY L 

FBC SYSTEMS AND 
PROCESS DEVELOPmeNT 

> 
ENVIRONMENTAL ASSESSi~ENT 
AND CONTROL TECHNOLOGY 

DEVELOP~ENT 

EMERGING TECHNOLOGIES--PARALLEL EFFORTS IN PROCESS DEVELOPMENT. 
AND ENVIRONmeNTAL ASSESSMENT 

(Example for Fluidized Bed CombustionJ* 

*Ref. Murthy, K. and H. Nzck, "Progress in EPA's Fluidized Bed Combustion 
Environmental Assessment and Control Technology Development Progr~m~" 
Presented at the Fluidized-Bed Combustion Technology Workshop, Reston, 
Virginia (April 1977). 
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ENVIRONMENTAL 
ASSESSMENT DEFINITION 

An environmental assessment, as defined for 
IERL/RTP studies of fossil energy processes, is 
a continuing iterative study aimed at: 

1. Determining comprehensive mult i- 
media environmental Ioadings and en- 
vironmental control costs, from the ap- 
plication of existing and best future 

. 

definable sets of control/disposal op- 
tions, to a particular set of sources, 
processes, or industries; and 
Comparing the nature of these Ioadings 
with existing standards, estimated 
multimedia environmental goals, and 
bioassay specifications as a basis for 
prioritization of problems/control needs 
and for judgment of environmental ef- 
fectiveness. 
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ENVIRONMENTAL ASSESSMENTS 
SERVE AS PARTIAL INPUT TO 
INTEGRATED ASSESSMENTS 

The Purpose of the Integrated Assess- 
ment for Coal-Based Energy Tech- 
nologies Is: 

To identify, describe, compare, and 
quantify where possible the range and 
magnitude of biophysical,  socio- 
economic, and energy impacts of alter- 
native mixes, rates, levels, and timing 
of the development and deployment of 
coal-based energy technologies, supply 
systems, and end uses. 
To identify and comparatively analyze 
technological and institutional methods 
of avoiding or mitigating undesirable 
impacts. 
To recommend alternative policies that 
will achieve the best balance of en- 
vironmental quality, energy efficiency, 
economic costs, and social benefits, 
and to propose strategies for policy im- 
plementation. 

GENERAL STATUS OF ENVIRONMENTAL 
ASSESSMENT METHODOLOGY 

Developing (partly established, partly con- 
ceptual) 
Environmental Assessment Methodology 
assignments made to specific E. A. con- 
tractors 
Because of t i m i n g ,  m e t h o d o l o g y  
developed in parallel with preliminary en- 
vironmental assessment 
First compilation of methodology to be 
available near end of 1977. 

ENVIRONMENTAL ASSESSMENT 

Current Process Technology Background 
Environmental Data Acquisit ion 
Current Environmental Background 
Environmental Objectives Development 
Control Technology Assessment 
Environmental Alternatives Analysis 

CURRENT PROCESS 
TECHNOLOGY BACKGROUND 

Process Assessment Criteria include such fac- 
tors as: 
• Commercial status 
• Existing capacity 
• Schedules for construction, development, 

etc. 
• Priorities 
• Quantities and types of residual emissions 
• Projected process costs 
• Energy efficiency and form of energy. 

(This was considered a cost factor with 
independent significance.) 

• Applicability; i.e., the extent of projected 
markets 

• Rate of availabi l i ty; i.e., how fast 
technology can be brought to commercial 
availability and applied 

• Probability of success in development 
(includes a variety of considerations; e.g., 
the scale on which the process has been 
operated~ the magnitude of the invest- 
ment for commercial plants; how it will 
fa re  in the  c o m p e t i t i o n  among  
technologies) 

ENVIRONMENTAL DATA ACQUISITION 

Unit Operations Organization 
for Study of Pollutant 
Sources (Examples) 

Raw Material Storage 
Windblown dusts 
Water runoff 
Leakage and venting 

Transportation 
Windblown dusts 
Open conveyor 
Transport liquids (water, organics) 
Other handling losses 
Vehicular transport 

Raw Material Preparation 
Fuel or raw material drying 
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Grinding, pulverization 
Particulate col lectors 
Coal washing 
Pretreatment steps 
Vents 

Raactors/Convertors/Combustors 
Raw matefia~ feed mechanism 
Chemical/physicat t ransformat ions 
Leakage and vent ing 
Flue gas f rom c o m b u s t i o n / p o w e r  
steam generation f rom fuet or fuel 
residues 
Product uti l ization 

P rocess  S t ream S e p a r a t i o n / C l e a n -  
ing/Treatment 

Raw gas cleanup 
Gas puri f icat ion systems 
Catafyst/sorbent regeneration 
Claus sul fur  plant tail gas t reatment  
Ftue gas desulfur izat ion uni ts 
Vents and flares 

- Particulate col lectors 
Tar o i l /water  separators 
Waste water  t reatment 
Leaks 
Cleaning agents and addit ives 

Products and By-Products 
- Product upgrading and recovery 
- Sulfur and other by-product  recovery 
- Handling and storage losses 
- Uti l ization 

Final Disposal 
- Fiyash, ash, and slag 
- Spent catalyst and sorbent disposal 
- Hazardous solid wastes 
- Ponds 
- Landfil ls 
- Piles 
- Thermal cool ing (air, water,  heat, cool- 

ing water,  b lowdown,  drift) 

Auxi l iary Facilit ies 
Oxygen plant 

- Hydrogen plant 

AccidentaI ITransient  Release 

ENVIRONMENTAL DATA 
ACQU|S~TION 

A phased approach: 
Level 1 - Comprehensive Screening 
("Cri ter ia po l lu tan ts "  included) 

Level 2 - Directed DetailedAna/ysis Based 
on Level 1 

Level 3 - Process Monitoring on Selected 
Priority Pollutants Based on Levels 1 and 
2 

EP~VaF~O~JME~JTAL DATA ACQUaS]T|O~3 

Level 1 Sampling and Analysis 

Effluent Samples: Gases 
Liquids 
Solids 

Evaluated for Discharge to Media: Air 
Wa~r 
Land 

Analyses: Physical 
Chemical 
Biologir-al 

Key Enviro n mental.Parameters: FIea]th 
Ecological 

ENVIRONMENTAL DATA ACGUISITIO~I 
Level 1 Sampling-* 

-S~zp]e ~mpllng 
Stleam size Lo~l~on pre~dura 

Gas 30 m 3 Ducts, stacks SASS train 

Liquid 101 Lines or tanks Tap or valve sam- 
pling 

Open free-flowing Dipper method 
streams 

Solids 1 kg Storage piles Coring 

Conveyors Full stream cut 

* Environmental Assessment San]piing and Analysis: Phased 
Approach and Techniques for Level 1~ EPA-600/2-77-115 
(NTIS No. PB 268583/AS), June 1977. 
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Field 
Samples 

PHYSICAL 

Solids Morphology 

INORGANIC 

Elemental Analysis 
(Spark Source Mass 

and Atomic Absorption 
Spectrometry) 

ORGANIC 

Liquid Chromatography 
Infrared and Low 

Resolution Mass Spectrometry 

BIOASSAY 

in vitro Cytotoxiclty; 
Bacterial Mutagenlclty; 

Ecological Testing; 
in vivo Toxicity 

LEVEL 1 ANALYSIS* 

*Environmental Assessment Sampling and Analysis :  PhasedApproach 
and Techniques for Level I, EPA-600/2-77-115 (NTIS No. PB 268563/AS), 
June 1977. 
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ENVIRONMHbrrAL DATA ACQUISITION 
DRAFT BIOASSAY PROTOCOLS* 

LEVEL 1 -MINIMAL TEST ~TRIX 

, ,  , ,  , , ,  

Sample Type Health ~f£ects Tests  Ecology Ef£ects Tests  

Water and Liquids Microbial Rodent Acute 
Mutagenesis Toxicity 

Algal 
Bioagssy 

S t a t i c  
)ioassays 

Soil 
Microcosm 

Solids (Aqueous Extract, 
Feed, Product, [~aste) 

Microbial Rodent Acute Algal 
Hutagenesis Toxicity Bioassay 

S t a t i c  
Bioassays 

Soil 
Microcosm 

Gases (Grab Sample) 
Plant  S t ress  

Ethylene 

PaxCiculates Microbial  
Muta~enesis 

[Rodent Acute Cyto- 
Toxici ty)  *~ t o x i c i t y  

Soil 
Microcosm 

Sorbent (Extract)  Microbial  Cyto- 
Mutagenesis t o x i c i t y "  

*IERL-RTP Procedures Manual: 
f o r  Pilot Studies, EPA-600/7-77-043 (NTIS No. PB 268484/AS) t-pril 1977. 

**Recommended test not speci£ied because of limited sample avai labi l i ty o£ 
secondary pr ior i ty .  

p, 

Level 1 Hnviro~ental Assessmeu~ ~iological Tests 



LEVEL 1 - B IOASSAY TESTS ORGANISMS 

Health Effects Tests 

Microbial Mutagenesis 
Salmonella typhimurium 

Cytotoxicity 
Rabbit Alveolar Macrophages (RAM) 
Human Lung Embryo Fibroblasts (WI- 
38) 

Rodent Acute Toxicity 
- Rats 

Ecological Effects Tests 

Fresh Water 
• Algae Bioassay 

Selenastrum capricornutum 
Microcystis aeruginosa 
Amacystis cyanea 
Anabaena fos-Aquae 

Diatom-Cyclotella 
Diatom-Nitzschia 

Static Bioassay 
Fathead minnow 

- Daphnia pulex 

Marine 
• Marine Algae Bioassay 

Skeletonema costatum 

Static Bioassay 
Juveni le sheepshead minnows 
(cyprinodon variegatus) 
Adult grass shrimp (Palaemonetes 
pugio or P. vulgaris) 

Terrestrial 
• Plant Stress Ethylene Test 

Soybean 

Soil-Litter Microcosm 
Soil organisms 
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ENVIRONMENTAL ASSESSMENT MEASUREMENT AND EVALUATION SU~FtRY 

~3 

Environmental 
Assessment 
Measurement 

Levels 

Level 1 

[Comprehensive 
Screening) 

Level 2 

(Directed Detailed 
Analysis Based on 
Level I) 

Level 3 

(Process Measurements 
on Selected Priority 
Pollutants Based on 
Levels I and 2) 

Sampling 

Accuracy 

Low 

Higher 

Analysis 

Chemical 

Conc, 
. . . . .  ] I I 

Accuracy/ i 
Specificity! 

Low 

=, 

Higher 

Level 
Measured 

Effluent 

Eff luent  

Eff luent  

Accuracy/ 
Specificity 

Low 

Higher 

Highest 

Bioassay 

Effect 
Level Media 

Measured Measured 

Acute Ef f luen t  
Exposure 

Acute Effluent 
Exposure 

Chronic E f f l uen t  
Exposure 

Environmental Alternatives Analysis 

Assessment Source 
Alternatives Analysis Effect  
~lultimedia Models Media Level 
Environ. Goal Used Evalua- Evalua- 

Sets Used) ted ted 

~E* S~VIA Eff luen t  Acute 
Exposure 

Highest Highest 

t~TE* SAM/IA Effluent! Acute 

(EPC** SAM/I (Est.  Exposure 
ES**~ SA~/II Ambient ~ Chronic 

Exposure 

(EPC** Chronic 
ES***) Exposure 

* ~TE (Minimum Acute Toxic i ty  Ef f luen t ]  
** EPG (Estimated Permiss ib le  Concentrat ions)  

*** ES (E~is t ing.  Standards) 



ANALYTICAL CHEMICAL T~CHNIQIJHS APPLICABLE 
IN LEVHL 2 FOLLOWING LEVEL 1 SURVEY OF STRHAM CONTHNTS* 

Category A 

Wet Chemical Methods 

( e .g . ,  SO 4, NOs, F, t o t a l  phenol ics)  

Elemental Anal~sis 

Spark-Source Mass Spectrometry 

Atomic Absorption Spectrometry 

Arc and Spark Emission Spectrometry 

Neutron Activation Analyses 

X-Ray Fluorescence 

Organic Materials 

Inf ra red  Spectrometry 

G,C. - Mass Se lec t ive  Detector 

G.C. - Selective Detector 

( e .g . ,  Flame Ion iza t ion ,  Flame 
Emission, Electron Capture) 

Chemi-Ionization Mass Spectrometry 

Category, B 

Separation Techniques 

High-Performance Liquid 
Chromatography 

Gas Chromatography 

Ion Exchange 

Solvent Extraction 

Structure Elucidation 

Nuclear Magnetic Resonance 

High-Resolution Mass Spectrometry 

Photoe lec t ron/ Inner  Shel l  
Electron Spectrometry (Surface 
Inorganics) 

Inf rared  Spectrometry 

Quantita~ive Measur .e~ent 

I f  not achieved in Separat ion 
or Structure Eluc ida t ion ,  
utilize Category A. 

*This is  not an a l l  inc lus ive  or an exclusive l i s t .  Choice of the most cos t /  
i n f o r m a t i - ~ e f f e c t i v e  methods w i l l  vary from sample to sample. Envirenmental 
Assessment Sampling and Analysis:  Phased Approach and Techniques for  
Level I ,  EPA-600/2-77-115 (NTIS No, PB 268563/AS), June 1977. 
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I Level 1 
Chemical 
Analysis on 
Each Sample 

ILevel i l 
ISio~sayl 
Ion each 

~ Ef~luent 
Concentrattdn 
of  Level 1 
Chemical Anal: 
sts Co~pound 
Class 

t 
L e v e Z  i I 
BtoassaF I 
Results [ 
(*, -, ecs0) I 

efflu.ent Conc. 
Exceed the ~kTE, ~ \ 

I£ Total Weight 
of Class 7 /  Present 

was the ~G Com~otmd 

Level 2 

Analysis Only 
£orl~G Sub- 
stances Poten- 
t i a l l y  Present 
at  Conce~.tra- 
tion9 of  
Concern 

l.tillze source I 
Analysis Model to [ 
Determine Impact 

~0 

No 

I s  

L / ToxicUpon Acute 
(Short Tem) 
Exposure o£ 

~Test Organisms~ 

Yes 

LGeneral 
iLevel 2 
Cltemtcal 
Analysis 
flnd/o~ 
Level 2 
Btoassay 
(Pr ior i ty  
Samples 
Only) to 
Determine 
'Nature o£ 
Problem 

No 

' W 

Finished 
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CURRENT ENVIRONMENTAL 
BACKGROUND 

REPORTS 
Potentially Hazardous Emissions from 
the Extraction and Processing of Coal 
and Oil (Battelle) (EPA-650/2-75-038,  
NTIS No. PB 241803 ,  May 1975) 

- Summary of Key Federal Regulations 
and Criter ia for Mul t imedia  En- 
vironmental Control (RTI) (Draft, June 
1977) 
Estimation of Permissible Concentra- 
tions of Pollutants for Continuous Ex- 
posure (RTI) (EPA-600 /2 -76 -155 ,  
NTIS No. PB 253959/AS,  June 1976) 
Preliminary Format for Compilation of 
Ambient Trace Substances Data (RTI) 
(August 1976) 

ACTIVITIES 
Compi lat ion of Exist ing Physical, 
Chemical, and Toxicological Data for 
Specific Pollutants 
G a t h e r i n g  of  I n f o r m a t i o n  on 
Transport/Transformation Models 
C o m p i l a t i o n  of A m b i e n t  Trace 
Substances Data 

FEDERAL REGULATIONS APPLYING 
QUANTITATIVE LIMITATIONS TO 
SPECIFIC, POTENTIAL ENVIRON- 

MENTAL POLLUTANTS 

National Primary and Secondary Am- 
bient Air Quality Standards 
Occupational Safety and Health Ad- 
ministration Standards for Air Con- 
taminants 
National Emission Standards for Hazard- 
ous Air Pollutants 
New Stationary Source Performance 
Standards 
Emissions Standards for Control of Air 
Pollution from New Motor Vehicles and 
New Motor Vehicle Engines 
Nat ional  In te r im Primary Dr ink ing  
Water Regulations 

Supplement: 1962 Pubfic Health Service 
Regulations on Drinking Water 

• EPA Effluent Standards 
• EPA Toxic Pollutant Effluent Standards 

(Proposed) 
• EPA Pesticide Limits 
• Standards for Protection Against Radia- 

tion 
• Criteria for the Evaluation of Permit Ap- 

p l i ca t ions  for Ocean Dumping of 
Materials 

ENVIRONMENTAL OBJECTIVES 
DEVELOPMENT 

(Multimedia Environmental Goals) 

General Classes 

• Organic and Inorganic Totals 
• Organic Compounds 
• Inorganic Compounds 
• Physical Agents 
• Complex Effluent Assays 
• Heat 
• Noise 
• Microorganisms 
• Radionuclides 
• Nonpollutant Factor (e.g., water use, land 

use) 

SELECTION FACTORS FOR CHOICE OF 
CHEMICAL SUBSTANCES AND 

PHYSICAL AGENTS TO BE INCLUDED 
IN MEG CHART 

PRIMARY SELECTION FACTORS 

• Known or Suspected as an Emission from 
Coal or Oil Processing 

• All Classes of Compounds/Substances 
Represented 

SECONDARY SELECTION FACTORS 

Found as Pollutant in the Environment 
Highest Toxicity 

PRIORITIZlNG FACTORS 

Standards or Criteria Proposed or Set 
(Ambient, Emission, or Occupational) 
TLV or LD~o Known 
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On EPA Ordered NIOSH Carcinogen List 
On EPA Consent Decree List 

Approximate makeup of organic and in- 
organic categories and classes of substances 
on the list thus far: 

Organics Portion 
Inorganics Portion 

Categories CJasses Substancss 

26 45 350 
59 - -  300 

85 45 650 
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~LTI~4EDIA POTENTIAL POLLUTANT LIST 

ORGANIC-COMPOUND CATEGORIES AND CLASSES 

Category 
1 - Allphat~c Hydrocarbons 

2 - Alkyl Halldes 

3 - Ethers 
4 - Halogenated Ethers 
5 - Alcohols 

6 - Glycols ,  Epoxides 

7 - Aldehydes, Ketones 
8 - Carboxylic Acids b Derivatives 

9 - Nitriles 
i0 - Amines 

11- 
12- 
13- 

14- 

15- 

16- 
17- 
18- 

Azo Compounds, Hydrazlne, b Deriv. 
Nitrosamines 
Mercaptans, Sulfides& Disulfides 

Sulfonic Acidas, Sulfoxides  

Benzene, Substituted Benzene 
Hydrocarbons 

Kalogenated Aromatic Hydrocarbons 
Aromatic Nitro Compounds 
Phenols 

19 - Halophenols 
20 - Nitrophenols 
21 - Fused Aromatic Hydrocarbons,& 

Derivatives 
22 - Fused Non-Alternant Polycycllc 

Hydrocarbons 
23 - Heterocycllc Nitrogen Compounds 

24 - Heterocyclic Oxygen Compounds 
25 - Heterocyclic Sulfur Compounds 
26 - Organometallics 

Class 
Alkanes and Cyclic Alkanes 
Alkenes, Cyclic Alkenes, and Dienes 
Alkynes 
Saturated Alkyl Halldes 
Unsaturated Alkyl Halides 
Ethers 
Halogenated Ethers 
Primary Alcohols 
Secondary Alcohols 
T e r t i a r y  Alcohols 
Glycols 
Epoxides 
Aldehydes, Ketones 
Carboxylic Acids with Additional 

Function Groups 
Amides 
Esters 
Nitriles 
Primary Amines 
Secondary Amines 
Tertiary Amines 
Azo Compounds, Hydrazine, & Deriv. 
Nitrosamlnes 
Mercaptans 
Sulfides, Disulfides 
Sulfonic Acids 
Sulfoxldes 
Benzene, Substituted Benzene 

Hydrocarbons 
Halogenated Aromatic Hydrocarbons 
Aromatic Nitro Compounds 
Monohydrlcs 
Dihydrics, Polyhydrics 
Hydroxy Compounds with Fused Rings 
Halophenols 
Nitrophenols 
Fused Aromatic Hydrocarbons b 

Derivatives 
Fused Non-AlteTnant Polycyclic 

Hydrocarbons 
Pyridine & Substituted Pyrldines 
Fused 6-membered Ring Heterocycles 
Pyrrole & Fused Ring Derivatives of Pyrrole 
Nitrogen Heterocycles  Containing Additional 

Hetero Atoms 
Heterocyclic Oxygen Compounds 
Heterocycllc Sulfur Compounds 
Alkyl or Aryl Organometalllce 
Sandwich Type Organometalllcs 
Metal Porphyrlns & Other Chelates 
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MULTIb~DIA POTENTIAL POLLUT~/~T LIST 

INORGANIC CATEGORIES 

[~lem~nz cave,or)- i~cludes zero val%nce species, ions o~ the element~ and certain 
s~ecific compounds) 

IA - IB 

IlIA 

IV.~ 

VA 

VIA 

VIIA 

III5 

VI~ 

VII~ 
VIIi 

27- Lithium 
2~ - Sodium 
29 - Potassi-,~ 
30 - Rubidi=~ 
31 - Cesium 
32 - r-..zrylli~ 

S~ - X~..~nesiun 
34- Calcium 

3H - Strontium 
36- Barium 
37- Boron 
33 Alumin~ 
3.~ - Galliua 
~C - Indium 
41 - Thalli~m 
~2 - Carbon 
4S - Silicon 
4 4  - G e r ' ~ n i u m  

45 - Tin 
4 5 -  L e a d  
47 - Nitrogen 
48 - Phosphor.~s 
49 - Arsenic 
50 - An. timony 
Sl - Bismuth 
~2 - Oxygen 
S~ - Sulfur 
54- Selenium 
S5 - Telluriun 
56 - Fluorine 
~) - Chlorine. 
S~ - -Bromine 
-~S- Iodine 
60 - Scandium,, 
61 - Yttrium 
5.3 - Titanium. 
6 3 -  Zirconium.,, 
64 - Ha~ni~ 
6S - Vsn~diu~ 
56 - Niobium 
67 - T~.n~l'~. 
65- Chromiu~ 
E9 - Molyb~en,.L~ 
70 - ,Tun~ste~ 
71 - M~.anese 
72- Iron 
7 3 -  Rut_heni~ 
7"- Coh~It 
75 - P/%c.~iu~ 

77 - Platinum 
33 

I,IB 

_C.are~o!7 

78 - C o p p e r  
79 - S i l v e r  
8 0  - G o l d  

81 - Z i n c  
82 - Cadmium 
85 - M~rcury 

S~ - ~athanides 
8S - Actinides 



~IJLTIHEDIA ENVIRONIqENTAL GOALS 

Emission L e v e l  G o a l s  

AIR 

WATER 

LAND 

B ased  on Best Technology 

Existing S t a n d a r d s  

NSPS, BPT, BAT 

Developing Technology 

Engineering Estimates 
(R~D Goals) 

B a s e d  on A m b i e n t  F a c t o r s  

Minimum Acute 
T o x i c i t y  E f f l u e n t  

Based on Based on 
Health Ecologi- 
Effects ca1 

E f f e c t s  

Ambien t  L e v e l  Goal  

Based on Based on 
H e a l t h  Ecologi- 
E f f e c t s  c a l  

E f f e c t s  

Elimination of 
Discharge 

Natural Background 

Ambient Level Goals 

AIR 

WATER 

LAND 

C u r r e n t  o r  Proposed A m b i e n t  T o x i c i t y .  B a s e d  on E s t i m a t e d  Zero  T h r e s h o l d  P o l l u t a n t s  E s t i m a t e d  
Standards or Criteria Permissible Concentration on Permissible Concentrations 

Based on Based on Based on B a s e d  on Based on  Heal th  E f f e c t s  
Health Ecological Health Ecological 
E f f e c t s  E f f e c t s  E f f e c t s  E f f e c t s  



CATEGORY: 15 

~Z~: C6H 6 {ben=oi, phen~lhydrlde, phone). 
A eta : r ,  colerless liquid. 

WLN: R 

STRUCTGR_=: 

FRO)~.RTI~S: 

~olec~l~r ~t: 73.11; mp: 5.5; bp: 80.1; 

0.87~E3~0;" v=p. p~s: 10On=at 26.1 ~ C; yap. d: 2.77; d: 

~lu~llity in wet)r: t,7~0 mg/~ at 25 = (ref. 52); soluble in tlssu~ llplds. 
~ T U ) A L  OCCU~RE~C~ CHAR~TIRiSTIC3.~.%~'~CIATID CQ~POUNDS: 

Benzene coors in straight-run p~trcleum dJstlll~tes and in coal-t~r distillates. Rural background 
for ~enze~ Is reported as 0.I ppbc (raf. It. This is equivalent to 0.017 ppb o~ 0.054 ug/~3. The 

©do~ reco~nltlon level is I0.5 to 210 mg/m 3 {r~f. 3). B~nzen~ p~rtleipates to a very ll~It.~ 

dagTee in pho;ooxidatlon reectlons (r=f. 3). Eenz~ne has b~en identified in at least on~ drln)Ing 

wat:~ su))ly in the United States in conc~nLratlons as high as I0 pg/£ (ref. l~). There is = 

st~¢~g Indlc~len that plants may perform a taint role In the degr=datlon and synthesis of benzene 
in the environment (r~f. 5Z). 

~enzena is ~n acu~ an~ ¢n~mc poison. I t  ~s absorbed though the s~tn, but rr~s: often 
potscnlng occurs ~h~ugh inhalation. Tn~ rate of absorption of  henzen~ t:h~ugh the skin ha~ 

);~e~ repartee, to. b~ 0.4 mg/~2th~ (ref .  ~3): I t  is estJ=atc--:tthat 50 p~rcent to 70 p~rc~nt 
O, CenZEn_ l n~ la leO l?,,ay De aDSOT~E~ t h ; ' ¢Ugh  J;he IUnCIs ( ref  531 Xn ~P.~ ee~ee.].e ;,~*~e.. 
acts as a nero=tic. Chronic paieontng is characterized by da~;ge'to-th~'b~¢=d:fo~t'n~¢~;es 
end changes in b=dy org~s, including the lymph nodes (raf. g4). Inhalatlon of 210 p~ h~s 
~esulted tn blo~d dtsorder~ fo)  exposed wor~ars ( ra f t .  4,2,g). Benzene can tndu;e ch~o~sor.~t 
aberrations in  h ~ n s  (raf .  54), 

)an=-=n) is llstg in the fllOSH Susp~ted Carclnog.ons List. The El=A/l~lO$11 ordering n=b.~ 

is 7222. Inhalation of 2,I00 mg/; 3 fo~ 4 years has resulted in cancer in an exposed wor);~, 
a~d la~e do)as of benzene painted repeatedly on the skln of mice have resulted in som~ Incld=nce 
or skln c=.rcln:mes, lOLo'S associated telth thes~ tests a~a extr~ly hlgh and are prob=bly not 

Indlcatlve of th~ true carcinogenic potential of benzene. An epld~lologlcal study coeduct~d by- 
,~IOSH Indic~t~s that th~ Incldance of le~)~la in wor~rs expos~ to benz~.ne Is at least fly. ~ 
tt,~Js the expected incidence (ref.  ~4). 

Eenzene is toxic to aquattc l i f e :  96 hours. Tim's are r~ported ranging f r ~  10-100 pp~ (r=i r, 2), 

R~GULATOR¥ ACTIONS. STANDARDS, CR|TERI~ r RECOGN)TtON, CANDIDATE STATL~ FOR SP~.CI~¢ R~G~.L~TIO~: 
3 ' • 

TLV! 30 mg/m {tO p~m). ACGIH classif ied benzene as an Occupational Substance Suspected oi' Onconenlc 
Pot=n~lal for wor~ers: _(Evld?nce llnkl.ng benzene to le,k~ia .was limited at the tlr~ ¢he TLV w~s es~bllsh~.) 
Uenze.~e a~l;~ers on ~A  Uonsen~ uecra! I.lSt wtcn an asslgneo p~ lor i ty  o f  1. 
Eenzen- ~ ts th. ~ subject of" a NIO~H Criteria Oocum.~nt ( ra f .  55). 
The Labor l)epa~m.~nt has issued emergency tsporary  standards l im i t ing  worker exposur~ to henzono to I p ~  as an 
E-hour tlrz-~elghted ~verage eoncen~atlon, with a celllng level of 5 ppm for any 15-m|nut.~ pirlod during th~ 8-hou~ 
~y (raf. 14). The err~rgency standard is based 'on ¢oncluslve evidence that e=posure to b~nz~n~ pres~nt~ i 
eu~ia hazard (ref. 54). The standard also prohibits repeated or p?olonged s~In ex;osgra to liquid benz.~n=. 

MIlNI~IUM ACUTI TOXICITY CONCI$~J'RATIO~J~ 

~t~, F,e-"lt.~: 3,0 = l03 ug/m 3 Ai r ,  Ecology: 

~t=~, Heal=h: 15 :~ 3.0 = 103 = 4.5 x 104 ,g/t .  $;ater, Ecology: 100 x 10 - 1.0 x 103 ~gl£ 
La~d, He.~lth: 0.002 x 4 .5  ; 104 = gO gg/g Land, 8=ology: 0.002'x 1.0 ~ 103 • Z ug/g 

F.STiMA'rz~ P~RM)~]~LE CONC~JTRATIONS: 

EF~AH l - 103 x 301420 = 71.4 ]~g/m 3 
EP.~Hla = !0/4.~0 = 0.024 ppm 
EFC,~HI = 15 :~ 71.4 = 1,071 ug/t- 
EFt.H2 = 13.8 ; 30 = 414 ug/t- 
EPCLH = 0.002 x 414 = 0.83 ~g/g 
E F ~  1 = 103 x 314Z0 - 7.1 ug/m 3 
EF¢,,,¢ = I~  x 7.1 = 107 ~g/£ 

EPCLC = 0.002 x 107 - 0.21 pg/g 

EP~£ I = 50 x I0  = SO0 uglY. 

EFCLE = 0.002 x EO0 - I pglg 
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MULT!MEDIA 
ENVIRONMENTAL 
GOALS 

X 
15 

BENZENE 
EMISSION LEVI~L GOALS 

I. Ba, NId on Best Technology II. BliM<I o~'Amb~nt FKtOrt 

A, lMIl~tS11~8~l J, Ollve~o~m|TedtRolcl, gy J. Antbmn¢ lO~ CkWi" ~ li~mml;~4ml 

NSP~, ~-?'T, 8&T |n~nWnn ! E|lmikN 
IR&D Ge-~d NNwW II~dqmm4" 

A;r, ~g/m 3 
{ppm Yol) 

~p,,m Wt) 

Land, PO/g 
(ppm 'iN t) 

. .  ., , 

"To I~ multiplied by dilu~on f,,,"tm' 

A, M*mml~l  ACvll 
Toxlety  I f ; 'vlf;t 

lNwd on |eMNI on 
lcc~ol, ed 

Ho~mN [ffe¢l~ | f f ~ l s  

3. OE3 

I Im~J on Ilmml em 
Neallk INecu IEc~q,t,d 

7.1 

4.5E4 

9.0E1 

1.0E3 

2.0E0 

107 500 

0.21 1 

O. 054 

1 0 .  

A M I I I E N T  LEVEL GOALS • , , | , ,, 

I. Cu t .n !  or Prwol4d Ambkmt Ih Tox~l ly  B i d  EstimlllXl III. ~ Thmimld 
Staedwdl or Crltoeil P e n ~ i M e  C ~ t r l t l o ~  Estim4sad PermIM~We 

~ B4wean | .  lJeeden ~ k t J d e n  I .  I m u e N  
HI@ m |ff~-ll ~ i~llnll 14elllh I~ hW~qlul i ~ a  k ( I  e o i  lll~lll 

Air, #l /m3 . . . . .  
(p?m Vol) 

Warm., wg/I 
(pare wt)  

Llmd,/~g,/g 
(ppm Wt) 

71.4 
(0.024) 

414 

0.83 

500 

7.1 

107 

0.21 

~Maximum concentration identified in drinking water. 
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CO~]TRDL TECH~]DLOGY ASS~ESS~J31~HT 

Control System and Disposal Option Infor- 
mation and Design Principles 
Control Process Pollution and Impacts--E. 
A. Contractors Plus Special Facilities 
Accidsntat Release, Malfunction, Tran- 
sient Operation Studies 
Field Testing in Related Applications 
Define Best Control Technology Recom- 
mendations 

CONTROL TECH~]OLOGY ASS~SSF~11=HT 

Multimedia Environmental Control 
EnEinearing Manual 

(Control Approach Categories): 

Gas Treatment 
Liquids Treatment 
Solids Treatment 
Final Disposal 
Process Modification 
Combustion Modification 
Fuel .Cleaning 
Fugitive Emissions Control 
Accelerated Release Technology 

COPJTROL AP:PROACHES 

Gas Treatment 
Mechanical Collection 
Electrostatic Precipitators 

- Filters (fabric, granular, etc.) 
- Liquid Scrubbers/Contactors (aqueous, 

inorganic, organic) 
- Condensers 
- Solid Sorbents (tool sieves, activated 

carbon) 
- Incineration (direct and catalytic) 

Liquids Treatment 
Settling, Sedimentation 
Precipitation, Ftocculation, Sedimenta- 
tion 
Centrifugation and Filtration 
Evaporation and Concentration 
Distillation, Flashing 
Liquid-Liquid Extraction 

- Gas-Liquid Stripping 
- Neutralization 
- Biological Oxidation 
- Wet Thermal Oxidation 
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Activated Carbon Absorption 
Ion Exchange System 
Cooling Tower (wet and dry) 
Chemical Reaction and Separation 

® Solids Treatment 
- Fixation 

Recovery/Utilization 
Processing/Combustion 

- Chemical Reaction and Separation 
Oxidation/Digestion 
Physical Separatioin (specific gravity, 
magnetic, etc.) 

® Final Dis:posel 
- Pond'Lining 
- Deep Well Reinjection 
- Burial and Landfill 
- Sealed-Contained Storage 
- Dilution 
- Dispersion 

e Pzocess Modifications 
- Feedstock Change 

Stream Recycle 

- Combustion Modification 
Flue Gas Recycle 
Water Injection 
Staged Combustion 
Low Excess Air Firing 
Optimum Burner/Furnace Design 
Alternate Fuels/Processes 

F u e !  C t e a n i n g  

Physical Separation (specific gravity, 
surface properties, magnetic) 
Chemical Refining 
Carbonization/Pyrolysis 
Liquefact ion/Hydrotreating (HDS, 
HDN, Demetallization) 
Gasification/Separation 

F u g i t i v e  E m i s s i o n s  C o n t r o l  

Surface Coatings/Covers 
Vegetation 
Leak Prevention 

A c c i d e n t a !  R e l e a s e  T e c h n o l o g y  

Containment Storage, 
Flares 
Spill Cleanup Techniques 



MULTIMEDIA ENVIRONHENTAL CONTROL ENGINEERING MANUAL 
CExasple of Specific Device Form) 

CI.AIIalFIGATION + 

FueT Clea.l.c} 
spnciF~ ~evv~ on Pnocesa 

I~LLUTANTS 
~ T ~ O L L E O  

I I 

l l l k l ~ lC  DI[vIC[ On PnOCilll 

~m i " WATIn i ~NO 
i A J  I I  P A R I r l C U L A T I [ I  I e ~ 1  V e O  i l s l ~ O  I I l i ~ l i l l  • . . . . . .  

II I I l l  I I I  . . . . . .  • . . . . . . . . . .  ~ 1 1 ~  M I  

PROCESS DESCRTPT~ON B 

Figure 1 shows aschmattc diagram of the klknap celclum 
¢hlortde washer. Prestznd end prwetted rew coal enters l l t  
the surfll¢ll of ~e washer solutton end_ts seperllted *accord- 
tog to the vertous specific grevttlell.~ Refuse settles to 
the bettum and ts removed b~ e screw conveyor running perel- 
le l  to the refuse conveyor.u Solutton within the washer ts 
circulated by 1~ opposing Impellers. 

The Delknap washer uses ca1¢tum cttlorlde solutions rsngtng 
In.specif ic grevlty from 1,t4 to 1,2S. These solutions are 
circulated through tM weber tn In upmrd dIre¢tlon'to pro* 
duce In effect|re specific grllvtty Of !.40 to 1.60. Both 
flow aM density are carefully contrelled to provtde the 
desired caperetlon. 

A second method ~ tch  could be used to centre1 the spectfIc 
gravity ~ th tn  the ~msher ts t o w s h  the coal product with e 
calcium chloride solution to rmaove any suspended solids 

.. '7" ,..' 

(sltmas). TMs dense solutton ts t~en recycled to *.he washer Figure 1. THe Mi.EMP CALCIUM CIL~IO[ 
to maintain the r ight specific grmv|ty In this cue.  the HASHER (1) 
celceum chloride ts used more.es II l l tabl l lztng agent ~ n  
the. denca media t.tsel.f, . I f  the suspended sol;[ds from the ~lhed ¢o41 product can be rlH:ysled back to 
~i. IMr ,  TJle ~.allounc oT .r, dllCllail CfllorIde required for density centre1 can be reduced, In thts waY, the aoltda 
welch Mcurerly occur In the ¢o41 can be used to maintain th. heavy density medium. Con|tdere|lons of tht |  
type could Improve the economtus of this sXstome over other dense medium systems which u t i l i ze  amtortol free 
an outside source for denst~ control, e. g. Nognettto Processes. 

The wished ccal product lesv|ng the systma has a constdereble amount of imtretmKI calctum ohlorIde solotton 
This entretment can reduce potential prMlem tn cue1 dusting end freezing. The loss of calcium cfllortde, 
recover, my l tmtt  the econoMc application of the process to coarser sizes of coal. 

~pIjCAT|Oq RA~[ i mmATm x, u l m  I l ITn. :  (eel lu,,,oooo 
I ~ U m A ' r ~  I 20 *c I an *P 

Tk l  l l f f K t t V l  l p e c e f t c g r s v t t y  w t t h t n  the washer can be i m u m a :  I ID I ~ xJ~ i  l&  ? ~11 
adjusted from 1.40 to 1.60 by vlrytng the solutton denstt~y o r  iV~.MTRN: ~A11 ! . .  m¥o I , . .  f l~m 
reclrcullltton rste. Consequently, the rsnge of physt¢lll SlHrll- S i l l  IATI n - .  . .  , . ~  
t tontS 1tin|ted to e spe¢tftc grevtty wtthtn tilts range. 

Feed sfzes can range f r ~  8-1n. (20.3 an) to  3/8 In. (.95 ca), ' I u " ~  , A l i  , I "" a/. I m 
hoover, the fHd to II stngle untt should not fluctuate very aucfl. The llJze rllnge that t in  be weSl~l tn II 
stemdllrd wisher clln be vllrted up to II 4:! rat io, but should be 14rotted to 3:1 or Z:l I f  posstblll. 

il i 
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The r~cov~ry efficiency for coal coarser t~an 1/4- 
inch is g~ to 9g% of the laboratory float sink ~sts .  
Trac~ el~ents assoclatl=n and re~val characteristics 
for th: p)yslcal se)aration ~f coal In gen)ral are 
sh=wn in Table I. The level of fluorln~, which is pre- 
t~nt as part of the mlr~ral apatlte, would also be re- 
~)~c~. The chlorine and brmime contaminants (as well 
~s :hJ scdib~ and ~tasslum associated with thm} which 
ar~ ccm'~nly )resent as the mlr~ral halite would be 
r~oYed el=rig wlt~ oth~r ma~ter r~ov!d during coal 
ber~flc:tlo~, (~). 

Table 1.' TR~I ELBHI~T AS$OCIATIOH A~) 
R~AL  CHAP~CI~'RiSTICS - 

As~octattom Trace Ele~Ants Exoeoted Rub.oval 
Organic Ge, Bg, B and U None 
~or~ organic P, Go, TI, .V, and Sb S~II Amount 

More mlnaral Co, Nl, Cr, Se and Cu Partial 
Mineral Hg, Zn, Or, Cd, As, Slgn@Ioant 

Pb, Me, and Mn 

. e  ~ y  

ASV Engine.~ring Lid. 
G~GHIrl 
Mlne~als Pr~cesslng Co., Div. of TroJan'$¼eel Co. .  
Process Machinery Dlvlsion, Arthur G. McXee & Company 

O}!RATI~  COS? 

l) For other dense media separators, ~ all devlc~s 
under 7.1.1 and 7.! .2. 

3) Based on information f,-c~ the Process Machinery 
Division of the Arthur G. McX~e & Co., (reference l) 

:) This device can also be used in a sec.ondary clr=uit 
to separBte eln~ product from a prl~-~ry s~p~rator 
into middlings and refuse. 

)) Units can be designed wl~ the seperatlng ccmpar:- 
• ~nt divided into two parallel settlons. Each sec- 
tion would be equipped wtth i~tvtdual  medi~ c i r -  
culation systems thus making f t  possible to wash a 
much wider range in one machln~. 

~.v1~o.~z~T~ P ~ O ~ u ~ "  - - ' ' . . . .  

Coal pre~aratlon reduces s:aok gas emlsaions but may 
also create polluIlon ~roblecs in the following areas, 

I) land pollution created by refuse disposal. 
2) water ~ollutton from the le~¢ht~ of oxidized 

rafuson~terlal. 

3) a i r  pol lut ion from the spontar, a~uS c~bustio~ of 
refuse piles, 

l) Mitchell,  Oavtd R., and Leo~ard, Joseph W., ed. Coal Preoaratton, AIMS, New York, Second Edition, (1~0) i  I 
Third Edition, (1968). .  " ) 

2) LQw~J, H. H., ed., Chemistry of Coal Ut i l i za t ion ,  John Wiley and Sons, Hew York, First Edition, ( lg4)); ] 
Second Edlticn (Ig~3). " l 

3) Mezey, E. a., Stngh, ,S., and Hissong, 0. W., "Fuel Contaminants: Volume I ,  Chemistry " EPA 600/2-76-177a, t 
(Ig76) 

. . . .  ~ ~ ~ " 
- - ~ '  . . . . .  , ~ _  . - -  . . . . . . .  , , ,  , , ,  . . . . .  ,, . . . . . . . . . . . . . .  , . . . . . . . . . . .  . . . . . . . . . . . . .  , ~ ,  . . . . . . . . . . . . . . .  J~  - - ~  , , .  , - 
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CONTROL TECHNOLOGY ASSESSMENT 

Multimedia Environmental Control Engineering 
Manual (Stepwise guidance for defining 
specific control options for specific situations): 

• Medium Phase (gas, liquid, solid) 
• Medium Descr ipt ion (combust ible 

gases, black water, coal cleaning 
waste, etc.) 

• M e d i u m  Phys i ca l  P rope r t i es  
(temperature, pressure) 

• Pollutant Species Present 
• Pollutant Concentration 
• Genera l  T e c h n o l o g y  ( phys i ca l ,  

chemical treatment; prevention of 
pollutant formation; final disposal) 

• Generic Device (ESP, dry inertial collec- 
tor, etc.) 

• Specific Device (commercial devices 
and specifications) 

STANDARDS OF PRACTICE MANUALS 

Subject 
A uniquely different basic energy proc- 
ess (at the commercial demonstration 
stage) in a particular industry 
Example 
Low-Btu  Gasi f icat ion Wellman 
Galusha 
Aim 
Provide an integrated, multimedia, 
i ndus t ry -o r ien ted ,  s ing le-package 
review of the environmental re- 
quirements, guidelines and best con- 
trol/disposal options. Accounts for 
variations needed for different regional 
site alternatives. 

CONTROL TECHNOLOGY ASSESSMENT 

Standards of Practice Manual Outline 

• Summary 

Outline of Basic Process 
Process Modules 
Control/Disposal Modules 
Control/Disposal Costs 
Variations Resulting from Regional 
Siting Factors 
Existing Environmental Requirements 
Existing Standards 

Air 
Water 
Land 

Other Environmental Requirements 
Environmental Guidelines 
Regional Considerations 
Environmental Emissions and Factors 
Achievable 
Criteria 
MEG (Pollutant) 
MEG (Nonpollutant) 
Best Control/Disposal Practice 
Gas Treatment 
Liquids Treatment 
Solids Treatment 
Final Disposal 
Combustion Modification 
Fuel Cleaning 
Fugitive Emissions Control 
Accidental Release Technology 
Regional Variations 
Detailed Definition of Basic Process 
Process Module No. 1 

Source Unit Operations (Unit 
Operations Pollutant Sources) 

Control  Opt ions/Emiss ions/  
Costs 
Commercially Operated 
Commercially Operated on a 
Different Process/Industry 
Pilot Data Available 

Process Module No. 2, 3 ... 
Process Module No. n 
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CONTROL TECHNOLOGY ASSESSMENT 

i 

l 
I 

4 

Level i 
Waste 
Water 
Sample 

Portion I 

Control Assay Example 

Water 
_ 

ay(s] 

i 

I 

i 

I 

I 

I 
I 

L__ p__ort_ion__L__~ 

, NeRative > 
• Stop 

I Positive (Evaluate Control 
Option) 

Control , 
Assay (e.g., 
Lab Biologl- 
cal Oxidation) 

+ 

Water ) 
Bioassay(s) I Negative> 

Stop 

Positive (Evaluate Another 
Control Option) 

Control 
Assay (e.g., 
L~b l~et 
Oxidation) 

Water 
Bioassay (s) • Ne~at[ve~top 

I Positive (Evaluate Another ControX Option] 
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ASSES~IENT AL]'ERNATIVEg USING ~.~(~;S 

ASSESSMENT ALTEKNA'~'IVES 

L 

EPC 

ES 

NB C 

_•_•--• .... Air 

° Existing standards IA 

° Developin& t e c h n o l ~ /  

- 19S3 2A 
- 1988 3A 
- 1995 4A 

Water 

o Current vs Proposed Ambient 
Stds or Criteria 

- Based on Health Effects 5A 
- Basod on Ecological Effects 6-'A 

° Toxicity Based Estimated 
Permissible Concentration 

- B a s e d  on H e a l t h  Effects 7A 
- Based  on Ecological E f f e c t s  8A 

o Zero Threshold Pollutants 
E s t .  Perm. Conc. 

- Based  on Health Effects 9A 

o Elimination of Discharge IOA 

- Based on Natural Background 

o Significant Deterioration IlA 

-, Based on R e g i o n a l  Average  
Backgrounds 

o Minimua Acute Toxicity Effluent 

- Based on Health Effects 12A 
- Based  on Ecological Effects 

MEG Types  

lW 

21V 
SW 
4W 

$W 

6W 

7W 

BW 

9W 

10W 

llW 

12W 
Y ~  

Land 

1L 

2L 
3L 
4L 

5L 
m 

6L 
i 

7L 
8L 

9L 

IOL 

I l L  

12L 
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ENVIRONMENTAL ALTERNATIVES 
ANALYSES 

Source Analysis Models (SAM's) 

SAM/IA - For Rapid Screening 
SAM/I - For Screening 
SAM/ I I  - Genera l  A p p r o a c h  to 
Evaluating any U.S, Regional Site Alter- 
native 

Source (a, b, c . . .  ) > 
(gas, liquid, solid) 

Control 
Options 

(~,~,~ . . . )  

Air Effluent Streams > .  (k s, k~, k y . . .  ) 

Water Effluent Streams ~> (k~, k~, kT.. .  ) 

Land Effluent Streams >, (ks, k~, k . . .  ) 

SCHEt~1ATIC IDENTIFICATION 0P 
S0 URCES/CO ~JTR~3 L-O}=T]0~JS/EFF LUEPJTS 

ENVIRONMENTAL ALTERNATIVES 
ANALYSES 

Assessment Alternatives 

Best Technology (BT) 

• M i n i m u m  Acu te  Tox i c i t y  Ef f luent  
(MATE) 

= Existing Ambient  Standards (ES) 
• .Estimated Permissible Concentrat ion 

(EPC) 
• Natural  Background /E l im ina t ion  of  

Discharge (NB) 
• Signif icant Deterioration (SD) 

ENVIRONMENTAL ALTERNATIVES ANALYS]S 

Source Analysis Model SAM/IA 
(For Rapid Screening) 

Effluent Concentrat ion Basis 
Assessment  Alternat ive: (MATE) 
No Transport /Transformat ion Analysis 
Degree of Hazard Calculation 
Toxic  Unit Discharge Rate Calculation 

ENVIRONMENTAL ALTERP]ATIVES ANALYSIS 

Source Analysis Mode] 
Basic Calculatisns 

• For a specific MEG pollutant: 

H = degree of hazard (severity) = 

• For a complex effluent: 

C pollutant 

CMEG 

Toxic Unit Discharge Rate = 

(mass or volumetric discharge rate) x ~ H 
Jt==~ 
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C~teg,sr?' 

laB 

iS 

16A 

Oia~t~yl sulfoxide 

k~nzeze 

Telu¢;~e 

Ethylbe:~zene 

Styrene 

Propylbenzene 

Isoprory]benzene 

Butylbenze~e 

Biphenyl 

4,4'-Piphenylbiphenyl 

Xylenes 

Dialkylbenzenes 

Tetrahydronaphthalenes 

Dihydronaphthalenes 

Tezl)henyls 

Trimethv!benzcnes 

Tetr~ethylbenzenes 

Chlorobenzene 

Bromo and Dibrosobenzenes 

Broa,ochlorobenzenes 

Air ~l~/m:' {p:J'~) 

t 

8.14E2 

3.00E3 

3.75F5 
( Iuo) } 

4.35ES 1 
(100) 

4.20ES I 
(100) 

2,17£5 1 

6,30£4 
I 

2.2SES 

1.00E3 I 

4.35E5 
(100) I 

l 
2.2SE5 

1.2gES 

1.27E5 

9.00E3 1 
( i)  t 

Water ug/g 

i 
~e~Ith Ecology 

L ' .  

1.22E3 N 
I 

4,50E4 I.OOE3 

I 
5.63E6 1.00E3 

6.53E6 I.OOE3 

I 
6.30E6 1.00E3 

I 
3.25E6 I.OOE3 

9.~5E5 I 1.00E3 

3.38E6 I N 

1.5E4 1 N 

N N 

6.53E6 I 1.00E3 

3.38E6 I 1.00E3 

1.94E6 [ I.OOE3 

1.91E6 N 
I 

, N 
I 

. . . . . . . . . . .  E x a ~ l e  Page . . . . . . . . . . .  

Land lJgl[ 

2.44E0 

2.OOEO 

2.00EO 

2.00EO 

2.00EO 

2.OOEO 

2.00E0 

6.76E3 

3 . 0 0 E l  

N 

2.00EO 

2.OOEO 

2.0OEO 

3.82E3 

2.70E2 

(b~kFr-- 3/10/77) 

MI~I~3Y ACUTE TOXICHn/ EFFLUENT (MA~) 
VALI~ZS FO~ 0RG~IC AWj IN(~RC~IC 

CO~IPOU;~DS FRO~ FOSSIL ENERGY PROCESSES 

A Subset of MUltimedia Environmental Goals 
for Environmental Assessment Use in 

RapLd Screening 

I 

I 
I 

of Effluents 
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SA~/iA SUMPhARY SHEET Form IAO1 

~ .  SOURCE ~': ~ :~PFLICABLE CONTROL OPTIONS 

2. FF, OCES3 T,'-t~,Oi.JGHPUT OR CAPACITY 

3 .  USE THIS SPACE TO SKETCH A BLOCK DIAGRA~I OF THE SOURCE AND CONTROL ITEMS c.Hr'JWII'.~G ALL EFFLUENT 
STF, EAMS II'~DICATE EACH STREAM WITH A CIRCLED NUMBER USING 101-199 FOR GASEOUS STREAMS. 201-299 
FO~ LIQUId, ~-TREAMS AND 301-399 FOR SOLID WASTE STREAMS. 

4. LIST A~HD DESCRIBE -GASEOUS EFFLUENT STREAMS USING RELEVANT NUMBERS FROM STEP 3. 

101 

](}2 

1 0 . ~  . ,  . . . . . . . .  : _ 

I t  I ,  , .  

5. LIST AND DESCRIBE LIQUID EFFLUENT STREAMS USING RELEVANI"NUMBERS FROM STEP 3. 

20I 

202 

203 

. I I  

6. LIST AND DESCRIBE SOLID EFFLUENT STRZAMS USING RELEVANT NUMBERS FROM STEP 3. • 

301 . . . . .  

~ 0 ~  . ~ , 

30s _ 

7 FOR EACH r~FLUENT ST~EA!, I, COMPLETE FORM IA02. 
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', . . . .  !ST ~'..~ '̀S F R'~"," ;.'r'~E 7, rr'r'MS . . . . . .  IA02. IN TArSLE ttELOW 

TOXIC DISCHARGE UNIIS [}Y E((LULNT STREAM 

G,~$EOLJ:~ +,,'r,'/.~t'C) LI~L;IL~ 0t~EC) 
! 

STREAM TOXIC DISCHARGE S T;:EA 
CODE UNITS CGOl 

HEALTH I FCOL, 
OASED BASED 

E F" G 

~EALTH ECOL. 
B,~SED BASED 

! 

[ 

[ . . . .  

A B O D 

9. SUM SZPARATELY GASEOUS, LIQUID AND SOLID TOXIC DISCHARGE UNITS FROh 
(I,E,, SUM COLUMNS): 

TOTAL TOXIC DISCHARGE UNITS 

HEALTH BASED ECOLOGK 

GASEOUS (~ Col. B) ga (Z Col. C) 9a' _ _  

L!QUID (Z CoL E) 9b (Z CoL F) 9b' - -  

SOLID (Z Col. H) gc (Z CoL I) 9 c ' - -  

- io l  NUMB~RO~ E~FLUE,~T STRUMS ; ' 

GASEOUS Ha 

LIQUID 10b 

SOLID 10c 

11, AVERAC~, TOXIC DISCHARGE UNIT RATES 

HEALTH BASED ECOLOGK 

GASEOUS (ga/10a) l~a . . . . .  (9a'/lOa) 1 1 | ' _ _  

L~UID (9b/10b) l i b  (gb' / lob) ] | b ' _ _ _  

E~LID (9c/10c) 1]c . . . . . . .  (9c'/10c) 1 1 c ' - -  

12. ,~ST :OLLUTANT S~Cr.~ES KNOW~J OR SUSPeCtED :to- m E~,TIr.D roe WHI~.H NO MATES ARE AVA,LASLE. 
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2 . E F i " I j E N T  e-,  ,- ,  , • . , ,  Rr.., ,h,  

CO~E ~ I';I.ME 

3. EFFLUENT STREAM FLOW RATE 

(air = m~/sec --  liquid = I/see - -  solid = fi/sec)" 

4. COM PLETE THE FOLLOWING TABLE FOR THE EFFLUENT STREAE~ OF LI,=~E 2 {USE B.~.CK GF FGR,=,t FOR SCRATCh Vt~;.~'Y,; 

. _ :  ,~ . . . . . . . . . .  ~ I c ~" . . . .  ,n ,, E 

[POLLUTANT ,r-.o LLLITI~t'IT HEALTH 
POLLUTANT EMISSION FLOW PATE CONCENTRATION MAT£ 

SPECIES FACTOR (6 X CAP,~,CII"~ .(C/LINE 3) CONCENTRATION; 

U'(ITS 

I 

. . . . . . .  F . , . I  C -  i . . . .  H ,  i _ , ,  ~ 
'I 

DEGREE'. Or I DEGnEE OF CHECK ,V/) IF CH.EO,: r,/) IF 
ECOLOGICAL FF.'zLTH ECOLOGIC.I.L MATE HEALTP" MATE ECOLOGICAL 

HAZARD HAZAI"(D EXCEEDED t,~A rE 
CONCEN/,;ATIGN (I~/IE) (D/F) EXCEEDED 

. . . . . . . .  : . . . . .  ., , , ,  

I I =  = 

. . . . .  I 

" : " " " " i -  " • I 

' ! . . . . . . . . .  

| , , , ,  , i  

i~ K { __ L . . . .  

roxlc Ul.;~T t :to×r: u~lT 
FLOW "~ '% I FLO,* ih~TF 

, (HEALTH ~ (ECOLOGICAL 
BASED) 

(G X LINE 3) I (H :, lt:.iE 3) 

. . . .  , 

1 
, ,  - . -  - ~ ' . .  : " -  . - .iI ~ "' - ,,, 

! 
i . . . . .  
u 

. . . .  rJl t , ,! 

L ~  . . . . . . .  | ,  

I I  I 

) 

I F 'UENT STRUM TOX, C CO.T N  - - - i  

ECOLOGICAL M~,TE BASED {~£ CO~. H) 5b ~ I 

- 6 .  
POLLUTANTS COM-' 
PARED TO MATES i HEALTH BASED (LINE 3 X LINE 5a + N) 7z 

,, ECOLOGICAL BJ~ED (LINE 3 X LINE 5b -P ~)  7b 



ENVIRONMENTAL ALTERNATIVES ANALYSIS 

Outlines for the More Detailed Proposed 
Source Analysis Models 

Source Analysis Mode/ (SAM/I) - (For 
Screening) 
Effluent Concentration Basis 
Assessment Alternatives: ¢3t, Es, EPC, 
NB, and SD 
Eff luent Transport /Transformat ion 
Analysis (ETTA) -(very approximate) 
Remaining Steps, Starting with Degree- 
of-Hazard Calculation or other Ratios, 
are Similar to SAM/IA 

Source Analysis Model  (SAM/II)  
-(Genera/Approach to Evaluating any 
U.S. Regional Site Alternative) 
Ambient Concentration Basis 
Assessment Alternatives: BT, ES, EPC, 
NB, and SD 
Recommended Transport/Transforma- 
tion Models 
Remaining Steps, Starting with Degree- 
of-Hazard or Other Calculations, Are 
Similar to SAM/IA 
Application of Other Factors or Deci- 
sion Criteria 

PRELIMINARY EXAMPLES OF CONTROL/ 
CONTROL DEVELOPMENT NEEDS FOR 

r'YNTHETIC FUELS (EXCLUDING PHYSICAL 
COAL CLEANING PRETREATMENT) 

Gas Treatment 
Particulate control from coal convey- 
ing, load and discharge hoppers, gas 
purges on transport, coal thermal 
pretreatment, and coal burning for 
power 
Particulate control in converter via baf- 
fles, velocity gradients 
Particulate control in raw gas via water 
scrubbing cyclones 
Tar and oil removal from raw gas via li- 
quid scrubbing 
Tar and oil removal from raw gas via 
cooling 

Gaseous contaminants (H2S, COS, 
NH 3, trace metals) removal from raw 
gas via liquid scrubbing 
Sulfur compound removal from pre- 
final product gas via guard chamber 
(physical or chemical) 
Contaminant removal from vents via 
scrubbing or combustion 
Product "polishing" via activated car- 
bon 
Use or disposal of volati les from 
pretreatment 

Liquid Treatment 
Treatment of run off from storage and 
process areas via holding ponds 
Boiler and cooling tower blowdown 
water treatment 
Heat exchange for liquid temperature 
control 
Treatment of water from tar/oil liquid 
separators 
Treatment of water from scrubbers 
Stripping of constituents from liquids 
Fi l t rat ion of l iquid products /by-  
products 
Contaminant removal from products 
and by-products 
By-product separation from water 
(e.g., phenolsolvan) 
Effluent pH control 
Effluent biological treatment 
Effluent carbon "polishing" 

Solids Treatment 
Sulfur from Claus or Stretford 
Char recovery and beneficiation 
Sludge treatment for valuable constit- 
uents 
Treatment of sludge from biox for fixa- 
tion or neutralization 
Sludge fixation from holding ponds 
Used filter precoat and filtered material 
recovery and treatment for heating 
value or constituent recovery 
Catalyst  recovery of deposi ted 
materials and/or disposal 
Final Disposal 
Containment of solid waste disposal 
area leachate contaminants 
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- Control of airborne contaminants from 
solid waste area (e.g., odors) 

- Land reuse guidelines 
- Site maintenance/surveillance 

Process Modifications 
- Selective pretreatment of coal for con- 

trol of input to the converter via 
physical, chemical, or pretreatment 
condition changes 

- Converter operating condition changes 
for pollutant chemical or physical form 
change 

- Utilization of alternate technologies for 
conversion or treatment 

- Improved COS removal technique 
- Improve mechanism for coal feed to 

converter for reduction of pollutant 
release 

- Closed circuit liquid cooling 
- Minimization of coal drying and use of 

water in converter for hydrogen 

Combustion Modifications 
NO,, SO×, and other pollutant control 
for char combustion 
NO, control for high nitrogen liquid fuel 
products 

O 

Control for Iow:Btu, COS containing 
waste gases 
Flare improvement for upset con¢!itions 

Fuel Cleaning 
Selective removal of pollutant consti- 
tuents or pollutant forming catalysts in 
pretreatment 
Beneficiation of char for combustion 
HDS/HDN for liquid fuels 

Fugitive Emissions Control 
- Coal piles, product and by-product  

storage for solids via protective co,ler- 
ings or coatings 

- Liquid storage or holding qreas via 
chemical or physical means 

- Improved maintenance and/or equip- 
ment for seals, transfer points 

Accidental Release Technclogy 
- Contingency containment of l lqui-s 
- Burs t  d iscs leading to con t ro l  

mechanisms or expansion chambers 
- Emergency cleanup procedu~ ,s 
- Evaluation of special cold climate ef- 

fects on fai lure probabi l i t ies (e.g., 
freezing of drains) 
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Ca"l 
0 

S E N T  

SPECIFIC 
CONTROL 

NEEDS 

PllELIIIIIAGY 
~IITlUDL 
APPROACH 
SELECTION 

CONTROL APPROACHES: 

I 

J ~EG'~'ENT l~,, 

TREA'IllENT 

; i  ,o,., i"" 
/ , || I 

' I " ' "  I '  t DISPOSAL 1 

! M0-D1FICA-TIP~ORS I 

COMBUSTION J 
MODIFICATIONS i 

z 

i,wi CLEANING 
i i 

FUGITIVE I 
EMISSIONS 
CONTROL 

I AC~OENTAL I 
RELEAn I 

, , , . . . . ,  _ 

BASIC AgO APPLIED R&D 

• BENCH AND PILOT EXPERIMENTAL 
IffUDiES TO A ~  GENERIC TYPIE~ 
FOR EFFECTIVEIIEGS & SECONDARY 
ENV_IRONMENTAL.Pn0 eL EMS 

• FUBDAMEITAL STU01E t . 

ENGIN'EERING ANALYSIS 

• RINIEW CIIgTII~L TECN. ALTEROATNES 
BASED GII PHYS/CHEM. CONDITIOIIS, 
POL1.UTAIT CONC., ETC. 

• ASSESS POTENTIAL FOR APPLICATION 
(NEW, RETROFIT. SIZE, ETC.) 

• PRELIMINARY DESIGN & COST STUDIES 
| • SYSTEMS COMpARfllONS 

t 
I~ECIFIC CONTROL PHOCESS 
DEVELOPMENT. EVALUATION 

• COICEI'TUAL DESIGN & COST STUOIES 
• oiqrmHZiEO IIITIEORAlrION IN lrfl;TIqm 

TO BE CONTI|OLLED 
• mOT • RNMon~rRATWR n u o l n  

• PII~O ~ OP ITATE OP 'rile Alrlr 
RIO NILA110 IIY~. a i  

..,,.•GU•I,,EG 
! I ' "! 

EFFECTIVE~E~, ,~ TECEIIOLOGY 1 
ECONOMICS,& / I TRANSFER 
ENERGY-COST--S/ 1, 

MULTI MEDIA 
ENVIRONMENTAL 

CONTROL 
ENGINEERING 

M..&q[D..AL 

• AODITIOIIS 
• REVISIONS • 

RELATIONSHIP OF CONTROL ~ L O G ' Y  DlJ~l ,~zI IE~ 1'0 E N V I ~ A L  A ~ B ~  D,[AGIU~i 
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