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This is one of a series of reports prepared as part of the Lawrence
Berkeley Laboratory project, "Health and Safety Impacts of Nuclear, Geo-
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METHODOLOGIES FOR REVIEW OF THE HEALTH AND SAFETY
ASPECTS OF PROPOSED NUCLEAR, GEOTHERMAL,
AND FOSSIL-~FUEL SITES AND FACILITIES

ABSTRACT

This report sets forth methodologies for review of the health and
safety aspects of proposed nuclear, geothermal, and fossil-fuel sites
and facilities for electric power generation. The review is divided
into a Notice of Intention process and an Application for Certification
process, in accordance with the structure to be used by the California
Energy Resources Conservation and Development Commission, the first
emphasizing site-specific considerations, the second examining the detailed
facility desipn as well. The Notice of Intention review 1is divided into
three possible stages: an examination of emissions and site characteris-
tics, a basic impact analysis, and an assessment of public impacts.
The Application for Certification review is divided into five possible
stages: a review of the Notice of Intention treatment, review of the
emission control equipment, review of the safety design, review of the
general facility design, and an overall assessment of site and facility
acceptability.

Acknowledgment
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PREFACE

This report presents a possible structure for the health and safety re-
view of proposed sites and facilities. It is divided into the two sections
specified for the California Energy Resources Conservation and Development
Commission review process: a Notice of Intention (NOI) process and an Applica-
tion for Certification (AFC) process. For each portion of the review structure,
review methodologies are presented, specifying possible areas of review,
standards for review, and review techniques.

The basic considerations for formulation of a health and safety review
are presented in a separate report, the Overview Report for this project. The
Overview Report discusses the basic rationale for health and safety review
and emphasizes those matters which need action, often in the form of a
decision, by the ERCDC. Those matters will alsc be apparent on careful examina-
tion of the methodologies presented in this report.

The first stage of review, the Notice of Intention, is initiated by sub-
mission of several alternative sites, the merits of which are considered in
conjunction with a proposed generic facility type. The outcome of the review
process is a judgment of the suitability of the proposed sites for the facility
type intended. This stage of review therefore consists of a site-specific re-
view. The primary consideration im choosing a site from the health and safety
point of view is the potential impact on surrounding populations. The NOT
health and safety review therefore devotes considerable effort to examination
of the emissions, either routine or accidental, from a proposed plant and to
determination of the impact these would have on the public. The NOI review
would also cxamine carefully the interaction between the site ditself and the
proposed facilities in order to determine whether the site is physically suit-

able for the intended power plant.
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The bulk of this report is devoted to methodologies for the NOT review,
since the role to be played by regulatory control of emissions and site selec-
tion is most easily defined. The corresponding regulatory role at the second
stage of review, the Application for Certification, is not as certain. As a
result, the development of the AFC methodologies is not as complete as for the
NOI. However, there is correspondingly longer discussion, particularly in the
Overview Report, of possible emphases for the AFC health and safety review.

The AFC stage consists of a review process to determine whether the
design of a proposed facility, intended for a site approved at the NOI stage,
meets applicable requirements. For the health and safety review these require-
ments can be performance specifications implicit in the emission rates which
were assumed at the NOI stage, or they may take the form of actual design
specifications for various aspects of the proposed facilities. The extent of
review in these areas will depend very strongly on choices which must be made
by the ERCDC. In the past, substantial effort has been expended by federal
agencies in review of the explicitly safety-related aspects of nuclear power
plants. Such an effort has not ordinarily been made, by eilther federal, state,
or local agencies, in the case of fossil~fuel and geothermal power plants.
Choosing what design areas will be examined during the AFC review, and — in
the case of nuclear — determining the manner of coordination with the Nuclear
Regulatory Commission,will have a decided impact on the health and safety
review, particularly at the AFC stage.

In this report, the NOI and AFC methodologies are presented separately,
each preceded by an introduction specifying the proposed structure. The types
of power plants considered are nuclear (either pressurized-water or boiling-
water reactor) geothermal (either vapor or liquid dominated) and fossil-fuel
fired (either coal, oil, or gas). The treatment is organized with a common

methodological approach wherever appropriate.
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INTRODUCTION

The basic purpose of the NOI review is to examine site-related aspects
of proposed.sites and facilities. The basic focus‘of this "health and safety"
methodology is on emissions from the plant, which may have impacts on surround—
ings of the plant, and on the interaction of the proposed facility with the
sité itself.

The methodology is divided into three stages which are characterized

roughly by their depth of review. These stages are:

Stage 1. Emissions and site characteristics

Stage 1 deals with fundamental parameters of the facility and of the
site. These parametefs are those which may be compared direcctly with applicable
standards and guidelines, without any detailed analysis. The emilssions arve
charactefized on the basis of a generic facility type. This stage of review
represents a preliminary assessment of the general character of the facility

and the site and of their trivial compliance with regulatory requirements.

Stage 2. Basic impact analysis

Stage 2 deals with the impacts of the facility on the site and surround-
ings, calculated from the emissions and site characteristics determined in the
first stage. The results of this analysis would, for example, include concen-
trations a£ various distances from the site. These concentrations could then
be compared with applicable air quality standards and used to calculéte the
effect of air pollutants on other media ("interactive effects'"). The basic
distinction between this stage and the first is that the first is restricted
to an examination of, effectively, specifications of the facility and site,

whereas the second uses this information for detailed analysis.
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Stage 3. Assessment of human impacts

Stage 3 examines, to the extent possible, the health and safety impact
of the proposed facility on the populations surrounding the site. It uses as
part of its input data, the results of the first two stages. This stage would
include any judgments and comparisons which are to be made, such as between

alternative sites and facilities, or between costs and benefits.

The general categories or subjects of NOI review are:

ailr emissions

water emissions

noise emissions

Categories of
Review waste disposal

site geographical characteristics

site developmental characteristics

Stages 1 and 2 of the review follow this outline explicitly. This is not
possible at the third stage, where various types of assessment and comparison
must be made. The first three subjects listed above are explicit emissions
which may have human impacts. The last three subjects include aspects of the
site and facility which may affect these emissions or their human impacts.

For each category of review, it may be necessary to consider several
different operational modes. These include:

normal operation (including startup
and shutdown of the facility)

abnormal operation (such as use of the
facility with a fuel for which it
was not specifically designed)

Operational
Modes emergencies (which may include either

' plant emergencies, such as explosion
or other abnormal occurrences, or
external regional emergencies, such

as air pollution episodes)

For every category of review, if appropriate, explicit consideration is given

to the construction of the facility, in addition to its operation.



For any operational modes, it is possible to consider several different

portions of the facility:

basic generation facility
(including, for example, the boiler
and turbogenerator)

. fuel e faciliti
Portions of fuel storage facilities

the Tacility waste disposal facilities

transmission lines

transportation facilities
(i.e., supply and disposal)

Ordinarily, these different facilities will only be considered explicitly in

the examination of normal operation.

Finally, for each category in the review methodology, an attempt is
made to divide the section into three parts:
1. Methodological approach
II. Generally applicable considerations
I1T. Téchnologymspecific considerations (i.e., fossil fuel,
geothermal, nuclear)

To recapitulate, the NOI review is divided into three stages. Lach of
these include several categories of review. TFor each category, the specified
methodologies are divided into parts on overall approach, generally applicable,
and technology-specific considerations. The second and third parts often
consider explicitly the differing modes of operation and portions of the
facility.

A preliminary step to the review methodology itself is the collection of
the data necessary to perform the review. These data may be required of the
applicant or may be acquired by the ERCDC staff or its agents. To some extent,
a large portion of the information, in the form of the actual standards which
are applicable to proposed facilities, will be maintained by ERCDC staff, or

other regulatory agencies, on a continuous basis. However, for practical
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reasons, for any particular review the local regulations will have to be verified
and updated at the time of the review.
We briefly summarize other data requirements by stage and broad subject

of review. TFor details, see the individual sections of the methodology.

DATA REQUIREMENTS

STAGE 1 — EMISSION AND SITE CHARACTERISTICS

Facility-Related Information

Emissions: air, water, noise; uncontrolled, based on generic
plant type. All modes of operation.

Pollution Control Equipment: and its operating efficiency based
on manufacturers specifications or on previous experilence

with similar equipment and plant type.

Site-Related Information

Geophysical Characteristics:
ground stability
seismic activity
hydrology

Developmental Characteristics:
population distribution
land availability/use
utilities availability

STAGE 2 — BASIC IMPACT ANALYSIS

Facility-Related Information

Emigsions: air, water, noise, from Stage 1
(assuming controls as specified)

Site Related inlormation

Geophysical Characteristics:
topography
air and water quality data
biota in the area
meteorological data

Dovelopmental Charactoeristics:
source Inventory (other than proposed facility);
"background' pollutant concentrations



Modeling-Related Information

Depletion Parameters

Chemical and Physical Processes and Their Kinetics

STAGE 3 ~ ASSESSMENT OF PUBLIC IMPACTS

Facility-Related Information

Dispersion of Pollutants, from Stage 2
Relative Import and Probability of Emergency Situations
Emergency Plans

Site-Related Information

: Demography-Density and Character of Surrounding Populations

Public Health and Safety Information

Health Impacts of Emissions
Adequacy of Monitoring and Standards

Health Impacts of Emergency Situations
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STAGE 1. EMISSIONS AND SITE CHARACTERISTICS

SECTION 1.1 ATR EMISSIONS
For purposes of this review, the air emissions from electric generating

facilities are categorized as gases, particulate matter, radioactive matter,

thermal discharges, and electromagnetic emanations. There are federal, state

regional, and local standards governing the emission of many of these "materials."
In Stage 1, the reviewer must determine the amounts of these emissions from the
generic facilities being proposed and must consider the legal limitations and
guidelines applicable to these emissions. Information developed at this stage

also serves, in part, as the basis for the analysis of Stage 2.

1.1.1 Methodological Approach

In general, a reviewer has three options:

® Explicit Review — determination of emissions and comparison
with standards

® FExpert Opinion — hiring of an outside consultant to make
recommendations

@ Previous Experience — reliance on knowledge of previous plant
experience with similar equipment and design

Were Expert Opinion or Previous Experience experience to serve as sole basis
of the review, a decision would not require the treatment presented in the

remainder of Section 1.1.

Explicit Review

1. Determination of emissions:

Data required

Net plant emissions — estimated by applicant

or

Uncontreolled emissions — supplied by applicant or estimated
by the manufacturer, an outside consulting firm, or by
previous experience with the generic plant type.
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Control equipment data - supplied by manufacturer, or more
ideally by previous experience with the equipment of the
generic plant type.

7. Comparison with appropriate standards:

Air emission standards for conventional pollutants (either gases or

particulate matter) may be found in the "Compilation of Air Pollution Control
Regulations and Standards,' ERCDC Staff Draft, Updated Version,l

For generally applicable radioactive emission (actually concentration)

standards, see 10 CFR 20, Appendix B. The 10 CFR 20 étandards apply to nuclear
plants, as well as to other facilities. It is important to note that these
standards do not place limitations on actual emissions (by mass), but rather on
concentrations in air. Strictly speaking, these standards are applicable to an
uncontrolled area, but for convenience they are often applied at the stack of
the facility, although often with some modification. The reason for this
ambiguity is that the primary standards for radiocactive material are given in
The latter are typically derived from the limitations on dose. (Célculation of
these doses constitutes part of the Stage 2 veview.) For radiocactive emissions
from nuclear plants stricter standards than 10 CFR 20 arc applied:; refer to the
NRC procedures for determining compliance with 10 CFR 50, Appendix I,Z

Thermal pollution is not currently considered an air pollutant; there

are no standards.
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1.1.2 Cenerally Applicable Considerations

To avoid duplication, certain common considerations — largely related
to peripheral operations or aspects of the facilities — are considered in this
section. Detailed information on those emissions which are particularly
important for each technology are contained in the Technology~Specific
Considerations (1.1.3).

L.t.2.1 Comstruction

Construction emissions are largely associated with the use of various
sorts of vehicles (for transport of equipment, materials, or workers) and with
physical operations involved directly in the construction process

Emissions of importance are:

Particulate matter
Visible emissions

Vehicular emissions
(not treated in this work: the reviewer is referred to
applicable vehicular codes for the State of Californiaj;
however, Ref. 1 does contain standards for storage of
petroleum products)

1.1.2.2 ©Normal Operation

Under normal operation, the emissions associated with the basic generation
facility (which produces and/or utilizes steam for electricity production) are
relatively technology-specific, although the standards referred to above apply
in each case. However, the plants may have similar peripheral facilities:

1. Fuel storage, transfer, and transport (petroleum) — regulations

regarding petroleum storage and loading are included in Ref. 1. (Regulations
regarding fuel transfer into vehicles have been considered beyond the scope of
this report, but may easily be obtained from local air pollution control
districts (APDC).)

For transport facilities such as roads and rails, or pipelines, the

reviewer should consider particulate matter and other emissions arising from



these links to the facility. TIf any explicit analysis is to be performed on
this subject, that may be deferred to the corresponding section of Stage 2 of
the NOI Review.

2. Sewage treatment — emissions to ailr from treatment facilities should

be considered in accordance with APCD regulations.

3. Transmission lines -~ there are two major types of transmission

systems: surface lines (conventionally used for long distance transmissions)
and underground lines. The air emissions associated with these are similar
though varying in degree.
Emissions of importance are:
Ozone (03)
Electric fields — see Ref. 3 for grounding criteria

Magnetic fields — recommended standard is 200 gauss

Electromagnetic radiation — currently no standard for exposure
at 60 Hz, but the matter is under study,3

Particulate matter or visible emissions — associated with
routine maintenance

1.1.3 Technology-Specific Considerations

1.1.3.1 TFossil Fuel

The three fuels, coal, oil, and gas will be discussed separately because
of their substantially different character.
1.1.3.1.1 Coal

t. Normal Operation

Several facets of a coal-fired power plant will contribute air emissions
which should be considered:
a. Basic Generation Facility:

Particulate matter:

combustion contaminants

dust and fumes
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visible emissions

hazardous trace metals — lead, mercury, selenium, etc.
Gases:

sulfur compounds
sulfur oxides (S0y)
nitrogen oxides (NOx)
carbon monoxide (CO)

hydrocarbons
Radiocactive material
Thermal discharge — not currently considered an air pollutant
Standards for the first three categories are given in Refs. 1 and 2 (see Section
1.1.1). The applicant may be asked to provide data showing its projected
controlled and uncountrolled emissions, an analysis of its particulate waste,
fuel, and its proposed control equipment. See Ref. 4, for sample

emission data, sample ash data and analyses of various western coals.

b. Fuel Storage and Transport:

Three types of fuel storage are potentially found at a coal facility:
indoor coal storage, outdoor coal piles, and petroleum (gasoline) storage.
Only the last two have substantial potential for air emissions, the principle
ones being:

Particulate matter
Visible emissions
Carbon monoxide, from spontanecus combustion

Gas fumes
(Sce Ref. 1 for applicable standards.) Two types of transport should be considered:
Roads and rails - primary emissions:

Particulates and visible emissions



Vehicular emissions — regulations governing these would be
found in state vehicular codes, and are beyond the scope
of this review. The effect of these emissions must be
considered later in Stage 2.

Slurry lines — after construction, no particular emissions.

c. Solid Waste Disposal

The sludge produced by most SOZ scrubbers and particulate collectors
may, in principle, be disposed of in the area of the power'plant, (Even if it
is elsewhere, the disposal area may be considered under the jurisdiction of the
NOT review.) Primary emissions:

Particulate matter

Visible emissions

I1. Abnormal Operation

The two main conditions to be considered are maintenance operations
(possibly including the operations of starting up or shutting down the facility,
although this should actually be considered under the category of normal
operations) and fuel substitution. During operations which alter the operating
condition of the plant, such as maintenance, short periods during which applic-
able standards are exceeded may occur. Issuance of a variance would technically
cover such occurrences.

The use of an alternative fuel, particularly 4if long-term or chronic,
could conceivably pose a health hazard and cause standards to be exceeded.
Initial review of the facility should therefore carefully consider the reliability
of the source of the proposed initial fuel and the composition of alternative

fuels available in case the initial fuel becomes unavailable. (See Ref. 4,

for sample analyses of western coals,)
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IIT. Emergency Operation

The air emissions associated with an internal emergency, such as fire or
explosion, are not of sufficient probability and external consequence to be
analyzed in detail during the NOI review. Nor are those associated with
natural disasters. Theilr generic consequences might be considered.

However, during an air pollution episode, limitations on the operation
of coal-fired power plants might appropriately be required (see Ref. 4, Section

2, for emergency standards and for sample emergency procedures).

I. Normal Operation

a. Basic Generation Facility

Operation, should be considered, although in many cases the emissions from an
oil=-fired plant are substantially less than those from a coal-fired plant.
They are:

Particulate matter:
combustion contaminants
visible emissions
hazardous trace metals

Gases:
sulfur compounds
sulfur oxides (SOX)
nitrogen oxides (NOX)
carbon monoxide (CO)
hydrocarbons

Thermal discharge (not at present considered a pollutant)
Regulations are found in Ref. 1. The utility can be expected to provide fuel
analyses projected emissions (controlled and uncontrolled; for a sample, see

Ref. 4), and method of control.
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b. Fuel Storage and Transport

Fuel storage standards appear in Ref. 1. See Ref. 4, for sample tank
evaporation data.

Fuel transport problems are not distinctly different from those of coal.

Road and rail emissions:
particulates
vigible emissions
vehicular emissions

Pipeline emissions:

none of importance after construction

c. Waste Disposal

With low sulfur fuel this is a minor problem. High sulfur fuels provide
a sludge which must be considered if disposed of on-site (or if its disposal is
deemed under the jurisdiction of the NOI review); this could produce:

Particulate matter

Visible emissions

17. Abnormal Operation

The primary consideration for oil-fired plants is not maintenance, but
rather the possibility of alternative fuel usage. Since using a lower grade
fuel either intermittently or chronically could result in a hazard to health and
exceeding a standard, the reviewer should consider the reliability of the proposed
fuel and, possibly, the use of the plant as a multi-fuel facility, with controls

appropriate to the most troublesome fuel (if coal, see section on Coal).

ITI. Emergency Operation

For operation during air-pollution episodes, similar considerations as

stated for coal apply.
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The major emergencies associated with any oil-fired operation (which
could effect the public) are associated with oil spills and the fires associated
with them. These can result from pipeline breaks and spills during transport or
transfer. There are no simple standards which can be applied at this stage of
review, but the matter will be considered in Stages 2 and 3 and in the AFC

portion of review.

1.1.3.1.3 Gas
For this technology, an unusually important consideration is the possible
need for alternative fuels (see Abnormal Operation).

I. Normal Operation

a. Basic Generatién Facility:
Major emissions are principally those in 0il (1.1.3.1.2), but the amounts
are typically much less. Of primary importance are:
Nitrogen oxides (NOy)
Standards are found in Ref. 1. The utility can provide gas analyses and
controlled and uncontrolled emissions (Ref. 4 contains sample data)

and methods to be used for control.

b. TFuel Storage, Transfer and Transport

Storage and transfer problems relate mostly to alternative fuels and
gasoline for plant vehicles. See above under the alternative fuel (oil or coal).
Gasoline storage standards are found in Ref. 1. Transport (via pipeline)

should cause no substantial emissions.

IT. Abnormal Operation

This is one of the most important considerations for the siting of a



gas-fired plant. Because gas is a relatively clean fuel, compared with coal
and oil, a plant might be sited in a potentially sensitive arca. The use of
alternative fuels, with their substantially greater emissions, in such an arca
could have important conscquences. The reviewer may congsider treating the
plant as a multi-fuel facility, as was also noted under 0il, Abnormal Operation.
In such a case, he should review the plant as if it were using the alternative

fuel and see sections in the methodology referring to that fuel.

I1T.  EBmergency Operation

As in other fossil-fuel plants, internal fire and explosion does not
pose substantial danger to the public, although it may be somewhat more
significant for gas-fired plants because of the volatility of the fuel.
However, this would more easily be treated as an occupational hazard, and can
be considered under the detailed design of the facility (at the AFC review).

On the other hand, because of its relatively low emissions, a gas—fired
plant would be less likely to contribute to an air pollution enisode than
other types of fossil-fueled plants.

The most important emergency situation is that of a gas leak in a pipeline
which would emit potentially explosive fumes, possibly in populated areas. Even
at this stage of review, the routing of pipelines should be considered. (See

also below under 1.6, Land Use.)

1.1.3.2 Geothermal
Facilities based on vapor- and liquid-dominated fluids are considered
separately. However, it should be noted that, generally, the substances which

are in principle available for emission into the air are similar: gases (such
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as H,S, NH

9 and radon), particulate matter, heavy metals, and borates. The

35
amounts which actually escape into the air depend markedly on the particular

plant type and control technology. Generally applicable air quality standards

were given in Ref. 1.

1.1.3.2.1 Vapor Dominated TFields

I. Normal Operation

a. Basic Generation Facility
Important emissions are:

Particulate matter:
particulate matter
visible emissions
hazardous trace metals: lead, mercury, selenium, etc.
borates and other salts

Gases:
sulfur compounds
hydrogen sulfide (HZS)
ammonia (NHB)

Radioactive matter:
radon-222

Thermal discharge
Applicable standards are in Ref. 1. An applicant may be asked to provide
data showing controlled and uncontrolled emissions, an analysis of particulate

waste and proposed control equipment.

b. Geothermal Field Emissions
Drilling new wells and venting are all potential sources
of emissions. While not currently considered on-site (the steam is sold

to a utility at the Geyscrs), they are still sources of pollution associated
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with a new facility. If they are not considered at Stage 1 as emissions from
the facility, they certainly have to be considered as additional sources at

Stage 2. In no case, should the effect of these emissions be ignored.

IT. Abnormal Operation

Shutdown of the plant itself often leads to direct venting of the vapor
to the atmosphere (without controls); this may be regarded as an extraordinary
emission due to abnormal operation of the plant.

Blowouts are often associated with the field, but should perhaps be
considered as one aspect of the plant's operation. TIf these abnormalities occur
frequently (reviewer's discretion), they must be considered as emissions
potentially important associated with the plant. If the standafds are exceeded

too often the site or facility way be unacceptable.

1.1.3.2.2 Liquid-Dominated Fields

I. Normal Operation

Primary considerations are:

Particulate matter:
particulate matter
visible emissions
hazardous trace metals: lead, mercury, etec.
borates and other salts

Gases:
sulfur compounds
hydrogen sulfide
ammonia

Radioactivity:
radon-222

Thermal discharge

Standards are in Ref. 1. The applicant would be asked to supply liquid and gas
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composition and emission, controlled and uncontrolled, and projected control

cquipment.

IT. Abnormal Operation

The most important considerations are ruptures in transport lines: either
to the facility with hot liquid (see emissions, uncontrolled, under Normal
Operation) and from the plant for reinjection. Tn this case the major hazard

is: hydrogen sulfide (st)u

1.1.3.3 Nuclear

No distinction has been made between pressurized-water and boiling-water
reactor power plants. The variety of emissions is similar for the two types,
although the amounts differ somewhat; these amounts, however, depend strongly
on the specific control equipment. In the case of nuclear, moreover, we have
not distinguished between the basic facility and the fuel storage facilities,
for fresh or irradiated fuel, since they are typically housed in the same
building complex, and the emissions given above are presumed to include those
originating from these ancillary facilities.

I. Normal Operation

Radioactive matter emitted into the air stands as the primary health and
safety consideration for nuclear power plants. Important emissions, including
conventional emissions, are:

Radioactive emissions:
halogens — principally todine~129, 131, and 133,
noble gases — principally krypton-85 and xenon-131 and -133
tritium — i.e., hydrogen-3, typically emitted in water vapor

particulate emissions — although as measured in curies or
ultimate dose, these are not as important as the
cmissions just mentioned.
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Particulate matter:
particulate matter
visible emissions
hazardous trace metals
hydrocarbons

Gases:
sulfur compounds
sulfur oxides
nitrogen oxides
carbon monoxide
hydrocarbons

Thermal discharge

The ordinary gases and particulate matter are emitted from nuclear power

plants in significant amounts, largely due to auxiliary boilers that are used
during start-up periods or when the reactor is shut down. The standards of
Ref. 1 apply to these emissions, and detailed consideration of these categories
is given in the Section 1.1.3.1 on fossil fuels, where the emissions discussed
under oil-fired plants are particularly applicable.

The standards for the radiocactive emissions and procedures for applying

them are in Ref. 2.

II. Emergency Operation

Under accident conditions, a much larger class of emissions are possible
from a nuclear power plant than listed above. Moreover, the amounts of release
may be much greater. However, these emissions are not licensable, i.e., there
are no emission or exposure standards dirvectly applicable to the emissions.
Accidental releases are controlled through the detailed engineering design of

the facility, a subject of review at the AFC stage.
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SECTION 1.2 WATER EMISSIONS
Power generation can produce three types of water pollutants:

Chemical — including chemical, physical (such as
particulate matter or visibility-reducing particles),
biological, bacteriological, or toxic

Radioactive

Thermal
The standards applicable to these emissions may be found in several references
compiled by the Water Resources Board and the ERCDC:

"Water Quality Control Plan: Ocean Waters of California,’
State of California Water Resources gontrol Board,
adopted and effective, July 6, 1972.°

"Water Quality Control Policy of the Use of Inland Waters
Used for Powerplant Cooling, California State Water
Resources Control Board, June 1975.

"Water Quality Control Plan for Control of Temperature in
the Coastal and Interstate Waters and Bnclosed Bays
and Estuaries of California,' State of California Water
Resources Control Board, June 5, 1972,

"Compilation of Water Quality Standards Applicable in California,"
Facility Siting Division, Energy Resources Conservation
and Development Commission, Ed Piekarz, Steve Leung and
Frank Hahn (Staff Draft)e8

40 CFR part 423, "Steam Electric Power Generating Point Source Category"

A distinction is made between discharges or effluents (''the maximum

concentration of constituents acceptable in waste streams into receiving waters')

and receiving water standards or objectives (''maximum concentrations of various

congtituents permissible in receiving waters").® These categories correspond

respectively, to air emission standards and ambient air quality standards.

1.2.1 Methodological Approach

The reviewer may determine emissions and the degree of compliance with
applicable standards by following essentially the same procedure as outlined in
Section 1.1.1. He always has the option of relying on expert opinion or previous

experience. Or he may make these determinations himself (Explicit Review).
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If the last is chosen wholly or in part, he must:

Explicit Review

1. Determine effluence: .

Data required

lffluence, net — supplied by the applicant, or based on previous
experience with the projected control equipment and plant type,
or
Effluence, uncontrolled - supplied by applicant, outside consultant
or previous experience with the plant type,
and
Control Lquipment, Data - supplied by the manulfacturer, or by

previous experience with the equipment on the generic plant type.
2. Compare with the appropriate standard:

Standards are contained in Refs. 5 through 8 and 40 CFR 423. TIn general,
reference will have to be made to the California Water Resources Board and local
regional boards. It will be necessary to work with the State Board to determine
the requirements for obtaining an NPDES (National Pollutant Discharge Elimination
System) permit. The permit may require limitations more stringent than any
other applicable federal, state or local standards. Tt must be at least as
stringent. The EPA is also considering more stringent underground inspection

regulations: 40 CFR 146, proposal in 41 FR 36730 (8~31-76).

1.2.2 Generally Applicable Considerations

Table 1.2-1 is an outline showing the sources of chemical waste in any
power generation facility. Many of these sources would emit similar substances
for any means of generation, but some (such as coal-pile runoff) are technology-
specific (see Section 1.2.3).
of the need to dispose of waste heat, and in many instances the heat is discharged
to water bodies. Possible cooling systemsvg aside from simple once-through

cooling, are given in Table 1.2-2.
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TABLE 1.2-1 Sources of Chemical Wastes — adapted from Ref. 9.

NORMAL OPERATION
Generation:
Condenser Cooling System
a., Once through
b. Recirculating
Water Treatment (sece waste disposal)
Miscellancous Waste Streams
a. Plant laboratory and gampling streams
b. Intake stream backwash
¢, Closed cooling water gystems
Fuel Storage:
Rainfall runoff — coal pile
Geothermal wells
Waste Disposal:
Water Treatment
Clarification
Sof tening
Ton exchange
. Bvaporator
. Filtration
Other treatment
Ash Handling
a., Oil-fired plants fly ash
b. Coal-fired plants
1. fly ash
2, bottom ash
Air Pollution Control Devices
Miscellaneous Waste Streams
a. Sanitary wastes
b. Low level rad wastes
¢c. Floor drains

L B¢ I = VEN ST « i ]

—— CONSTRUCTION o T
Rainfall Runoff
a. Facility construction
b. Transmission system construction
¢. Construction cquipment

e ABNORMAL OPERATION - S -
Maintenance
Cleaning
a. BRoiler
b. Boiler fireside
¢. Air preheater
d. Miscellaneous small equipment
e. Stack ’
f. Cooling tower basin
Boiler or PWR Steam Generator Blowdown
Transmission Line Maintenance Runoff

EMERGENCY
Internal
a. Rupture of Control Equipment
b. Water Treatment Fquipment Breakdown
c. Transmission Line Break
d. Geothermal Well Blow
e. Other
External




Table 1.2-2 Technologies for Waste Heat Removal - {rom Ret. Y.

@

Cooling ponds or lakes

® Spray augmented ponds

® Canals with powered spray modules

® Rotating spray system

® Wet tower, natural draft — crossflow

® Wet tower, natural draft — counterflow

® Wet tower, mechanical forced draft

® Wet tower, mechanical induced draft9 crossflow
® Wet tower, mechanical induced draft, counterflow
® Dry tower, direct

® Dry tower, indirect

Combined wet/dry mechanical draft tower

Table 1.2-3 Chemicals Used in Steam Electric Power Plants —

reproduced from Ref. 9.
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but, nevertheless, occur in other types of generation.

Most of the attention below is given to chemical or radiocactive effllucnts.
However, the regulations on thermal pollution can be quite strict and therefore
it is necessary, in each instance, to check with the local water resources
board. See Ref. 7 for a discussion.

Table 1.2-3 indicates the chemicals which are used within power plant
systems. A listing of the chemical wastes generally associated with power plant

effluence, and their sources, is given in Table 1.2-4. TImportant to all three

technologies are:

Chemicals, associated with cooling, cleaning and water treatment:
iron
chlorine
vanadium
copper
phosphates

Particulate matter, associated with construction, general
equipment, and transmission lines:

suspended solids
visibility-reducing particles
oll and grease

Biological and Bacteriological Wastes, associated with sewage, etc.

Thermal Discharge

Radioactivity
Regulations regarding conventional pollutants are given in Refs. 5- 8. The
generally applicable standards governing radiocactive water pollutants are given
in 10 CFR 20, Appendix B; regulation applying specifically to nuclear plants

arise from 10 CFR 50, Appendix T and its implementation.
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TABLE 1.2-4 Waste Streams — Chemical Discharges and Their Source
reproduced from Ref. 9,
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1.2.3 Technology-Specific Considerations

1.2.3.1 Fossil Fuel
1.2.3.1.1 Coal

I. Normal Operation

a. Basic Generation Facilities. See Section 1.2.2

b. Fuel Storage
Coal pile yunoff is the most important consideration. Emissions
for which there are or may be regulations
Particulate matter
Trace metals -— mercury, iron, etc.

Dust-proofing agents (organic sprays, CaClz)

C. Waste Disposal

There are two sources of water pollutants: scrubber sludge and ash
(bottom and trapped). Under normal operations they are introduced into the
water system either from the control system directly or from settling ponds
or rainful runoff through disposal sites. Effluence for which there is or
may be regulations are:

sulfate~sulfite
pH range
totally suspended solid

New Source Performance
Standards, Ref. 8

chlorine
copper
iron
polychlorinatedbiphenylsa
oil and grease ‘

nitrate-nitrite

etc.

Regulations also apply to disposal by burial (see Cal. State Health and

Safety Code, Title 17-5.4.3, Section 30288).
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1.2.3.1.2 0il

The most important consideration specific to oil-fired plants is the
possibility of an oil spill, to which regulations on oil and grease discharges
would apply.

Abnormal operation (fuel substitution, especially coal) would warrant

broader scrutiny (see Section 1.2.2),.

1.2.3.1.3 Gas

Generally applicable standards must be met, but gas~fired plants under
normal operation do not have large liquid-waste discharges. Under abnormal
operation (especially fuel substitution), discharges may increase substantially.

(see Section 1.2.2).

1.2.3.2 Geothermal

I. Normal Operation

a. Basic Generation Facility — see Section 1.2.2

b. Fuel Transport

If the transport lines are operating properly then there will be no
particular problems. However, should leaks develop in the transfer pipes,
surrounding ground and surface water could be effected. Important effluents are:

Particulate matter
hazardous trace materials: arsenic boron, mercury
visibility-reducing particles
Dissolved gases
ammonia
hydrogen sulfide
chlorine

fluorine



Dissolved salts
borates
alkalinity
chlorides

Thermal pollution

c. Waste Disposal

Fluid Disposal

Actual effluence depends upon the technology chosen and the fluid
composition. Of particular significance is the fact that fluids typically will
be reinjected. The primary dangers arise from

Spills
Reinjection at the wrong level

Reinjection at too high pressure, causing cracks in the
surrounding rock

Reinjection in areas of sloping aquifers, or with lens-
shaped cap

Natural development of cracks in the disposal area
The probability and consequences of such events must be assessed, to the extent
the ERCDC concerns itself with matters apart from the generation facility.
Such assessment would require the attention of expert professionals. The

effluents associated with spills are the same as those mentioned under fuel

transport. It is important that the injection system be in compliance with
40 CFR 146, and it would be appropriate to be in compliance with the proposed

regulations which would apply to extant disposal sites.

Solid Waste Disposal

There are several sources of pollution associated with leaching from
the solid wastes of a geothermal facility. They are:

From Drilling Muds:

Particulate matter
visibility-reducing particles
suspended solids
rock flour

hazardous trace metals



Dissolved pollutants
borates
silicates
chlorides
alkalinity
sodium compounds
detergents
From Control Equipment (depending upon method):
iron hydroxide or nickel hydroxide
sulfur
lead-210
mercury
vanadium oxides and organic oxidants

d. Drilling

Drilling mud disposal effluents are considered under waste disposal

1.2.3.3 Nuclear

I. Normal Operation

In addition to the effluents mentioned in Section 1.2.2, the following
contaminants are important:

Radioactive matter:

tritium — hydrogen-3, incorporated in water molecules
Chemical waste:

hydrazine

Lithium hydroxide

boric acid
(The chemical effluents are used in the treatment of the primary coolant for

the nuclear reactor.)

IT. Emergencies
As in air, the types and amounts of radioactive species which may be

discharged as a result of reactor accident can be much larger than the routine
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emissions associated with nuclear plants. If the water supplies which could
be contaminated affect the drinking supplies of the surrounding population,
then the site may not be appropriate.

(Note: TFor nuclear, no distinction is made in the above treatment
between PWR and BWR. Moreover, the fuel storage pools are not distinguished
as facilities separate from the basic generating facilities, since they are

housed in common buildings.)
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SECTION 1.3 NOISE EMISSIONS

1.3.1 Methodological Approach

Precisely the same set of possibilities as were available in Sections
1.1 and 1.2 may be used to analyze the noise of a proposed facility. They are
expert opinion, previous experience, explicit review by the ERCDC staff, or a
mix of all three.

Explicit Review

1. Determination of emissions:
Data Required
Net Noise Generated — by all parts of the plant and their

construction, supplied by the applicant, or estimated
by an outside consulting firm, or by previous experience

or

Uncontrolled Noise Levels — supplied by the same sources as
Net Noise

Abatement Procedures — procedures to be supplied by the
applicant, their efficiency may be provided by the
applicant, the manufacturer of any equipment used,
the total effect to be estimated by the ERCDC staff,
an outside consultant or by previous experience with
similar problems and solutions

2. Compare with the appropriate standard:

Noise standards other than OSHA standards (ref. 4: these
are, strictly speaking, the subject of AFC review) are highly local. It has
been the practice in the past for the utility to provide the noise regulations
applicable to the particular sites. The Office of Noise Pollution has a

collation available. In general, it will be necessary to determine the

applicable standards at the time of the review.

1.3.2 Generally Applicable Considerations

Although many aspects of a power generation facility, such as the turbine,

produce noise, the primary source occurs at the construction phase. A major
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consideration during this phase is the OSHA standards designed to protect
workers at the site, although local ordinances are alsoc applicable. Other
sources of noise are:

Basic generating facility:
turbine
moving equipment

Transmisgsion lines
There is little prospect in abatement of the noise produced by transmission
lines, although use of landscaping has been of some help. The actual generating
facility does produce noise apparent to workers at the site, however, it is
unlikely that this would produce off-site noise levels higher than those normally
associated with industrial processes. It is worth keeping in mind however,
that applicable regulations may not be explicit. The reviewer should also
keep in mind the power of a nuisance clause in an area where the population
is opposed to the establishment of a facility. This admonition applies to any
considerations of any pollutant for which applicable regulations are not specific.
Applicable regulations may not fully reflect the effect which moderate ambient
levels may have on the physiological and psychological well-being of the local

population. This problem is considered further in Stage 3.

1.3.3 Technology~Specific Considerations

1.3.3.1 TFossil Fuel
1.3.3.1.1 Coal
The major source, other than conventional industrial noise, is coal

handling or pulverizing equipment.

1.3.3.1.2 0il

No considerations beyond standard industrial noise levels.
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1.3.3.1.3 Gas

Ordinarily no considerations beyond those of standard industrial levels.

1.3.3.2 Geothermal

Principle sources of noise that are peculiar to geothermal facilities
are well-drilling and steam venting. Tt is important to vealize that some of
the noise associated with geothermal development and power production may be

reduced by muffling. However, in spite of this, noise levels will be high.

1.3.3.3 Nuclear

No considerations beyond standard industrial noise levels.
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SECTION 1.4 SOLID WASTES

The solid wastes considered in this section are only those directly
produced in the process of power generation. Wastes such as sewage have
standard methods for disposal which are not considered in this review.

For the solid wastes from power generation, the review of this section
pertains to the basic methods of disposal. The review does not regard the solid
wastes per se as an "emission” or effluent from the plant. However, the
respects in which the solid wastes can contaminate the air and water are
considered above in Sections 1.1 and 1.2, respectively, of this review.

Because the solid wastes associated with specific electric generation
technologies are quite distinct, methodologies for their review are presented

in separate sections which follow.

1.4.1 Tossil Fuel

1.4.1.1 General Considerations

The amount of solid waste varies with fuel type: Coal-fired plants
generate a large volume of waste as ash and as scrubber sludge. Oil-fired
plants produce only a moderate amount which depends on the grade of oil.
Gas-fired plants generate almost no solid waste, and for this reason are not
considered in this section.

The basic purpose of the present review is to determine the stability
of any on-site disposal of solid wastes. Alternatives to simple on-site disposal
are transport off-site or reprocessing (such as of scrubber sludge).

On-Site Disposal ~ two basic considerations:

a) Whether the disposal site is stable physically, so that ground

motion is not induced.

b) Whether the site is stable enough to prevent leakage into air

and water.
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Off-Site Disposal — the reviewer must determine the adequacy of transportation

from the site.

Reprocessing — whether on-site or off-site, the standards applicable to chemical
processing must be applied. Tt is not clear whether such a plant, if

on-site, falls under the jurisdiction of this review.

1.4.1.2 Methodological Approach

In general, the review may be conducted on the basis of previous
experience, expert opinion, or staff review.

Explicit Review

1. Determine the amount (by mass and/or volume) and type of wastes.

The data would be supplied by utility directly or be determined by staff
on the basis of some combination of information from the utility and/or manu-
facturer on plant type and control measures (those which produce solid wastes).
2. Determine adequacy of means by disposal (from the point of view of the
site being considered).

a. On-site disposal:
@ Determine capacity of site and compare with need
@ Determine stability of site and any constraints on waste
(in this matter, the opinion of an engineer experienced in
waste disposal would be appropriate). The question of site
stability per se is to be considered in Section 1.5.
Standards for any emissions into air and water are to be
considered in Sections 1.1 and 1.2, respectively.
b, Off-site disposal:
@ Determine adequacy of transportation off-site (Section 1.6)
(associated emissions into air and water are to be considered

in Sections 1.1 and 1.2, respectively).
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¢c. On=-site reprocessing: may be regarded as a separate facility

with independent regulatory procedures.

1.4.2 Geothermal

The general methodology for solid waste in geothermal power plants is the

same as for fossil fuel power plants (see Section 1.4.1.2).

1.4.2.1 Vapor-Dominated

For vapor-dominated fields, the most significant solid waste will be
sulfur generated by HyS pollution-abatement processes. This sulfur may be in
the form of an impure slurry in the cooling tower basin or pure sulfur from

another process. Disposal of the sulfur will probably be off-site.

1.4.2.2 Liquid-Dominated

The solid wastes associated with a liquid-dominated field will depend
on the energy cycle chosen. If ponding is used, large quantities of material

may remain after evaporation. Sulfur may also be generated by H,S pollution

2

abatement processes.

1.4.3 Nuclear

Nuclear may produce some of the same type of solid waste as from fossil
fuel or geothermal plants. Were these not to contain amounts of radiocactivity
above "background" levels, they could be treated in the same manner as in the
other technologies. However, in general, sufficient radicactivity will be
present in wastes to require that they be handled as radiocactive materials
and disposed of off-site.

Three general classes of radicactive material leave the site:
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shipment.
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irradiated fuel ~ this contains material which is certainly

"wastes', but some of the contained materials may also be recycled.
In either case, the material is shipped off-site, so that the
reviewer must only assure the adequacy of transportation facilities
(see Section 1.6).

solid and liquid residues — from emisgion control and water

treatment systems; shipped off-gsite (see Section 1.6).

tools, clothing, etc. with radioactive contaminations — shipped

off-site (see Section 1.6).
each of these classes, the material is securely contained for

In the course of shipment, some persons in proximity to the

material may receive doses of radiation. (No radiocactive material need

escape from the shipping containers, but some penetrating radiation can pass

through the container walls, exposing nearby persons.) This dose should be

reviewed (in Section 2.4). There is, moreover, some potential for radioactive

releases through accidents during transportation; and review of this potential

danger should take place in Section 2.4 or in Stage 3.
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SECTION 1.5 SITE GEOPHYSICAL CHARACTERISTICS
This section makes a basic determination of the suitability of the
geophysical characteristics of the site, including:

mechanical characteristics:

general stability and soil characteristics

(suitability as a base for large structures, or for
disposal areas)

seismicity (potential for earthquakes)

hydrological characteristics:

potential for water contamination

potential for floods
(Note: Meteorological characteristics could be construed to be included
in geophysical characteristics. However, this rarely has health and safcty
implications per se—except for the high winds due to tornadoes, hurricanes
ote —so that the effcecets of meteorology are incorporated in the review of

Stage 2, Section 2.1 on dispersion of air emissions.)

1.5.1 Methodological Approach

For each consideration, a determination must be made of whether judgment
is most appropriately made on the basis of previous experience, expert opinion,
or staff/applicant analysis. Unless a staff member has geological engineering
qualifications, the first two bases should be utilized. (In any instance
where staff analvsis is appropriate, i.e., where an applicable standard or
puideline exists, the staff may make a direct comparison based on the data

supplied by the applicant or collected by the stafl or its agents., )

1.5.2 Generally Applicable Considerations

Ground characteristics — mechanical stability and soil comparison

must be adequate for the proposed facilities (in lieu of
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applicable standards, expert opinion — presumably the contractor
designing the facility or the utility — is needed).

Seismic characteristics — generally will require dependence on expert

opinion, except where the basic seismic information is generally
available (i.e. fault positions and lengths, with associated
maximum earthquake information) and an applicable standard exists.
The nuclear approach may be used as a model.

Hydrology — characteristics that could lead to contamination of
ground water (actual analysis would be performed in Section 1.2)
or to the occurrence of floods (for which expert opinion is
required).

The consideration of ground characteristics as they pertain to the ability
of the ground to sustain the loading of the proposed facilities is directly
applicable to the construction phase, as well as to other operational conditions
(whether normal or emergency), and applies — not only to the basic generation
facility — but to ancillary facilities, particularly including fuel storage,
any on~site waste disposal facilities, and transmission lines. (Hydrology would

also apply directly to any underground facilities such as transmission lines.)

1.5.3. Technology-Specific Considerations

The comments above apply generally to any plant type, and adequately
cover the considerations for a fossil-fuel plant. For a geothermal plant, the
data developed here would lead to a consideration of the possibility of
subsidence (in Section 2.5). Nuclear plants require more detailed treatment

of seismicity {(Section 2.5).
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SECTION 1.6 SITE DEVELOPMENTAL CHARACTERISTICS

This section performs a basic examination of the developmental charac-

teristics of proposed sites:

Population distribution in the region — basically to determine

the population at risk from plant emissions

Land availability and/or use — any basic criteria on land use

should be applied here

Availability of transportation and other utilities — must ascertain

whether requivred facilities will be available

1.6.1 Methodological Approach

For most developmental characteristics, review can be based on staff/

applicant analysis or comparison. The basic approach is to

1. <c¢ollect data on the particular consideration or need.

2. compare with applicable standards or required facilities.

1.6.2 Generally Applicable Considerations

Population distribution — density-limiting criteria may be set for
different plant types. This is especially true of nuclear,
where it is possible that controls may be imposed to Jimit
population growth in the vicinity of the plant (see analysis
of Section 2.6). 1If a simple criterion is applicable, the
comparison may be made at this stage.

For nuclear, staff should also check on the establishment
of contacts between the utility and public agencies for the
purpose of emergency planning.

Land use/availability —

® QOQwnership of the site itself should be determined;
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any applicable criteria which could restrict the region
under consideration from power plant siting should be
checked.

® for any type of plant, establish criteria for minimum
site size — especially possible for nuclear; see also
determination of exclusion zone and low population zone
in Section 2.6. Establish criteria for controls beyond

the site itself, especially for nuclear (see Section 2.6).

Availability of utilities —

® transportation needs (by road, rail, or pipeline) for
workers, fuels, wastes, and human requirements; fuel and
waste requirements are facility-dependent; all require a
simple comparison of anticipated needs with transportation
facilities which will be available.
© other utilities — water, cooling water, gas, medical, etc.—
simple comparison of needs and availability.
These all apply to various modes of facility operation.
For the construction phase, the availability of utilities must be
considered specifically.
In general, land use criteria must be applied to all of the basic plant

and ancillary facilities; among the latter, transmission lines and pipelines

are to be considered particularly.
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STAGE 2. BASIC IMPACT ANALYSIS

SECTION 2.1 AIR EMISSIONS

The purpose of this section is to determine the effect which the
emissions into air determined in Sectiom 1.1 have on air quality. This may
lead to comparison with applicable standards or objectives (federal, state,
or regional), to assessment of interactive effects, i.e., of air pollution on
water, biota, etc., or to an assessment (in Stage 3) of the impact of these

alterations on human health, to the extent that such an assessment is possible.

2.1.1 Methodological Approach

A choice of approaches between:

a. expert opinion

b. previous experience — in this case the past situation
must bear great similarities to the proposed facility
and site

c. explicit review

Unless a past situation exists which bears the necessary similarities to the
current situation, it will be necessary for some sort of analysis. The staff
may choose to perform the analysis itself, (if so see Explicit Review below)
or consult an outside expert or comsulting firm, which may have computer
program flexibility and experience as well as access to the necessary computer.

Such an analysis almost invariably depends on computer modeling of the
manner in which emissions from the proposed facility would disperse from the
emission point and add to or interact with other substances in the air in the
region in which the facility is to be located. The choice of model will
depend largely on the information required and on the conditions prevailing

in the region of the proposed site. 1In turn, the model will determine input



Voo

data requirements. For this reason, the ailr impact methodology can take on
varying forms and levels of sophistication.

Explicit Review

1. Preliminary determination of analysis to be made.
Initially, the reviewer will need to decide upon:

Model — needs to be available on a computer whose size, speed,
and sophistication will depend on the model chosen. A choice
of models of varying complexity is given below in Section 2.1.2,
Generally Applicable Treatment.

Results Desivred — must be carefully defined, will depend largely

on the character of the standards with which the results are

to be compared and on the detail with which the actual

assessment of health impacts (in Stage 3) may be attempted.
Input Data — including:

emissions — net, from the proposed facility {(from Stage 1).

competing sources — either ambient levels of wvarious

pollutants and reactive species in the survounding

region OR emissions from specific nearby sources of

pollution and reactive species plus ambient background

meteorological and topographical characteristics —
their detail and the extent of the region to be covered
would depend upon the model chosen

chemical and physical processes — should include those which
the model is able to handle and/or those which are known

to be of importance. TIn the latter case, a model should

be chosen which is able to calculate their effect.

2. Perform the analysis.
This may be done by the ERCDC staff or by an outside consultant (or other

agency) who would provide the results of a calculation based upon decisions made

in Step 1 above.

3. Compare with appropriate standard.
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One general difficulty will be that ambient air quality depends upon
multiple sources, and that permits are often issued based on consideration of
all sources in the area. It may be possible that adjustments could be made
with the competing sources if the facility to be established is a particularly
important one. Further, if after the establishment of a new facility, the stan-
dards would still be exceeded, but the quality of the air would have been improved
due to trade-off with other facilities, it may be possible to agree to its siting.

Standards can be found in Refs. 1 and 2.

4. Assessment of "Interactive Effects".

Additional data necessary:

water in the region
biota in the region
Food and Drug Administration standards

interactive effects

An example of the type of analysis to be performed: A coal-fired plant will
release finite amounts of mercury in the air. If there is a lake in the area,
the mercury Willsettle in it to some extent. Through various physical processes,
the mercury may accumulate in the fish, which in turn convert it to organic
forms. The FDA standard for mercury in fish is 500 ppbw. TIf the fish in the
lake already have high background levels of mercury, then the standard may be
exceeded.

A general discussion of "interactive effects" is included in Section

2.,1.2.2, Generally Applicable Treatment, Interactive Effects. Other possible

specific "interactive effects"” will be included in the sections on specific

technologies.



2.1.2 Generally Applicable Considerations

-2.1.2.1 Direct Considerations: Models Available for Dispersion Analysis

Presuming analysis beyond simple dependence on either past experience
or expert opinion will be performed, a number of different types of analysis
are possible and appropriate, of which we set out three, with differing levels

of sophistication:

2.1.2,1.1 "Primitive" or Statistical Analysis

Data Required:

Experimental tracer measurements
Ambient levels in the absence of the proposed facility

Emissions, from Stage 1

Method of Analysis:

a. Off-site measurement of tracers released at the site, yilelding a direct but
very simplistic indication of the extent to which emissions alter off-site
ambient levels. The resultant predictions may be added to existing concentrations

from other sources to yield net levels.

b. Comparison of proposed emissions with gtatistical analysis of other similar
examples or with experience in the region of proposed site. For example, could
use linear relationship (established on the basis of past experience) between
emissions and alteration of concentrations. The data requirements are emissions
from Stage 1 and correlations based on past experience.

Advantages
The major advantages are low cost, high speed, and simplicity.

Limitations

® Can only be applied in simple situations, as far as meteorology and topography
are concerned, or where well tested correlations exist.
® Does not take chemical reactions into account; the person doing the measurements

must know what reactions occur.



® Relies on accurate measurements by advantageously placed monitors.

2.1.2.1.2 "Intermediate'" Analysis

A Gaussian plume model or variants on it may be used. As opposed to the
above possibility, this is a deterministic approach applicable to relatively
simple meteorological and topographical situations which yields limited results.

Data Required

® Fmissions — net, from the proposed facility (from Stage 1). (No chemical
reactions necessary since Gaussian models do not permit such interactions.)

® Ambient levels — as applicable, from other sources (simply to be added to
the results from the Gaussian model).

® Wind conditions — appropriate to the site (only simple averaging of results
over variability of the wind is possible; variability is not incorporated
in the model itself).

® Turbulent diffusivity

€@ Depletion parameters
The results of this approach are calculated concentrations in the plume
Advantages

® (Greater flexibility than in the simplistic approach, but not requiring the
large data base, personnel, or computer required by the sophisticated

approach below.

Disadvantages

® Tnability to handle complex situations with respect to meteorology, topography,

or chemistry.

2.1.2.1.3 "Sophisticated" Analysis

The reviewer may attempt determinations of concentrations from more
physically accurate models, and ones which are more difficult to use, which

permit:



® Partial confinement of the emissions from the proposed facility

and other sources in a region (air basin)
® Variability in meteorological conditions, such as wind direction

® Chemical reactions

Data Required
As for the Gaussian model above:
Net emissions
Ambient levels
Wind conditions

Turbulent diffusivity
Depletion parameters
PLUS

Competing sources, a detailed inventory

Meteorological data — including wind field or equivalent, with
temporal and spatial variations

Chemical reactions between pollutants, thermodynamics and kinetics — as
an example, a possible mechanism for a typical Los Angeles smog can
be found in Ref. 10 (reaction rates have been postulated where
possible). A typical SOZ~type gmog mechanism is in Ref. 11, again

with reaction rates where possible.
The results of such analyses are time-varying concentrations in a regional air
basin.
Advantages
This is the only approach which, on a deterministic basis, gives the detailed
information required for either a comprehensive comparison with air quality
standards or for a realistic determination of human exposure.

Disadvantages

® An extensive data base is necessary

® The model requi