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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-
thermal, and Fossil-Fuel Electric Generation in California." This project
was performed for the State of California Energy Resources Conservation
and Development Commission as its "Health and Safety Methodology" project,
funded under contract number 4-0123., The reports resulting from this work
are listed below. Their relationship to one another is described fully
in volume 1, the Overview Report.

Vol. 1: "Health and Safety Impacts of Nuclear, Geothermal, and Fossil-
Fuel Electric Generation in California: Overview Report,”
by the entire staff, Lawrence Berkeley Laboratory Report
LBL-5924. Includes "Executive Summary" for the project.

Vol. 2: "Radiological Health and Related Standards for Nuclear Power
: Plants," by A.V. Nero and Y.C. Wong, Lawrence Berkeley
Laboratory Report LBL-5285.

Vol. 3: "A Review of Light~Water Reactor Safety Studies,” by A.V. Nero
and M.R.K. Farnaam, Lawrence Berkeley Laboratory Report
LBL-5286. ,

Vol. 4: "Radiological Emergency Response Planning for Nuclear Power Plants
in California,” by W.W.S. Yen, Lawrence Berkeley Laboratory
Report LBL-5920.
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B by A.V. Nero, C.H. Schroeder, and W.W.S. Yen, Lawrence Ber-
keley Laboratory Report LBL-5921. .

Vol. 6: '"Health Effects and Related Standards for Fossil-Fuel and Geo-
thermal Power Plants,” by G.D. Case, T.A. Bertolli, J.C.
Bodington, T.A. Choy, and A.V, Nero, Lawrence Berkeley Report
LBL-5287.

Vol. 7: ° "Power Plant Reliability-Availability and State Regulation," by
‘ A.V. Nero and I.N.M.N. Bouromand, Lawrence Berkeley Labora-
tory Report LBL-5922

Vol. 8: "A Review of Air Quality Modeling Techniques," by L.C. Rosen,
Lawrence Berkeley Laboratory Report LBL-5998.
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ties,”" by A.V. Nero, M.S. Quinby-Hunt, et al., Lawrence Ber-

" keley Laboratory Report LBL-5923.
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HEALTH AND SAFETY IMPACTS OF NUCLEAR, GEOTHERMAL, AND
FOSSIL-FUEL ELECTRIC GENERATION IN CALIFORNIA

OVERVIEW REPORT

ABSTRACT

This report presents an overview of a project on the health and safety
impacts of nuclear, geothermal, and fossil-fuel electric generation in California..

“In addition to presenting an executive summary of the project, it sets forth

the main results of the four tasks of the project: to review the health
impacts (and related standards) of these forms of power generation, to review
the status of standards related to plant safety (with an emphasis on nuclear
power), to consider the role of the California Energy Resources Conservation
and Development Commission in selection of standards, and to set forth method-
ologies whereby that Commission may review the health and safety aspects of
proposed sites and facilities. In summarizing the results of the project,
this report relies heavily on several more specialized reports resulting from
this work.
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C. H. Schroeder
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INTRODUCTION AND SUMMARY (EXECUTIVE SUMMARY)

, .~ THE HEALTH AND SAFETY IMPACTS OF
NUCLEAR GEOTHERMAL AND FOSSIL—FUEL ELECTRIC GENERATION IN CALIFORNIA
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January 1977 ‘
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This introduction and summary of the Overview Report for the Lawrence
Berkeley Laboratory project, "The Health and Safety Impacts of Nuclear, Geo-
thermal and Fossil-fuel Electric Generation in California,' also serves as anr
Executive Summary for the project. This prOJect was performed for the State
of California Energy Resources Conservation and Development Commission ‘as its
"Health and Safety Methodology progect and was funded under contract number
4~ 0123 In addition to the overview report, a number of other reports were
written 1n the course of this work. These reports and their relationship to
one another are indicated in this introduction and summary and more fully,

in the body of the Overview Report.




S1. Purpose of the work

The Warren-Alquist State Energy Resources Conservatioﬁ and Deyvelopment

Act eétablished a Commission, one of whose major responsibilities is to
certify sites and facilities for electric power generation. As part of the
certification process, this Energy Resources Conservation and Development )
Commissibn'(ERCDC) must review the "heaith and safety" aspects of the sites
and facilities which are proposed. This review must conétitute a portibn of
the overall review process, which is divided into two stages, an actual
application for certification (AFC) and a preliminary notice of intention
-(NOI) to apply for éertification. The NOI stage requires the submission of
three alternative sites, and the acceptability of these sites is determined
ﬁpon review of the site characteristics, in the light ofrthe type of facilities
which will be proposed. The AFC stage is an application to construct a
facility on a site which has previously been found to be accéptable at the
’NOI stage.

~ The purpose of this work has been to examine the potential health and
safety impacts of nuclear, geothermal, and fossil-fuel electric-generating
power plants and to identify methodologies whereby the ERCDC may review these
health énd safety impacts to determine compliance witﬁ applicable standards,
including those which the ERCDC may addpt "to be met in designing or operating
facilities to safeguard the public health and safety.” The review conducted
by the ERCDC examines areas other than health and safety, but these have not

been treated in the present work. Examination of environmental impacts and of

detailed facility design has been included to the extent that they have
implications for human health and safety. .

The first part of the work exaﬁine& the present state of knowledge
about,'and standards for, potential health and safetY-impécts.r it has
been divided, as a cbnvention, into two areas: é "health" area, deemed to
include emissions (into air and water) from the plant site and the'manner in
wﬁich they affect the public, and a "safety"™ area, deemed to include ﬁhyéical
or engineering aspects of the facility and site which may have health.and
safety implications. For the health.area, a review of important studies and
of the standards was performed. For the safety area, a preliminary survey
of available standards was performed, but analysis was limited to two

specific areas: a review of studies of light-water nuclear reactor
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-and safety.»

safety and a brief examination of historical data on power plant reliability
and availability. L _ A

‘ The second part of the work examined the tools for ERCDC review, ‘the
standards which might be employed and methodologies for the review process.

A topic which was examined with particular interest was how the ERCDC might

evaluate or develop standards,.and related methodologies, for areas where

these do not presently exist, but which are judged significant for health

S

Facilities for electric power production include ‘both the power plants

.ﬂthemselves and the other components of the fuel cycle, such as mines and/or -
- mills, fuel fabrication or processing plants, transportation 1ines, and waste
~ disposal facilities. Although reference is made to fac1lities other than the
3:power plants, it is the power plant itself that is the basic focus of this work.

“§2. 'Basic considerations for standards and methodologies for review of

~ proposed sites and:facilities

" are

- Standards, in the sense of "that which is established as a measure,
the basic tool employed during’ the regulatory review. The major effort in

the development of the review process is the identification,selection, or

*~formulation of -standards, and the development(of methodologies for;their

“application.: The character of'theserstandards strongly-affects the nature of

the review process. -

Basically, standards may be developed either as regulatory requirements

“or as suggested guidelines. Which .is. chosen depends on_ the particular appli-~
‘.cation. ' Often standards related to air quality carry legal force. In other
ffcases, such :as for broad. assessment functions and for review of facility design,
’*it 1s-difficult to establish regulatory standards. However, it is possible,

““ag indicated below.,«aﬁ

Even an: emission standard with legal force is based broadly on possible

effects ‘on human: health However, it often serves in lieu of any quantitative

,evaluation .of health impacts. As detailed understanding of these impacts
”'develops, standards ‘more. directly ‘based on evaluation of impacts can come into

“ ‘use.” As examples-of. these two stages of development, most air quality standards

and associated emission standards are based on an appreciation of the effects
of ‘air pollution on. human _health, but not on quantitative assessment of -

impacts, -on the other hand, although standards for routine radioactive '

Vem18810ﬂs were similarly based. until recently, the review of nuclear power
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plants by the Nuclear Regulatory Commission is now based directly on cost—
benefit considerations coupled with quantitative risk assessment.

Should 1t be considered desirable to perform asseSSment functions:fof
areas where the legal standards are not formulated in this way, guidellnes
for assessment would have to be developed. These would specify how an
assessment methodology was to be used. Itkmay be appropriate to begin
constructing a framework for assessing health impacts of conventional power
plant emissions. Since not enough is known for direct calculation of these
impacts,. indicators might be used, guidelines would have to be developed
for use of such indicators. As another example, if the potential impact of
nuclear accidents (as distinguished from routine emissions) is to be considered
quantitatively in the review process, guidelines and methodologies for accident
analysis will have to be developed '

General design of power plants and other industrial facilities customarlly
use standards which have no legal standing, but which are effective guidelines.
In certain areas, with important implications for the health and safety of
workers or the publie, these standards may assume regulatory force, either
fotmally or practically. However, the bulk of engineering standards are
voluntary. ‘ '

For any area of review, related either to emissions (routine or accidental)
or to plant design, a considerable effort may be devoted to analysis, whether
or not the standards are actual legal requirements. However, before the ERCDC
could review an area for which there are no regulatory standards, it would
have to select or develop standards, requiring a considerable effort in itself.
Moreover, itvwould have to carefully consider possibly overlapping jurisdiction
with other public agencies. This possibility must be considered, in fact, for
any review area. It is to be expected, though, that the details of coordina-
tion in overlapping areas would be developed on the basis of actual experience
with the processes. of standards development and facility review.

For many aspects of electric power plants relating either to emissions
or to facility design, important choices have to be made either of review
areas, standards, or methodologies. Ultimately the selection of standards
and'methodologies for a health and safety review should be based precisely on
health and safety impacts. This work has been devoted to an examination of
these impacts,‘to elucidation of’review methodologies for meeting standards
related to these impacts, and — for areas where regulatory standards do not
exist, such as for impact assessment functions or engineering review-— to

identification of approaches for treatment of these areas during ERCDC review.

i»
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S3,_ Products of the work

The work performed in this project has led to the completion of several
products, primarily in the form of Lawrence Berkeley Laboratory reports.

Reviewing the health and safety implications of electric generating :
facilities involved completion of severalreports on "health" effects and

related matters. Those primarily related to nuclear power plants are"

v"Radlological Health and Related Standards for Nuclear Power Plants,
by A. V. Nero and Y. C. Wong, Lawrence Berkeley Laboratory Report LBL-5285.

"Radiological Emergency Response Planning for Nuclear Power Plants in
: California," by W. W. S. Yen, Lawrence Berkeley Laboratory Report LBL~-5920.

"Control of Population Densities Surrounding Nuclear Power Plants,“ by
- A, V. Nero, C. H. Schroeder, and W. W. S. Yen, Lawrence Berkeley Laboratory
Report LBL-5921. R . . .

A major report on fossil-fuel and geothermal plants was completed'
MHealth Effects and Related Standards for Fossil-Fuel and Geothermal

Power Plants," by G.D. Case, T. A. Bertolli, J.C. Bodington, T. A. Choy,
“and A. V. Nero, Lawrence Berkeley Laboratory Report: LBL—5287. )

,,A brief report on meteorological models provided information on pollutant

dispersion, a matter of major interest for review methodologies-

. "A Review of: Air Quality Modeling Techniques," by L. C Rosen, Lawrence
Berkeley Laboratory Report LBL—5998
Safety—related aspects of nuclear plants and certain reliability aspects of
all plants were .treated. in- e
“'MA Review of Light-Water Reactor Safety Studies," by A.V.Nero and
‘M, R, K. Farnaam, Lawrence Berkeley Laboratory Report LBL—5286. )
"Power Plant Reliability—Availability and State Regulation," by A. \I Nero
and I N. ld N. Bouromand Lawrence Berkeley Laboratory Report LBL—5922.v
Two informal reports, simply listings —-without comment —-of engineering ,
standards, have been compiled on "Criteria, Regulatory Guides, and Standards

Applicable to the Safety Engineering of Light-Water Reactor Power Plants

‘and on. "Generally Applicable Engineering Standards.

All of the above work served as primary input to the methodologies report

and, finally,»to the Overview Report..

,"Methodologies for Review of the Health and Safety Aspects of Proposed
.. Nuclear, Geothermal, and Fossil-Fuel Sites and Facilities," by A. V. Nero,
M.'S. Quinby-Hunt, and staff, Lawrence Berkeley Laboratory Report LBL-5923.

v"Health and Safety Impacts ‘of Nuclear, Geothermal, and Fossil~Fuel Electric
" Generation in California: Overview Report," by the entire staff, Lawrence
Berkeley Laboratory Report LBL-5924.




) The Overview Report, together with the other repbfté listed above, con-
stiéuté ;he final réport forrﬁhis project. They serﬁe.both as a basic source
of information of ﬁhe health and safety:aspects of eleétric generaéion
gtations‘and as a structufe fof ﬁethodologies forvhealth and safety reﬁieﬁ.
These £w§ aspects of the work are summarized in,thé remaining sections of

this introduction and summary. The four chapters of the Overview Report

which follow this introduction and summary correspond roughly to the. four

tasks of the work statement for this project.b

S4. Health and safety impacts of electric generating facilities: a summary

~ The primary effects which electric generating facilities may have on the
puBlic health and safefy occur due to the eﬁission and dispersion of harmful
substances through environmental media with which the public has contact.
Because of this, a basic function of the public agencies éharged with pro-
tecting the public health has been to limit such emissions, considering both
the benefit to the pﬁblic and the feasibility (including-cost) of controls.
Because the facility design clearly affects emissions and can also have a direct
effect on the safety of workers; such design is also fegulated, but.to a lesser
extent. Only for nuclear power plants among the facility types of interest
does plant safety have a sufficiently strong potential impact on the public
safety to have warranted detailed regﬁlation of the plant design.

The principal media through which harmful substances may reach the

public are air and water. For each medium, limitations on ambient concentra-
tions and on emissions of various substances have been déveloped,,based on
the current.uhderstanding of their effect on human health and welfare. - We
have operationally divided these substances into radioactive and "conventional"
pollutants, both of which include substances in gaseous, liquid,‘and particulate

form.

S4.1 Health effects associated with nuclear power plants

. Radioactive materials are ﬁhé emissions of printibal concern ffom
nuclear pdwer plants. A separatérrepdrt (LBL-5285) discusses these emissions,
asrwell as‘the effects of radiation and the standards for protection of humans
from exposures arising from radioactive releaSes, whether routine or accidental.
7"The‘principal"radioacive emissions from routinely operating nuclear
power plahts are triﬁium, carbon, iodine,.and’the noble gases krypton and

‘xenon. The major emissions of these radionuclides are into air, although
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the tritium an isotope of hydrogen which is typically incorporated into water

"molecules-may also .escape in the liquid discharges. From the radiological 7

point of view, the significant measure of emissions isrthe ultimate dose to
which humans are subjected; the dose from an operating nuclear pouer plant is

typically very small compared with the dose received from other sources, either

‘natural background sources or medical exposures.

- Our presentTunderstanding of the effects of radiation arises from

several major sources, ‘including the inhabitants of Hiroshima and Nagasaki

‘”exposed to radiation from nuclear weapons, patients treated with radiation as

part of medical procedures, and those who have been occupationally exposed to
radiationraThe'majOr concern associated with low levels of-radiation exposure,
such'as,those ordinarily caused by commercial nuclear power operatioms, is the
possibleginduction'of}cancer or other latent effects. The above sources of
informationfserve as a tentative basis for estimating the effects of these low
doses. . Although specific estimates of latent effects. ;may. be the subject of
controversy, overall it is clear .that the exposures caused by routine emissions
from nuclear power plants are not of major importance relative to other risks.

A number of bodies, both international and national, take responsibility

for assembling information on the health effects of radiation and for formu-

lating guidelines for limiting either exposures of the general public or

,occupational exposures.r The recommended limits on "dose equivalent from

man—made causes other than medical are 500 mrem/year for individual members of -
the general public and 170 mrem/year for populations. These numbers may be

compared w1th the doses typically received from background sources (about

,‘130 mrem/year) or “from medical procedures (about 70 mrem/year) However, the

agency with primary authority for the regulation’ of nuclear facilities, the

VNuclear Regulatory Commission, adheres to’ ‘the guideline that exposures should

be "as low as is réasonable achievable. Currently the numerical guidelines
specify a maximum exposure to members of the ‘general public from nuclear power
plants of about S mrem/year.v The average individual exposure from operating
plants’ is much lower than this. i RV
A rough estimate of the significance of these routine releases can be:
obtained from relating doses to health~effects (particularlymcancer)_with a
linear function extrapolatedifrom.the observed effects at high doses (greater.

than about 100,000 mrem in‘a short period of time). to those at_low doses. .-




Such an estimate leads to the conclusion that the total emissions from all
presently operating nuclear power plants cause less than one death per year.
This is very small compared with the risk from other sources, including other
types of power plants. However, see section S4.3 for discussion bf the

significance of accidental releases.

S4.2 Health effects associated with fossil-fuel and geothermal poWer plants

Tﬁe principal health impacts ffom fossil-fuel and geothermal power plants
occﬁr:through the emission of "conventional" pollutants, primarily into the
atmosphere and secondafily into water resources. A separate report (LBL-5287)
discusses these emissions, their possible health effects, and related standards.

The two major categories of air emissions from fossil—fdel and geo—
thermal plants are gases and particulates. In general, the important gases
are compounds of sulfur, nitrogen or carbon, often with oxygen (i.e., oxides).
The particulate matter may contain important amounts of all these eleménts,
often in morevcomplex molecules, and in addition may contain significant amounts
of heavy metals. In addition, mercury and selenium may be emitted as vapors.
Less impoftant discharges into air are radioactive materials, water, and heat.

A widé'array of substances, in various forms, may be discharged into water

from such plants, bdt for the most part their control is well enough understood

that they do not pose as significant a hazard as emissions into air. The

main exception could be materials leached from solid (or slurry) waste disposal

sites into watef supplies. Finally, these plants can produce significant levels
of noise. ‘

.The relative and absolute importance of these emissions is highly dependent
on the individual technology. The basic types of fossil—fuel systems to Be
considered are conventional coal; oil, and gas fired plants, although advanced
systems may assume increasing importance. The only significant geothérmal power
generation in California is based on vapor-dominated fluids, but plants at
liquid-dominated resources are under rapid development. In spite of the
important differences in detailed emissions from these several techmologies,
the general classes of emissions and their effects are similar, and it has been
useful to consider them together. |

The emission of materials from fossil-fuel and geothermal power plants.
hasfbeén observed to alter significantly the ambient levels of atmospheric

constituents in regions around the plants. Generally, though, there are

i3
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competing sources of comparable 1mportance, so that the effects of a particular

:power plant cannot be treated independently This is particularly true,

since, ‘more than in the case of radioactive emissions, the pollutants undergo‘A

. extremely 1mportant alterations 1n the atmosphere. This occurs even if

only the emissions from a single source are present because the various
gaseous -and particulate substances interact among themselves or with naturally
occurring atmospheric constituents. To complicate analysis further, available
information on the effects of pollutant emissions (nnd thcir products) on
human health lacks precision regarding what health effects take place and

the quantitative relationship between exposures and observed effects.

Two general categories of human experience provide such information:
occupational exposures and exposurés of the gemeral public. Either source may
provide data on either'acute,‘high levels of exposure or chronic, low levels.
The results of acute and large exposures are moré easily identified. - Lower

levels reduire careful study, particularly since the éffects must be distin-

guished statistically from other effects‘andlcauSes."Study of effects under

any exposure condition is complicated by synergistic effects among species.

U Ie is useful to distinguish between toxic levels, resulting in acute
effects, and lower levels, leading to disease or its aggravation. For the latter
exposure type, " the’ principal concern is that many of these pollutants appear
capable of inducing important types ‘of disease, including respiratory illness,
heart~and circulatory disease, and cancer. However, because these diseases
appear'independently of the‘pollutants, correlations are difficult and have

not been established in any comprehensive way. ‘ They are derived from a

‘{combination of data from acute air pollution episodes, occupational
Eexposures, more general epidemiological work, and laboratory studies with

“humans and animals. In spite of the 1arge uncertainties, it is clear that

these pollutants‘are emitted in sufficient quantity to cause distress among -
large portions ‘of the population.r'ltvis;suspected‘that these pollutants can

cause serious’ illness and death among the ‘general population, and- this fact.

“‘has been established for a number of air pollution -episodes. Finally, :the

(emission of these’ pollutants from fossil-fuel power ‘plants in particular makes

a significant contribution to any: illness and death which occur from the total
of such emissions.‘ It is thought that such a power- plant induces more such

effects via routine emissions than does a nuclear power plant.
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Research on such health effects is widely conducted, funded by a number
of agenc1es, prlmarlly national. The Federal agency responsible for establish-
ing, on ‘the basis of such information, standards for the protection of the
health and welfare of the general public is the Env1ronmental Protection
Agency Such standards are developed for both air and water. The EPA relies
.]nrge]y on state agencies such as the A1r Resources Board for the implementation
of these or more stringent, standards Moreover, these agencles (such as the
local A1r Pollutlon Control Districts) review new stationary sources, including

power plants. However, air and water quality standards are by no means

complete, a reflection of the state of the present understanding of health

effects.

S4.3 Risks from power plant accidents

In addition to causing effects by routine pollutant emlssions, _power
plants have a potential for accidents that may significantly affect the public
and workers. For conventional power plants, the primary concern is not such
accidents, but rather the more usual pollutant emissions. However, the
situation is quite different for nuclear power plants. »

Routine radioactivity emissions from a nuclear power plant constitute only
a very small portion of the radioactivity produced in the reactor, but a much
larger portion could be released during a major plant accident. Such a release
would pose a substantial threat to surrounding populations, even at some
distance from the plant, in the form of early and latent illness and death.

The primary study which attempted to calculate in a comprehensive manner the
risk to the public from such accidents was the Reactor Safety Study, conducted
by the Nuclear Regulatory Commission and resulting in the report designatedv‘
WASH-1400. This study, as well as work performed by the Electric Power Research
Institute on related techniques and the report to the American Physical Society
from the study group on light water reactor safety (which examined tne causes
and consequences of accidents and the overall light-water reactor safety
research program), are discussed in a separate report (LBL-5286).

WASH-1400 calculated, on a mechanistic basis, the probab111ty of
accidents of various types, then calculated the consequences of such accidents,
using weather and population information from known sites in the,United States.
These results were combined to.obtain the net risk of early and latent illness
and “death, as well as property_damage,from typical plants in this country.‘

The calculated early fatalities were compared with risks from other types

‘of accidents to show that the nuclear accident risk is substantially smaller
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‘than other risks incurred from man-made and natural accidents. (However,

caléuiatédilatent-fatalities are far more numerous than the early fatalities.)
Many groups -and individuals have expressed skepticism over the WASH-1400 .
rgsults;f Both thé probabilistic techniques and the consequence calculations
ha&é‘beén'criticiied, the first on the grounds that they have a strong
potentiél¥for‘1eaving out possibleraccident sequences, particularly those
which'fesult'frbm simultaneous system failures due to a single component or
human failure. More important from our point of view are criticisms of the

consequence calculations based on the fact that they .cannot easily be adapted

''to analyzing the potential risks' at a specific site of interest. It is clear

thétfthe risk depends highly on the local meteorological conditions and on
the disposition of populations around the site.

_Regardiess of these ‘details, the average risk from-such plant accidents
was found to be¢greater than that posed from routine emissions, -largely due

to the latent effects (which dominate the overall accident risk).:  (However,

:this is'nottto’say how the risk from such accidents compares with the routine

risk from 6£her p1ants, such as those which are fossil-fuel fired.)

"In spité 6f'ériﬁiCisﬁs, the’WASH-l&OOTresults have been supported in
large part by the results of other similar studies. A somewhat earlier study,
the Swedish Urban Siting Study arrived at risks which were considerably less
than ﬁhose calculated in WASH-1400.  However, the Swedish study committee

‘based its'prbbébilityifor major accidents on the opinion that catastrophic .

vessel failure was the major initiator of such accidents, and that this would
only occur less than once per-million yearélof reactor operation.  Although :
other iﬁﬁéftaﬁt'studiés,rsuCh_as an Advisory Committee on Reactor. Safeguards
study (WASH-1285), a recent British study (the "Marshall" report), and. the APS

‘stddy;‘agrée with the failure probability, the meltdown probability in

WASH—lAOO'(dncé'pef:20,000‘:ea¢torfyears)»exceeds that in the Swedish study

(onée”pér'1 fb'10 million reactor years) largely because of the risk from L

other aécideﬁt!iﬁitiétors, primarily pipé breaks and transients of other sorts.

Other work on probabilistic modeling per se, both ‘in the ‘United States and
abroad ténds:td’éupﬁort'the WASH6l400 results, more often:accusing the authors
of being overly conservative in areas of uncertainty than the converse. :This
coﬁtféSts’with the critics of probabilistic techniques, who — as mentioned

above — are skeptical bf'thevdependébility‘of such techniques.
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However, presuming that the results of such techniques have some validity,
the abiiity to perform site specific analysis would be ‘helpful for assessing
comparative risks at alternative plant sites. For a given site, it could be
used as a partial basis for determining the adequacy of emergency:planning
(see LBL—5920)>and of population density control measures (see LBL-5921), both
being techniques' to reduce population exposures in the event of accidental
releases. Together,  -such an analytical technique and appropriate criteria
would,serve as the basis for land use planning around nuclear facilities.

' However, it is useful to note in this context that WASH-1400, and typical
environmental statements for nuclear power plants, give a misleading impression
as to whét_siZe accidents contribute most of the risk from nuclear power plants.
Both of these sources imply (but do not state directly) that small accidents
are the main contributors. . However, the data presented in WASH-1400 belies
this impression, showing that the large accidents ("class 9", in the language
of the environmental statements) actually contribute most of: the risk.

The discussion above has been limited to the assessment of risks from
nuclear power plants. A more fundamental point of view is pursued in most
research and development on, as well as criticism of, reactor safety. For
example the report to the APS examined the specific areas in which research
was occurring or was needed, and many other groups have identified such areas.
The Advisory Committee on Reactor Safeguards maintains a list of '"generic

items relating to reactor safety,"

actually specific areas in which uncertainty
exists, and this list includes essentially all areas of reactor safety on
which concerns have been raised. We have arranged these generic items into

a number of categories, in order to indicate the range thét they encompass.
The categories are: 1) ECCS and LOCA related items, including containment
response, 2) ‘quality assurance, inspection, test, and monitoring, 3) general
equipment and system adequacy and protection (inéluding, for example, common
mode failures and fire protection), 4) reactor pressure vessel, 5) seismic
response, 6) emergency control, 7) general reactor operation: control and
instrumentation, 8) protection against sabotage, and 9) effluents and
decontamination. Even though both partisans and critics of nuclear power
would agree that the items fitting into these categories deserve attention,
they would not agree on ‘the urgency of these matters or the extent to which

these uncertainties contribute to risk from nuclear power plants now being

licensed.
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S4 4 Safety standards and plant reliability

Safety at ordinary plants is assured by reliance on a wide range of
engineering standards and to a 1esser extent, by regulatory requirements,

largely occupational safety (OSHA-type) regulations. The single exception is

'nuclear power plants, for which the Nuclear Regulatory ‘Commission exercises

-broad authority to review plant systems which are deemed to have safety

significance. The design for the remaining systems, and ‘for all systems in

non—nuclear facilities, is performed by the utility (and its contractors)

.without regulatory review, except for general industrial safety matters.

To suggest the detail and type of standards used in review of nuclear
plants, we have prepared a compilation of the criteria used by the Nuclear

Regulatory Commission in 1ts Standard Review Plans for review of light-water

reactors. Most of the standards included therein are suggested but effectively

‘Vrequired solutions for regulatory requirements. We have also prepared a

compilation of generally applicable standards (that is engineering standards’
for fossil—fuel and geothermal plants, as Well), selected from a large number

of sources, but not comprehen31ve. ‘These are standards which may be

| utilized in the de31gn (or rev1ew) of facilities. However, ‘as discussed in

the next section, choosing standards for use in a regulatory context requires

substantial effort. ‘
One basis for such choice might be to devote attention to systems which

historically have contributed significantly ‘to lack of plant reliability.‘ The
‘periodic report of the Edison Electric Institute on power plant availability

for the 10 years 1965 1974 was examined (LBL-5922) to obtain such information,
first broadly characterizing the availability of various plants type, then )

assigning observed outages times to major plant systems (such as the boiler

.or. reactor, the turbine, etc. ). Finally, on the basis “of an accompanying

. outage cause report, outages were broken down into component classes for

each of the major systems. Significant outages are caused by a broad range

of components, the most easily identifiable group being “fossil plant boiler

'tubes./ Effectively, the data indicate that any regulatory program intended

to improve reliability would have to include a broad range of plant systems

and components.,
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§5. Methodologies for health and safety review: a summary

For the health and ~safety review, three matters need con51deration' the
areas of review, the standards for use in the review, and the structure of the
review. . The primary con51deration is the health and safety of the public, so
that the review is not intended to include an environmental review or an
engineering rev1ew, except to the extent that these are relevant to health and
safety.‘ However, the structure indicated below can be extended to include these
areas without difficulty. It is hased on the»prescribed division of the ERCDC
review into a Notice of lntention (NOI) process and‘an Application for Certifi-
cation (AFC) process. v | ;

§5.1 Areas of review

) Qonsidering the structure of the review process, divided into NOI and AFC
stages, it in convenient to make what is, in any case, a natural diuision of
review areas into a site-specific review and facility design review. The site-
specific review would concentrate on two areas, the flow of materials into and —
especially — out of the plant site, and the mechanical interaction between,the
proposed site and plant. Since the major material flow to be considered is
emissions from the plant, this review takes on the character of a "health" aspects
revieu, particularly since the effect of these emissions on air and water QUality
and on the surrounding populations would be included for review. Thus the demo-
graphic aspects of the proposed site would be of major interest. The physical
aspects of the.site would be examined to judge the adequacy of the site to support
the proposed facilities; this examination would include both general stability
and hydrological characteristics and also the potential for seismic or flood
activity. :All judgments in this review would be based on generic information
for the plant type being considered. *

The facility design review can, in principle, include many design areas, -

but from the point of view of a health and safetj review, some selection can be
made. The two areas which clearly have health and safety implications are the .
emission control equipment, which is of direct interest to the general
publlc, ‘and occupational and plant safety features, of interest to workers and
to the safety of the plant. For a nuclear power plant, plant safety has much
more direct implications for the safety of the public. There are many other
design areas which do not have direct health and safety significance, but which &~=/

provide the basis for safe operation and also for general reliability, and hence
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. ecOnomy;'ofrthe'facility. Of'eourse,'the examination of facility design must

also be. considered in‘view”Ofrthe‘phySical characteristics of the site which.
will support the structure.

© §5.2 Standards for review

" Many of the standards required for review are the responsibility, sometimes

exclusive, of other agencies, and we do not attempt to detail how the ERCDC

coordinates its review with such agencies. ' Major examples are standards related

to air and water quality. The ERCDC would check compliance with these standards,

both for emissions and for ambient concentrations, but the local: air pollution

control districts ‘and comparable water districts would logically be closely
consulted. “Most emission standards, the primary class of "health" standards,
will require such coordination.v

- The main area of possible "health" review for which standards are not-

easily identified 1is any overall assessment of human impacts which would be per-

—formed. Such assessment and comparison of alternative sites (and even technologies)

might be,considered to be part of the ERCDC review responsibility.  For nuclear
plants, such assessment would examine the~site—specific impact of potential
aceidentalkreleases of radiOactivity;'associated with this examination weuld be
review of'the character and adequacy, in view of the potential impacts, of

emergency planning and, possibly,‘of'population~density controls surrounding

o nuclear'power plants. For fossil-fuel and geothermal plants, where the major

concetn from the public point of view is routine emissions, such impact assess-

ment would have tobe based on a set of exposure ‘eategories (for ‘pollutants of

r'concern)rfor which populations at risk could be calculated, based on plant emission
characteristics ‘and on local demography; although the available data are mot .

‘saffiéiéﬁf“io yield net health”impacts; the'populations'atvriskucould serve as:

an indicator for comparison of alternative sites. D ,

The identification of standards for "safety" or design- review is more dif-
ficult than for health. “Thousands _ of such standards exist, in the form of engi~
neering standards formulated by ptofessional societies, but they .are not normally
intended to be established as regulations. The Nuclear Regulatory Commission

A>depends heavily on such standards ‘but only as suggested means -of satisfying

rregulatory requirements.‘ For any of the design areas mentioned above -as possible

areas for review, there are standards which may be used, but the process of

‘selecting them for regulatory use ‘would require substantial effort, particularly

if many design areas are to be reviewed. For any system designated. for review;
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perhaps on the basis of the reliability data described in section 4.4, careful
coordination of staff effort with the efforts of appropriate professional

societies is to be encouraged, both to reduce the huge potential for ERCDC effort

in this area and to assure development of standards‘acceptable to the engineering
community. Alternatively, a review could be based on standards chosen by the |
applicant, although this has some difficulties. See the discussion below under
the Application for Certification Review.. ‘ ‘
85.3 ‘The Notice of Intention Review

~ The basic purpose of the NOI review is to examine site—related aspects of
proposed sites and facilities. The main focus of the‘"healthvand safety" review
at ‘this stage is on emissions from the plants and on the interaction of the
facility proposed with the site itself. To establish a review process that puts
all technologies on a common footing, it is possible to devise a oommon method-
ological structure, such as that used in the methodology report (LBL-5923). The
review would depend largely on staff analysis, but in some areas previous experi-
ence and outside expert opinion would probably be utilized._ The proposed NOI
health and safety review structure is divided into three stages, roughly charac-
terized by their depth of analysis: 1) emissions and site characteristics; |
2) basic impact analysis; and 3) assessment of human impacts. Fof,the first
two stages, the general categories of review are air emissions, water emissions,
noise emissions, waste disposal, site geophysical characteristics, and site
developmental (including demographic) characteristics. Under each of these cate-
gories, specific characteristics of the three technologies-—-nuolear, geothermal,
and fossil-fuel — are treated. For the third stage, which to a large extent goes
beyond traditional reviews of this type in that it actually suggests a ffamework
within which human impacts may be assessed, the major divisions are by technology
(rather than by the categories of review listed above).

1. Emissions and site characteristics — deals with fundanental parameters

of the generic facility type proposed and of the proposed sites.  These “"funda-
mental” parameters are those which may be compared directly with applicable
standards and guidelines, ﬁithout any detailed analysis. As such, this stage
would amount to a preliminary assessment of the general character of the facility
and of its straightforward compliance with regulatory requirements.

® air emissions — compares amounts of "conventional and radioactive

materials to be emitted with the applicable emissions standards

R ® water emissions — compares amounts of chemical, radioactive, and thermal
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. : effluents with the applicable effluent standards
@ noise emissions-—-compares expected off—site noise levels with applicable
7 "‘community standards ‘ I ' ' '
.. waste disposal-—-determines the stability of any on—site disposal of
o solid wastes "
9,site geophysical characteristics~—-determines the suitability of
i proposed site mechanical and hydrological characteristics
f site developmental characteristics-— ‘examines population distribution
- around ‘the site and availability of land, transportation, and
 other utilities. R '
é; Basic impact analysis —-deals with the impacts of the facility on the

site and surroundings, as can be calculated on the basis of the emissions and
site characteristics determined in the first stage. The results of this analysis
would for example, 1nc1ude ambient concentrations, calculated using models such
as discussed in LBL~5998, of various pollutants in the region in which the plant:
would be built; these concentrations could then be compared with applicable air
quality standards and could be used to calculate ‘the effect of air emissions on

other media (interactlve effects), furthermore, they would serve as the basis

of the human impacts ‘assessment of the third stage. The basic distinction to

be made between stages one and two is that the first is restricted to an examina-
tion,effectively,of specifications of the facility and site, whereas the second
uses this information for detailed analysis. ‘ : P
. air emissions- analyzes the impact of the plant on’ regional air quality
: ' in view of applicable air quality standards o ' :
e water emissions~—-ana1yzes the impact of water effluents on water resources
‘ : 7" in view of applicable receiving water standards ; '
‘h’o noise emissions-— analysis essentially complete at stage 1
”fO waste disposal —-analysis essentially complete at stage 1, except that
7 impacts of waste transport (such as radioactive) must be treated
o 4 site geophysical characteristics-— analyzes (m0st1y mechanical) inter-:
active effects between the site and facility (e g., facility—induced
seismicity) , , :
:j‘O site developmental characteristics- determines adequacy of measures

for protecting populations from adverse effects.
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3. ' Assessment of human impacts —-examines; to the extent possible, the
effects on human health and safety of a plant with characteristics and impacts
as determined in the first two stages. The third stage would include any

judgments which are to be made, such as between alternative sites or facilities,

or between costs and benefits. These judgments would have to be based on standards

and guidelines yetbto‘be developed. Moreover, the major considerations are
extremely technology-specific. - o v

® fossil-fuel plants — attempts to establish a framework for assessing

health impacts of emissions; potential for accidents is a lesser,
~albeit impbrtant, focus .

o geqthermal plants — different in detail,‘but has similar assessment
difficultiés as for fossil-fuel, with the exception of pbteﬁtial
geophysical intéractions

¢ nuclear — the primary assessment question is thekpotential for harm to
surrounding populations from accidents; requires site-specific
accident analysis.

S5.4 The Application for Certification Review

The purpose of the AFC review is to examine a specific combination of a
proposed facility and site in detail, based on a site-facility combination that
was previously accepted as a result of the Notice of Intention review. The
AFC review examines the detailed proposal with a view to final certification.
Although this review must to some extent re-examine matters considered during
the NOI review, a new emphasis may be placed on the engineering of the plant
itself, i.e., what has by convention been referred to as "safety" during this
work. As a result, the AFC review must consider not only the detailed manner
in which the plant, as designed, complies with the specific health-relatéd criteria
which were examined on a generic Basis during the NOI review, but also whether
the plant design is consistent with engineering criteria selected to guafantee.
the operational safety of tﬁe plant itself. Theée cbnsiderétions are more
explicit in the five stages suggested for the AFC review:

1. Review of treatment in NOI review — checks whether new data and

regulations can affect validity of NOI review. If changes can affect conclu-
sions significantly, review of certain areas may have to be repeated at this
stage; alternatively, the applicability of the NOI review}may be invalidated,

thereby requiring a return to the NOI. The general areas of concern are possible

b,
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alteration of standards, alteration of site characteristics, and alteration of
the facilities proposed o S et ‘ Lo st

2. Emission control equipment — examines the specific control equipment

incorporated in ‘the plant design, a natural subject for review during the AFC,
considering 1) the importance this equipment plays in mitigating potential
impacts of plant emissions on the public; and 2) the intention that the AFC
review examine the manner in which criteria presumed at’ the NOI review are
actually met in the detailed design. ‘The equipment for controlling emissions
into both airjand water would be examined. As-a minimum, the expected per-
formance of this equipment could be specified and a monitoring program for
determining compliance with these performance criteria could be established..

The actual design (as distinguished from the performance) - of ‘the" equipment

.could also be reviewed within the framework discussed below under. stage 4.

3.' Safety,design-—-determines whether the plant design complies with _
applicable safety criteria.‘ Two generic areas for review may be identified:

ll) occupational safety in the plant, and '2) operational safety systems. -

For occupational safety, the applicable criteria are either Occupational Safety
and Health ‘Administration’ specifications (for any ‘type of plant) and Code of

Federal Regulations, Title 10 Parts’ 20 and 50 regulations (for: nuclear power

plants) To assure occupational safety, the ERCDC may simply require agreement
from the plant operator to comply with the regulations, depending on inspection
to verify compliance, or may actually review the detailed design. for. compliance.
The operational safety systems are of great importance- in nuclear power plants.

‘The Nuclear Regulatory Commission examines ‘such 'systems on: the ‘basis. of legis-

lative criteria, regulatory guidelines, ‘and’ industry standards, during its con-

_struction permit and operating license ‘review processes; the ERCDC may ;involve

itself in areas with which it is concerned, perhaps “in ‘a .joint review process
with the NRC " For fossil~fue1 and geothermal power plants, the’ safety systems

are directed more toward protection of workers. and the plant itself than towards
the general public. For this reason, the - California OSHA standards. may serve as

a basic set of criteria for ERCDC review of such systems. These standards include

specifications for boiler and pressure vessel safety, fire: and electrical safety,

‘ petroleum safety, and other areas. As above, the ERCDC may simply.require agree-

ment to comply or may - actually review the plant design for compliance with these
standards. If the ERCDC reviews areas other than those ‘covered by OSHA standards,

it may implement such review as described in the next stage.
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4. ~General facility design — determines suitability of the plant on

'ﬁhe basis of more general criteria than above, which emphasized emissions,
occupational_safety; and operational safety systems. More general bases. for
review'inciude: - 1) - ‘the broad safety implications of systéms which are not
specifically deSignéd,to the occupational and,operationalyéafety criteria 6f'
stage 3; 2) the extent to which the general facility design promotes}reliQ
ability and/or efficiency; and 3) cost considerationms. Although not all of
thése more general bases are specific concerns of the health and safety review,
certain plant systems — not generally regarded to be safety syétemsj— might Bé
construed to have safety implications. For such systems and for the detéiled
design of certain systems above, such as the gmissions control‘equipmént;
regulatory standards have not been specified.‘ Té\implement a'review process
for such areas, the ERCDC would have to formulate a basis of review. Several
possibilities exist: -

® The review may be only cursory, i.e., its purpose may simply be to
establish that the design includes features understoodrto be necessary for the
protection of the public or for worker health and safety. ‘ '

® The review may be more substantive, but may be based 6n the aﬁplicant's
submitted design standards and associated inspection or quality éssurance (QA)
program. Such a review would still require the cursory review above to determine
that the applicant had submitted standards and related verifiéation programs
for all the areas of concern. ‘

® The review may directly examine the détailed design. In this case,
the ERCDC must‘have chosen standards or guidelines to be utilized by the
applicant during design and by the ERCDC during review. For any design area 
in which this possibility is selected, a substantial effottrin the formulation
and/or selection of standards or guidelines must'be expected, as discussed at
the end of section S§5.2. |

5. Overall assessment of site and facility accep;ability ‘reaches a

final judgment of site suitability from the point of‘view of potentiai health
and safety impacts. Since overall site acceptability cannot,bé judged solely
from this point of view, this stage would amounf ﬁp a summarization of théy
specific areas where the proposed site and facility failed to meet applicaBle
criteria, of the health and safety impacts which the facility could be éxpééted.

to have, and perhaps of benefits associated with the various technblbgiés.k
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S6. Present standards and future needs in review standards and methodol;gies

A very substantial basis now exists for the ERCDC review of . the health
and safety aspects of proposed sites and facilities. The two broad areas in
which the review methodologies. described above are incomplete are related to
possible assessment functions which the ERCDC might choose to perform in the
area of health impacts and to any review of the detailed facility design which
might take. place. . )

. For nuclear plants, the most substantial methodological gap lies in the

area of_technigues_for_site—specific accident analysis. Such tools could be
used both for overall impact analysis and for use in determining the adequacy

of -emergency planning and of proposed techniques for population density controls.

.»As for detailed plant design, extensive review standards exist in the form of

NRC regulations and related standards, covering the systems related to emissions
and plant safety.’ B ’ ' '
5 For fossil—fuel andﬁgeothermal plants, the lack of precise’ information

'“on the relationship between exposures to pollutants and resulting health effects

precludes any calculation of health effects. Some substitute, such.as exposure
categories, would ‘have to be devised for use in the assessment of impacts, either
relative or absolute. In the area of design review, decisions-must be made on
what systems to review, how thoroughly to:perform ithe review, and how to select
standards for use in ‘the review. Possibleaareas of -direct relevance to health
and safety are the emission control equipment,. and occupational and operational
safety systems. -7 i L

"QA‘number*of'other areas need~further’examination or analysis. We summarize
briefly a number of ‘important areas where possible impacts .are largely uncertain
or ‘where analytical capabilities require substantial work. v

“The: following areas applicable to nuclear, geothermall and fossil-fuel

power plants reécommend themselves .to ERCDC attention.i
“®:.the implementation of. substantial in-house or external capabilities
.. for dispersion analysis suited to ERCDC needs ’ -
na the implementation of substantial in-house or external capabilities
“for: analysis of site characteristics related to seismicity or 7
- subsidence. ‘ ’ ‘ ' ,"' ' o N
0 further analysis of the potential impacts of fuel and waste transportation.
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"For nuclear power plants, the following additional areas should be
con31dered ‘ ' . ‘

® the details of implementing local emergency planning and populatlon

»Lb density controls ' '
§ the 1mp1ementat10n of capabilities for performing site-specific
| acc1dent ana1y31s, both in connection with the above plannlng and k
_ for more general purposes of impact analysis.

In addition, the ERCDC should give its continuing attention to the general
questiqnélof reactor saféty, as e#eﬁélifiedlby‘the ACRS generic items relating
to light—water-feactoré, and to méthods fdf asséssing risks from nuclear -
accidents. This attention should éxténdAtb radiological health standards,
where, however, substantial changesnin tﬁe‘standards aré hot:generally foreseén;
However, it is not to be. expected that the ERCDC can make substantial 1ndependent
advances in these areas, except for the’ appllcation of existing technlques to

81te-specif1c analysis.

For fossil-fuel and geothermal power plants, fhe following additional areas
should be considered: A ‘_

® the possibility of developing exposure categories as é surrogaté for

dctual health effects calculations in the assessmeht of health
impacts from power plant emissions ]

- ® ‘the development of performance standards, and associated monitbring'
provisions, for emission control equipment

¢ the satisfactory disposal of solid wastes
In addition, the ERCDC should give its attention to the development by other
.agenc1es of more specific and complete air and water quality standards.

These are specific areas which the ERCDC might consider for further work
and possible inclusion in review methodologies. Certain broaderﬂquestlons must
alsolbe resolved before any review methodology can be implemented. One such
question involves the relationship of the health and safety review to other
éreas of review, particularly the genefal environmental review and any review -
of pléﬁt,design for efficiencyiénd_dépendability. These areas could be covered
by natural extensions of the review methOQOIOgiestiscussed earlier.

,JAnother’broad question is how the results and qonclusions’of the health
- and safety review afe melded with the results of other aspects of the review
process. Although certain matters of the health and safety review can be \.,f
considered independently of other areas, any judgment based on comparison of

costs and benefits of mitigating health impacts would have to be considered
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in the context of similar comparisons for other matters of interest.
_ Finally, although the list of areas where uncertainties exist and where
s ) .analytical tools are deficient is not negligible, this does not imply that any
review function must await resolution of these uncertainties. A decision to
~ proceed or not must be considered in light offthe overall néeds of :the public.
Although,éufréhtly,évailable standards and techniques are subject to improve~
ment, they coﬁétitute alsubstantial interim basis for review of the health and

safety impacts of proposed sites and facilities.
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1. HEALTH EFFECTS OF ELECTRIC POWER GENERATION

'Thé_primary effects which electric generating plants may have on the

public health and safety occur due to the emission and dispersion of harmful
V'substances through environmental media with which the public has contast.
Because of this, a basic function of the public agencies charged with protecting
the public health has been to limit 'such emissions, considering both the bene-
fit to the public and the feasibility (including cost) of controls.

The principal media through which harmful substances may reach the
public are air and'ﬁater. For each medium, standards have been established or
are béingldeveloped both to limit ambient concentrations and to limit emissions
from either stationary or mobile»soutces. Such limitations on ambient concen-
trations and on emissions have been developed for a number of substances in a
manner consistent with the current understanding of their effeéts on human
health or other values. The number of substances for which regulations exist
is large; they may be divided operationally into radioactive and "conventional”
pollutants. Either of these categories includes substances in gaseous, liquid,
and solid (usually "particulate") form.

These pollutants may have a broad range of effects on human health. These
effects vary both as to general nature and as to severity. Moreover, they
depend not only on the type of pollutant, but on its concentration in the medium
considered and on the subject's exposure to history, whether exposure is for a long
or short period and whether the exposure is acute or chronic. As further
complications, the pollutants may undergo health-significant transformations
after their emission, and the effects of pollutants on human health depend
on the combination of substances to which humans are exposed. Finally, the
effects of any exposures(s) depend significantly on the individual exposed.

On the basis of our current understanding of the effects of '
emissions.from power plants, public agencies have instituted regulatory
programs designed to mitigate harmful effects to the public and to workers.

Such agencies exist at the national, state, regional, and local levels..

The national égency with the broadest responsibilities for protecting
the public from contaminatidn of air and water is the U.S. Environmental
Protection Agehcy.v In accordance with its legal mandates, it has established '
a variety of standards, placing limitations on both ambient concentrations in \~_J'

and emissions into environmmental media. However, for radioactive substances
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much of the responsibility for regulation rests with the Nuclear:Regulatory

‘Commission, which has specific responsibility for thevlicensing of nuclear

facilities, including nuclear power plants. ,

To a large extent, the Environmental Protection Agency delegates the
responsibility for implementing Federal air and water quality related standards
to agencies in the states and permits these agencies to establish stricter
standards, the. Nuclear Regulatory Commission delegates such authority to a
much smaller extent. In California, although the state Health Department has

‘broad responsibilities for the protection of the public health, implementation

and/or development of standards on air and water quality are fumctions'of the
state air and water resources boards and of regional agencies. In'addition,
local agencies regulate many matters with some relevance to the public health
and .welfare, although. it is important to note. that for electric generating

facilities these are more often concerned w1th the construction of plants than

with their emissions.o Construction of plants is considered in Sect1on 2 of this

report. Moreover, occupational safety and health standards —_— some of which
are related to considerations in this section — are also considered in Section 2.
The California Energy Resources Conservation and Development Commission
(ERCDC) is charged with granting land use to electric generating facilities
in a manner that provides for the protection of the public health and safety.
It is responsible for determiningrcompliance of proposed sites and facilities
with applicable health standards, including those mandated by other agencies
and any additional standards which it may deem necessary, except that it may
not formulate air and water quality standards. » o
7 This section summarizes the health affects which may result
from operation of nuclear, geothermal, and fossil-fuel electric generating -
facilities. - Particular attention is given to the existing standards for the
protection: of the public health and to their relationship to our present ‘under-
standing of potential health effects. As indicated below, this summary depends

largely on: several other reports developed during the course of this work. As’

will be evident in the following discussion, although the power plants alone o

were given our attention, many of the same considerations are applicable to -

related facilities, such as those for fuel extraction and preparation and

for reprocessing and waste disposal.
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1.1 Nuclear power plants
Radiqactive releases are the principal health-related concern associated with

the operation of nuclear electric generating plants. They are, of course, not

the sole emissions. For the most part, the "conventional" emissions from
nucleaﬁ poﬁer plants arise from rather ordinary water treatment systems, waste
heat removal éystems, énd fossil-fired auxiliéry boilers; conventional pollu-
‘ﬁtants are discussed in section 1]. 2 on fossil-fuel and geothermal power plants.

" The dlscussion of the present section is confined to the possible health effects
of and the standards applicable to radioactive emissions.

A separate report on "Radiological Health and Related Standards for
Nuclear,Bowg; Plants" (LBL—5285) discusses the effects of radiation and the
standards applicable to the protection of humans from exposures arising from
radioactive releases, whether routine or accidental, from nuclear power plants.'
That radiologlcal health report serves as the primary basis of the present
section. . Several other reports, on emergency planning around nuclear power
plantsa,,on codtrol of population densities around nuclear power plants4, and
on fedcpor safety studiesS, are closely related, and reference will be made as
necessary. However, since these reports are largely concerned with the
probability and consequences of nuclear accidents, rather than of routine
emissions, they are also discussed in section 2, on the safety aspects of power

plants.

1.1.1 Emissions from nuclear power plants

During the operation of a nuclear power plant a large array of radio-
nuclides are produced principally as fission products (the fragments remaining
after the fiséion of nuclei) or as activation products (the radioactive
nuclides resulting from the interaction of a nucleus with some form of
radiation, such as a gamma ray or a neutron). Only a small number of these
radionuclides can escape from a normally operating power plant in significant
quantities. These are 1sotopes of hydrogen, carbon, iodine, and the noble
gases krypton and xenon. ‘Radioactivity may be expressed in terms - of the ' "Curie",
which is a measure of activity, the number of disintegrations occurring per
sccond.,  In these terms, the amounts of the most important isotopes
routinely emitted from a 1000 MWe light-water reactor power plant are

" approximately:
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. H (tritium, an isotope of hydrogen) 500 Curies/year
C (carbon) - : o e " 8 Curies/year
;2? }31 »133; (1sotopes of iodine) - 0.02 Curies/Year
85K(krypton) and 33xe(xenon) 10, 000 Curies/year

The amounts ‘emitted in any specific case may vary by about a factor of 5 from
those given. The carbon, iodine, and noble gases:are: emitted primarily into
the air, while the tritium may be emitted into either air or water.

The amounts of tritium and noble gases emitted from the power plant are sub-
stantially less than the amounts which might be released into the: atmosphere :

from the spent fuel when it is reprocessed, unless controls are introduced to

‘preventltheir escape at the reprocessing plant.

In any case, a more significant quantity than activity, from the point
of view of human health, is the amount of egposure to radiation. It is conve-.

nient to express this in terms of rem (or mrem, which is 0. 001 rem), the unit

~of "dose equivalent" This 1is a measure. of the amount of energy deposited per

mass of body tissue but normalized to account for the biological effectiveness
of differing types of (or energy) ‘radiation. 1f given as "whole body" rem,
the dose implies exposure of the entire body. N

Typical doses to members of the general public from sources other than

nuclear power are roughly 200 mrem/year whole body, including about 130 mrem/year

from natural- background sources and about 70 mrem/year from medical diagnostic
and therapeutic procedures. Nuclear power plants currently being licensed are
prohibited from exposing an individual at the site boundary to: ‘more.than about

5 mrem/year.; Exposures of this size are: carefully regulated not because they

may cause any effects soon after the exposure, but because they may .cause
~lesser damage, resulting in "latent" effects — such as cancer or genetic

damage — which show themselves much later. o

As for any pollutant, the’ process of calculating the human exposures .

resulting from specified emissions is a complicated procedure, most suitably

employing a computer—based meteorological model to simulate the dispersion of

pollutants in the atmosphere.- (Modeling of_dispersion through water‘pathways

to humans may be achieved in a similar manner. )  Such meteorological models

are discussed in a separate report6; A significant simplification for

treatment of radioactive pollutants, as compared with others, is that the

- tendency for chemical transformation in the atmosphere to alter the character

or effect of resulting pollutants is not as marked as for chemically‘active
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Table 1-1. IMPORTANT RADIATION EXPCSURES (whole body dose equivalents)

Typical individual annual dose from natural background
sources (both terrestrial and cosmic rays) " =0.13 rem/year

Average annual individual dose from medical procedures =0.07 rem/year

Récdmmended limit (NCRP) for dose to individual members S .
of the general public : o - 0.5 rem/year

Recommended limlt (NCRP) for occupational exposures of
individual workers 5 rem/year

NRC 1limit on dose to individual members of the general
public from a single nuclear facility (air emissions) 0.005 rem/year

EPA limit on dose to individual members of the generél
public from all nuclear fuel cycle facilities ' 0.025 rem/year

EPA pfojected individual dose for initiating protective
actions during a nuclear incident (Protective Action

Guide) 1to 5 rem
Typical total annual general-public population dose =5 man~rem/ *
from nuclear plants meeting the NRC limit above reactor-year
~ Typical total annual population dose to workers at a 2500 man-rem/
nuclear power plant ' reactor-year

Predicted average annual general-public population

dose from accidents at a typical nuclear power plant 200 man-rem/
(estimated from WASH-1400 results) reactor-year
Population dose that is roughly equivalent to one 220,000 man~rem

induced latent fatality

*Typical value cited in environmental statements — only includes the _

exposures taking place during the operation of the plant, not utilizing ' -
concept of "dose commitment" to calculate continuing exposure from

radionuclides and the env1ronment.,
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pollutants.s As a result the exposure ‘of humanstx)radiation from radioactive
emissions is more easily calculated than are corresponding exposures to con- .

ventional pollutants. Moreover, the ‘fact that assessments of radiation—induced

- health effects often employ a 1inear dose—response function (see below) clearly

identifies and simplifies what exposure is to be ca]culated. As discussed in

the next section, and in section 4; the situation for calculating exposures to

'conventional pollutants is not-as favorable. - See table 1-1 for typical doses.

The emissions from nuclear power plants, and the resulting exposures of
the general public are sensitive to the control measures employed at the
particular nuclear plant’ under consideration. ‘It is relatively difficult to
preverit the escape of a certain portion of the radiocactive noble gases. and
iodines;from the reactor (as distinguished from the power plant containing the
reactor),'end the same is ‘true of tritium, which becomes incorporated intoh
water, the liquid used as the reactor coolant. On the other hand, the amount
of these radioisotopes which ultimately escapes into the environment may be
altered by introducing liquid and gaseous cleanup systems, as well as "holdup"
systems;“which’can retain certain short-lived radioactive substances until
the" greater part of them has’ decayed radioactively to stable jsotopes or at
least to ones w1th less potential for harm.

‘The extent to ‘which such emission control systems are implemented should

be determinedICOnsidering the cost and effectiveness of the systems as
compared with‘the benefit from preVenting emissions.' This.is the:philosophy

used in implementing the "as low as is reasonably achievable" guideline, with ’1
explicit numerical guidelines given in the Code of Federal Regulations,
Title 10, Part 50, Appendix I. (See the discussion of regulations below,)
However, it is only possible- to employ such cost-benefit analyses on the basis ,
of some appreciation of the relationship of exposures. to health effects .and
ultimately some evaluation of human health or life. As discussed below, our
understanding of the effects of radiation exposures is extensive enough that -
a unable basis (although ‘often: regarded ‘as ‘conservative) does exist for‘ :
quantltatively estimating health effects, of radiation exposures..

The same statement may be made of the short-term, but substantial, -
radiation doses which could result from accidental releases of large amounts
of'radioactivity from.nuclear~power plants. Under such circumstances; a larger

array of radionuclides could be released, and in much larger amounts, than
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under routine conditions. 'Tne large doses which are posSible can cause not
only 1atent damage, but also acute effects .both sickness and death. Calcula-
tion of such effects may be performed using the same dispersion modeling
procedures as suggested above, but the dose—response function clearly exhibits
a threshold, so that the results may be very sensitive to the modeling

assumptions. (See the discussion of nuclear accidents below and in section 2. )

1.1.2. “Health effects of exposure to radiation

Although the maximum dose to members of the general public from nuclear
'.power plants is typically less than 5 mrem/year, the fundamental data on the
effects of radiation exposures arises from doses substantially larger than one
rem (1000 mrem) that were sustained over relatively short time periods. ,Tﬁe g
major instance of such exposures were the bombings at Hiroshima and Nagasaki,
which induced substantial numbers of both latent (such as cancer) and early
effects. Data of comparable significance for latent effects arise from
medical procedures and from occupational exposures, such as uranium
mining and radium worker exposures. -Large amounts of important data
have also been obtained from laboratory experiments on animals. A number of
scientific bodies, both international and national have taken responsibility
for assembling and interpreting information on the health effects of radiation.
It is clear from these data that a whole-body dose of 1000 rem '

from "external" radiation delivered over a short period of time
causes death within a short time (roughly a month). Depending on the medical
procedures available for mitigating the effects of radiation damage, the dose
which will cause death in 50% of humans is roughly 500 rem. As the dose is
reduced to the vicinity of 100 rem,sdeath no longer occurs, but sickness is
induced by less acute cellular damage. Such sickness is no longer observed
as the dose received becomes lower than approximately 20 rem.

On the other hand, doses of the size just discussed (20 to 1000 rem) may
‘be sustained without early sickness or death if the dose is spread over longer
periods, so that the body can repdair the acute damage. However, radiation may
also cause latent damage, which — among other possibilities -— may either
show itself as cancer,a decade or more later;or,cause defects in succeeding
generations. Early_effects could assume some importance during a large
release at a nnclear power plant. However, even for these large releases.

and certainly for routine releases, the latent effects from low doses and dose
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- rates are the important question, because these effects appear to be the dominant

risk. However, measurement of the dose-response for cancer induction ‘is -much
more difficult than for early effects because of ‘the large time-period required

for malignancies to show thermselves, ‘and because the effects must be observed

,statistically out of a population which would experience ‘cancer incidence even

"ﬂin the: absence of increased exposure to-radiationv

In spite of these difficulties, the data are sufficient to demonstrate a’
relationship between radiation exposure ‘and ‘cancer. ‘(We do not emphasize
the_demonstrated potential” for genetic damage,:because awareness of such damage
has 1ong:existed;‘however,fevenéforigenetic damage, the precise response is not
certain,) For externalrexposures,'such'as the:gamma ray - and-neutrons exposures
resulting from bombings of japan,rthefdata may only be used to demonstrate this
relationship down to'an?integratedrdose of approximately 100 rem. Extrapolating
these data to low dose and dose rate in order to estimate the effects of
typical‘doses'from nuclear power plants is a subject of much controversy. ‘

It haS‘long"been presumed’that a "threshold" existed, so ‘that — for

doses below some minimum”éé an individual wouldrnot be in danger of cancer in-
duced by the exposure. However, the view’that’effects»may be caused at arbitrarily
low doses~is gaining adherents. Regardlessfof which view is correct, it has
been:recent'practice -;”for'purposes;of=risk_assessment — to adopt some
version of the latter view,*i.e.;'to presume that 'a certain total dose, summed
over a population, will produce the ‘same. number of effects, regardless of how
the dose is distributed ‘among that population. ~This is equivalent to a. state-
ment that the dose-response function is linear ‘and that no ‘threshold exists.
The - view of most experts and regulatory agencies is that :this 1is-a conserva-

tive" assumption. Certainly, for some types of - radiation —- in particular,.

‘radiation from "internal emitters;, those which are actually accumulated at
'sites:Within'the'hodyA(such as radium at the skeleton) -— there does appear

to hefa:threshoid in‘the*effects”so far observed. - However, arguments may be .
made to indicate that the 1inear hypothes1s (without threshold), although -

somowhat conservative, is not a gross overestimate, particularly for external

radiation. - See the body of -the accompanying radiological report for more

'details. It may be said’ roughly ‘that the ‘linear hypothesis as presently

applied would ‘assign one cancer-induced death to each 20 000 ‘rem (withifh a
% . .
factor of 2) distributed over any population. e

" 7 ' A
This would be referred to as 20,000 "manerem".
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1.1.3 Radiologicélfprotection standards

The basic radiation protectidn'criteriaArecommended by international and
national bodies, such as the National Committee on Radiation Protection and
Measurements (NCRP), for the protection of the general public from low levels
of radiation, were originally based on an understanding of the genetic,effectsb
of radiation. The most fundamental standard was that individuals should
receive no more than 15 rem during their genetically significant lifetime,
of foughly 30 years. This leads to an average annual dose of 500 mre%.r For
large populationé, where some level of genetic damage was deemed the,maximum
acceptable, the doses were 5 rem for the 30 years, or 170 mrem/year. Dose
levels similar to these were obtained by reducing doses acceptable for
occupational exposures (5.rem/year) by a factor of 10, a normal practice in
obtaining levels accepfable to members of the general public as compared with
workers. .These occupational 1évels had been based on observatic;ns of‘ the
effects both of internal emitters (such as radium) and of external exposures
(such as x-rays). The 5 rem/year, 500 mrem/year, and 170 mrem/year remain the
numerical guidelines, respectively, for maximum exposures (for other than
medical teasons) of workers, members of the general public, and populations.

However, an overriding guideline, in'genefal, is that exposures should
be kebt‘"as low as is reasonably achievable". What is reasonable depends on
thé technology.available and its cost, as compared with some evaluation of the
effeét of exposures. The Atomic Energy CommissionA(AECL in its early actions
on iicensing nuclear power plants, required emission controls whose effective-
ness was '"adequate", but not judged on any quantitative hasis. At that time,
the guideline was "as low as is practicable”. However, subsequent analyses,
particularly by the Advisory Committee on the Biological Effects of Ioniziﬁg
Radiation (the BEIR Committee) of the National Academy of Sciences — National
Research Council, provided a quantitative basis, grounded on the linear extra-
polation menioned above, for comparison of costs and‘benefitg. On this basis,
it was judged that a maximum dose outside the site boundary of 5 mrem/year
was "reasonably achievable" and this has been written into 10 CFR 50,
Appendix I. The inheritor of the AEC's fegulatory responsibilities, the
Nuclear Regulétory Commission (NRC), utilizes this guideline in current
licensfhg proceedings,on nuclear power plants. As a furpher,specifiéation in
Appendix I, the applicant must implement additiomal controls to a level v

corresponding to an interim valuation of $1000 per man-rem dose equivalent,
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although it is thought by the regulatory agencies that this valuation is

hconservative. (1f 20,000 man—rem causeés one death this is the rough equivalent
of a valuation of $20 million per. death.) Some of the NRC regulatory guides
lindicating how. routine and accidental emissions are to be analyzed and controlled
‘are 1isted dn table 1-2. —

Other types of standards for 1ow level radiation protection ‘exist, but
they are’ ‘all derived from ‘the basic exposure standards of 5 -0. 5, and 0.17
rem/year discussed above. Based on these dose’ rates and on models for exposures

due to concentrations in air and water,rlimits on ambient levels in these media

" may be calculated. However, these are ordinarily considered to be only

operationally convenient standards, the basic standards are. those limiting
dose (or dose rate, as above) Basic limitations on dose rate, ‘such as these,
are incorporated into the California: Administrative: Code. -

Other types of standards exist and are discussed in the radiological
report?. A class»of standards of potential importance in any nuclear emergency

gives guidance on the dose levels at which actions should be taken to protect

'the population or emergency workers. According to guides developed by the

Environmental Protection Agency,- the projected_wholeebody dose at which
emergency actions for population protection (evacuation, sheltering, or
prophylactic _measures) should: be considered is:1 to 5 rem. As in many
standards,'a separate dose level for the thyroid alone is: Specified since

that organ concentrates iodine, one of the more significant emissions from

nuclear power plants, under either routine or emergency conditions. Further

'discussion ‘of emergencies is contained in section 1. 1 5on. protection during

emergencies" and in section 2 of this report.v ) :

In general, the standards for radiological protection of either :
w0rkers or the general public are ‘more comprehensive than comparable
standards for protection from conventional" pollutants.r As a result judgments
of ‘the adequacy of control measures may be made in the quantitative manner
suggested above, the resulting 1imit on doses to ‘the general public is much

1ower than the 500 mrem/year guideline limit. However, in some respects,

' controversy over the standards and their implementation does exist; further—

more, confusion exists over implementation ‘of measures to protect the

public during emergencies. These matters require further diSCussion.;
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| Tab]e 1-2 Se]ected Nuc]ear Regu]atory Commission Régu]atory Guides

- Guides pertaining to evaluation. of routine‘emissions: ‘

1.23 ONSITE METEOROLOGICAL PROGRAMS (2/72)

1.109 CALCUATION OF ANNUAL DOSES TO MAN FROM ROUTINE RELEASES OF
REACTOR EFFLUENTS FOR THE PURPOSE OF EVALUATING COMPLIANCE
WITH 10 CFR 50, APPENDIX I (3/76)

--1.110 COST-BENEFIT ANALYSIS FOR RADWASTE .SYSTEMS FOR LIGHT- NATER-
COOLED NUCLEAR POWER STATIONS (3/76)

1.111 METHODS FOR ESTIMATING ATMOSPHERIC TRANSPORT AND DISPERSION
OF GASEOUS EFFLUENTS IN ROUTINE RELEASES FROM LIGHT-WATER-
COOLED REACTORS (3/76)

~1.112 CALCULATION OF RELEASES OF RADIOACTIVE MATERIALS IN- GASEOUSW
AND LIQUID EFFLUENTS FROM LIGHT- WATER COOLED POWER REACTORS
4/76

1.113 ESTIMATING AQUATIC DISPERSION OF EFFLUENTS FROM ACCIDENTAL
AND ROUTINE RELEASES FOR THE PURPOSE OF IMPLEMENTING AP-
PENDIX I (5/76)

Guides pertaining to accident analysis and site characteristics:

T 3 (1.4) ASSUMPTIONS USED FOR EVALUATING THE POTENTIAL RADIOLOGICAL
CONSEQUENCES OF A LOSS OF COOLANT ACCIDENT FOR BOILING
WATER REACTORS (PRESSURIZED WATER REACTORS) (Revision 2,
6/74)

1.5 ASSUMPTIONS USED FOR EVALUATING THE POTENTIAL RADIOLOGICAL CON-
?EQUENCES OF A STEAM LINE BREAK ACCIDENT FOR BOILING WATER REACTORS
3I/N

1.25 ASSUMPTIONS USED FOR EVALUATING THE POTENTIAL RADIOLOGICAL CON-
~ SEQUENCES OF A FUEL HANDLING ACCIDENT IN THE FUEL HANDLING AND
%TORA?E FACILITY FOR BOILING WATER AND PRESSURIZED WATER REACTORS
3/72

1.52. DESIGN, TESTING, AND MAINTENANCE CRITERIA FOR ENGINEERED-SAFETY-
- FEATURE ATMOSPHERE CLEANUP SYSTEM AIR FILTRATION AND ADSORPTION
UNITS OF LIGHT-WATER-COOLED NUCLEAR POWER PLANTS (7/76)

1.101 EMERGENCY PLANNING FOR NUCLEAR POWER PLANTS (11/75)

4.7 GENERAL SITE SUITABILITY CRITERIA FOR NUCLEAR POWER STATIONS (9/74)

1.59 DESIGN BASIS FLOODS FOR NUCLEAR POWER PLANTS (Revision 1, 4/76)

1.60 DESIGN RESPONSE SPECTRA FOR SEISMIC DESIGN OF NUCLEAR POWER
~ PLANTS (Revision 1, 12/73)"

1.76 DESIGN BASIS TORNADO FOR NUCLEAR POWER PLANTS (4/74)
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1.1.4. . Standaxrds: : information gaps and controversies

Significant ‘uncertainties exist with respect to the effects of radiation
Hence the standards, or more particularly their implementation, are subject
to some change. Some of ‘the Uncertainties arise from incomplete understanding
of the "experimental” details, such as the conditions of exposure, the dose
received, the relative biological effectiveness of various types of radiation,
etcr'~Homever, the most'significant uncertainty, broadly speaking, was referred
to above,"i.e.,~the reliability of:the linear :(non-threshold) hypothesis.

Uncertainty,over this hypothesis resolves itself into several questions.
The girgtsiS'whether a‘ threshold exists, if only for some types of exposure;
there‘iS'evidence that ‘it exists for some internal emitters,-but not for
external emitters.- The second is the question of linearity itself; to the
extent that a threshold exists, it 1s an intrinsically conservative representa-~
tion. In' the absence offa threshold, there is reason to believe that the actual

response may be a combination of linear plus higher order terms. Some argue

~ that this leads to the conclusion that the linearity assumption is only slightly

conservativet(by approximately a factor of two).‘ This question isvbasically
one of the correctness of the hypothesis for doses of different gnitude. A

third question concerns alterations in dose rate. The consensus is that lower

dose rates cause a reduction in the effects of a given dose-equivalent of

_radiation. Such reductions from the strict 1inearity assumption on the basis

of low dose and dose rate were incorporated in the consequences analysis of

the NRC Reactor Safety Study (discussed in section 2 of this report and in

'reference 5).

; Another broad area of controversy deserving mention in this brief summary
concerns internal alpha emitters, in particular plutonium. The portion of
this controversy which has received the most attention is the "hot particle; -

hypothesis which purports that the biological effectiveness of the alpha'v'

' particle radiating from plutonium and similar elements is substantially

increased due -to the concentration of the atoms into small particles._ The
fact that these radioactive materials may lodge in the lungs in this. form :
would. imply, on the basis of this hypothesis, that the cancer induction rate

_1s greatly increased over that that would be estimated neglecting the parti-

culate nature of the radioactivity. This is a, notion that had been examined
in the past, but which has been raised again in connection with the production

of plutonium in light—water reactors and its intended use for recycle'fuel and

v
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. for a "breeder" reactor system. Howeuer, reexamination of the issue by bodies
such as the National Academy of Sciences has-led to the conclusion that

such "hot particles" have little, if any, more effect than the same

quantity of radioactive material more uniformly distributed. This implies
that no substantial change in plutonium standards is warranted.

Other controversies surround-such inhaled alpha emitters. ' These include
the general question of the sensitivity of the tissues lining the lung passages
to radiation and the manner in which calculation of the effects of deposited
alpha emitters (such as plutonium) takes account of this sensitivity.

In general it appears that the current radiological protection standards
may be altered slightly, but certainly not to the extent suggested by some
critics of nuclear power. Moreover, many of the alterations would be based on -
slight changes in the manner in which doses and responses are modeled, .rather
than -on any gross change in the understanding of the effects of radiation on

humans.

1.1.5. Protection during emergencies

Another class of regulations and guidelines, dissimilar from thoseb
emphasized‘above, is associated with potential accidents at nuclear facilities.
The probability and consequences of such accidents are discussed in section 2.4,
in connection with a review of reactor safety studiesz. However, certain
actions, both preventive and protective, may be taken to mitigate the effects
of such accidents on surrounding populations. The measures usually considered
are protective measures, such as evacuation, sheltering, and prophylactic
measures (such as iodine blocking pills), and these are considered in detail in
a report, "Radiological Emergency Response Planning for Nuclear Power Plants
in California" (LBL-5920)3} A related preventive measure is the siting of
nuclear plants in low population areas; moreover, in connection with such
criteria, controls on population densities might be implemented. Such controls
are manoated by the'legislation constituting the ERCDC1 and are considered in -
a report on "Control of Population Densities Surrounding Nuclear Power Plants"
(LBL—5921)

The Nuclear Regulatory Commission, in its review of proposed facilities,
examines emergency planning for on-site emergencies, but leaves off-site planning
1arge1y to local authorities, with limited guidance from the NRC. In the

'v1ew of many observers, including the NRC planning at the local level has not

beenAadequate. Moreover, a curious situation exists with regard to the question
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of whehieﬁérgency actions,-such‘as evacuation, :should begin. -Although the
Environnental,Protection'Agency Protective Action Guides give a projected
wholesbody'dose of 1 to.5 rem as the level at which actionsvshould be taken,
the level used for much of the planning in California is 500 mrem, a level
which is chosen because of the recommended limit of 500 mrem/year for dose
rate However, the 500 mrem/year limit is based on the lifetime dose
limit of 15 rem, which — from this point of view —-_could as easily have been
chosen as the emergency action dose level. However, it is not clear how
significant the difference between 500 ‘mrem and the EPA levels of 1 to 5 rem
would turn out to be during an actual emergency. L
The NRC also explicitly considers, during its review, a low population
zone, defined so that no one outside the zone would receive a maximum specified
dose during a formally postulated accident. It is intendedwthat,this*zone
could ‘be effectively evacuated on the basis of local_emergency'planning. This
zone typically has a radius of up to a few miles. (See Table 1—3i,£or ‘
California.data.) The NRC also examines,population densities at distances up
to 30 or 40 miles from the plant,site;and applies density guidelineslin
considering;whethercalternative sites,might'bejmore appropriate.

. Were the ERCDC -to implement;controls on population densities around‘
nuclear power plants, it wouldgseem_practical for them to concern themselves
with a region similar in size to the low population aone. ;Controlymeasures
such ‘as private acquisition of development rights or uore traditional zoning
regulation could be used-to prevent substantial increases in .populations in -
such a zone. - However,: use of such controls over a region of radius 30 to 40
miles would be much more difficult. ?Furthermore,:a consideration_of the
probability and COnSequences of accidental releases versus the costs, of
controlling such a large region do not suggest that such broad control is
appropriate. However, a more detailed analysis of the potential benefits and

possible controls should_be performed than was possible in reference 4,
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Table 1-3.  Populations surrounding present California nuclear power plants..

. , 1972 : 1972
Exclusion |Low Population| - 1972 Population | Population
o - Zone | Zone (LPZ) [|Population| ~within ~ within
Plant Radius (miles) [Radius (miles)|within LPZ|10 mile rad.|30 mile rad.
| Humboldt 0.13 2.0 2000 49,000 90,000
San Onofre ‘ 0.1 2.0 0 36,000 644,000
Rancho Seco . 0.4 4.7 300 6,000 908,000
Diablo Canyon| 0.5 6.0 14% 4,900 135,000

%5 miles

1.2 : Foséil-fuel_and geothermal power plants

The principél health impacts from fossil-fuel and geothermal poﬁer plants
may occur through the emission of "conventional” pollutants, primarily those
that are emitted into the atmosphere. Pollution of water resources is of some-
what less concern than air emissions, but can have important impacts if the
available control technology is not incorporated into the plant.. Radioactive
materials are also emitted from these plants? but are not the major concernj;
possible impacts of and relevant standards for radioactive emissions were
treated‘in section 1.1 on nuclear power plants. The discussion of the present
section ié confined to the'possible.health effects of and the standards
applicable to conventional emissions. It is based on the much more detailed
treétment contained in a separate report on "Health Effects and Related
Standards for Fossil-fuel and Geothermal Power Plants" (LBL—5287)7. The
major emphasis is on emissions into air, but noise and ‘emissions into water .
are also treated more briefly. A related report6 treats meteorological models

for simulation or analysis of pollutant dispersion.

1.2.1 Emissions from fossil-fuel and geothermal power plants

. The two major categories of air emissions from fossil-fuel and geothermal
plants are gases and particulates. In general, the important gases are
compounds of sulfur, nitrogen, and carbon. The particulate matter ﬁay
contain important amounts of all of these elements, usually in compounds, and
in addition may contain significant amounts of heavy metalsj such metals as
mercury and selenium may be emitted in vapor form. Less important discharges

into air are radioactive materials, water, and heat. Cooling towers may also
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emit a number of these Substances into air and — in addition —~salts from the

E,makeup water. A wide array of substances, in various forms, may be discharged

é into water from such plants, but for the m0st part their control is well enough
. understood that they do not pose as significant a hazard as emissions into air.
~The one possible exception is materials which may be leached from waste

Vdisposal sites into water supplies.— Finally, these plants can produce signif-

icant -levels of . noise.w

’ *The relative and absolute importance of these various emissions is highly

: dependent upon the’specific'technology. The basic types of. fossil fuel systems

to be considered are conventional coal oil, and gas—fired plants, although
advanced systems may assume increasing importance. The only significant geo-
thermal power plants in California are ‘based on vapor—dominated fluids but
1iquid—based plants are under rapid development. Not only do the fossil-fuel

and geothermal technologies differ from one another, but the variants of each
differ significantly among themselves. However, the general classes of emissions
and their effectS'arebsimilar, so_that it has;been useful‘to;consider them together.

Fossil-fuel plants can contribute significant amounts of atmospheric

pollutants known to have significant impacts on the public health The emissions
from these plants arise primarily from the combustion process itself and, not
5urprls1ng1y, depend on the fuel used and on detailed combustion conditions, as
well as on control technologies. For several important types of emissions and
for several types . of plants, Table 1-4 gives typical uncontrolled emission rates,
rates if available control technology is used, and applicable emission limitations.
The gases emitted from the plant, resulting from combustion, are a combi-
nation of sulfur nitrogen, and carbon compounds.  All of these can have signif-

icant health impacts, the only major ‘exception being carbon: dioxide: Although

: f.tarbon dioxide may affect human -welfare through long-term alterations of

atmospheric makeup, it is not generally considered a pollutant. Particulates,

as_ discussed below, are a major class of emissions' moreover, they interact with

—gaseOus pollutants.

The most important sulfur emission is "S0 ", made up primarily of the

99 “but including some sulfur trioxide, SO3, both produced from
combustion of sulfur compounds: in the fuel. These compounds appear to be

’ converted to sulfates in the atmOSphere. Lesser amounts of other sulfur

compounds, including hydrogen sulfide (HZS) may be emitted from fossil-fuel
plants. 802 emissions depend on the sulfur content of the fuel. Control
systems in the form of flue-gas scrubbers may be added on to the plant in

order to reduce sulfur emissions. Their unfortunate features are cost and
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'Table 1. 4 Typical Emiss1ons from Various Types of 1000 MWe Fossil Fuel Power Plants.

(A1l emissions in tons/hour)

Plant Type .
Type of Emission Coqi—'- - Residual Natural Oiliigrff
fired fuel oil gas combine :
cycle *
Partlculate Uncontrolled 25.0 1.2 ~0.022-0.066 0.16
Controlled - 0.15 . 0.19 0.023-0.068 0.16
NSPS 0.52 0.49 0.48 0.45
S0, : Uncontrolled 4.6 2.53 0.0026 0.87
: Controlled 0.49 1.32¢ .0'0027 0.90
Nsps? 6.2 3.9 - 3.6
' NOx: Uncontrolled 4.3 3.3b .3.08 2.1b
Controlled 3.6 1.5 o.95§ 1.3
NSPS® 3.6 1.5P 0.95 1.3b
CO: Uncontrolled 0.24 0.094 0.075 0.48
Controlled 0.26 0.098 0.077 .49
Nsps? - - - -
Hydrocarbons: Uncontrolled 0.072 0.063 0.0044 0.17
Controlled 0.078 0.065 0.0045 0.18
NSPs? - - - -

~aNSPS = New Source Performance Standards

bNOx control efficiency: sufficient to meet NSPS (no other pollution controls)
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large amounts‘oflproduct sludge, which must be disposed»in a manner that does
not . itself cause difficulties, (either emissions into air.or leaching into
water) " However scriubbers are expected to be incorporated into new plants,
based on ‘the judgment ‘that- they provide an important measure of protection to
the public. ' o ;

" The gaseous ‘nitrogen compounds are primarily oxides, labelled "NO ", and

result partly from combustion of nitrogenous compounds in ‘the fuel, and .
partly’from oxidation of atmospheric nitrogen during ‘the combustion process.
The principal oxide ‘emitted is nitric oxide (NO), with lesser amounts of
nitrogen dioxide (NO,).
atmosphere. NO, is directly involved in the formation of photochemical smog,

g) , |
a primary concern in California. Since NO:occurs as a product of combustion, . -

However, much of the NO converts to Noz'in the

the amounts produced can be altered by modification of combustion conditions;
significant reductions of'thisftype have been achieved through-flue:-gas
recirculation.” Moreover,‘methods_for flue gas treatment show promise.

‘Gaseous carbon compounds are not one of the major concerns among

emissionsﬂfromfpouer plants. Contributions of power plants to either total

carbon monoxide (CO) emissions or total hydrocarbon ("HC") emissions are .
small. 'The major-gaseous emission, carbon dioxide‘(COz), has no direct health
impact. ‘ ’ C

A final and extremely important but ill defined emission from fossil-
fuel .power plants remains, i.e., particulates. The particles emitted from these

plants ‘may be characterized 4in a’ number of ‘ways,” which will only be ‘indicated
here. They are important not only as primary pollutants, ‘but because they may .
be sités for important” conversion processes occurring in the atmosphere.: As a

result, ‘their’ ‘size and composition are important, “not only as factors 4n deter-

-mining their ‘direct effect: ‘on. humans, “but also for understanding the manner in

which they may participate in atmospheric conversion.-
Although ‘the chemical -composition of these- particulates is clearly.-
important, we first note “their’ physical properties;vsuch as mass, size, or-

Surface'area. These are important, not only because they have an'’ ‘obvious

_ effect on the manner in which ‘they are transported from’ their emission point,

but ‘because " they determine the extent ‘to ‘which the particles are respirable .. -
and the effectiveness with which the" particles may participate in chemical

- reactions. These are extremely important factors, ‘which are not indicated

by simple specification of theltotal mass of particulate emissions.
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: Propcrties.which have more. direct.connection with the chemical makeup of
the part1culates are chemical composition, heterogeneity, and solubility. These
are relevant to the effects which these particulates may have on humans and to
the manner in which they become involved in atmospheric convers1ons. Again,
these are not indicated by "total particulate emissions". '
- The character of particulates emitted from power plants depends strongly

on the fuel. In general, they may contain various carbon, sulfur, and nitrogen .
compounds, as well as significant. amounts of metals, such as iron, nlckel

and lcsd. The specific amounts depend on fuel type. .This is also

true of size distribution. Furthermore, the total mass and size,oistributions
are affected by the control measures which may be implemented atrthe various |
types of plant. In general, a coal plant, with its larger amount of particu-
lates, having larger average size, will require more severe control techniques,
including electrostatic precipitators or substantial "baghouse" filter systems,
which effectively remove small particles as well as large. On the other hand,
an oil-fired plant, with its smaller total mass of particulate emissions

with smaller average size, may utilize inertial separation systéms, which

are not as effective for small particles. As a result, the implementation of
control systems at these differing plants may cause oil-fired plants to-

emit more of the important fine particle fraction than coal-fired plants.
- Gas-fired plants emit very little particulate matter, by mass, but what is
emitted is likely to be in the form of very small particles.

Of the gaseous emissions previously mentioned, some generalizations may
be made for the differing types of plants. NOx emissions can be relatively
independent of fuel type, if combustion conditions are such as to oxidize
much atmospheric nitrogen. However, if this process is strongly controlled,
the NOx emissions may arise primarily from fuel nitrogen, which does depend
on the particular fuel. 'Sulfur emissions depend very strongly on the fuel,
since they are connected directly with the amount of sulfur initiallyk
contained therein. Coals vary greatly in the amount of sulfur they contain, *
as do fuel oils; gas may contain HZS’ but this is usually removed during
preprocessing. Sulfur scrubbers may be incorporated, as needed, in either
- coal or oil fired plants, with their attendant disadvantages of large amounts
of sludge for disposal. As mentioned above, this sludge may also constitute’

the most serious impact of the power plant on water resources. _ \ ;
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Geothermal power plants emit both gases and‘particulates,asbabove, but

the important emissions differ. The most significant gaseous:emissions are

hydrogen sulfide (H S), although ammonia (NH3)vandLradon;-a,radioactive gas,

- may also be significant.n The hydrogen sulfide may be. rapidly converted to SOZ’

leading to the same ultimate impact, but on a smaller scale, as for the fossil-
fuel plants, Near the site, however,‘the primarvaZSTcould have direct impacts.
In addition, a geothermal'plant can emit particulates,-although they do not have
the same character as the particulates from fossil fuel plants. They may, how-
ever, also. contain heavy metals. Furthermore, because of ‘the rather direct
interaction of the geothermal power plant. with the surrounding site, the
potential for water contamination is more severe than for a fossil-fuel plant.
The danger of this depends on the efficiency with which reinjection of the
geothermal fluid is performed ‘and the extent to which any 'sludges from cooling
towers or other plant systems may - leach into water resources. The potential

impacts of any particular plant will depend on the details .of the system and

on the basic character of the geothermal resource being utilized.

For any of the emissions from fossil-fuel and geothermal power plants into

air, a very significant factor - more than for the case of nuclear — is the

potential for chemical processes in the atmosphere to transform various

substances. Moreover, the manner in which different. emissions interact with
one another during these conversions is an important aspect of air pollution
analysis and,,ultimately, of‘controlfpVNot only can the various gaseous species

interact with one'another, possihly influenced by other factors such as sunlight,

but they may interact with or at the site of particulate matter, which may

itself have been emitted from human sources.‘ As a result the possible processes
involved in the atmosphere are very complex, making it difficult to isolate

the effect of any particular emission. Whatever the difficulties of such analy—
sis may be, it is clear that the ultimate impact of any particular emission may
depend very heavily on a number of other, factors,pincluding the array_ of other

',emissions and various aspects of weather conditions.v Some discussion of models

~ for simulating atmospheric dispersion and conversion processes is given in_ '

reference 6. RN P R PR :
1.2.2 Health effects of conventional emissions from power plants -

Information on the effects of pollutants may be obtained from two categories

of human experience.-occupational exposures and exposures to the general public.

N
S
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Both types of experience can provide information relatlng to both acute, high

levels of exposure “and to chronic, low levels of exposure. For obvious \.,f
reasons, the results of acute ‘and’ large exposures are more easily identified.

The effects of chronic lower levels of exposure require much more careful study,
particularly since the effects must be unraveled statistically from other

effects and causes, including possible synergistic effects. '

Many examples of acute illness,‘primarily'respiratory or circulatory,
associated with short-term exposure to high concentrations of various forms and
combinations of air pollution have been reported. Such episodes ‘have occurred
in occupational as well as community settings. Occupational exposures generally
arise from breakdowns in process equlpment or work practices. In community
settings, ‘acute exposures typically occur when meteorological conditions act to
prevent “the dispersal of pollutants, resulting in excessive local concentrations

B During the last two decades, studies of the health ‘effects of pollution
have ‘been reported from many different parts of the world; While most of these
suffer from a number of methodological difficulties, the results consistently
reveal a direct association between'particulate and gaseous pollutants and
various disease manifestations. These include: total death rates, respiratory
disease mortality, and selected cancer morbidity and mortality. However, because
of the complexity of atmospheric processes and the multiplicity of human activ-
ities, it has not been possible to establish precise quantitative relatlonships
between emissions and disease. _

While it is feasible to identify many of the components of ambient air,
it is extremely difficult to isolate their individual effects in epidemiological
studies. Laboratory and clinical experimental studies have provided considerable
‘information regarding the potential health effects of many known pollutant
constituents. Furthermore, such studies may elucidate speCific mechanisms
whereby pollutants produce such effects. ' . ; .

' ‘The most important pollutant constituents contributed from fossil-fuel
vpover plants arise from: particles, particularly those_containing carbon and
trace metals; sulfur compounds, which may rapidly evolve into particulate species
(such as sulfates); and nitrogenous compounds, which become involved in the
photochemical cycle. All of the above have been shown in laboratory,and/or :
clinical studies to’have irritant effects on the respiratory system.j Several

"of the trace metals, such as chromium and nickel, have:been demonstrated in

&Eﬁﬁ
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‘such studies to be carcinogens in animals. However cardiovascular effects

7have not been demonstrated in 1aboratory or clinical studies.

As suggested above, the information available from population studies is

. even less certain in specifying the effects of particular species. What can

be said about the disease potential of certain species and classes is the
following. there is a considerable consensus that suspended particulates,
including sulfates, and the gaseOus sulfur species ‘are associated with respira—
tory symptomology and disease, the symptom—producing potential of photochemical
smog is in little doubt there 1is much less certainty regarding the cardiovas-
cular and cancer—producing potential of airborne agents.

- In considering the health effects of power plant emissions, it is

important to treat explicitly the atmospheric processes which involve these -

emissions, often producing species which have their own health significance.

We noted above two potentially important atmospheric processes. . the photochemical

cycle, which involves NO and produces oxidants, including ozone; and the varlous
processes which may convert SO emissions to other species, including particulate

sulfates. These processes are affected very strongly by the local meteorological

‘conditions, which therefore need to be cons1dered explicitly in siting decisions.
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1 2.3.- Air quality standards

Based on occupatlonal experiences, on the classic air pollution episodes,
and on_continuing epidemiological and laboratory studies, standards related
to the protection of air quality are formulated and implemented. Although the
development of the data base is being supported by a number of agencles the
Environmental Protection Agency, acting at the national level has promulgated
air quality standards. Agencies in the states, such as the California Air
Resources Board, and local Air Pollution Control D1str1cts implement the
national standards or stricter standards which they have formulated. National
standards have been promulgated forvox1dant (ozone), carbon monoxide, nitrogen
* dioxide, sulfur dioxide, suspended particulate matter, and hydrocarbons. All
of these have some relevance to power plants, although — as indicated above —
’the_carbon\monoxide and hydrocarbon standards are of less direct’significance.
Howeyer, the hydrocarbons can interact significantly with emissions from‘pOWer
. plants. . California recently promulgated a sulfate standard. A summary of State
and Federal standards is given in Table 1-5. 1In general, the EPA leaVes it to
state agencies to implement standards this delegation takes the form of State
Implementation Plans required of each state. The responsible agency in
California is the Air ResourceskBoard, which was — in fact — active before
the national standards were implemented.

| In support of such ambient air quality standards, the EPA has also for-

mulated New Source Performance Standards, which place limitations on emissions
from stationary sources, including power plants. The agencies in California
which have responsibility for review of new stationary sources are the
regional Air Pollution Control Districts. These districts may also adopt their
own stationary source emission °tandards, as provided for in their responsibi-
lities. However, it is the EPA position that a simple review of compliance
with these emission standards is not sufficient. In addition, the New Source
Review, which is to be performed by these Air Pollution Control Districts, is
to take explicit account of the effect which new sources will have on the
ambient air quality goals as represented by air quality standards. Such a
comparison can result in the denial of permission to construct such sources.

For each state, including California, the EPA has required provision
for identification of areas which will have difficulty meeting or maintaining
the national air quality standards. For these "air quality maintenance areas",

the states are to analyze in detail the respects in which the standards are
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{ from ref. (5))- _

TABLE 1.5:

Cahfornus Standards ?

DARDS

National Standards?

Objectives of the

- A g Time - - . : - nda ' :
Pollutant versgig Time |0 ntration?  renod® . | Premary® Secondary3+$ Method”. standard { ref. (6)).
Onidant: 3 nour . 0.10 ppm, Ultravioiet 160 wgrmd Sarme a3 Chemituminescent To prevent ey irntation and potsinle.
(Otone) . e . {200 ugrm3) Pnolemelry (0.08 porm) Primary Std. Method 3 impairment of lung funcuon in persons with
- . D — - - chronsic puimonary disease. Al to prevent
‘Carbon Monoxids 52 hour’ :lol"'::‘/m:) o : o o S damage it vegelation .
o s - Non-Dispersive ) Sameas Non-Dispersive * To preventi with ovygen P
i & hour o nirared 10 mg/m Primary tnirared i by the blood based on carbuxyhermoglobia
. h Spectroscopy {9 pom) Standaeds | Speciroscopy fevels greater than 2%, N
" 40 pom 40 mg/m3 . . . R o :
ho
1 oo (48 mg/m3) (35 ppm) . i . .
‘ 100 ug/m3 L To prevent possible isk 10 public heahth, and
" . . Proposed: P P §
Nitrogen Dioxide Annust Aversge = Saizman 10.05 pom) Seme as cqited JH stmmpheric discoloration '
B pi y Method . Primary | .
Lo B H i 0.28 ppm . Standards’ Ssitzman (Og core.)- . - *
Iy 1 rour {470 vg/m3) ' - Chemilumingscent -
: o H : - 20 ug/m3 To prevent possible increase in chronic. -
Suitwr Dioniae Annual Aversge (0.03 ppm) - respitatory discase snd damage 10 vegetation
’ : 0.04 ppm . 365 ug/m3 ' o ’ :
24 howt 3 Conductimetric - Pararasaniling |
KK - . (105 ug/m3) Method {014 pom) Metnod
: - . 1300 ug/m3 . .
‘ 3 nouv‘ - - (0.5 ppm) .
¢ ) 0.5 pom - N To prevent possible alicration in lung function]
:’ } hour {1310 ug/md) - - and irritating odor S
: o o I : : . . . ) Ta improve visihility and prevent acute
Annuasl Geometric .
Suspended ' ©. | nual Geormet 60 ug/m3 e | a8 ugmmd L 60 ug/m3 ‘ iMfess when present with about 0.08 ppm
Particuiste Maan . ; . . her ;
. . - igh Volume - - . High Voiume sulfur diokide ;e
Matter . y ” Sampiing P Sampling “
R 24 nowr y 100 ug/m3 ‘ = { 260 ug/m3 150 ug/m3 .
N Caim3 ATHL Method ' = _ To prevent possible increase in chroaic
Sutfates 24 nour ;. 25 ug/m No. 61 - ; __respiratofy disease
Lead | 30 Day N ; ' To protect liealth
.- Aversge 1.8 ug/m3 A'"";WM;"M - - - :
. - : - - To prevent offensive odor
Ny . Caamum .
Hydrogen Sulfide » Q.03 ppm Hydroxide .
- . 1 hour {s2 ug/md) Stractan - - -
. Mathod
j R To prevent the forsation of
Hydrocarbons < 3 Same »s Flame lonization tochenle
7 (Correcied’ for 3 hour - -~ los ‘;:' -~ 3 Primary Detection Using "{‘ al ;
“Mathane} - ! 16-9 a.m.) 10.24 ppm Standards Gas Chromatography) ' -
. : K - To prevent damage 1o vegetaion
Ethylene g nous” 0.1 ppm .
- - ——— Ld -
¥ hour 0.5 opm
' g N | ; To improse visibility
Visibitity 1 observation In suttficient amount 1O {8) B
- Reducing e ' i re8uce the prevaihng visibility - - - '
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not expected to be met. Ain Célifornia the EPA has designéted eight state-
'. pro§osed areas>to be maiﬁtenancé areas. The Air Resources Board is responsiﬁle
| for the development of long—raﬂge plans to meet air quality standards in thesé‘areas.
The EPA also provides for the protection of air quality ("prevention
of'signifiéant deterioraéion") where the air is superior, with :espéct to'SO2
and particulate concentrations, to that required by standards. Since these have
not been -the substances of most concern in Califbrnia, the Air Resources Board
has been déveloping an Air Conservation Program which both meeté the requirements
of‘prevention of significant deterioration and performs a simiiar function for
pollutants of more immediate concern in California and for which ambientr
standards exist. ' .
Finally, the state has developed an Air Pollution Emergency Plan, designed
to provide'for-actions to protect populations'in instances of severe air
pollution episodes. This plan provides for action at several levels of concen—v
trations for a number of pollutants, and includes action both for decreasing
the pollutant levels which would otherwise’devélop.and for reducing the effect
of actual'levels on members of the population. For cerﬁafh pollutants,
particﬁlarly SOZ’ the possible actions include several that would affect the
operation of fossil-fuel power plants, including shutdown or fuel switching.
 This completes a summary of the present types of standards for air
quality. We have not included the emission standards, because of their
great. number. In particular, each of the roughly fifty air pollution control
districts in California has developed its own emission standards, generaily
for the same array of primary emissions as discussed above: NOx, SOX, total
suspended particulates. It is clear, though, that the present array of standards
is not comprehensive; improvements are being made. But even in their present

state they provide a substantial basis for protecting the public health.

1.2.4 Information gaps: health effects and standards

We have emphasized above the extent to which our understanding of the

[y

connection between emissions (or ambient concentrations) and health effects is
deficient. Elucidation of this conmection requires sﬁbstantial further studies
of the atmdspheric processes, and the epidemiology and physiology of air
pollution. Only very tentative correlations have beén made between poﬁer4'

plant-related pollutants and health effects. » —.
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One of ‘the hore‘important~ésﬁect5'of the prdblem”is'the'chéracterizatiOn
of,ait'pollutanté. 'Untillthé‘ﬁollutants themselves are sufficiently well
charaéterized,it will not be possible either to establish fheir”quanfitativé'
conﬁéétionrwith incidence of disease and death or to establish fully appropriate
standards’ for amblent levels or, ‘ultimately, for primary’emissions;:including '
those from power plants." _ - o

Even with our presently cloudy view, it is clear that the standards are

ddﬁkmdﬁ@@&@ﬁﬁﬁf%mus The most obvious is the specifications -

_ of particulate standards. Total paftiéﬁlaﬁe mass is not a directly significantly

parameter either for ambient or for emission standards. ~The -importance of

Nparticuléteé is known to depend critically on their size and other“phyéicai :

parameters.  And it is furthér'ébv%ous that their importance ‘depends on their
chemiéal:éompositioﬁ; ‘Particulate standards, with the exception of the
California sulfate standard, reflect neither of these considerations, and so
must be éonsidered only operational standards. As soon as monitoring methods
that are more precise than total mass measurement are accepted, it will
békﬁpbfépriéte to chahgefthe‘standéfds'tb‘refleét the existing under-
standing 6f'the impbrtanée'of particulates of differing size and -
composition: ‘ ' .

'In spite of the deficiencies of the standards, and the presently unsatis-
factory undefstanding of health effeéts'which stands behind them, they do serve
as measures (i;e.,rstandards)’on the basis of which human activities, including
thé‘conétfuC£ion of power plants, may be regulated. This regulation provides

a significant measure of protection to the public health.

1.3 Transmission lines

Every electric generating plant considered above is accompanied by -
transmission systems for transportingrelectrical energy to local distribution .

systems. The primary components of these transmission systems are normally

: high—vbltége'overhead transmission lines. ‘Such systems do not- have any effluent

_streams in the usual sense, and it is normally via such streams that the public

may be affeéted in a physical sense. However, two aspects of transmission
lines may be construed to constitute such emissions. The first is also
common to the power plants themselves, i.e., noise. The second is related to

the intrinsic character of these syétems, i.e., that they are high voltage AC
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.systems; which may therefore.emit»eiectrical energy in the form of electro-
magnetic ;adiatidn and,:perhaps more simply, may cause magnetic and electric
fields near the lines themselves. | _

.- The physicél'and psychological effects of noise are a matter of ordinary
experience. Oécupational sténdards exist for noise, and it is also regulated
by many local ordinances.

The possible effects of fields from high-voltage transmission lines ére
not so much a matter of common experience, nor do applicable standards usually.
exist. - The possible exceptions are: 1) requirements for grounding metal
_structures near transmission lines to prevent the development of voltages
across such structures, and 2) possible maximum recommended magnetic fields.
Studies of pbssible health implications of such fields are presently being
pursued. It does not appear that such effects'are‘avmatter of major concern,
especially when compared with the other effects associated with. the construction
of power plants.

In fact,the most substantial impact of transmission lines may occur through
accidents, including line breakage, a potential which depends highly on land use

questions, and on the resulting routing of transmission lines.
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2. . SAFETY AT ELECTRIC GENERATING FACILITIES

The basic perspective in this work has been to identify the manner in
'which potential impacts of electric generating facilities on human health and
safety may be minimized Although the concept of "health and safety" is not
actually able to be divided we have made an operational distinction between
those aspects of power plants which may have direct impacts on the public —
i. e., primarily the emissions-—-and the internal design of the power plant.

- This distinction is not unambiguous, but it has led to the treatment of the

"health" aspects of power plants in the previous part, and in the reports
mentioned therein, and,to treatment of the safety aspects “of- power plants in
the present part. These 'safety" features may be construed to ‘include various
engineering aspects of the plants but their relationship to human "health
and.safety" depends on the plant type under consideration and on the aspect
being examined. o 7 :

L For most industrial facilities,‘ safety" refers primarily to the health
and safety of the workers at the facilities, and this is the typical interpre-
tation for fossil—fuel and geothermal power plants. However, for nuclear power
pdants, the word takes on added significance, since lapses in plant safety
can have a more severe impact on the public, because of the potential for
rele351ng large amounts of radioactivity. JAs a result whether safety at a
power .plant is considered with the public or the workers primarily in mind
depends on the plant type.v ‘ '

- In either case, safety" is assured by the detailed design of the facil—
ity. However,»a further distinction may be made between specifically safety

'aspects of the design and the more general engineering design. The general

engineering design provides ‘the” context in which safety features are imple-

- mented, but much of the effort directed to- the engineering of the plant is‘

simply intended to make it opcrable, reliable, and hence economic._

This work has given some attention to general questions of power plant i

‘ safety,,and even reliability, as will be clear below. However, because of the

associated with nuclear power plants, only this potential has been examined in
detail. '
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.2.1_ ,Typee of safety standards

Although reference was made above to the areas for which standards-might
-be'formulated, i.e., public safety, worker safety, and general plant design,
we have not yet distinguished between regulatory standards, "voluntary"
standards, and standard engineering prectice, Such a distinction»was not as
important in part 1; emnhasizing health, because the difference between a
regulatory standard or requirement and a recommended guideline wes clearer.
For the safety engineering of a plant, the distinction must be emphasized,
because-f-although safety-regulated aspects of power plants. are regulated,
whether fossil-fuel, geothermal, or nuclearn—?the bulk of "standards" are not
reguletory standards, but rather are standards developed by professionel
engineeringvsocieties or may even be only "standard practice" in an

industry or a given company. All of these fit the definition of a standard,
"that thch ie established as a measure". A brief comment on each oategory

is useful: |

Regulatory standards are specified by responsible governmental agencies,

at the national, state, regional, or local level, to protect the safety (and
health) of the public or workers. The manner of their formulation and en-
forcement‘may vary widely, but it is required that they be met. Often these
~standards, whether for occupational safety, reactor safety, or other appli- ¢
cations, will depend very heavily on what were referred to above as normally
"wvoluntary" engineering standards. Such engineering standards, however, will
often be used only as "guidelines" for compliance with more broadly specified
regulatory standards. As discussed below, the regulation of nuclear power is
e prime example of this practice.

Engineering standards are formulations of engineering practice available

for the use of the engineering, industrial, and regulatory community at large.
They are typically formulated by a committee.of an engineering society for use
is the area of the society's specialty. Thousands of such standards exist,
formulated and published by scores of societies and associations. In the
United States, the American National Standards Institute serves as a central
organization concerning itself with such standards and attempting to impose an
orderly‘procees in their formulation, adoption, and use. The National Bureau
of Standards serves as a governmental research organization'whibh; among its -

functions, supplies basic data for use in such standards. k i
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- Often such a standard may have' arisen naturally out of the apparentvneed

felt by one of the engineering communities for standardization of some area

of engineering. They may also be formulated at the specific request of or in

conjunction with a regulatory,agency which identifies a need for some engineering
standard which could‘then be utilized, often only as a guideline, in its
regulatory procedures. The general statement may be made, though, that
engineering standards are formulated on the basis of a more gencral pool of
engineering knowledge and’ experience. Portions of this pool will, prior to

the formulation of an actual standard have been identifiable as standard

,engineering practice.

“Standard practice is not formulated in publicly available standards, and

hence might not be considered at all in this discussion. However, it must be
recognized that - in’ many ‘areas where standards, either regulatory or general
engineering,vdo not exist -‘Standard-practice is necessarily the basis for
engineering design. They are almost semantically identical. However, it is
useful’ to point out the concept of standard practice, ‘both because of its
importance in the normal course of designing any facility and because any
example of such practlce may be considered to constitute a primordial standard.
However, the process of creating the actual standard may be very lengthy, -

requiring’substantial work on the part of experienced'professionals.

2. 2 Use of safety standards o

- ‘In practice, the review of the design of a facility as’ complex as a

power plant must rely on a set ‘of reference standards, g0 that both the de-

Vsigner and the reviewer have a frame of reference in which to perform ‘their

tasks. Historically,‘engineering standards have been developed by a large :
number of organizations, primarily professional engineering societies, and o

these standards ‘have been developed primarily for the convenience of ‘the

_ indiv1dual industries to’ which they apply, primarily as tools for the engineer'v
v to apply in the design of a device or facility. The nuclear power industry may;i

be regarded as one exception to ‘this basic philosophy since, unlike facilitiest

fin other industries, nuclear facilities have been subject to a substantive

engineering review by federal agencies (the Atomic Energy Commission and

- now, the Nuclear Regulatory ‘Commission), However, even in the case of nuclear

facilities, the" many applicable engineering standards do not have any re-

quired'regulatory application; they stand'only ‘as tools of conveniénce for
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. the designer and, ingidental1y, for the reviewer.

2.2.1 Assurance of safety and reliability

v For any indpstrial facility, the engineering stanﬂards‘which are available
stand.as‘a codified body of understanding which easeé the task of design and

at the same time increases the probability_df a successful design, leading to

a reliable facility; Attentionvto reliabiiity (particularly of components) forms
the basié, in many instances, of séfety at such facilities. For. this reason,
such sfan&érds may be regarded, in argeneral sense, as "safety" standards.
However, as discussed below; fhere is in faét a more restriéted clasé of
standards which are specifically déveloped to assure safety. Most of the full
set of engineering standards do not belqng to this restricted class, bqt‘are
more ggugrally.intended to assure thé availability or ecbnomy of the facility.
These afe often thé primary goals éought in design.of powef»plants;‘and the
primary reasons for reliance on the engineering standards developed by pro-
fessional societies. Only in the case of ‘nuclear, where the design is rela-
tivelyvcldsely regulate&,.is safety‘the basic reason for the development and

application of many standards.

2.2.2 Present application of standards to electric generating facilities

. As indicated above, nuclear power plants present the only instance

where substantive review of the facility design.is ordinarily undertaken by
regulatory agencies. Even in this case, a practical distinction is made betweenv
aspects of the facility design which are saféty related and those which are not.
The primary intent of the review is to assure a design which is adequate to
protect the health and safety of the public and of workers at the facility.
In practical terms, the review of the engineering of>the plantxyéj be divided
into two areas, re#iew of normal operation of the plant‘and :eviéﬁ éf systems
to prevent abnormal occurrences which might release unusﬁal amounts_of radio-
activity. The first area would, for example, include systems which are designed
to,iemove radioactivity from the gaseous and liquid effluent streams from the _
plant. The.second category would iﬁclude, among other things, equipment associated
with emergency éore cooling systems and containment. Thevgeneralvdesign of the
facility is reviewéd only to the extent‘that,it has a bearing on these aieas.v

However, it mﬁst bevemphasize&,that the réview 1s_not'pnlyrconfined to

the design per se. Although the major part of the review is devoted to such
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designvandvrelies;as much as possible on the.engineering‘standards:applicablel :
to;the-various safety-related system, an equally important;part of the review.
examines]thepmeasuresjtaken‘by the utility and its contractors to assure that . .
the facility is actually constructed ‘in compliance‘with approved -standards and
that materials ‘and components are of ‘the ‘quality specified in the design. Thus
safety is assured by adequate design supported by a quality assurance (QA)
program. Both the design itself and the QA program are subjects of review,
although to some extent this idea is not ‘unambiguous, since part of the re-
sponsibility of the regulatory agency may then be to become involved in the
program of quality assurance and inspection.

In matters which have little bearing on safety,"’ this review and in-
spection is not applied.’ However, the utility itself has an obvious interest in

proper design in these’ other areas. To a-large extent, various: engineering

standards are applicable to these areas, for the general reasons discussed

above, and they will be used where desirable, In general, the utility must -
rely'in a broad way on standard engineering practice. Moreover, where appro~
priate,. the utility itself will establish programs of inspection or QA with
varying degrees of rigor,'in its own interest.:

 'In general, these last comments apply to all design areas for non-nu~
clear‘facilities,rincluding geothermal and fossil-fuel power plants. Typically,
there is no regulatory review of the detailed design of such facilities,
except'possibly for areasrwhich“may directly affect the surroundings of the

plant, such as emissions and related control systems. In attempting to establish

: such a review process, any regulatory agency would first have to: establish the

, formal basis for review a set of standards to'be applied. ‘This requirement

exists even though the standards themselves would probably not carry direct
regulatory force. Instead; ‘as discussed ‘above, they: are necessary. as practical
tools to be used at the design and’ review stages. It is impractical for a de-
tailed review of complex designs to be" established in the absence of .working

guidelines which is 'what engineerlng standards provide in the regulatory. .

context .

2.3 " Identification of safety standardsfor power ‘plants
" As a part'of‘the present work, we have ‘completed two compilations of
“"safety" standards with, however, no evaluation .of these standards. The first .

includes standards currently employed by the Nuclear Regulatory Commission in
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- its review of the safety of proposed nuclear power plants. The second is compiled
from many- sources and constitutes a list of standards which may: be used in the
design or review of power plants. These compilations have been communicated to

" the ERCDC, but have not been composed as formal reports. Their origin and use

is discussed in the remainder of this section, The only substantive analysis
which we have performed relating to the safety of power plants is discussed in
the suqéeeding sections on nuclear safety and power plant reliability. Séctions
3 and 4 discuss how the ERCDC might select or formulate review stapdards‘for

its own use.

2.3.1 Nuclear safety standards

. The basic Nuclear Regulatory Commission review mechanism is the examina-
tion of a Safety Analysis Report (SAR) submitted by the utility or its agents.r
A Preliminafy Safety Analysis Report is submitted prior'to the authorization of
plant construction and a final version precedes the issuance of an operating
license. The latter is essentially an update of the former, so that we do not
distinguish them in what follows.

The SAR presents the information necessary for the NRC to determine
compliance of the proposed facilities with regulatory requirements; These re-
quirements are specified in title 10 of the Code of Federal Regulatiohs, which
deals with the responsibilities of the NRC. Safety criteria for nuclear power
plants are given in 10 CFR 50, but important criteria are contained elseﬁhere,
including radiological criteria in 10 CFR 20 and site criteria in 10 CFR 100.
The information required to be included in the SAR is described in the NRC

publication, "Standard Format and Content of Safety Analysis Reports for Nuclear

Power Plants. LWR Edition, Revision 2. n8

" The NRC has also formulated and published Standard Review Plans (SRP)
for the safety review based on the SAR. These SRP give detailed information,oﬁ .
the subject and manner of analysis, the:NRC branches which perform the analysis,
and the criteria used for analysis, for each subject treated in the SAR and by
the safety review. It should be noted that the SAR, the Standard Format men-
tioned above, and the SRP all have the same structure. They are divided into

17 chapters. Table 2-1, largely abstracted from the Standard Format, indicates

by chapter’the‘information required, ahd hence the subjects of interest, for the

safety review. Note that the review extends all the way from site‘Characterf

istics to facility engineering and operation. More detailed information is

C
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‘Table 2-1 (Reproduced from reference 2)

TABLE 2-6. Contents of Safety Analysis Report .
1. INTRODUCTION AND GENERAL DESCRIPTION OF PLANT - presents an introduction

" to the report and a general description of the plant. This chapter should enable
“ the reader to obtain a basic understanding of the overall facility without

" having to refer to the subsequent chapters.. Review of the detalled chapters.
~that follow can then be' accomplished with better perspective and.with recog-

nition of the relative safety importance of  .each individual Atem to the over-
all plant design, : : -

2. SITE CHARACTERISTICS - provides information on ‘the’ geological seismo-

logical, hydrological, and meteorological characteristics of the site and

. vicinity, iIn conjunceion with present and projected population ‘distribution

" and land use and site activities and controls. The purpose is to’ indicate how
. these site characteristics have ‘influenced plant design and-operating criteria
. and to show the adequacy of the site characteristics from a safety viewpoint.

3. DESIGN OF STRUCTURES COMPONENTS EQUIPHFNT AND SYSTEMS: - "'should
identify, describe, and discuss the principal architectural and engineering
design of those structures,.components, equipment, and systems-important to
safety; discusses 'the seismic and-quality. group classifications, then the

‘criteria for qualifying various components. and systems.

4. REACTOR - provides evaluation and ‘supporting information:to establish
"‘the capability of the reactor to perform its safety functions throughout its

design lifetime under all normal operational modes, including both transient

..and steady-state, and accident conditions. Should include information to
support the analyses presented in Chapter 15. The ‘major topics to be con-

sidered in Chapter 4 are fuel system design, nuclear design, thermal and
hydraulic design, reactor matetials, and the design of the reactivity con-
trol ‘systems, :

5. REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS - provides 1nformation of the

" reactor coolant ‘system:and systems connected to it, making a point to include

information on the entire "reactor coolant pressure boundary” as defined in

‘10 CFR 50.2(v). Topics "included are a summary description, the integrity of

the reactor coolant pressure boundary, the reactor vessel. and . component and
subsystem desig:t. . . B . . . L .

6. . ENGINEERED SAFETY FEATURES - provides enough information on features
designed to mitigate the consequences of postulated accidents that an ade-

_quate evaluvation of their performance ispermitted. The information includes
- experience and testing, consideration of component reliability and . system

. design, provisions for inservice: test and inspection, and evidence that ma-

‘terials will stand the accident environment. Systems to be considered may

. include containment systems, emergency core cooling systems, habitability

;systems fission product removal and control systems, and others.

1. INSTRUMENTATION AND CONTROLS = provides information on the reactor
inst:umentation which senses: the various reactor parameters nndrtrensmits

:appropriate signals to the regulating systems during normal operation, and
“to the reactor trip and-engineered safety feature systems during abnormal and

accident conditions; emphasizes those instruments and associated equipment
wvhich constitute the reactor protection system. :

8. o ELECTRIC POWER ~ provides information directed toward establishing the
functional adequacy of safety-related electric power systems ‘and ensuring
that these systems have adequate redundancy, independence, and testability in

. .- conformance with current critetia.




Table 2-1 (continued)

TABLE 2f6 (continued)

9. AUXILIARY SYSTEMS - provides information on auxiliary systems including fuel
storage and handling, water systems, process auxiliaries (such as air handling,
water drainage, etc.), ventilation systems, and others (such as fire protection,
lighting, etc.). Systems that are essential for safe plant shutdown or for the
protection of the public health and safety should be identified and discussed in
detail (design bases, safety evaluation, etc.).

10.  STEAM AND POWER .CONVERSION SYSTEM - provides information on the steam system
and turbine generator units, as defined by the secondary coolant system in a PWR or
by the system beyond the reactor steam isolation valves in a BWR. Information
should be broadly descriptive, with emphasis on those aspects of ‘design or operation
which might affect the reactor and its safety features or contribute toward the
control of radioactivity.

11. RADIOACTIVE WASTE MANAGEMENT - describes 1) the capabilities of the plant to

“eontrol, collect, handle, process, store, and dispose of liquid, gaseous, and solid
_vastes that may contain radioactive materials, and 2) the instrumentation used to

monitor the release of radiocactive wastes; information‘covets normal operation,
including anticipated operational occurrences. Radwaste systems should be capable
of complying with 10 CFR 20 and 50, Appendix I.

12.  RADIATION PROTECTION - provides information on methods for radiation protection
and on estimated occupational exposures of operating and construction personnel
during normal operation and anticipated operational occurrences; should describe
facility and equipment design, the planning and procedures programs, and the tech-
niques and practices employed to meet 10 CFR 20.

13. CONDUCT OF OPERATIONS - provides information relating to the preparations and
plans for operation of the plant; the purpose is to provide assurance that the
applicant will establish and maintain a staff of adequate size and technical com-
petence and that operating plans to be followed by the licensee are adequate to
protect the public health and safety.

14, INITIAL TEST PROGRAM - provides information on the initial test program for
gtructures, systems, components, and design features for both the nuclear portion
of the plant and the balance of the plant. The information provided should address
major phases of the test program, including precperational tests, initial fuel

loading and initial criticality, low-power tests, and power-ascension tests.

15. ACCIDENT ANALYSES - includes analyses of the response of the plant to postulated
disturbances in process variables and to postulated malfunctions or failures of
equipment. Previous SAR chapters evaluated structures,; systems, and components
important to safety for their susceptibility to malfunction or failure. In this

chapter, the effects of anticipated process disturbances and postulated component

failures should be examined to determine their consequences and to evaluate the
capability built into the plant to control or accommodate such failures and
situations; analysis should include anticipated operational occurrences, off-design
transients that induce fuel failures above those expected from normal operational
occurrences, and postulated accidents of low probability.

16. TECHNICAL SPECIFICATIONS - the applicant proposes Technical Specifications
that set forth the limits, operating conditions, and other requirements imposed on
the facility operation for, among other purposes, the protection of the health and
safety of the public.

17. QUALITY ASSURANCE - provides a description of the applicant's quality assurance
program to be established during design, construction, preoperational testing and
operation. ’

i
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‘available in the Standard Format and the SRP themselves. A summary of the

content of the Qafety Analysis Report and of the Standard Review Plan is
provided in reference 10. C

As a guide to the public (and the applicant), the NRC issues Regulatory'

-~ Guides (RG), which are best described by the NRC itself:

Regulatory Guides are issued to describe and make available to the
‘public methods ‘acceptable to the NRC staff of implementing specific
parts of the Commission's regulations, to delineate techniques used

by the staff in evaluating specific problems or postulated accidents

or to provide guidance:to applicants. Regulatory Guides are not
_substitutes for regulations and compliance with them is not required.
Methods and solutions different from those set out in the guides

will be acceptable if they provide a basis for the findings requisite
to the issuance or continuance of a permit or license by the Commission.

Division»l ofithe_RG‘is devoted to power reactors. The Standard‘format is
actually published as:RG 1.70. At the present,time, some 130>RGS have been
issued'or made -available. for comment in this division. They serve as ‘substan-
tial sources of - Anformation on achieving compliance with regulatory requirements.
However, they are far from complete. _Some important examples were given in
Table 1-2. : L
v Just .as_the Regulatory Guides are useful devices for fulfilling regula-
tory: requirements, they in turn depend to a 1arge extent on engineering
standards, especially those which have been developed for nuclear power applica-
tions. However,. to the extent possible, these are simply extensions of standards
developed for more general applications. Many of the regulatory guides specify
standards which are useful in fulfilling regulatory requirements.

The Standard Review Plans specify, for the many subjects of review,

the general criteria (from 10 CFR), the Regulatory Guides, and the most im-

portant engineering standards that _may. be used in the review, and hence which
constitute acceptable guides to design. Furthermore, the American National
Standards Institute has compiled a list of engineering standards for nuclear -
power.. applications. Finally other workers1} have complled a composite list of |
criteria, regulatory guides, and engineering standards for general types of
reactors. ‘Based on :these sources of information, we have compiled such a list}z
intended to set forth the criteria, guides, and: standards for light-water re—
actors as_of June, 1976. These various "standards" are organized‘by chapter in

thelbtandard Review Plan, and the reSult has been communicated - to -the ERCDC

. staff. The result is very extensive, but is only useful when considered in

(onne(tion ‘with'the Standard Review. Plans themselves. ’ , o
We should emphasize that the NRC review, "and the documents ‘referred to

in this discussion only relate to specifically safety aspects of nuclear power
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plants, and not to the more general engineering of such plants. For this

'broader area, more general standards apply.

2.3.2 Generally applicable standards

Two classes of standards are usefully considered in connection ﬁith the

more general design of nuclear power plants and the entire design of fossil-
fuel and geothermal power plants. The standards pertaining  to the safety of
nuclear plants were discussed above. The comparable body of standards for other
power‘plants are contained in title 8 of the California Administrative Code
(CAC);Chapter 4: 1Industrial Safety Orders. These are basically occupational
safety and health (0OSHA-type) standards, but — as suggested previously —
questions~of plantbsafety at non-nuclear facilities are not usually perceived
to have’great impact on the public health and safety. This is an oversimplica-
tion, but the codes in CAC 8.4 which protect worker safety necessarily pro-
tect the public, also, albeit as a secondary benefit. CAC chapter 8.4 has a-
number of subchapters which may be construed to pertain to power plant safety.*

| A larger body of standards is applicable to the general engineering of
industrial facilities, including power plants. A brief Survey13 was made of
such standards,'based on a number of sources, including the American
National Standards lnStitute, the National Bureau of Standards, utilities,
numerous‘engineering societies and associations, and the ERCDC staff (which
previonsly compiled "construction" standards). Standards which might be
applicable to power plant design or operation were selected from these sources,
purely on their face value, not on the basis of known usage. They were
organized in the fashion indicated in Table 2-2 and communicated to the ERCDC
staff. Roughly a thousand standards were listed, but they are cerrainly not
comprehensive, nor are they all applicable. They do, however, indicate the -
number and variety of standards, and numerous instances where several standards
may be applied to the same area can be identified. On the other hand, there
are-many‘areas of direct interest in this work for which explicit standards are

not to be found,

These include 8.4.1 (Unfired Pressure Vessel Safety Orders),

8.4.2 (Boiler and Fired Pressure Vessel Safety Orders), 8.4.7 (General
Industry Safety Orders, largely directed to occupational safety), 'and \~'j
8.4.15 (Petroleum Safety Orders).
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~ Table 2-2. Generally Applicable Engineering Standards

GENERAL
STRUCTURAL - CONSTRUCTION

. 2.1 < . General:

7.

‘9.

PPN ROQRRCIE N
HEHVENOLRGN - &
t

"o 0 00 00
: .

2.2 -‘Concrete

2.3 - Steel

2.4 .- Welding

2,5 - Painting

2.6 - Screws, Bolts, Nuts
2.7 - Testing

2.8 - Safety

2.9 - Others

BOILERS AND PRESSURE VESSELS
GENERATORS, MOTORS, TURBINES, ETC.

PIPING SYSTEMS AND RELATED ITEMS
5.1 - General
5.2 - Pipes and Fittings

.3 - Valves and Flanges
Welding and Supports

CTRICAL 'SYSTEMS. -

- General

Storage Batteries and Auxiliary Power Systems
.= Cables,: Wires, -Insulators '

- Conduit, Ducts, and Trays

Circuit Breakers, Switch Gears, Fuses, and Relays
;= Transformers -and Capacitors

- Transmission Lines, Substatioms, and Busways
- Control Apparatus

~.Motors and Other Equipment

- Safety and Protective Devices

- Test ' '

"= Measurement

COOLING TOWERS, EQUIPMENT

L

R ANT

-0
1

tMISCELLANEOUS EQUIPMENT % : st e
: ’8 .1 - Pumps and Water Treatment Equlpment I

'-'Air "Handling Systems
- = 'Lighting .

-~ Hoists and Cranes
- Industtial'Trucks

s

U1:~Q:u;

"fFUELs - STORAGE ETC

vFIRE B
:~1041 F-;General

102 - Extinguishing Devices

“10.3 - Flammable Materials

"=a~10‘4;h- Fire Prevention and Detection

~10.5 - Doors, Windows, Walls, and Roofs
11. |
12.

WASTES
SAFETY (OCCUPATIONAL)
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2.3.3 A brief look at épeéific safety-related standards

To indicate how comprehensive (or déficient)’currenﬁly évailaﬂle staﬁdards
are, we have idéntified nine broad areas of plant design and”dperatidn-for which
standards might be useful. Four are primary‘aspectslof faciiity design:

1. operational safety systems, , Lo

2. seismic design,

3. pressure vessels and piping,

4._explosion and fire, »

Two support these and, indeed, all aépeéts of.désign andkopefation: 

5. quality assurance and monitoriﬁg, . | . 7

6. safety equipment and training.

Three tend to be closely related to emissions And site cha;actériétiéé; although
they are also aspects of plant design and operation:

7. site geophysical characteristics (seismology, soil stability, hydrology,

and meLeorology), ' ' |

8. fuel handling and waste disposai, including transpeortation,

9. emission control equipment.

For these areas, we briefly discuss applicable standards, beginning in each
case with nuclear plants, sihcé the standards are most comprehensive for this
technology and they may be used as a guide fpr development of standards for
fossil-fuel and geothermal plants; The NRC not oniy'sets forth criteria in its
Regulatory Guides, but often gives detailed "guidance" in its Standard'Review
Plans and its Branch Technical Positions.

1. Operational safety systems: these are of primary importance for nuclear
power plants and may be considered to include:the systems for ﬁérmal bpération,
including basic control and ihstrumentation systems, as well asl"engineeted
safety features", such as the emergency cooling systems and the contéihment,
with its various subsystems. For all these, the NRC has recomﬁended engineering'
standards and, in many cases, developed Regulatory Guides. Many of the standards
applicable to fhe syétems for normal operation may also be applied to fossil-
fuel and geothermal plants. However, for such plénts, theISYstéms do not assume
a safety significance comparable to the.case of nuclear.vThe Standards‘appli—
cable to pressure vessels and‘piﬁing and to expldsion and fire are cohsidered

i

below.

=
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2. Seismic design: for nuclear power plants, where seismic events have the

potential for inducing;large radioactive releases, the need for plant designs
that prevent such occurrences has led to the formulation of,Regulatoreruides
for categoriZing plant'equipment,‘for specifying the seismic response spectra
to be considered, and for selecting damping :values for seismic design. Making
a comparable effort forifossil-fuel and geothermal plants might be excessive,
considering the lesser potential for harm to the public. The independent
question of determining the;potential for seismic events at a specific site is
considered ‘under site characteristics.

' 3. Pressure vessels and pipings: for all types. of .plants, standards have

been formulated for these components. Of particular importance are the (ASME)
Boiler“and PreSsure Vessel Code (BPVC) andnrelated~standards, which have
especially stringent specifications for fabrication and inservice‘inspection )
of vesselsvfor nuclear service, since these vessels operate under unusual
pressure and radiation conditions. The BPVC is effectively.a regulatory
standatrd, due to itS’invurpnrutinn into both NRC and OSHA regulations. Simi-

larly, such standards exist for use on piping components.

4. Explosion and fire: specific NRC Regulatory Guides: apply to design
areas with a potential for ekplosion and fire;. attention to these matters is
intense, primarily because of possible effects on reactor operation and ulti-
mate integrity, rather than because of direct effects of explosion or fire.
OSHA requirements, applicable to any industrial facility, are directed toward
the 1atter effects. | B

50 Qualitz;assurance and monitoring.i nuclear plants have stringent quality

assurance programs’ applied ito them. The NRC Regulatory Guide. on QA is -based on an

l industry standard - (ANSI N45.2-1971) for nuclear plants. In additionm, Regulatory

Cuiaé 1.70 and ‘supporting documentation .provide more . specific guidance. ‘These
same techniques may -be applied to other types of - facilities, but-—-as for .any
generally applicable engineering standard — would not specify what areas

quality assurance would be applied to or who shall create;the,required%manage—

‘ment - and: inspection struccure.&As'for’monitoring, in most design areas for which

-standards -exist, -the standards specify monitoring and 1nspection needs.Ar,

6. Safety equipment and training:- The NRC has primary responsibility for

specifying requirements for radiologicalvsafety and related equipment. Regula-
tory Guides (Division 8) are a guide to implementing 10 CFR 20. OSHA performs
the corresponding task for conventional hazards. The NRC Regulatory Guides

(Division 1) also specify qualifications for reactor operators.
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- 7. Site geophysical characteristics: for nuclear power plants, the informa-

tion required for analyzing site suitability is specified in a number of
Regulatory Guides (especially 1.70 and 4.7 for géheral seismic and stability
requirements,'1;23 for meteorology, 1.59 for hydrology, and 1.76 for tornado).
These site characteristics must be considered in connection with the actual
design of the plant, such as the seismic resbonse. Typically,,sﬁch a detailed
analyti¢al program has not been formulated for fossil-fuel and'geothermai
plants,énd it can_therefore be said that comparablé standards do -not exist. In
principle, though, -the NRC approach may be adapted to othervtypés'of~p1ants‘to
the éxtent considered nhecessary. | .

8. Fuel handling and waste disposal; transportation: for nuclear plants,

fuel handling is carried out in manner consistent with the safety of workers,

and fuel storage requirements are specified in Regulatory Guides. Radioactive

waste disposal does not occur on the site, and off-site disposal is a matter of

controversy. A specific set of Regulatory Guides (Division 7) is devoted to
transportation. For fossil-fuel and geothermal plants, no standards are ex-
plicitly formulated for these areas, even though they would be useful, pri-
marily because of the large bulk of material handled and stored or disposed,
and the associated potential for leaching harmful chemicals into water
resources.

9. Emission control equipment: in order to meet the specificationS'in

10 CFR 20 and 50, the NRC gives rather detailed guidance on the design, fabri-

cation, testing, inspection, and operation of radioactive emission control
systems. Such guidance is not typically available for the comparable control
equipment at fossil-fuel and geothermal facilities, although it is to be
expected that some guidance will develop as the control equipment sees expanded
use. It should be noted that the NRC guidance extends both to operational
parameters for the control equipment and to design.bases, materials, and .
other standards for the equipment. | '

» Part 3 of this report discusses how the ERCDC might evaluate or select
standards for use in power plants in California. Before turning to that subject,
we treat thé’specific‘question of reactor safety assessment and design

(Section 2.4) and how power plant reliability might be affected b& regulatory

méasures”(SeCtion:Z.S).

()
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2.4 :Reactor safety studies =

.- It appears that routine radioactive emissions from nuclear power plants:

have.less.potential for harm to the public'than routine emissions from fossil-

_fuel and geothermal power plants.'On”the other hand, the implications to the

public of accidential releases from nuclear facilities can”be much more severe
than their routine emissions or than potential accidents at non-nuclear
facilities.wFor,thisdreason, a major portion of'our'work on plant safety was
devoted;specifically,to,nuclearvpower.plants. In addition to the compilation
of nuclear-related standards discussed in Section 2.3, we have :summarized the
state-of-the-art for assessments of overall nuclear reactor safety in the re-

port "A Review of Light-Water Reactor Safety Studies"‘(LBL-5286)§ and, as in-

,dicated in Section 1.1, we have reviewed the state of emergency planning for
‘nuclear power plantss,and have;considered controls for population densities
- -surrounding :these plants.ﬁ The discussion of this section is based primarily

' on the review of reactor safety studies.

2.4, 1 Major studies considered

Three notable studies were examined in detail ,of which two, the Reactor

Safety Study of the Nuclear Regulatory Commission and the American Physical
Society (APS) study of light-water reactor safety, are quite different, yet
complementary; the third group of .studies, by the Electric Power Research

Institute (EPRI) is one_example of extensions of techniques such as were used

in the Reactor Safety Study.

‘The NRC Reactor Safety Study, whose work was published as. WASH-1400

: attempted to assess the accident risk from the operation of nuclear

power reactors of .the type now. being used _The fundamental approach was:

;1) to use a probabilistic technique to calculate the probability. of various

types of -accidents, based on a detailed analysis of the. safety systems at a

typical. pressurized-water reactor power plant and a typical boiling-water -

- reactor power plant;;then,2),toicalculate;the,consequences of this accident

spectrum,,utilizing;a_simplified.meteorologicallmodel,_ueather,and,population

distribution characteristics fromialready identified reactor:sites, models

_for calculating the dose to individuals exposed to the,radioactiyity released,

and dose-response relationships as described in Section 1.1; and finally
3)_to join these results to yield accident probabilities versus consequences.

The probabilistic technique employed "event trees" to identify possible

accident sequences and "fault trees" to calculate the safety system failure
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probabilities which, when incorporated into the accident sequences identified
from the event trees, yielde& the probability of failure. "Failure" was taken
“to be meltdown of the core, followed by escape of the molten core materials
from containment. However, the time sequence and size of radioactive releases,
particularly to the atmosphere, depended critically on which'safety;related
systems failed, leading to the meltdown and breach of containment.

"The actual conseQdences’of release were calculated for a limited number
of "felgase categories" characterized by the time sequence and size of the
release, and defined on the basis of the results of the event tree analysis.

“The consequences calculated were: "early" effects (illness and death),
latent effeéts (thyroid nodules, cancer deaths, and genetic effects), and
property damage (including denial of property and evacuation costs). These
consequences were displayed graphically versus probability of occurrence for a
'single power plant and for the first 100 plants. Early deaths and illness were
also compared with the consequences from other types of accidents, arising from
both man-made and natural causes. This led to the observation that the risk
posed by'nuclear plant accidents was cons{derably less than other risks normally
suffered. (This comparison was not made for the latent effects from nuclear
plant accidents, even though these effects dominate the total consequences to
humanlhealth.) Furthermore, the results were summed to give the net risk of
various types of consequences to individuals and society; these again were
smaller than other risks.

The American Physical Society study group conducted a somewhat more wide-
ranging investigation of reactor safety, although on a much smaller scale than
the NRC study. The APS study was not intended to "assess the risk' from nuclear
power plants, but to examine more generally the broad state of light-water re-
actor safety. In accordance with this broader mandate, the study examined both -
institutional and'technicalraspects of reactor safety and reactor safety re-
search. The basic material of the resulting report is concentrated into three
areas: 1)'a discussion of events which may initiate accidents, 2) examination
of tﬁe course of an accident, with special attention to loss-of-coolant
pheﬁomeha and the associated emergency core cooling systems, to containment
"behavior, ahd to accident consequences, and 3) an analysis of the light-water
. reactor safety research program, including work being supported both By the
'NRC and EPRI. " o : ' . \7
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of the'conclusions of the APS report, perhaps the most notable are:
1) that the reactor;safety research program should be improved in a number
of uays; including greater emphasis on developing more realistic accident
simulation computer programs,(with’experimental verification after predictions
are made by the programs) and a greater willingness to make changes in basic
reaétor~design*in order to ease the difficulty of designing and analyzing
reactor}safety.systems; and 2) that the one aspect of the (draft) WASH~1400

'report that was examined in detail the consequences calculation, was seriously

deficient ‘in ‘that it grossly underestimated latent. effects After the suggested
correctlons to WASH-1400 were made, the latent effects were much more numerous,
although'felt over a much longer'period of time, than the early health effects.
" The EPRI work of interest examined the draft WASH-1400 and extended the
probabilistic analytical techniques in a useful manner. These extensions in- '

clu’de’d development of a more general fault tree analysis, with the advantage

'that*system interdependencies could be treated more naturally than in

WASH-1400. Tt should be noted that such connections may give rise to "com—

" mon mode" Failures (the failure ‘of two or more systems due to the failure of

a single component or human failure); and that a basic criticism often raised -

against the use of probabllistic analysis is the possibility that such failures

are not identified ‘A second extension of interest was the development of
sensitivity indicators", which show analytically the dependence of one

quantity of interest, such as consequences, on other parameters, such as the

“failure rate for a particular ‘component. These indicators can be useful in

‘identifying where changes would provide the most benefit in the reduction of

risks from ‘accidents.

HoWever;‘an‘important‘point about all of these studies is‘that they do not

quantify the risk posed by saboteurs. Nor- has the risk from earthquakes been

treated in detail, although WASH—l&OO treated it roughly.

2. 4 2 Other assessmentsl criticisms of WASH-1400

Prior to the studies just d1scussed no’ detailed assessment of the risk’ |
from nuclear plant accidents had'-taken place. The classic study,WASH—740 had
beenh performed two decades before and had simply predicted the consequences
of postulated accidents, withoutsattempting to calculate probabilities. The
consequences ‘of the largest accident examined were quite severe, including

thousands of early fatalities and billions of (1957) dollars in property damage.
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An update of these consequences was begun during the next decade, to take
account of the larger reactors being designed, but was never completed.
In retrospect, it is clear that the calculated consequences would have been
proportionately larger than the earlier results.
- However, it is WASH-1400 which presently stands as the primary public .
example of anything resembling an actual assessment of the risk from nuclear
power plénts. Both the draft and final reports have been subject to much
criticism, some in the form of useful independent work. The APS study was one
sﬁchvexaméle, with respect to its modeling of accident consequences, although
thgt repo?t was not primarily a review of WASH-1400. Other criticisms dwell
on the probabilistic (event tree-fault tree) methodologyvitéelf; often cited
are the unreiiability of these techniques when used to calculate small proba-~
bilities, the scantiness of the failure rate data Ease, and the difficulty of
identifying all the important accident sequences, particularly those inﬁOlving
common-mode failures. The importance of this last difficulty is often supported
by the example of the fire at the Brown's Ferry plant, which resulted in a
multiple loss of control and safety systems. The final WASH-1400 report attempts
to answer these points, though not to the satisfaction of many critics.
A second class of criticisms, including those of the APS study (which,
however, examined only the draft report), concentrate on the consequences
calculations. In addition to the meteorological and dosimetric modeling, the
actual dose-response function for latent effects has been criticized because
it departs from a simple linear extrapoiation from available data in that it makes
corrections for low dose and dose rate. This departure was criticized, in
particular, by the Environmental Protection Agency. The EPA was also critical
of the assumptions made with regard to evacuation following the accident.
However, the consequences modeling in the final report is such that any . e
corrections made in response to these criticisms are not likely to change
the calculated average risk drastically. .
X We have said nothing of the risk presented by any individual nuclear
power plant. It is, however, not possible to use the results presented in
WASH-1400 for site specific evaluation. The fact that the Reactor Safety Study

was not intended for such evaluation does not lessen the fact that the results

of the study would have been more useful had they been presented iﬁ.a more.
comprehensive way, including intermediate results. This is a common criticism

of the report and one with which we concur. Judging from the calculatibns of
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’ workers outside the Reactor’ Safety Study, including the foreign work discussed

'below, potential consequences vary drastically from one site to another, and

it would be useful to employ the results of WASH-1400 for specific sites.
Furthermore, presentation of intermediate results in the WASH-1400 calculations

' would make those calculations more amenable ‘to outside examination and possible

improvements. ’ ‘

This lack is primarily a deficiency in the presentation of the results -
in WASH?1400. “Another such'deficiency 1s. the careful manner. in which the
report fails to emphasize the relative importance of latent effects, as compared
with early effects. - This omission was pointed out above, but leads to rather
glib’ comparisons of the risk from nuclear plant accidents with that from other

ac01dents-(such-as meteorite strikes), comparisons which typically completely

neglect the -dominant consequence :0of nuclear accidents, the latent health effects.

2.4, 3. Foreign studies

6n1y a small effort was devoted to examination of- foreign efforts related
to 1ight~water reactor safety. In ‘many respects, such efforts in this area
followﬁtheflead‘of'work in the United States, as is to be expected considering

that this country led‘in the development of these reactors.  However, some

' important considerations are highlighted in’ foreign work, and we briefly

summarize the information which is publicly -available on European work
However, it should be noted that the foreign work is not conducted in as open

a manner as in this country, so that the public information can only be regarded
as representative of foreign work. ‘ )

Substantial efforts in p;pbabilistic analysis have been’ taking place in

recent years in Europe.‘ The earliest such study often referred to is the

7Swedish Urban Siting Study (1974), which analyzed ‘the potential impacts of

siting dual purpose. power plants in urban areas for power generation and

'district heating.l However this study adopted a probabilistic approach only -

to the consequences modeling and not to the matter of accident probabilities.

The authors were ‘of the opinion that the most important ‘initiator of ‘core-"

.meltdOWn accidents was catastrophic reactor vessel failure, with a probability

of occurrence of 1 in 1 to 10 million reactor years. This core meltdown
probability '1s 50 to 500 times smaller than that calculated ‘in WASH-1400"
Because the authors adopted rather than calculated ‘a’ meltdown probability,
the results of this study are actually more comparable to the WASH-740 study
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(of consequences of postulated accidents) than to the WASH-IAOO mechanistic .
risk assessment. A

In some respects, European work has extended or supplanted the techniques
of WASH-1400, though —— even in the European community -— WASH-1400 is fegarded
as the archetype and most complete'example'of such studies. .Some of these
extensions take the form of»different, perhaps more sophisticated, probabilistic
analysis. techniques, much as work in this country (such as that pursued by
EPRI) constitutes such improvements.- Another major area where European work
takes place is to apply these techniques to site-specific risk analysis. This
is just the type of extension that was discussed above in connection with
WASH~1400. 1In any event, it is worth noting that the practitioners of proba-
. bilistic analysis in Europe do not appear to obtain results which differ greatly
from those of WASH-1400, except inbspecific.respects which result from |
differences in reactor design or in population distributions.

.In LWR reactor safety design, European work depends heavily on that

performed in the United States. However, with respect to the safety of PWRs,
an extremely interesting report was recently made to the United Kingdom Atomic
Energy Authority by a study group on pressure vessel'integriﬁy chaired by

W. Marshall. Concern over the probability of pressure vessel failure, voiced
most prominently by Sir Alan Cottrell, had been one of the reasons for theb
British decision in 1974 to emphasize other types of reactors and had resulted
in initiation of the Marshall study. (This study.is now one of the main inputs
to a generic review of PWR safety now being performed by the British Nuclear
Installations Inspectorate.) The Marshall group was satisfied that PWR vessel
integrity could be satisfactorily assured provided NRC regulations were fully
implemented and supplemented by a number of other speciflcations, Cottrell
himself appears satisfled with the Marshall Report, but points out the 1mportance
of three of these specifications, having to do with: 1) limiting operational
transients, 2) injection of ECC water at high temperatures, and 3) rigorous
inservice inspection. In this country, the,NRC/ACRS appeaf satisfied with

1 and 3, but 2 is among the items in table 2-3. (See next section.)

In general, the European community appears more sanguine about ‘the risks
from nuclear power than does the United States community. Often regulatory
requirements relating to routine emissions or to feactorvsafety are not as
severe as in the United States. ,Although there are European critics of

nuclear power, the public as a whole more readily accepts the potehtial hazards
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Table 2-3. Rough Categotization of ARCS Generic Iteﬁé Relating ;6 Li_ght Hatér Reactors®

ECCS AND LOCA RELATED ITEMS, INCLUDING CONTAINMENT
RESPONSE

- Net Positive Suaion Head for ECCS Pumps )

13 . Hydrogen Control After & Loss-of-Coolant Accident (LOCA)

120 . Capsbility of Biological Shicld Withstanding Double-Eaded
" Pipe Brezk at Safe Ends

TAS ECCS Capsbility of Current and Older Plants

.. 1B-3 Performance of Critical Components (pumps, nbles. rtc ) -

in post-LOCA Environment - -
184 Vacuum Rehef Valves Controllmg Bypus Puhs on BWR

(4 4

*l-2 _ Effective Operation of Containment Spnys ina LOCA

1ns swn Recirculation Pump Ovcrspeed During LOCA -

n1o - -y Core Cooling System Capability for Future
0 : ShENS

_,*HA-1 Pressure in Containment Followmg LOCA
“IIA-3 Iéé Condenser Containments
.- HMAS. PWR Pump Overspeed During & LOCA
* *IB-3 Behmor BWR Mark Il Contsinments
" . HC-1  Locking Out of ECCS Power Operated Valves

HIC-§ Vesscl Support Structures
NIC-8 Bchavior of BWR Mark I Containments ..~

. QUALITY ASSURANCE, INSPECTION, TEST, AND MONITORING

19 . Vibration Monitoring of Reactor Internals and Primary
© " System - B : :

#11 Quality Assurance During Design, Construction and Operation

M2 Inspection of BWR Steam Lines Beyond Isolation Valves

115  Pressure Vesscl Surveillance of Fluence and Shift

118 Criteria for Preoperational Testing N

123 Quality Group Classifications for Pressure Retaining Components
F28  Instr ion to Detect S in Contai Walls

IAZ _Primary System Detection and Location of Leaks

IB-2 . Fixed lncore Detectors on High Power PWRs

*l14  Instruments to Detect Fucl Failures

115 Monitorin, I'or Excessive Vibration or l.oose Parts lnstde the
hcssure

11’ Instrumcntation to Follow the course of an Accndcnt

i TIA8" ACRSIN RC Periodic 10-Year Rmew of a1l Power Reactors
uc- hL and Inspecti of Plants

EMERGENCY CONTROL

iz Emcrgencyl’owcr'“'; S

.« IA4 Anticipated Transients Without Scnm :

. I1B-S ~ Emergency Power for Two or More Reactors at the Sarne Site -
o IBT Control Rod Ejection Accident

*1LIA2 Contro! Rod Drop Accident (BWRs) .- _
'PROTECTION AGAINST SABOTAGE S
18 Protection Against Industrisl Sabotage o

1IC-3 - Design Features to Control Sabotage

IC4  Seismic Category 1 Req

GENERAL EQUIPMENT AND SYSTEM ADEQUACY AND PROTECTION

16 . Fuel Storsge Pool Design Bases

17 Protection of Prim System and En, neered Sufet Features
- Aguinst Pump Hyw‘{l’;el Missiles 8‘ y

113 . Independent Check of Primary System Stress Analysis
114 Operationa! Stability of jet Pumps
Ifl’ . Diesel Fuel Capacity - |
124  Ultimate Heat Sink
“1A-1 Use of Furnace Sensitized Stainless Steel ;
1A-2 Primary Sy D ion and L ion of Leaks
1C1  Main Steam Isolation Valve Leakage of BWR's
IC2 Fucl Densification ’

1 Turbine Missiles

%6 Common Modc Failures

17 Behavior of Reactor Fuel Undcr Abnormal Conditions
*1IA-4 Rupture of High P Lines Outside Containment
*ItA-6 Isolation of Low P From High Pressure Systems ;-

IIA-7 Steam Generator Tube Leakage -

"-21B-2 ' Qualification of New Fuel Geometries ™

1B+ Stress Corrosion Cnclung in BWR Prpmg
NC2 Fire l’totectlon '
-1IC-6 Water Hammer

SEISMIC RESPONSE

I-5  Strong Motion Seismic Instrumentation
122 Scismic Design of Steam Lines

for Auxllury Systems

‘IIQ ;The'Advvislbility ot' Seismic Scam
REACTOR PRESSURE VESSEL

110 Inservice Inspection of Retctor Ooollnt Pressure Boundary
16 Nil Ductility Propertics of Pressure Vessel Materials

11-3 Possible Failure of Pressure Vessel Post-wCA
By Thermal Shock

GENERAL REACTOR OPERATION: "CONTROL -

- AN'D INSTRUMENTATION

¥4 Instrument Lines Penctrating Containment
117 . Opemtlon of Reactor With Less Than All Loops in Service
"#21" Operating One Plant While Other(s) is/are Under Construction
IB-1 - Positive Moderator Coefﬁqent - ’

IC-J : Rod Seq Control s

ns-1 Hybnd Rnc(or Prolectlon Systcm

EFFLUENTS AND DECONT AMINATION
IB-6  Effluents from ught-\vatcr-l‘ led-Nuctear Power React

“ JIC4 Decomination snd Decommissioning of Reactors

$ass 1 items are “resolved™; class Il arc not. A, B and C indicates, respecnvely, items that were added in the sccond, third, and fourth’

. ACRS reports. )
lt.ems consndcred nsolved by the NRC staff but pending by the ACRS
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~ associated with its use andAofteh regards these hazards as smaller than the \"f
risks from other technologies. ‘A senténce from the recent British report on
"Nuclear Power and the Environment" (the "Flowers report) could easily have
come from WASH-1400: ' -

vk

"The risk of serious accident in any single reactor is
. extremely small; the hazards posed by reactor accidents are
not unique in scale nor of such a kind as to suggest that
nuclear power should be abandoned for this reason alone."

2.4.4 Areas of continuing research and development

The sections above have emphasized the form and adequacy of analytical
techniques for predictihg the probébility and consequences of reacfor accidents.
Of the studies discussed above, the only onés which devoted a significant
portion of their effort to the basic question of reactor design and related
- analysis were the American Physical Society study group on light-water reactor
safety and the British sfudy group on pressure vessel integrity. The latter
study was rather narrow in its focus, but the APS report reviews a number of
important areas for reactor safety, including pressure vessel integrity,
emergency core cooling system design, contalnment response, quality assurance,
and computer modeling of LOCA phenomena. It also provides a view of the
reactor safety research program which has been pursued in recent years.
Although this view was based on information available in late 1974, the
situation has not changed drastically, except that the responsibility for
licensing (and related research on) light-water reactor power plants now
resides with the Nuclear Regulatory Commission, rather than the Atomic Energy
Commission. The report of the APS is summarized in reference 5.
A more recent perspective on the present status of reactor safety can be
had'indirectly through the eyes of the Advisory Committee on Reactor Safeguards
(ACRS), the committee which advises the Nuclear Regulatory Commission in
regulatory matters. Although the ACRS regards the current safety design of
llght—water reactors adequate to warrant their licensing for operation, it has
established the practice in recent years of maintaining a list of "generic o
items" relating to light-water reactors. These are items which indicate
specific areas of uncertainty related to light—wéter reactors. They do not
' necessarily imply that LWR design is deficient in these areas, but rather
that an area has been identified as being unsatisfactory in some respect. .
Often it is the data base or analytical technique that is unsatisfactory, \.’;
so that there is not sufficient information on which to base a judgment.
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Resolution of an item: usually involves an improvement in the data base or the

. available analytical tools (or in the manner in which standards are formulated)

and may or may not involve an alteration in reactor design or operation.,

The ACRS began reporting such a 1ist of generic items in 1972 and has
updated the list on a roughly yearly basis. Of the approximately 70 items
which had been placed on’ the list by the: time of the fourth report (April 16,
1976), about half had been. resolved by that time. Because these. items indicate
areas of uncertainty in LWR safety, we list them in table 2—3.7‘Ihey are roughly
categorized by broad safety-related areasr -As might be expected these broad
areas themselves constitute a list of the important areas of concern in reactor
safety, from the point of view of both the partisans .and critics of nuclear
power. o ) : o ' _ B
For each of the areas displayed in‘table 243, the resolved items are
listed first and followed by items which in'April 1976 were outstanding. The

fact ‘that such items are brought up for consideration and gradually resolved

~is not surprising, considering ‘how complex, important ‘and highly-regulated

the safety aspects of nuclear power plants are. Consider, for example, the
items 1isted under "ECCS and LOCA related items, including containment response”.
Both'thevresolved'and outstanding'items‘include?specific areas of emergency

core cooling design, containment design, and component behavior in a ‘post-
accident environment, all of which’ are fundamental areas ‘of safety design.

Considered ‘as a whole, the items listed in ‘the table may be- regarded either as

*a guide to areas of concern in reactor safety or as a glimpse of the manner in

which uncertainties ‘in reactor design are identified and reésolved. It is
therefore not surprising ‘that these categories include the primary concerns

expressed by’ organizations such as the Sierra Club and ‘the Union of Concerned

VScientists and by ‘various individuals in recent hearings before the Joint
* Committee on Atomic Energy and before the’ Subcommittee ‘on Energy and the

Environment of the House Committee on Interior ‘and Insular: Affairs.
Work in all of the areas listed by the ACRS and indicated in table 2-3"

;is continuing.. Many of the more . important areas are discussed for- example,

"in the report to ‘the APS’ discussed above. However, it is ‘i{nstructive to’

consider the fact that many of the areas of work described in that ' teport are

‘_summarized very Succintly in the ACRS comment on one of its-outstanding

generic'items, 1I-10: "ECCS Capability for Future Plants":
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"The ACRS has placed considerable emphasis on ECCS'sefety
R&D so that the extent of conservatism in the ECCS licensing

‘requirements could be made more precise. With more experimental

' 'data‘a realistic and quantitative appraisal of ECCS systems would

lead to valid judgments on the changes in licensing which could
be put on a firm basis.

"Parallel approaches that seek to improve the reliability
of ECCS systems, to improve the monitoring of low power peaking,
and to improve those fuel assembly designs which lower peaking

. factors are encouraged. Further, changes in plant design which
- improve reflooding of the reactor core should be sought and

_ and the associated experiments. Improved analytical methods would
provide a basis for optimized ECCS."

2.4.5

sections, may be directed to two broad ends.

evaluated.

"R&D efforts on analysis of core blowdown and reflood should

be ‘increased and combined with the results of standard problems

Uses of reactor safety studies

Reactor safety studies, including the types discussed in the previous

The first is to improve the

safety design of reactors, thereby reducing risk, and the other is to assess

risk.

of the risk from accidents may lead to quantitative information on the compa-
rative risks of alternative sites and that such studies may be useful in making
decisions on land use or population demsity controls surrounding nuclear power

plants (see section 1.1.5).

'Oﬁten these functions cannot be separated.

Of particular interest to the present work is that site-specific studies

The latter possibility is discussed in reference 4.

The results of WASH-1400 are not in a form to be applied directly to specific

sites.

It would not be a difficult task to present them more completely.

Moreover, some workers, both domestic and foreign, have independently begun

to cast the results in a fbrm that may be used for site-specific analysis;;

Once that is done, the tools develdped for the overall assessment which was

the goél of the Reactor Safety Study become available for use in making

decisions on individual sites.

4p1ann1ng and population density control, we note that the writers of WASH-1400

gave the impression that most of the risk from nuclear power plants arises

-With regard to use of such analysis in considering the needs for emergency

from accidents which harm small numbers of the public rather than large.

report_does not say this explicitly; rather it only emphasizes that the

probability of small aecidents is much greater than of large ones, which is no

The

o
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doubt true. However, a brief analysis of the results which WASH-1400 gives

indicatesfthat indeed most of the risk '(i.e., the sum of .probability times

conSequences)barises'from.the'large,falbeit improbable,*accidents{ Although -
this detail was of little importance from an overall assessment viewpoint, the
balance between the risk from large and small accidents may have an influence
on the character of'emergencyiplanning or the perceptionS~of nuclear risk.

It is also interesting to note that environnental statements for nuclear -
power plants, in a‘hanner‘SimilarVtoVWASH—1400, give the clear impression that
large-consequence accidents do not pose a net risk comparable to that from smaller
accidents. ~These stateménts typically treat accidents of'class 1 through 8
(these are the classes analyzed in the Safety Analysis Report) explicitly,
nsuallybcharacterizing the risk from these accidents as "very low".  On the
other hand, they do not analyze the risk from larger accidents ("class 9"),
on the presumption -that the risk from these is "extremely low" (emphasis added).
That these'reports,should imply that the risk from these large accidents
("extremely low") is smaller-than that from the lesser accidents ("very low")
is ironic’ considering that — as we have noted — precisely the»opposite is true.
It ig}-however, a fact that the large consequence accidents are‘predicted to
occur so’rarely that it is difficult to consider their contribution to the
total risk on the same basis as that of more routine occurrences.

R

5 POWer plant reliability EREE

' The point was made in section 2.1 and 2.2 that attention to component
reliability of plants provides a foundation for both safe and economic
operation.’ It is the first quality that is of interest in the present work

rather than the second. Much attention has been given recently to comparisons

_of the relative availability ’ of fossil—fuel (often coal) plants and nuclear

plants,ksince availability and the related quantity, capacity factor * are v
important to planning the total generating capacity that is necessary and the )
relative cost of electricity generated by alternative technologies.‘ However,’
planning capacity and cost is not the subject of this work. ‘Rather it is _

health and safety and to the extent it is pertinent, reliability.: For- this'f’

"Availability" may be defined as the percentage of time’during“which a plant
was either operating or held in reserve (the alternative being that it was
undergoing repairs or maintenance). "Capacity factor" is the ratio of the
actual ‘energy delivered by a plant to the amount it would deliver if operated
at its rated capacity 100% of the time.
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reason, our examination of operating experience has been restricted to an
effort to identify in a preliminary way those systems and components which are
primarily-respomsible for outages on theypresumptiom that these components

have an influence on plant safety. The data;examined,have been those -published .
periodically by the Edison Electric Institute (EEI) on operating experiences
with fossil-fuel, huelear, and other types of electric generating facilities,
Their report for the 1965—19741period received most of our attention. ' The

results of our examination is reported separately in "Power Piant Reliability-

.Availability and State Regulation" (LBL—5922).14

As a preliminary, we examined the overall statistics on operating
experience, including the parameters referred to above, availability and
capacity factor. The data'used do not distinguish between the differing types
of fossil-fuel plants. However, they do break these plants down into several-
size categories, which is useful since the large sizes (greater than 100 MWe)
are of interest to us. If plants of all sizes are considered, it may be said
that fossil-fuel plants have a better operating experience than nuclear plants.
However, if a comparison is made between only the larger fossil-fuel plants
and all the nuclear plants, so that the groups being compared have similar
average sizes, fossil-fuel and nuclear plants have very similar operating
experiences (roughly 60% capacity factor and availability) and, interestingly
enough, the average ages of the plants being compared is similar (3 or 4 years).
Any more detailed analysis would have to make finer distinctions, on.the basis
of fossil-fuel plant type and individual experiences with aging or ruhning in.

Howeyer, for the purposes of identifying the scope of regulatory
attention required to reduce component failure, the information is useful.
Much of the power plant as a whole is similar for fossil-fuel and nuclear
plants; since both use steam»turbo~generators, but have differing.mays of
producing the Steam, a boiler for fossil-fuel and a reactorffor nuclear.
For this reason, the next level of examination'was that of major_system outage
rates for fossil-fuel, nuclear, and gas turbine systems. The last type, used | -
primarily for peak loads, is very different than the others, which constitute .'
most of a system s generating capacity, .so that we will not comment further on
gas turbines.. o

Based on the similarities in operating experiences and on the fact. that S

they are both steam generating systems used in s1milar contexts,it is not ’ ' \ J

surprising- that similar outage experiences should be found for fossil-fuel and
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nuclear plants,‘except that‘one'hasﬂeiﬁoiler}and one a reactor. It is the
boiler and reactor that cause the bulk of outage time (whether forced or
scheduled), however the turbine and :the generator also make important contri-:.
butions.a More. detailed comparisons are to be found in reference: 14

A possibility of :major interest is whether detailed information on outage
causes might lead to jdentification of areas where regulatory attention could
result in an improvement in'reliability. For this reason, our examination. of
outage causes.descended,another level, to the separete EEI.outage cause report,
prepared to:accompany the more general availabilityﬂend‘outage report. The .
outage cause report assigns outages to component failure at a very detailed
level. The detail is so great, in fact, that we attempted to group the many
failure categories into a number smail enough to be more useful for the present
purpose.  The results are given in a-tabular form in reference 14.> As an
example, under "boiler", a number of component-failurevtypes were grouped into

the single category,. "tube failures", a category of some interest since it is.

" the major cause of boiler-induced:forced outage time.

- The question remains whether such information may serve as the basis of
regulation for reliaBility., It is clear from the brief examination in ref. 14
that such an effort would have to be directed to a wide array'dfvcomponeﬁt
types if it is to attack all the substantial contributors to outage time. Were
such an effort to be mounted, to improve safety, a more detailed ekamination of
component ‘ failure Egggg than was possible in this work would be appropriate,

were such an effort to .be directed to increased availability, a more careful

attentipn to component-reduced outage times: versus plant type would be needed.
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3. YEVALUATIQN OF STANDARDS FOR USE BY‘THE'ERCDCv’ - \~'j

The previous sections have treated the health and safety aspects of

the Energy Resources Conservation and Development Commission might play in
the review of such facilities. The subject of this section is the status
of health and safety standards and the manner in which the ERCDC might evaluate
(or develop) such standards for use in its review of proposed sites and
facilities} .This question is closely tied to the subject of section 4 of this
report, methodologies for ERCDC review, and will be developed further ‘in that-
section. |

V The relationship of standards to a review methodology raises a critical
question with respect to the employment of such standards, i.e., whether they
are regulatory’standards or merely guldelines. The distinction has been
tbuched on in the discussion pf previous sections, but it is one which has
to be carefully examined to view of the responsibilities and authority of
the ERCDC. Whether the standards have regulatory force or serve as guidelines
determines the character of the review process and must be kept in mind in

consideration of the following discussion.

3.1 Present Standards: Sources and Status

Sections 1 and 2 treated, respectively, the "health" and "safety" aspects
of power plants and, in doing so gave attention to health and safety standards.
The purpose of this section is to summarize the current sitvation, especially
with respect to standards which might be applicable to subjepts of review by
the.ERCDC. Possible "areas of review" are summarized briefly at the beginning
of Section 4 and not here, although such areas will be mentioned below. As

before, we distinguish between health standards and safety standards.

3.1.1 Health Standards
We may divide health standards into two broad areas, those which deal

‘directly with the emissions from power plants and their effect on environmental

media and, ultimately, humans, and those which are more specifically related

to site characteristics which could affect these emissions or their impact.

Because the distinction between health and safety is ambiguous we choose, as

a convention, to place any engineering standards which relate directly to i '
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“emissions or to site features in the section on safety standards, which

immediately follows. »
_As a general rule, standards relating to air and water pollution are
formulated by the Environmental Protection Agency, at the national level and

the air and water resources boards, together with regional districts, at the

‘state level.uhThese standards, although they arevstill being developed, are

intended to be relatively complete, except that they are limited in the extent

,to‘which they may be used for overall assessment functions (such'as comparison

of the relative merits of proposed sites). The ERCDC appears to bevcharged1

with relying on air and waterrquality standards developed by other agencies in

its review of electric generating facilities. Although semantically a limit-

ation on "emissions" is not necessarily an "air quality standard" or a "water

quality standard " it appears likely that the emissions standards adopted by

other agencies would be used by the ERCDC. . )

A similar comment may. be made with respect to standards applicable to o
radioactive materials.‘ Although the enabling legislation1 is not as explicit
with regard to radioactive emissions and exposure standards, in the absence of
glaring deficiencies ‘the ERCDC would not attempt to develop standards dlfferent
than those employed by the Nuclear Regulatory Commission.

However, there are substantial areas, often related to more general

"assessment"” functions, for which standards do not exist, but which the ERCDC
might wish to review. In the case of nuclear power plants, for example, site
characteristics and land ‘use are clearly 1egitimate areas of review by the

ERCDC, at least as judged by AB 1575 - The same is true for other types of

,plants, although the major concerns are somewhat different. In either case,

the ERCDC mJght judge the overall impact which a particular plant and site-’_
would have on the gcneral public.j For nuclear, where the major concern is -
accidental releases, this might lead to standards for emergency. planning of
population density control in some - region surrounding the plant, as discuSSed
in ref. 3 and 4., Standards, or even guidelines, for these considerations are
far from complete. For fossil-fuel plants, where the major health impacts i
occur even during. routine operation of the plant, and are typically spread over
an air basin, standards for’air'quality exist, but not for actually Judging

the net impact of alternative sites or plant types. vThesevmatters'are dis-

cussed in greater detail in section 3.2 and part 4.
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3.1.2 Safety Standards

For convenience, we divide'safety standards into two broad areas, those

which deal with the manner in which site characteristics affect the facility oo

(as opposed to the general public as above) and those engineering standards

used in the design of the facility itself. The first category might be con-
strued to be included in the second, but separating site characteristics is
useful nonetheless.

As noted above, certain site characteristics, priﬁarily demography,.
directly affect the net potential impécts of any emissions on surrounding
populétions. A éatégory of comparable importance includes those site character-
istics, primariiy géophysiéal, which affect the facility directly. 'The-geo—
physical characteristics which would properly be considered under "health"
are tﬂose which affect the dispersion of emissions from the facility:
meteorologicalrand, to some extent, hydrological characteristics have such
implications. On the other hand, the mechanical characteristics of the land
on which the plént would be built directly affect the facility'saféty’(and
réliabiliﬁy). Hydrology could also be involved in this area. However, it is
fair‘to say that few actual standards exist for such characteristics. They
typically fall under the purview of "engineering judgment," i.e., standard
engineering practice,'the necessarily ill-defined category mentioned in section
2.1. The one possible exception is encountered for nuclear facilities, where
such consideratidns are cértainly within the scope of the Nuclear Régulatory
Commission review. The NRC reviews seismological and flood characteristics,
and NRC review standards might serve as a model for other facilities. Regard-
less of the presénf situation, such characteristics clearly fall within the , -

“interest of the ERCbC and, -should it choose to éxercise its authority, standards
or at least working guidelines would have to be adopted.

The state of engineering standards has been dealt with more fully in
section 2. Few such standards are utilized in a direct regulatory manner,
except fof nuclear power plants. However, a large pool of standards does
exiSt, which could be utilized in any ERCDC review. The one area where choice

does not exist is that covéred by title 8 of the‘California Administrative
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. Code, Chapter 4, on ‘industrial safety Standards}"These'would serve as one’

component in any safety review performed by the ERCDC. The manneér in which the

ERCDC might ‘select or develop other englneering standards is discussed in the

next sectlon.

3 2 Evaluation and Development of Standards by the ERCDC

‘Section 3.1 summarized the present situation with regard to standards for
review of areas of interest to the ERCDC. In many areas other agencles have )

respon51b11ities for setting standards which supersede those of the ERCDC. In

‘such areas, the ERCDC would presumably employ the standards developed by other

agencies. In ‘areas where respon81bility may lie with the ERCDC or where

standards have not been formulated the ERCDC must evaluate existing standards,

‘or formulate its own standards or guidelines,should it choose to review those

areas. . _ o ‘
o As noted above,vair and waterjquality‘standards-are the responsibility

of other .agencies, and 1resumably this includes standards generally regarded

to be in this class,‘such as emission standards. On the other hand certain
more general considerations such as the populations at risk for specific pro-
posed sites, might be matters of review for the ERCDC. Since these have such

a direct relationship to the question of granting land use, they could be of
major interest to the ERCDC and are the major topic considered below in the
brief discu331on of the development of health impact standards.

p Except for nuclear plants, the safety aspects of power plants are = v
presently regulated primarily with respect to occupational safety (and health)
of the detailed engineering of the plant, two areas of review suggest them—' o
selves for ERCDC attention because of their direct relationship to the public
health and to the site, respectively, these are emission control equipment and
the site geophysical characteristics. They will be considered below in the T

general context of safety-engineering standards.

3 2 1. .Development of Health Impact Standards - - ;
“The overall. health impact of any emission source is. basically determined.

by,the,damagerwhichrmay be caused by:the,substances emitted and. by : the popu~-.

-‘lations exposed to these emissions. Most air and water quality standards are

directed to the ambientvlevels’of_substances and the emissions which various

sources. contribute. - However, any overall assessment of the impact of any source,
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Asuch.as a power generating facility, would also consider how many people are
- exposed to the emissions. This notion may be more carefully specified, but it
underlies the idea of "populations_at risk." Presuming that a given concen-
tration of a pollutant or a given radiation dose may cause some harm, it is
better to expose a small number of people to that concentration or dose than to
expose a 1arge number. The number exposed is the population at risk for the
given level or dose, and is a number that is useful in assessing the impact or
relative merits of proposed site-facility combinations.

Such a notion is avoided, in a way, in the case of calculating population

exposures from routine emissions from nuclear power plants, because the individ-

uval radiation doses are all small and, because a linear dose-response relation-
shio is often used, all that is calculated is the total population

exposure in "man-rem." BKowever, for potential accidental releases from

nuclear plants and for routine releases from other types (see below), explicit
attention to reducing the population at risk is worthwhile. For nuclear
accidents, this is possible through exercising control over local population
densities or through provision for effective evacuation should an accident
occur. The extent to which such measures should be implemented may be judged
by comparing the benefits, in terms of reduced illness or death, with the cost
of control; approaches to such analysis are based on site-specific risk assess~-
ment. On the other hand, the legislation constituting the ERCDC1 may be under-
stood to require population density controls based on Nuclear Regulatory
Commission criteria. However, as discussed in section 1.1.5 and in reference 4,
there are a number of ways to interpret this mandate to, effectively, control
the population at risk.

For fossil-fuel plants, the maJor impacts on the public are associated
with routine emissions from these plants, not with those resulting from
accidents. However, as indicated in the discussion in section 1.2, not enough
is presently known to assess quantitatively the impacts in terms of actual
incidence of disease and death. To some extent, existing air and water quality
standards serve in lieu of such an\assessment, but only if an effective thres-
hold for health effects exists. Because the validity of such an hypothesis
is questionable and because, in any case, air quality standards are occasionally
(or often) exceeded, some more direct indicator of actual impacts might be use-

ful, particularly for comparing alternative sites. - Populations at risk are -

v
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precisely*such'an’indicator; That is, éven though ultimate health impacts are

not known, human exposures to potentially harmful pollutants can still be

‘calculated.  If such a scheme is adopted, the analyst first would have to

establish;exposure categories; then—¥on the basis of emission rates, meteoro-
logicalimodeling-(which—would be’necessary“in anyncase to determine effects on
ambient air"duality) gnd_population distributions—would have to caluclate the
population'at riski(the-numberfof people) for each exposure category.  These
numbers could serve as indicators in lieu of actual health impacts. (At such

time as the data on the relationship between health effects and exposure

,categoryibeCOme more reliable, the populations at risk can be converted directly

into predicted health effects.) Guidelines for comparing sites could be devel-

oped in terms of such exposure categories.

3.2.2 ERCDC selection of safety-engineering standards -

To the extent that the ERCDC intends to review the actual design ‘of pro-
posed facilities, it must select an adequate set of safety and engineering
standards.‘ That is, for any area of design in which the ERCDC will involve
itself in a regulatory capacity, it must first establish the basis on which
review will be undertaken.' However, the ERCDC may choose to review only

certain areas, those which have the most critical bearing on the safety (or

_reliabillty) of the plants.v For those areas which the ERCDC does not review,

the utility (or perhaps other agencies) would have respon51bility. By limiting
the breadth of its review, the ERCDC could focus its attention on what it
regards to be the most important areas of plant design, thereby reducing the
time and staff necessary for the review. A similar consideration 1s the _gpth
of the review to be performed by the ERCDC. - For example, the review could — in
principle cover design of the entire plant, with full reviews reserved only

for critical areas and 1ess thorough analysis devoted to other aspects of the
facility.‘,~ In practice, limiting the breadth of review or varying its depth will

not avoid emphasizing certain areas of design, those that are intrinsically

,safety related. However a conscious choice of approach is useful in order

to determine the type of standards required and the staff necessary for the
review.

It is ‘the choice of critical areas for review that most strongly affects

"the standards required., Review of the engineering can be conceptually divided
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in a numbér of different“ways, but one that is most useful reflects the extent
to which various aspects of the facility have the most direct bearing on the
health and safety of the public or employees, i.e., review of: 1) emission
controls (including any equipment or operations which have a direct effect on
the emissions from the plant, primarily under conditions of normal operation),
2) plant safety (aspects of the facility which could affect the health and
safety of employees or which serve to prevent emergencies at the plant), and

3) general facility design (the entire engineering of the plant). The first

two are relatively narrow areas of plant design, and the third includes all
aspects of design, many of which serve as the basis for emiésion control and
safety systems. Limitation of the review to the first two areaé.would'sub—
stantially restrict the set of standards to be selected or formulated and/or
the extent of facility review, while still offering substantial review of
design aspects directly pertineht'to health and safety. On the other hand,
certain of the areas relegated to ''general facility‘design" might usefully
be reviewed if the intent is more general, i.e., to assure plant reliabiiity.
However, many of these areas might also be construéd'to lie within the "plant
safety" area, in which case they ought to be very narrowly defined,

so that they do not greatly increase the breadth of reviewvor,
correspondingly, the standards required.

Turning now to the three Eategories of design justkset forth, we note
that the "generally applicable standards" discussed in section 2.3 include, to
a iarge extent, the standards associated with 'plant safety" and "general de-
sign". Certainly the California Administrative Code (CAC)'8.4 provides an in-
itial basis for review of plant safety. However, it is by'no means éomplete,‘
if only because 8.4 is intended to éove: all industrial facilities and not only
power plants. For thié reason, there will be areas of plant safety, peculiar
to particular types of pbwer plants, for which regulatory standards do not
exist, at least,inA8.4. This is clearly true in fhe case of nuclear power -
plants; where a large body of criteria, guides and sténdérds exist, as described
in section 2.3, all related to safety. Howéver, it is uniikeiy that the ERCDC

_would soon become involved in the techniéal aspects of nuclear plant eﬁgiheer—
ing; the questions of land use discussed above, under development of health
standards;are likely to be addressed first. For othér tyées:of facilities, no ‘éiij

regulatory agencies exist to formulate programs for'design“review,leven of
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vplant safety, except as set forth in CAC 8.4. -For this reason, the ERCDC
‘could exercise independent action in selecting or formulating safety standards
to cover plant safety systems not adequately addressed in 8.4. Standards
could be selected from the pool of general engineering standards, of which the
compilation described in section 2.3 is representative.
The same large pool of standards could serve as the basis for establish—
.ment of a general design review. As Suggested above, this would be a large
'endeavor, considering the breadth and _depth of .engineering knowledge involved
in the design of a power plant. It is possible that information on reliability
could be used to identify areas where regulation might ‘be ‘useful, i.e., where
reliabllity might be improved. The brief analysis of reference 14 on power
plant reliability provides preliminary data of this kind However, relating
such data to applicable engineering standards is not an easy task. Moreover,
for many important types of component or system failures, no specific standards
have been formulated Rather, design of these components or systems falls into
the vague category of ' standard engineering practice . Adopting a set of
standards or guidelines to address even the most important causes of plant out—
ages is truly a formldable task, since directly applicable standards do not
“usually exist. It should be judged in terms of the many_committees set up by
professional societies fornprecisely this purpose, committeesxwhich in toto
havefthousands'of members and have devoted many thousands of man-years to the
task of standards development."We will return to this question'inrtheddiscussion
below of staff requ1rements. o ' o ‘ B
We have not yet considered standards for performance or design of emis-
sion control equipment. This is an area that the ERCDC could review consider—
ing its importance to public health and its relatively narrow scope, a combina—
tion recommending it to regulatory attention more than many other areas of de-
‘:sign.( In a sense, it is already effectively regulated, since emission standards
‘are applicable. These, from the engineering point of view are nothing more
_than standards of performance. Going one step further, ‘the design itself might
be rev1ewed However, design standards for such equipment 'do mot' exist and '
would have to be developed. Because of the well- defined nature of the problem,
this might be feasible, particularly if outside professional committees were
relied upon in a substantial way. ) ‘ o o ' ‘
This discussion of safety—eng1neering standards has been directed primarily

at standards for ‘the plant itself and not as much for the site, even though this
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is the foondation on which the plant ﬁust rest. v However, standards for mechan-
ical stabllity of the site are not generally available, although the NRC pro-
'vides‘guidelines. This type of question ‘rests very squarely in the area of
: engineeting judgment. It is pertinent to some extent to the question of'plant
safety and more broadly to genetal design and reliability. Since nuclear power
repreaenta one ﬁodel for a rather comprehensive treatment of engineering safety,
its phyeical site criteria may serve as a model for examination of sites for

other facilities as well, if such a comprehensive review is regarded to be necessary.

3. 2 3 ERCDC staff reqpirements for development and use of standards

' Staff requirements for development of standards depend largely on the
breadth and depth of review intended. To some extent, it also depends on the
precision requlred of the standards, i.e., whether they are to be requirements
orbonly guidelines, and on the degreee to which the staff actually reviews the
facility desiga or only monitors a program of quality assurance. (Presumably
any individuals on the staff who develop standards or guidelines would be in-
volved in their actual application during the review process.) Finally, staff
requirements for standards dcevelopment will dcpend'on the extent to which the
development occurs "in house", i.e., is performed by the staff itself, or occurs
outside, utilizing contractors or committees of professional societies. It
must be‘emphasized that the potential effort involved in either the evaluation
and selection or the development of standards is very large, but that it depends
very greatlyvon the factors just mentioned, particularly on the anticipated

breadth and depth of review and on the extent to which outside societies,

i contractors, or agencies are involved.
| "This potentially huge effort is associated not so much with "health"

standards as with "safety" standards. The remainder of the present discussion

is directed priﬁarily to the latter class;, although similar considerations apply
~ to‘healtﬁ standards. As was indicated above, most areas of health_etandards are
the responsibility of other agencies, so that most of the ERCDC's.attention in
this area could be directed to consideration of possible "impacts" guidelines
discussed in section 3.2.1. ' ., |
A useful approach to the question of staff requirements or general level
of effort is to consider the three areas or levels described in section 3.2.2:
1) emission controls, 2) plant safety, and 3) general facility deeign. We can S
subsequently consider the operational questions: are the standards to be ) &nrf
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regulatory or only recommended? During the rev1ew, does the staff actually re-
view the. design itself or only check agreement to comply, then monitor a quality
assurance program designed to assure compliance?

Emission control equipment represents a very specific part of the plant,

provided one takes care to exclude the underlying systems which fundamentally
.produce the emissions._ For example, in a fossil fuel plant the burner system
and b01ler produce the various substances subject to control but control
equipment is normally a relatively well—defined system which serves as a
primary barrier between ‘the source of the emissions and the media, air and water,
to which the public is exposed.: Such control equipment is under active develop-
ment, for which reason it is unlikely that directly applicable engineering

standards now exist.E On the other hand, performance standards do exist, if only

"in the form of emission standards (Such as new source performance standards)

formulated by agencies with responsibilities for air quality.‘ However, standards
for ‘the performance of the equipment itself w0u1d serve as an operational basis

for review of the control equipment. Going one step further, more complete

rstandards for equipment design could be formulated which could serve as the

basis’ for ‘a more fundamental review of the design of the control equipment.

Equipment performance standards would be likely to be developed on the

* basis of operating experience with similar equipment, s0 that the development

of such standards would 1nv01ve little effort. The individual who would ulti—

mately be concerned with the review of this equipment could effectively suggest

- such standards, which could be adopted after consultation with engineers in-

volved in the design of ‘such equipment and with agencies having responsibilities
for air quality " (Such agencies already w1ll have guidelines for use in their

‘{review.) On the other hand, standards for the design (rather than the opera- ’
'a}tion) of such equipment may only be developed on the basis of a more detailed )
1 amiliarity with tho engineering printiples 1nvolved. Such englneering standards
are appropriately developed as necessary by professional societies. The ERCDC
':”would avoid any large commitment of effort by encouraging such societal develop-

.viment, if these standards are deemed necessary, and by giving a staff member

responsibility for maintaining contact with (or even being a member of) the
committee responsible for developing such'standards.‘ Should the ERCDC attempt
to develop design standards internally or through contractors, a much larger
effort (a minimum of several staff members) would be involved and further,

their acceptability to the engineering community would be left in doubt.
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A question worth considering is whether the adoption of standards only

as guidelines'(rather than as regulations) would alter the effort required,

<

" should the ERCDC choose to act independently. Thevvery fact that existing
englneering standards serve only as guidelines under present conditions sug-
.gests that the effort devoted to standards development would be little affected .
by their use only as guidelines and not as regulations. However, the political

effort 1nvolved in formally adopting a standard or in gaining acceptability of

’mandatory standards among the engineering community could be prodigious._

, Plant safety standards include both regulatory industrial safety orders

and other standards which are applicable to specifically safety systems in power

plants. The’first category requires no developmental effort. The second may

involve a combination of selection (evaluation) and development, depending on -

'which areas have seen previous‘developmental work. Most areas which are genuinely
safety~related will already have been examined and should be represented, in

fact, in the industrial safety orders. For any major system not represented

there orrin the pool of generally applicable engineering standards, a develop-

mental effort similar to that discussedkabove'for design of control equipment

would be required. Moreover, similar considerations for regulatory versus

guidance standards would apply.

General facility design standards represent the most difficult area to

deal w1th because of their breadth of coverage and because of the lack

of previous detailed regulatory involvement. An effort to define

a complete set of standards for facility design cannot be seriously considered
w1thout facing a developmental effort approaching that performed for nuclear

power by the Nuclear Regulatory Commission. For this reason, any efforts in

this area should be devoted to carefully chosen plant systems, most‘likely those
which are most fundamental to plant safety or most important to overall reliability. <
More detailed information than is presented in reference 14 would be necessary in
making these ch01ces. They would have to be based on detailed examination of

plant design and the relationship between the various sytems; Several difficulties
withva major effort of this type suggest themselves: 1) each area treated woold
require an effort comparable to that indicated above for the control equipment;

it is not clear that the ERCDC has sufficient personnel of the experience neces-
sary to make judgments of this type or even to provide the necessary liaison

with a standards comnittee of some professional society: 2) gaining acceptance '\h—/

)
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" of such a program by the utilities and ‘their contractors (including the

engineering‘communitY) would be necessary and possibly difficult; 3) such
regulation might have an inhibiting effect on improvements in design, with
little compensating benefit to the general public. ' :

-~ This last consideration is ultimatelyvthe most ‘important: would regula-
tion*of‘genefal facility design, including tnose‘aspects without direct safety
significance, provide substantial: ‘benefit to the ‘public? The question does
not, however, apply to nuclear power plants, where many areas of general design
are ‘deemed ‘to have safety significance ‘and hence are subject to review by the

NRC." For ‘other plancs, the safetyrbenefit of detailed design review is some-

‘what remote.i“Furthermore,fif‘the’intention'is to improve reliability, with

- its attendant ‘economic benefit, it ‘stil] remairs to be seen whether regulatory

involvement will succeed. The economic benefit ‘from increased reliability

would have to exceed the added cost of ‘regulation and the ‘increased cost of °
design, if not construction. ;lg;the'utilitieé are now ‘giving due consideration
to this balance, it is unlikely that added costs would provide comparable
economic benefits. The effect could actuallyvbe negative, especially consider-
ing the general inhibition it would present to design improvements and initiative
on the part of the utilities. It would appear that direct-health and safety

benefits,must remain the primary basis for regulatory involvement in design of

facilities.

'Regardless of the areas to be regulated, those given above being possible
examples, staff reqniremente mnSt be considered not only for the development of

the'standerds which represent the regnlatory framework,,bnt'elso for the review

'¢proceSS itself, the subject of section 4. However, one specific point to be

considered here is the poséibility that the review process might-be designed so
that the staff familiarity with or development ‘of engineering standards might
be’ minimized., For example, the ERCDC might simply require that, for designated
design areas, the applicant iteelf;supply a listing of the standards by which
the facility is to be designed, eccompenied by a program for assuring compliance

with these standards. The staff would only then setrve as a monitor for

“an inspection'program based on a design which the staff had not reviewed.

jexceot'ﬁossibly'to'ascertain that certain'arees had been covered by'standards.

This would minimize both the effort devoted to standards development and the
review effort itself.

It is not clear how effective such an approach would_be. For certain

C e
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areas where standards are already adopted, such as the industrial safety orders,
a clear basis for judging the adequacy of the applicant'S'prgposgd standards
and quality assurance programs exists. However, it is precisely in these areas
that little ERCDC effort would be necessary for standards development in any
case.. For aréas.whefe no clearly specified .standards exist,.thepe is little
basis for judging the adequacy of the applicant's design and quality assurance
programs; by submitting a rather complete program, the applicant would only,

be creating difficulties for himself. This may not be a tenable regulatory
approach, unless the ERCDC has previously established an adequate basis for
‘regulation. Such a basis would be a staff with sufficient size and competence.
to identify areas which need regulatory attention and to judge the adequacy of
the applicant;s‘program. Whether such a staff.could be supported within ERCDC
budgetary cohs;raints is not obvious. In any case, as discussed abéve, such a
program should not Be‘implemented unless its cost, to the ERCDC and applicant,
would be outweighed by its benefit to the public.
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4, METHODOLOGIES FOR REVIEW OF PROPOSED SITES AND FACILITIES

The fundamental objectofthis project has ‘been to develop possible, ‘

"methodologies forthereview of the health .and safety aspects of proposed

electric generating facilities. -The primary consideration has been the
health. and safety-of the public, but the well-being of workers at these
facilities has alsobeen. considered.; To the extent possible, in view of the
many areas.of. -uncertainty, the methodologies set forth in this work have
been based on the considerations summarized in the preceding portions of i

this report. . The methodologies themselves are presented in outline form,

~with. 1imited discussions, in a separate report.10

4.1 ;Considerations in formulating review methodologies,

4 1 1 Areas of review

B

In examining the potential impacts of a proposed facility on human

health and safety, there are a variety of ways in which such an examination

, may be structured conceptually. One basic distinction which may be drawn

is to separate the internal engineering details of a plant from the inter-
action of that plant with its surroundings.' This turns out to be a very
practical distinction from the point of view of the utility proposing the
facility and of any agencies reviewing it. The utility and the agency may

) make preliminary, but very important, judgements, -such as facility type

or site selection on the basis of generic ‘plant types.7 Once these ‘selec- '

tions are made, both parties may then" devote their attention, as appro—ia

leriate, to the detailed engineering of the facility. There will be’ many

matters for which this distinction is difficult to make, but'—’as discussed

—below-—-it serves as a practical basis for differentiating between the 2

Even presuming this division, there are many possible ways to structure
the various matters to be considered within either the site~specific

review or the engineering review. There are a number of ways in which the

vfacility interacts with its surroundings, and review of the engineering of

a plant may employ many approaches.;ﬂ"
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‘The site~specific review may concentrate on_two general areas, 1)

the flow of materials (in a general sense) into and out of the plant and

2) the basically mechanical interaction of the plant itself, i.e., its

buildings'and various facilities, with the site. We have taken it as a - -
fundamental view that one particular aspect of the material flow, i.e.,

emissions into the air, has the greatest potential for impacts on the-public

healthiand safety. However, other majbr imnacts may occur through liquid
or solid wastes, through productionofruﬁSe or through other means,
1nc1uding-—-for example-—-transportation of fuels or wastes and of workers
to and from the plant. However, as noted, the primary concern in the class
of material flows is emissions into environmental media through which the
plant may affect human health,

The manner in which the plant interacts with the site per se, i.e.,
the mechanical interaction, may have possible implications. as far as these
emissions are concerned or it may simply affect the stab111ty, and hence

operability, of the plant. Possible considerations include the

physical characteristics of the site,_including ground stability or availa-

bility of cooling water, as well as human characteristics, such as demography
and thejpresence of roads or other utilities. There‘are a_number of ways
in which site characteristics may directly affect emissions.‘ In the case
of geothermal plants, where the basic heat source is situated undergrqund
and where fluids may be injected back into the ground, possible interactions
between site characteristics and emissions are obvious. However, for.all
plant types, interactions are possible; for‘example,learthduakes‘qr’tsunami
may stress the facility so as to cause extraordinary emissions. ‘More - 7
generally, though, these physical site characteristics are engineering
considerations. o ‘ | .

Review of the engineering of a facility;may he structured in a
number of ways, but it is useful to choose a structure that emphasizes
the primary consideration: human health and safety One such structure
roughly d1v1des the areas of review into' 1) emission control features,
2) occupational and plant safety features, and 3) general facility design.

These three categories are certainly not dist1nct (after all the 1ast
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includes the other: two), but rather indicate the emphasis to be made and
the depth of the engineering review. Emissioﬁ‘control design relates -
directly to the most immediate consideration as far as human health and
saféty‘iS”concerned, the possible release of harmful materials from the
plant.t The§SEcohd'category, safety, may be considered -more general in that
it could include all systems which are specifically designed to assure the

operation of the plant in a safe manner. However, the basis of any such

- operation in the general design of the facility, which would be covered

by the thlrd category.

‘4.1}25'Other agencies with responsibilities for health .and safety review

‘It is clear that if the 'ERCDC reviews all aspects of health and
safetyffor*power'plént'sités and facilities, it will be reviewing areas

in ‘which other agencies have ‘overlapping, and even exclusive, authority.

VThéflegislatibnvconStituting'the‘ERCDcl makes explicit allowance for a

numbef‘pf othet'agencies with responsibilities that are exclusive; these
include the natioﬁai;'state,'and‘local agencies with: authority to set air
and water quality standards, the ‘coastal commission, and the Nuclear
Regulétory’COmmission. Moreover, many - local‘agencies-eXércise permit

authority in many -areas, particularly in the raising of-any structure and

‘in ‘1and ‘use.’

It 1s ‘difficult tbfﬁredictrg,Eriori*how.the,staff*ofuthe'ERCDC, in .-

its’révieﬁ prqcess;“will interact with these~other;agencies. ‘Distinct

‘ambiguities ‘exist in the division of actual review responsibilities even

in cases where' the standard—setting authority 1s clear. - ‘For example,‘ .

‘ whereas local’ air pollution control: districts are intended to set emission

standards - for new sources, including power plants, “it appears that the -
ERCDC — in- addition to the local districts-—-has review responsibilities. .
A joint review might be conducted,-but the details of such collaboration,

and the division OffSPGCific—reSponsibilities,“ére best developed on the ;.

‘basis of an actual review. This approach seems preferable for all such

'céses‘of‘6ver1appihg'responsibilities; For this reason, we have not

4’”5ttemﬁted to suggest how the ERCDC might make arrangements. with other
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agencies for resolving these questions. It is important to note that,
‘after the initial steps are taken by a utility to obtain certification
from the ERCDC, the ERCDC schedules informational hearings. These serve
as an. appropriate forum for identifying, where there is.any doubt, agencies
with interests which overlap those of the ERCDC. These would include

Federal, as well as State, regional, and local agencies.

4.1.3 Distinction between the NOI and AFC stages of review o
The ERCDC's review of proposed sites and facilities will be divided

into two major processes, although technically the first is only preparatory
to the second. Thé.basic responsibility of the ERCDC is to grant 'certifi-
cation" for iand use for proposed electric generating facilitieé; From
this point of view, the basic application made to the ERCDC by a utility
is the Application for Certification (AFC) of a proposed site and/or facility.
However, it is required1 that the AFC be based on a site which has already
been judged acceptable at a preliminary review stage. This preliminary v
stage is initiated by submission by the applicant of a "Notice of Intention
(NOI) to file an application for certification", which proposes at least
three alternative sites. A positive judgement at the end of the NOI review
effectively gives approval to the proposed combination of site and facility.
This division into two stages permits a practical division to be made
between aspects of the proposal that are site specific and aspects that
involve the actual engineering of the facility. On the basis of the site
specific features, the ERCDC, at the NOI stage, makes'a-judgement of site
acceptability for the type of facility proposed. On the basis of more -
detailed information, both for the site and facility, the ERCDC mékes a
final judgement, at the AFC stage, of whether to certify the proposed.
facility. h . _ -
In most of this work, the distinction has been made between "health" .
and'"safefy" review, a distinction that is quite ambiguous. However, the
division of review areas between the NOI and AFC stages is easier to make.
Most of the "health" considerations, such as compliance with emiSéions

standards fit into the NOI review. Moreover, the "safety" (i.e., engineering) \
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aspects. of the fac111ty itself - but not the questions of site suitab111ty ~
would be deferred to the AFC stage. At the NOI stage, the acceptability
of the site would be Judged on the basis of generic information on the

type of facility proposed rather than on the detailed design Of course,'

_even at, the AFC stage the detail in. which the design is examined is a

question of great practical importance, and one whose resolution is not

apparent - as has been made clear in this report.

‘ Section 3 in its brief treatment of how the ERCDC might select

standards forreview, necessarily indicated questions as to the breadth and

: depth of review. These questions extend to both the health and the safety

areas or, by implication, to both the. NOI and AFC stages of review. It
might be thought that the "health" related areas, which make up much of the
NOI stage _were relatively well—defined This is not true, ‘for two reasons.
The first noted above, is that the manner in which the ERCDC ‘shares respon-
sibilities with other agencies is not clear' for example would the air
pollution control district or the ERCDC use meteorological modeling to check
the impact of the proposed facility on ambient air quality? The second ’

ibriefly mentioned in previous sections, is that the ERCDC may wish to

exercise a more general assessment role than is required by regulatory

' standards._ The possibility of interests of this type is made clear by

hearings which the ERCDC has already been conducting, particularly for
nuclear power plants. A similar interest ‘might be appropriate for fossil~-

~ fuel plants, as suggested by the allusion in section 3. 2 1 to possible

health "impact" guidelines for comparing possible impacts of alternative

~sites. 0nce such guidelines are developed it should be noted the major

effort 1s complete .since the review process associated with them is only

a sllght extension of otherw1se required calculations of ambient air

_concentrations.

The effort required for the AFC review is dependent on both the areas

. chosen for . review and on the manner in which the review is conducted It

was suggested in section 3 that a review function may only be practical

for areas where standards, either required or only suggested have been
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chosen by the ERCDC. Once such standards exist, a review may be conducted,
in principle,'in one of two nays. Either the staff may actually review
the proposal for actual compliance, or the staff may check that the appli—
cant has agreed to use the chosen standards and may check compliance
by monitorlng the applicant s inspection or quality assurance progran. If the
latter review mode is chosen, and the standards of interest for a particular
area are only for guidance (that is, suggested), difficulties may arise
‘when the applicant proposes a deviation, because — in such a. case-—-the
staff would have to review the proposed design in detail This" situation
may not often arise, but the staff must have such a capability if the
standards are not mandatory. As pointed out at the end of section 3.2. 3
a similar capability may be needed if, alternatively, applicant—supplied
standards are used as the basis for a QA program. '

The- principal areas where the ERCDC might wish to avoid detailed staff
review are in the design of the facility. Acquiring the capability for
review of the entire design does not seem practical. On the other hand, if
narrow areas are chosen, such review would seem possible without a huge
staff-for engineering review. However, if the ERCDC wishes to regulate
areas for which standards are not now required, it must be prepared to become
involved — in one of the ways outlined in section 3.2 and discussed more
systematically in 4.3.2 —in the selection of standards.

A final note should be made with regard to those areas which are not
amenable to standardization. One such area is the broad range of physical
site characteristics. For such areas, engineering judgment is often the
only practical standard. Yet many such areas~—-particu1arly with regard '
to site selection — are of major interest to,the ERCDC. In such cases,
either‘the staff must have the professional capability to judge these areas
or the review must rely -on expert advice. For considerations such as o -
ground stability that are directly related to facility design, the judgment
of the applicant itself may be deemed acceptable, on the premise that they
have a direct interest in adequacy of the design. Such concessions may not
be acceptable in areas with the potential_for severe impacts on the'puhlic

such as in the case of nuclear power plants. However, in that case,’the ‘ \
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engineering review performed byrthe Nuclear Regulatory Commission might serve
as the basis for review,'with;modificetions.as might be suggested by the
staff,‘or'even by interested members of the public.

" Various aspects of this question of the breadth and detail of the
ERCDC review will be apparent in the rest of this sectionrand‘in reference 10.

4.2 Methodologies for site-specific review: the NOI stage -

At the\Noticeiof_Intention (NOI) stage, the applicant proposes nlterna—
tive'sites.on which facilities,described on a generic'hasis,would be operated.
The purpose of the,NOI review is to judge the acceptability of the pro-
posed: sites for the generic facility type. Possible review methodologies
are presented in some detail in a separate report on "Methodologies for
Review of.the Health and Safety ‘Aspects of Proposed Nuclear, Geothermal,
and Fossil-Fuel -Sites and Facilities"lo.

During the NOI review, the basic focus of the proposed "health and

~ safety" review methodologies is on emissions from the plant, which may have

impacts on thevsurroundings of the plant, and on the interaction of the
facility proposed with the site itself; "As indicated below, a common
methodologicallstructurevmaijbe devised,for,the,differing types of facili-
ties, because the routes by which emissions may affect the pnblic are concep-
tually similar for the various technologies and the connection between the

facility and site involves similar considerations. For this reason, the

~initial stages of the review methodologies are divided according to several

categories of- review, applicable to each of ‘the generating technologies,
nuclear, geothermal, and fossil—fuel These categories are:
" e air emissions - o
7‘9 water emissions .
e noise emissions .-
o waste disposal =
® site geophysical cheracteristiCS i
e site developmental characteristics.
The first three categories indicated are emissions all of which may have
human impacts. The last three categories include aspects of the site and

facility which may affect these emissions or their human impacts. -




" The NOI methodology maybe divided into three stages (see table 4-1).

Stage 1 — emissions and site characteristics, which deals with the

basic parameters of the generic facility type proposed and of the proposed
sites; S

Stage 2 —basic impact analysis,‘whiéh treats the impacts of the

facility on the site surroundings, as can be calculated on the basis of
the parameter emissions and site characteristics determined in the first
stage;

Stage‘3-4-assessment of human impacts, which examines, to the extent

péssible; the effects on human health and safety of a plant with charac-
teristics and impacts as determined in the first two stages. .

The emission—dispersion—exposﬁre causal chain serves as the archetype,
and indeed the reason for, the three stage structure outlined above. However,
this structure is also more generally useful since ‘it amounts to 1) a

preliminary review of the proposed sites and facilities based'solely on

Table 4-1 NOI Review Methodologies

Stage 1 — Emissions and site characteristics

1.1 Air emissions
1.2 Water emissions
1.3 Noise emissions
1.4 Waste disposal
1.5 Site geophysical characteristics
1.6 Site developmental characteristics
Stage 2 — Basic impact analysis
2.1 Air emissions N
2.2 Water emissions i
2.3 Noise emissions
2.4 VWaste disposal
2.5 Site geophysical characteristics = - -
2.6 Site developmental characteristics ’

Stage 3 — Assessment of human impacts .

3.1 Introduction and general considerations
3.2 Fossil-Fuel plants .

3.3 Geothermal plants

3.4 Nuclear plants
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their prinéipal characteristics, 2) an analysis of the effects of the pro- .
posed»facilities on environmental media which-may affect the. public, and 3)
a judgment of suitability based on conformance with specific criteria and

~on the overall impact of the facilities on the public health\and.safety;f

At each of the stages, for any of the categories of review mentionedh 4

~above, it may be necessary to consider several operational modes:

e normal operation, including startup and shutdown of the facility
‘e abnormal operation,. such as use of the facility with a fuel for
which it was not designed , :

e emergencies,includingeither,plant'emergencies, such as explosion
or meltdown, and externalzemergencies, such as air pollution . . ..
“episodes. - ' - e a ,

~ For any facility- type, several portions of the facility may have to be
considered, including? ‘
e basic generation facility, including, for example the boiler
fiand turbogenerator
‘_o-fuel storage facilities
7 e waste disposal: facilities
. transmission lines. '

*’o-transportation facilities, for both supply -and disposal.

'Finally, the basic plant- types considered are.

.® ‘nuclear, utilizing both pressurized-water and boiling—water
- reactors , S ’
Cle geothermal using both vapor and liquid dominated resources

° fossil—fuel using coal, oil or. gas. , : ; : s i

‘ The three’ ‘stages of" review -are ‘elaborated slightly below. ’Although_f;
it will not be apparent here, wherever: possible an attempt was made to .
divide Sections into. methodological approach, generally applicable;
considerations, ‘and technology—specific considerations,f With regard to- ..
methodological approach in most cases it will be appropriate for. the ERCDC
staff ‘to perform the necessary analysis, sometimes in conjunction with other
agencies; but in- other cases -the staff may have to rely directly on expert
advice, perhaps even from the applicant, and. on experience with similar

facilities. -Reference 10 treats the matters discussed here -in much greater
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detaii, although — as will be clear from an examination of the methodologies
coﬁtained»therein-—-a full;develobment will only occur as ‘the ERCDC staff
proceeds thtougﬁ the various stages during an actual review.  Fina1iy,
the_strgcture‘givén'below would serve equally well for a more:general

envirbnmental impact review, although that is not its primary purpose.

4.2.1 Emissions and site characteristics

The first stage of review’effecti&ély‘performS'preliminary analysis
of the proposed sites and facilities, inclﬁding emissions from the
generic- facility and basic characteristics of the site. The air emissions
characteristics would be reviewed in a manner consistent with the new source

“review required in any case by the local Air Pollution Control Districts

for each of the alternative sites. An up-to-date tabulation of air quality
standards was prepared in the course of this work; however, the rapidity

with which the standards are changing, particularly at the local level,

makes it clear that all such standards would have to be checked for aécuracy
at the time of the health and safety review. This should present little
difficulty, considering the fact that the review. would have to be coordinated
with the local districts in any case. This is equally true of water

quality standards and noise standards, although they have been given less
explicit attention in this work because of the lesser impact which these emis-
sions from pbﬁef plants have on the public health, as compared with air emissions.

Characteristics of the site are also examined at this stage of the
revieﬁ. The intention is to assure compliance with any directly aﬁplicable
standards and, in addition, to collect information that may be needed at
later stages of the health and safety review. Aside from general site ' 3y
suitability requirements, such as mechanical stability (for which expert
opinion might be.required),_otherArequirements such as directly applicable -
populatioﬁ density criteria (for nuclear plants) could be applied. _M;

In general, this stage identifies the fundamental parameters of .
the proposed site~facility and compares them with applicable standardé and
guidelines, without any detailed analysis. As such, this stage would
amount to a preliminary assessment of the general character of the facility \.'/

and of its straightforward compliance with regulatory requirements:
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;hair emission-—-compares amounts of gases, particulates, and
‘ Lradioactive material to be emitted with ‘the applicable emissions
| standards. ) ' '
L] water emissions——-compares amounts of chemical, radioactive, and"
~therma1 effluents with the applicable effluent standards
L noise emissions-—-compares expected off—site noise levels with
applicable community standards ' “ '
o waste disposal——-determines stability of any on-site" disposal of
‘ ,solid wastes o o
.._P,_site geophysical characteristics -—determines the suitability of
the mechanical and hydrological characteristics of the proposed
tsite p , p B AR
® site developmental characterisitcs —-examines population distribution
around the site, “and availability of land, transportation, and

. other utilities.

4 2 2 Basic impact analysis

~ The information developed at stage 1 not only serves as the input
to any preliminary screening criteria, but also provides the information
needed for analysis of the actual impact ‘of the proposed plant on environ-
mental media and in addition, on the site itself. A model for the
analysis to be performed at this stage is ‘calculation of the alteration of -

ambient concentrations of pollutants with applicable standards' indeed -such -

. a calculation may be performed for any pollutant thought to have health

significance, since this would serve as the input data for the “health

impact assessment of stage 3 an analysis which doés not depend direbtly

'on the existing air quality standards.

The range of meteorological models which~might be employed in this

~ana1ysis is discussed in’ reference 6, The ‘choice depends both on' the site

type, i. e.,,the regional characteristics, and on the detail and depth of -

ranalysis desired, as well as the resources ‘and data” available. It is

clear that, ‘for the comparison with applicable air quality standards that
would take place at this stage, the ultimate choice must lie largely with
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other agencies (the local APCD ‘and, perhaps, the ARB) who have respons1b111ty
_ for the new source‘review. On the other hand if the ERCDC chooses to
perform an assessment function at stage 3,_the analysis would have to be
compatible with those requirements. -

Such detailed analysis is unlikely for ‘water emissions, if only
because the ERCDC review process is not likely to require a detailed
dispers1on analysis; a power plant is unllkely to have as.severe impacts
on water as on air. This may not, however, be true of fossil-fuel or geo-
thermal plants with on-site waste disposal, which may have a serious poten-—
tial for contaminating ground water. For considerations of this type, which
ordinarily do not pose’the major impact from such plants, the"ERCDC would not
be inclined to perform detailed independent analyses; reliance on other
entities, whether agenc1es with primary re3ponsibilities for water quality

or simply experts in the f1eld, is a likely result.

A final example of the impact analysis performed at this stage would
be comparisony for nuclear plants, of surrounding population distribu-
tions with any criteria which depend on an analysis that is site spec1fic,
such criteria may, for example, depend on local dispersion characteristics

In general, the basic distinction to be made between stages 1 and 2
is that the first is restricted, effectively, to an examination of the
specifications of the sites and facility, whereas the second uses this
information for detailed analysis of impacts on air, water, and land.

e air emissions-—-analyzes the impact of the plant on regional

air quality in view of applicable air quality standards.'

.® water emissions — analyzes the impact of water effluents on water

resources in view of applicable receiv1ng water standards.

‘e noise emissions-—-analysis essentially complete at stage 1,
although that analysis could equally well have been performed
here : '

e waste disposal — analysis essentially complete at stage 1, except
that impacts of waste transport (such as radioactiye)hnust be

treated



[

103

7\‘5 site geophysical characteristics-—-analyzes the interactive ‘effects,
J primarily mechanical between the site and facility (for example,
geothermal-induced seismicity) :
K site developmental characteristics-—-determines adequacy of measures

. for protecting populations from adverse effects."'

4.2.3 Assessment of human impacts

The impact analysis of stage 2 is basically directed to environmental

media with which humans have contact.: The analysis at stage 3 would take

the final step, employing demographic information on the alternative sites,

' to assess or at least indicate the absolute or relative human impacts. For

nuclear power plants such a comparison is trivial, once the dispersion

calculation of stage 2 has been carried out because doses may be calculated

- using conversion tables and health effects may be’ (nnsurvnlivcly estimated by a

linear dose—response function.v Howaver, since it is not the routine nuclear
effluents that are of the greatest concern, the analysis for nuclear

power plants would have to emphasize the potential for accidents. This
would presume the availability of models for site-specific accident analysis,
models that could be developed relatively easily based on the techniques
employed by the NRC in its Reactor Safety Study, but which do not how '

exist. Such’ analytical techniques could also provide a more realistic method

" than presently exists for determining the adequacy of proposed population

den51ty controls.’ _ A

: For fossil—fuel and geothermal facilities, the assessment of health
effects would have to depend on establishment of . exposure categories which
considering the ill-defined character of dose—response relationships for

conventional pollutants would have to serve in the stead of such relation—

ships. In such an approach the populations at risk could be calculated

again using the data developed in stage 2 to serve as an indicator for-

,comparison of alternative sites..""’ :

There is a substantial question whether the ERCDC would choose tor

perform overall assessment functions of this type, but it now appears

inclined to do so. The third stage would include any judgments which have -
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‘to be made, such as between alternative sites. or between costs and benefits,
1nc1uding specific benefits which may be associated with use of a particular
technology. These judgments would have to be based on standards and guide-
lines yet to be developed Moreover, the major considerations-——as noted
above — are extremely technology specific.

e nuclear plants — the primary assessment question is the potential
for harm from accidents to surrounding populations; requires
site-specific analysis 3 , | |

,Q.geothermal plants-—-different in detail but has similar assess-
ment difficulties as for fossil—fuel although the air emissions
may not have as severe an overall impact however, potential ‘

. geophysical interactions have to be considered more seriously
® fossil-fuel plants-— attempts to establish a framework, using
exposure categories, for assessing health impacts; potential for

accidents is a lesser, albeit important, consideration; .

4.3 Methodolggies for review of facility engineeringﬁ the AFC stage

The purpose of the AFC stage is to review in detail a proposed
facility to be constructed on a site that was previously accepted at the
NOI stage. A successful application results in certification by the ERCDC.
Whereas the NOI stage is a site-specific process, emphasizing what is called
"health" areas in this work, the AFC stage makes a final determination on
. these matters and, in addition, treats the facility design, largely for
areas that have been referred to as safety" in this work. Possible AFC
review methodologies are presented in reference 10 although not in as
much detail as for the NOI review. A brief outline of AFC methodologies
is given in table 4-2. o _

Because of the possible scope of the AFC review, even includingjthe?
entire plant design, the ERCDC must define carefully the subjects for review.
The first stage would presumably be a review of the NOI treatment to'
determine any changes. However, the remainder of the AFC rev1awcould be
devoted to the actual facility design. In the previous discussion (sections
3.2.2 and 3.2. 3), a tentative division of this area into three stages has . i

been suggested largely because such a division appears to rank the importance \~,£
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‘Table 4-2 AFC Review Methodologies

Stage 1 —-Review of NOI treatment. site-specific impacts

= " 1.1 Emissions and site characteristics
= ' 1.2 Basic 1impact analysis-
173 ,Assessment of public.impacts

Stage 2 —-Emission control equipment

‘2.1 Performance characteristics
"2.2 :Monitoring performance -
2. 3 Design and quality assurance
1Stage 3 —-Safety design v
361 Occupational,safety and health -
3.2 ‘Operational safety systems,
" Stage 4 ~fGenera1 facility design

4.1 Purposes of reviewing. the general facility design N
4.2 General approaches to an engineering design review
4.3 Safety—telated design areas

Stage 5 — Overall assessment of site and facility accentabiiity
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of these areas according to their potential impacts on the public. Stage 2,
on emlssion control equipment, would develop naturally out of the considera-
tions of stage 1 (and of the NOI); stage 3 would focus on occupational safety

and on those aspects of plant operation which could have 31gnificant
impacts on the public, stage 4 could examlne broader areas of plant design.
Effectively, then, stages 1 through 4 represent an orderly development,

and the ERCDC could draw the line where it wishes, simply by stopping at
some point in the sequence. Finally, stage 5 could make an overall
assessment of the health and safety inpacts of the site and facility.

The possible content of these five:stéges is developed somewhat further
here and in reference 10. However, the development is far from complete,
as will be made clear below and in section 4. 3 2. (on implementation of
engineering design review), because the ERCDC must make fundamental
choices on what design areas to review, on how the review should be carried

out, and ultimately on the size of staff which can be devoted to this review.

4.3.1 The AFC review process

Stage 1 - Review of the NOI treatment: site—specific impacts

The purpose of this stage is to determine whether the validity of
the NOI review may have been affected by any changes in the data or regula-
rions. ‘Basically, three possible areas of change need to be considered:
applicable standards or criteria, the characteristics of the site itself,
and the generic characteristics of the proposed facility. In principle,
any changes in applicable review methodologies may be regarded to be
included in the first of these areas.

Any substantial alterations in these areas could call into question

L}
the validity of the entire NOI review. Lesser, ‘but still significant,
changes could be handled at this stage of the AFC review process. With
regard to any of the areas mentioned, it is probable that new information b

has developed since the NOI stage; it will obviously be true in regard to
the facility itself. It is clear that some judgment will have to be used
to determine the significance of these changes and how they should be

handled in the review process.
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The details given in’ reference 10 follow carefully the structure
which had previously ‘been ‘given for the NOI stage. As a result, the
AFC ‘stage 1 is divided into three areas: )

e emissions and site characteristics

e basic impact analysis

'b’assessment_of'human'impacts.
The discussion of section 4.2 indicates the matters that will have to be
reviewed during this stage. ' e R Sals

- Stage 2 - ‘Emission control equipment -

. The NOI review, and also the AFC stage 1, were predicated on the
ability of the proposed facilities to meet applicable emission. standards.
In examining the actual design of the facility, perhaps the first area to
be considered then, is the emission control equipment, which 18 appro—
priate 51nce this equipment plays a large role in mitigating potential
impacts of power plant emissions on the public. This examination would
extend to equipment for controlling emissions into both air and water,
including even noise.‘ ' o ' ' ‘

_Review of this: equipment may ‘be divided into two possible 1evels.‘

. performance characteristics and monitoring i '

® design characeristics. ' ' .
of most immediate importance, from ‘the point of view of public impacts, is
the performance characteristics of the control equipment and the asso-
”ciated monitoring program for verifying performance. "The actual design,
- as distinguished from the overall performance, of the' equipment may “be
'reviewed within the frame work discussed in section 4 3 2 on implemen-'
ktation of engineering design review. ' o R
- : For conventional power plants, detailed attention is not ordinarily
' given to review of the performance and de31gn of the control equipment.
However, ‘a perception of the equipment- performance;is,implicit in any"
new sourcereview;-Therefore;*there is“little%difficultyhin“establishing
~performance review ‘as a7part'of5the;facility"design"reviéwﬁ “The details

"of the emission monitoring program would also be reviewed
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~ For nuclear power plants, these systems are presently subjected to
detailed review, both at the leuel of performance and monitoringrand at
the level of design (even to the materials usedyin construction). As f
a result, a fairly complete set of criteria exist for review of equipment
for control of routine emissions. (This is also true for control of
releases in accident situations, but this is more:properly a subject of
review in connection with safety systems at‘stage 3 -

Stage 3 — Safety design

Stage 3 would determine the compliance of the plant design with
applicable safety criteria. This includes two generic areas:

o‘occupational safety and health

e operational safety systems.

For occupatlonal safety and health the applicable criteria are

either the Occupational Safety and Health Administratlon (OSHA) specifi-
cations, for any type of plant, or the NRC regulations, 10 CFR 20 and
10 CFR 50, for nuclear power plants. In principle, the ERCDC may simply
require agreement from the plant operator to comply with the'regulations,
depending on inspection (even of other agencies).to verify compliance,

or may actually review the detailedpdesign for compliance; the latter
would entail a substantial staff commitment.

- The operational safety systems are of great importance in nuclear

power plants.v Accordingly, the Nuclear Regulatory Commission examines
v such‘systens on the basis of legislative criteria, regulatory guidelines,
andrindustry standards during its construction permit and operating |
license reuiew processes. The criteria just mentioned provide a substan—
tive basis for review of these systems by the ERCDC, should it choose ‘
to become imvolved; one ‘mode. of involvement could be a coordinated review

process with the NRC. A summary_of the NRC safety review is given in _ -

reference 10, pointing out areas of specific interest’to the ERCDC.
' For‘fossiITfuel_and geothermal plants,:system safety specifications’
are directed more toward protection of workers and the plant itself than
toward the general public. . For this reason, the'California,pSHA standards —
serve as a basic set of criteria for such,systens, perhaps useful to any ghﬁyf

ERCDC review. These standards include specifications for boiler and
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pressure Vcssel safety, fire and electrical safety, petroleum safety,

'and other areas. As above, the ERCDC may s1mp1y require agreement to

comply or may actually review the plant design in accordance with these
criteria. In addition, the ERCDC may identify other important - or perhaps
simply more specific — areas for review. Such review may be 1mp1emented as
discussed in section 4.3.2. ’

Stage 4 — General facility design

Review of the facility design may proceed one step further. Stage 1,
2, and 3 above treated the areas of direct relevance to health and safety,
i.e., emission control, occupational safety, and'operational safety systems.
Stage’4 could,'if desired, examine the suitability of the plant design
on the basis of more general criteria,kinc1uding
e the broad safety implications of systems which are not specifically
designed to the occupational and operational safety criteria of
: Stage 3 '
' ; the extent to which the general facility design promotes ‘relia-
bility and/or efficiency '
o cost considerations. -
Although not all of these criteria are concerns of a health and safety
review, certain plant systems-—-not specifically regarded to be ' safety

systems -—might be construed to have’ safety implications. Strictly speaking,

'any such systems could be treated at ‘stage 3. In any case, “for any

systems for which there are no applicable regulatory standards, the’ ERCDC

.‘would have to formulate a basis for review. ‘The several possibilities

‘ including 1) that a cursory review by performed to verify that the overall

design includes important features, 2) that a substantive review take

,place based on applicant-supplied standards and quality assurance programs,

or 3) that the ERCDC staff undertake a detailed design review based on

its own criteria, are discussed in section 4.3.2.

Stage 5 =~ Overall assessment of site and facility acceptability

Having completed the detailed reviews of stages 1 through 4, the.

" AFC review may be completed by assembling ‘the important results of those
reviews for a f1nal overall judgment of site suitability from the point of
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view of potential health and safety impacts. This requires attention to
the extent to which specific health and safety related criteria are met,
as well as assessment of the overall health and safety impacts from both
2rout1ne operation and plant accidents and attention to specific benefits
related to particular technologies. Since overall site and facility

: acceptability cannot be judged solely from the health and safety point'
of view, assembling and summarizing this information can.only serve as
-input to the overall judgmental process, in which alternatives nay be
;considered and costs must be weighed as compared with benefits.r The
manner in which compliance with health and safety criteria and overall
health .and safety impacts are to be considered in this process can only

be determined by -decision of the ERCDC.

4.3.2 Implementation of engineering design review

The effort needed to establish an engineering design review depends

on the design area of interest. Possible areas of interegt have been

discussed in the earlier portions of this report, including section 4.3.1.

However, two generic situations may be identified: those where regulatory
standards or criteria have been specified by other agencies andrthose
where previous specification has not taken place or where it is Judged
inadequate. 1In the latter‘cases, a basis for review must be established,
after which the review process may be similar for cases where applicable
standards have already been determined.

For areas where determination of standards has already been made,

either by the ERCDC or by other agencies, the ERCDC may use these standards
in several possible ways, which are listed in the order of their commit-
ment of ERCDC staff efforti N

1. The staff may simply determine that the applicant has agreed
to comply with the required standards on the basis of a simple checklist.
The ERCDC may also, sometimes in conjunction nith other agencies, institute.
a program of inspection and monitoring to verify that the facility, as
actually built and operated, complies with these standards;‘ As an example,
for applicable OSHA standards, the applicant’ would normally specify com-
pliance, in any case, and the ERCDC may participate or initiate correspon-

ding inspection of facilities for compliance.
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‘2. ‘For certain areas, in addition. to agreeing to comply with
applicable'standards, the applicant may be required to submit a corres-
ponding quality assurance program, ‘specifying a management structure and
inspection procedure. In this case, the ERCDC would presumably monitor
the results of the QA program. It should be noted that to some extent
the applicant will have, for its own purposes, instituted inspection
programs inximportant areas. Whether formal QA programs'Should be
implemented forrtheSe or'other areas must be'determined from a comparison
of the additional costs and the increased benefits.'

3. On the basis of the standards for specific areas, the ERCDC
staff may actually reviéw these areas of design. ‘This would require a
corresponding and large staff commitment ‘and, again, the costs and
benefits have to be compared. This approach would, of course, include

the first approach noted7above,'but it may or may not include a quality

'assurance program (i.e., the second approach just cited).

For areas where standards have not been specified, but for which

the ERCDC considers them necessary, the ERCDC may either encourage other

agencies to formulate such standards, which may then be used in the

" context discussed above,'or it may undertake one of the following

approaches. ‘

1. For certain areas, the review may only be cursory. It is to be
expected that the ERCDC would, in any case, broadly examine the features _
of the proposed facility, if only to familiarize itself with the overall

(design. However, such oversight may also be applied to verify that the

design includes features which have been determined to be necessary for

protection'of the public or for occupational health and safety. Such -

‘over51ght would also serve to prevent obvious, but unaccountably "

unnoticed flaws in the design.' Depending on the particular area, the

ERCDC may 1imit its review to such oversight " (perhaps including attention

‘of the applicant s inspection program), or this may only be a prelude to
”the determination of standards considered in the following approaches.

ﬁ2. For areas where the ERCDC considers greater regulatory involve-

ment'appropriate, the applicant may be required to submit the standards
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-which were used in preparation of the submitted design. . Depending on
the area, the ERCDC may then adopt one of the three approaches discussed

above for areas where standards have been ‘specified; i.e., a simple
monltoring or 1nspection program may be_establlshed, a formal quality
assurance'program may be required and monitored, or the ERCDC may under-
take‘a design review based on these Standards.r ‘ ‘

3. Aiternatively,,the ERCDC may institute programs in certain
areas to actuaily develop the necessary standards; How this,could.be,
done was discussed, for a number of areas, in section 3.2.3t As was'
noted there, standards for the design (rather_than oniy'the performance)
of equipment are appropriately\developed by specialiaed professional
societies, The ERCDC would minimize its effort, in areas where standards
needed development, by encouraging such societal development. Should
the-ERCDC independently attempt to develop design standards internally
or through contractors, a much larger effort would be involved and-their
acceptability to the engineering community would not be automatic.

. An associated question which was considered in section 3.2.3 was
whether formulating recommended guidelines rather than requlred standards
would minimize the effort required. However, engineering standards are in
any case developedvon the presumption that they are voluntary, and the
effort required for their formulation is still very substantial.

Once standards are developed, they may be employed in any of the
three review procedures considered earlier in this section. The choice
of review procedure and of a method for determining standards will depend
on the particular area being considered. The approach chosen. may elearly
vary from one area to another. In each case, the decision will be based
on the needs of the particular area and on consideration of the comparative
costs and benefits of alternative approaches. ,

It is beyond the scope of this work to determine the adequacy of
existing standards. In section 2, we have considered whether engineering
standards exist for a number of important areas. In section 3.2.2, we have
given general criteria for determining the important areas, based on the

extent to which design deficiencies may affect the health and safety of
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the puhlic or workers. 'Theeerconsiderations led to theistructure of the
hFCimethodologiea outlined'in section 4.2.2. In section 3.2. 3, various
approaches which the ERCDC might take to developing ‘standards in these
areas were discussed ‘A final determination in these matters must ‘depend
on their consideration by the ERCDC in conjunction with a broader community,
including both the public and the utilities. Ultimately, the choices will
have to balance the cost of implementation to the utilities and to the
ERCbC"the"increased protection afforded mémbers of the society, and the
benefits: accruing to the public from the individual technologies.

It is useful to point out, too, that this final determination need

‘not occur atvonce. The alternatives listed above for selection of stan-

dards or for review procedures represent, in each case, a logical progres-

;eion which may occur in various areas as the review process is more fully

fdeweloned; " At any given moment, the best available course should be

taken, with due consideration to the needs of the nuhlic. The fact that

‘a completelteuiew methodology is not available (and never will be) should

not;’of'itSelf;’bring a halt to the review and construction of power

plants.

4 4 What needs to be done

“In the course of this work and to some extent in section 4 and in

eatlier portions of this report, ‘a ‘number of areas where further work is

neéded have been identified. ERCDC efforts in some of these areas would

be appropriate and fruitful.'”On?the?Whole,'though,‘ahvetyvsubstantialff

basis exists for*the7pre5ent health and safety related review functions

of the ERCDC; However, it is'uSeful to ‘summarize ‘areas for further -

Twork emphasizing ‘those which require most immediate ‘attention.

" We have identified two broad areas in which the review methodologies

fdescribed above are incomplete. “One has t0'do with possible assessment

“fonctions which ‘the ERCDC might choose ‘to perform with respect to health -

impacts. The second concerns the extent of review of facility design.

In addition, a number of'specific matters associated with individual-

‘technologies have large uncertainties.
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Health impacts assessment would extend beyond the speéificatiqn of

~ standards for environmental media to the ultimate impacts which emissions
have on humans. The uncertainties attendant upon such assessment pertain
both to the manner in which the ERCDC would coordinate its efforts with

‘other agencies and to possibie standards or guidelines which could be

used for impact assessment. ForrfOSSil-fuel'and geothermal plants, the
basic requirement is a method for assessing health impacts, or at least
their relative size, with appropriate indicators. This resolves itself
into the need to establish exposure categories for which the populations
at risk could be estimated for propoéedsitesand facilities. For nuclear
plants, such assessmentrtools are generally.avaiiable. What is needed
instead, in view of the fact that the potential impact on the public

arises largely from the possibility of accidents, is a method for reviewing

the adequacy of local emergency planning and density controls. This would

require adoption of basic planning and control techniques, possibly '

supported by analytical tools for site-specific accident analysis.
Facility design review‘cannot proceed without an’identification

of areas to be reviewed, a determination of the depth of review, and a
selection (or development) of standards for review. These»choices will
have a major impact on the effort required for completioh of the design
review methodology and for performance of the review function. From the
point of view of public and occupational health and safety impacts, the
desigﬁ.areas of ﬁrimary importance are the systems for emission control
and for occupational and operational safety. 7 v
Somewhat more clearly defined areas than the above, but ones which
require substantial attention iﬁ support of the sité—specific review, are
the required capabilities for dispersion analysis and for an&lysis of the
geophysical site characteristics. It is importaﬁt that staff members of
sufficient expertise in these areas devote their efforts both to eluci-
dation of the review methodology and to performance of the review itself.

Otherwise, the ERCDC will have to depend on outside entities for these .

functions. Dispersion analysis is highly important forrbbth routine
conventional releases and for accidental nuclear releases, and needs to

be developed to fulfill the specific needs of the ERCDC. Geophysical
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site characteristics are important to the general ‘design of any structure,

~but:have particular_importance for geothermal ‘power plants, where the’

potential‘for seismic and subsidence: effects is 111 defined, and for

.nucleer'plants, where the seismic potential for proposed sites needs to:

“be carefully determined because of the:potential impacts on reactor safety.

‘Furthermore, this work has devoted little attention to certain

> rather broad auxiliary aspects of power plants, including transmission

lines and transportation. - Both of these areas can beve important impacts,

although they differ considerably in nature. Transmission lines represent

substantialrlandvuse problems: as their primary impact. ~Aside from a

Veguely determined possibility of health effects, ‘their major health and

- safety ilmpact may arise from associated accidents, such as line breakage;

however, this depends directly on routing, which is directly controlled
by land use commitments. :

. Transportation of fuel and wastes (including spent nuclear fuel) can

have impacts from both routine operations and accidents. ‘The former can

be handled within the context of the review methodologies discussed in

'this report but the potential impacts of accidents may be larger, and

must be determined on the basis of further analysis. ' Accordingly," trans-

portation impacts may be regarded as an area for further study, in addition

to others emphasized in this work. - As to'actual wastexdisposal;'potential

impacts of sludge from sulfur control (and also ash, if a coal-fired plant)

from fossil-fuel plants need to be considéred and controlled carefully;

wastes from geothermal’plants'needgSimilarly”careful'diSposal and nuclear
wastes are beyond the scope of - our consideration (if only because it would
never occur ‘at ‘the site). : : o gl T
Additional important considerations, especially the adequacy of *
air quality standards for- conventional pollutants ‘and the ‘continuing work

on specifically reactor safety, are -the responsibility of other agencies.

v However, they are listed in the following summary because the ERCDC may

" 7 “'still exercise some influence in these matters. -

We summarize briefly a number of important areas where possible
impacts are largely uncertain or where analytical capabilities require

substantial work. This list should not be construed to be a ranking of
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potential impacts or a recommendation that the ERCDC weigh various

impacts ‘in any particular manner. Rather it specifies,areas where -

improvements in information or analytical capabilities would be appropriate.
- The folloﬁing areas recommend themselves to ERCDC attention for all

of the technologies considered here, nuclear, geothermal, and fossil-fuel:

- @ the implementation of substantial in-house or external capabilities
.. for dispersion analysis suited to ERCDC needs
@ the implementation of substantial in-house or external capabilities
 for analysis of site characteristics related 'to seismicity or -
subsidence
e further analysis for the potential impacts of transportation of
fuels and wastes. | '

For nuclear plants, the following specific areas should be considered:

® the details of implementing local emergency planning and popula-
- tion density controls V
¢ the implementation of capabilities'for performing site-specific
accident analysis, both in connection with the above planning
and for more general purposes‘of impact analysis.
In addition, the ERCDC should give i;s continuing attention to the general
questions of reactor safety, as exemplified by the ACRS generic items
relating to light-water reactors, and to the methods for assessing risks
from nuclear accidents. The same 1s true of radiological health
standards, where, however, suBstaﬁtial changes in the standards are not
genérally foreseen. However, it is not to be expected that the.ERCDC can
make'substantial independent advances in these areas, except for the

application of existing analytical techniques to sitefsﬁecific analysis.

'v
The following specific areas should be considered for fossil-fuel
and geothermal plants:
¢ the possibility of developing exposure categories as a surrogate -

for actual health effects calculations in the assessment of
health impacts from piant emissions ' _

¢ the development of performance standards, and assoclated monitoring
pfovisions,»for emission control equipment

e the satisfactory disposal of solid wastes. - U » W
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In addition, the ERCDC should give its ‘attention to the development of more
snecificxand complete air quality,standardsg of ‘particular importance is
nore(detailed.specification of narticulate standards. ' -

‘Although we are able to list these areas for ERCDC attention, there
are considerable uncertainties as to how or to what extent that ERCDC should
proceed in these areas. The most basic questions are those suggested
above; i.e., to what extent the ERCDC will become involved in overall
assessment of health impaets and in the review of detailed facility
design. The ultimate form of any health and safety review methodology
will depend- on decisions in these areas.

This form will also depend on its relationship to other areas of
review than health and safety, Of particular importance is the relation~-
ship of the health and safety review to the general environmental review
and to the review of the proposed plant for efficiency and availability.
These areas have not been included in our work. However, the NOI struc-
ture may be extended naturally to include more general assessment of
environmental impacts; and the AFC structure may be extended to con31der

design matters related to efficieney and availability. A decision on

_ these questions is needed.

The health and safety review is related to other areas in a more
general way that is also more difficult to analyze. This review may

explicitly consider the costs and benefits'associated with specific

‘measures to’protect_the_public and worker health and‘safety. However, a

final decision on any proposal must treat the health and safety implica-

tions as only omne, albeit important, consideration in the cost-benefit

balance.‘ As a result, any health and safety assessment must be considered

in this more general context.

- Finally, it is important to emphasize that the ultimate details of
health and safety review methodologies will be developed over a substantial
period of time. Thus, even if the ERCDC chooses to act in certain of the
areas listed above, it is not to be expected that these areas could be

fully treated in reviews performed in the near future. Not only will many
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- details be worked out during the course of actual review performance, but
most of the above areas would require specific and important decisions

oﬁ the part of the ERCDC and would require a good .deal of work for their
implementation. On the other hand, a substantial and largely satisfactory
basis exists, for near-term reviews, in the form of -existing standards
andvfegulations and existing analytical methods. Although they may be
further developed, these standards and techniques can serve as an

interim basis for current revieﬁ of the health and safety impacts of

proposed sites and facilities.

)
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