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ABSTRACT

The vork report hare is an snalveis of health and
safety risks of seven alternative electrical gemeration
systems, all of which have potential for commercial avail-
ability in the post-2000 timeframe. The systems are com-
pared on the basis of expected public and occupatiopal
deaths and lost workdays per year sssociated with 1000
Mue average unit generstin~ Risks and their uncertaio-
ties are estimated for ull phases of the energy produczion
cycle, including fuel and rav material extraction ana
processing, direct sud indirect component manufacture,
or~site construction, and system operation and maintepance.
Also discussed . the potential significance of related
major health an. _afety issues that remain largely un-
Quantifiable. Pt

“” DFTRODUCTION

This teport summarizes the results of an assessment
comparing the “hgalth and safety risks o en electricity
generation technolugies.
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The seven
ected to be
~“cially viable vlthu\hc t.-plnennuon timeframe
_of “the $P5-(2000=2030) ./ The TECNoolopI®s Include: the
SPS; & low-Btu coal ;ntﬂuum system vith an opeo-cycle
ges turbine combined with a stesm topping cycle (CG/CC);

a light vater fission reactor systes without fusl repro-
cepsing (LWR); a liquid metal fast breeder fission reactor
systes (LMPBE); a central ssation terrestrial photovoltaic
systes (CTPV); wnd a first geperation fuaion system with
magnetic confi t. TPor cowmparison with the baseload
technologies, risk from s decestralized "xoof-top" photo-
voltaic system with ¢ kWi peak capacity and battery

. atorage (DTFV) ves aleo ecalusted.
\

_/
Tvo levels analysis are included in this assess-
ment: the unit heblth and vafery risks associsted with
100C MWe sverage gendration Ipr sach techmology and
sscondly, the cusulativa risks agsociated with alternate
scenarios of electricity ly technolsgy mix for the
years between 2000 and 2030.

METRODOLOCY

dsseseing the heslth end safecy risks of each tach-
sology Tequired three major tsaks: detailed character-
isation of sach phase of the system a8 a basis for
idestifying the major health snd satety issues associated
with each of those phases; analysis of the magnitide of
tisk associsted with ssch identified iseue; and accumule-
tion of risks by cechnology, by category of risk, and by
gsoeration scenario. Figure 1 1llustratas this process
and identifies the tachnology eystes activitiee snd msjor
scurcas of risk comsidered.

As part of the larger SPS Concept Development and
Pvaluatior Program, detailed descriptions of alternative
year 2000 baseload generstion systems were compiled on 8
consistent basis for comparison [1,2). For the cosl systex
with low Btu gasification, the desigr was based or ar SC':

emission factor of 0.2 1b 5021106 Btu gas, or 0.326 1t
sozlm" Btu coal. Load factors of 70X were assumed for the

coal, fission, fusion, and SPS systems. Load factors for
the centralized and decentralized terrestrial photovoltaic
systems vere 261 and 12.51, respectively. Silicon photo-

woltaic cells at an array cost of SZSIm2 were assigned to
sach of the solar aystems. The decentralized solar syster
dncluded 20 kwhrs of storage capacity using advancec lead-
scid batteries with s 10-yea: lifetime. The health and
safety risks of system storage or utility eystem back-up
were not included for sny of the other systems. Further
details on system characterizations can be obtained froo
reference [1,2].

Trom these charscterizations, and other related in-
formatior, all known and potential major health and safe:v
issues that could be unambiguously defined and discussec
were identified. Each segment of the emergy cycle vac
considered including component fabrication, plant comstruc-
ticn, fuel extraction and processing, Operation and main-
tenance, and waste disposal.

Compared to tho more conventional coal and fiss:on
technologies, the advanced solar sand fusion technologies
present s tradeoff of reduced fuel requiresents but higher
dnitial capital anéd construction requirements. Further-
more, the industries producing the energy systex components
in turn require certain commodity inputs (e.g.. copper
mining to produce electrical squipment), snd the risks
associated with the production of these indirect require-
oants must be coosidersd &n the overall risk anslysis as
shown in Pigure 2. Input-output tahles basuzd on the 1972
U.S. sconomy etructure {3] were used to obtain these in-
direct ocutput requirements for the various categories cf
industries. The associated occupational fatalities anc
work days lost from non-fatal accidents and diseases wvere
then determined from historical deta for sech of the
direct and indirect producing industry categories [&].

Por risks releted tc remaining phases of the energy
cycle, an analyeia of the potential severity of the health
and safety impact wss completed besed primarily on adapt-
stion of svailsble litersture. (See reference [5] for
fuil literature citation.) Whenever possible a quantita-
tive astimats of fatalities and parson days lost was made.
While these messuras do not define the total adverse
impsct of & boalcl and eafaty issuss, they do provide a
masna for comparison between {echnologies and categories
of snargy cycle activitiss.

A range 1n estimstion of impact 1s included in each
quancificacion reflecting the uncertainty associsted vith
the magnitude of impect. Nowsver, for some identified
potantial health und safety issuas it was por possible to
provide sny quantificstion. Lack of informatiop such As
dose-respouse relationships at low-dose levels, Bitic;



patterns, populations axposed, uncartainties regarding
probably of svent occurrance, and characterizstions of ed-
wanced technologies limited sstimation of rish magnicudes
for some issuss to qualitative discussion of potential
severity or possible mschanisws for occurrance of the event.

Risk of slectricity gensration differa between tach-
Bologies vor only in the magnitude but also in the msmner
in vhich the impact is incurred. These distinctiona
affect socieral perceptions of the scceptability of aach
risk and need to bs pressrved in the amalyeis. Cats-
strophic svents constitute a ‘prime example of the need for
categorization. Becauar of the engineersd low risk of )
occurrence for these events, the aumber of sxpected daaths
par year, averaged over the lifetime of the plant, may be
lower than that from continuous low-impact risks, but the
public perception of the significance of these potemtial
svents may critically sffect the wviability of a technology.
For this reason, plus the inherant difficulty in predice-
ing occurrence rete and impect level, catastropiiic eventa
were not included in the quantified sum of technology
risks in this study, but were included in egparste semi-
quantitative discussions.

RESULTS

Construction Phase Occupational Rieks. For each of
the energy sysiems considered. it was determined that for
each unit value of industrial output required to directly
Supply system components, an edditional indirect output
ir other industries in the range of 0.5-0.9 units is re-
quired. This significant indirect industrial output re-
quirement gimilarly results in a significant sddition to
aversge unit component production impacts, as illuatrated
in Fagure 3. The combiped direct and indirect impact per
unit component requirement ip Pigure 3 is within the
same range for esch technology, and as & result the total
cowponent requirement per 1000 Wue generation is the over-
riding factor in determining component production risk.
The total component production risks, combined with on-
site construction risk are shown in Pigure 4, and illus-
trate the higher construction phase risks of the solar
technologies due to the more cepital intensive nature of
these techoclogies. This is most cleatly demonstreted by
the decentralized solar technologies which require o
large number of samall dispersed facilities to generate »
total of 1000 MWe on an sversge annual basis. Although
not showr, similar resulta ere obtained for the number of
work days lost. For this parsmeter, wore disaggragate

data is available for risk levels for individual ipdustry
categories.

Operation and Maintenance Phese Occupational Risks.
The total quantified fatality risk, sveraged over an
assumed 30-year lifetime, is sbown for each technology in
Figure 5. The operstion and maintenance (0O4M) quantified
riecks are largest for the ceal technology, primarily due
tc accident and illness riaks of cosl mining. A msjor
uncertainty in mine risk estimates derives from uncertain-
ty in the long-term effect of recent regulations for re—
ducing the levela of dust in coal mines. Addiricnal
occupaticnal OAM risks sre related to rail transport of
coal, sccidents in the coal processing and slectrical
generating plants, and axposure to potentisl carcinogenic
eniesions from the coal gasification process. Ths esti-
mste for the letter risks from potential fp-plant gasi-
fication vaiseions (0.0-0.2 ferslities/1000 Wis/yr) is
based on the estimated number of worksra in the plant and
bistorical deta from pilot plants with limited comtrol
wsasures [6]. Por the fiseion systems approximately
70-80% of the risks are relsted to conventional occups-
ticoal hazards and the remaining 20~302 dus to low-level
radiation exposure, the impacts of which ara very wmcer-
taio. The O&M occupstional risk. of the advanced fusion,
§PS, and centralized terraatrial sclar systams have po
historical bssis and are projectsd fros convantional rish
levals for exisring eimilsr occupstions snd estimstes of
ousber of O6M employess Tequired [3,2]. The significant
AZM occuparional risks estimated for the decentralized

wolar system (Pigure 5 is based on 3-% hours snnual main-
tenance for each of the numerous small uwmits, plus atorsge
battery replacemant avary 10 yaars.

Operation and Maintensnce Phass Public Risks. The
largast 06N pbase pudblic risks quantified for:.this study
sre those raleted to thr coal techbology, and these are
almost sntirely dus to coal transport sccidents (0.B-1.9
fatality/1000 Mile/yr) and air pollutades (4.6~75 fatalities/
1000 Mie/yr).. The estimates for air pollutant impacts
includes long-range transport and the uncertainty range is
based oo & 60X confidence level for heslth effects inci-
dence rates (adapted from vef. [?7]). It should be noted
ghat & similer procedure using 901 confidence lavels gives
a range includ’ng zerc impacta. TFor the fission and fusion
systems Goly low levels of public impects (less than 0.1
fatality/1000 . Mia/yr) can be sttributed to normal O&M, and
these are primarily due to low-level radistion, which has
s high uncertainty levzl. The quantified soler O&M public
impects ere negligible.

Doquantified Health and Safety Issue. In contrast to
the apparent public villingness to accept limited knowm
riska of energy systess, recent experience with light water
fission systems indicetes ther perceived major risks that
are less quantifiable or predictable may restrict or com~
plately helt energy system deployment if sdequate assur-
ances of very low impsct probability cacnot be giveo. For
this resson potentially major, but unquantified, risks
should be given prominence comparable to the quaotified
risks discussed sbove. Table ) is a iisting of potentially
wmsjor unquantified issues identified for the aeven tech-
nologias considered. Catastrophic events (i.e., events of
lov pccurrence probability, bur high impact per event) are
dncluded 1o the unguantified caregory becsuse of the in-
herent difficulry ip predicting occurrence rate and impac:
level. Purthermore, averaging expected catastrophic iw-
pacts over plant lifetime does pot indicate the full
aigoificance of these potential events.

In genersl, the more defined technologies (e.g.,
€G/CC, LUR) have a grester number of quantifiable risks
and fever uoquantifiable risks. The opposite 1s true fcr
the less-defined technologies (e.g.. fusion, SPS). Tatie
1 does not attempt to rank the unquantified ilmsues, al-
though, for example, potential radistion relsase from
fisaion is axpected to be greater than that from fusion.

Cusulative Risks Frow National Enmergy Scenmarios. A
further perspective on the significance of relative tech-
nology risks is provided by Pigure &, which indicates the
range of anpusl occupationsl risks for 2000-2020 scenarios
of anergy production vith and without the SPS systez. A
nearly constant totsl electrical energy capacity is
assumed in this period for the scensrios (Table 2).
Because of high comstruction and manufecture and low
operstion and msintenance impacts., the SPS scenaric has
higher iniclal, but lower final occupstional health and
safety risks, as compared to the acenario without SPS.

The quantified puhlic risks, in perticuler thosc froz coa.,
would favor the SPS scenario with reduced comventional
generation. However, the unquentified rieks to the publac
in Table 1 restrict the delineation of definitive con-
clusions releted to total scanario risks. A wmore detailed
scensric analyeis would also require an eveluation of the
role of peaking and utility back-up reguirements for the
solar techuologies.

CORCLUSIOMS

Of the various systems cousidered the coal techoology
has the largest oversll quantified riak primarily due to
coal extraction, procassing snd transport, and air emis-
sions, sithough lsrge uncertsinties remsin in the actual
sffect of the air emission. Ou the other hand, additional
issues thet are potentially major but ramain largely un-
quantifiable were not identificd for the coal systes. The
dacantralized photovolraic syerem has large associsted
risks due to the large lador and material reguirements of
omall, dispersed unita. Quantified rigks from the




zemaining technologies (fission, fusion, SPS, and central- f2] Uuited Enginesrs snd Constructors, Satellite Power
is¢d terrestrial photovoltaic) are comparable within the Systen and Alrternstive Tachnology Charscterization,
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Table 1. Potentially Major Unquantified !ssues ldentified

Solsr Technologies (CTPY, DTPV, SPS) fuclear Technologies (LWR, LMFBR, Fusion)
1. Exposure to Cell Production Emissions 1. Systsm Failure with Major Public Radiation
2. Hazardous Waste From Disposal or Recycie of Exposure

a1l Haterials 2. Fuel Cycle Occupational Exposure to Chemically
3. Chronic Low-level Microwave Exposure to Toxic Materisis

Large Populations (SPS only) 3. Diversion of Fuel or By-product for Military or
4. Space Vehicle Crash into Urban Area (SPS only) Subversive Uses (LWR, LWFBR °{"’ )
§. Exposure to HLLY Emissions (SPS only) 4. Liquid Metal Fire (LMFBR, Fusion only)

Coal Technologies (CG/CC)
(None ldentified)

Table 2. Energy Scenario Baseload Capacities (Gie)

Yeor LWR €6/CC LMFBR SPS Fusion Totsl
2000 263 238 k! 0 0 §35
2020 (SPS) 188 n 78 200 n 545

2020 (4/0 SPS) 213 159 140 0 » 549
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Fig. 1. Components For Comprehensive Health
and Safety Impact Analysis.
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Pig. 4. Total Comstruction Phase Occupationsal Fatalities
For System With 1000 MUz Aversge Ganerstion.
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