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FOREWORD

This compilation of occupational safety data for the uranium fuel
cycle was iniriated in the spriqg of 1979 under the auspices of the Tech-
nology Assessment Division of the Department of Energy's (DOE) Office of
Environmental Assessment. The project was essentially comuleted in the
fall of 1980, but the report was not published at that time pending the
completion of peer review. During this time, N. M. Serrajlan served as
the DOE Project Manager. Envirommental assessment projects previously
assigned to the Office of Envirommental Assessment are now assigned to
Office of the Assistant Secretary for Snvirommental Protection, Safety
and Exmergency Preparedness.

In compiling the data reported herein, we used the best and most com—
plete data available. 'lowever, persnns who are famiiiar with this subject
matter will realize that gbtaining data from many sources presents numer-
ous problems, Including (1) significant ditferences in the formats used
in presenting the daca, (2) significant differences in the reporting cri-
teria. and (3) inconsistencies between manpower and productivity data and
fnjury data. A

In addition, we were confronted with both the lack of data in certain
critical arezs and the requirement to normalize all available data., Miss-
ing data were approximated by using information fiom similar industries
whose safery recnrds were ofien not as good as those of the technology un-
der consideration. This led to calculation of conservative occupational
casualty coefficients, The complex question of data normalization is ad-
drcssed at several points in the report and will not be discussed in this
brief forewora.

This compilation is, of course, limited by the data that went into
ft. While no attempts were made to acsign an overall accuracy to the
data and coefficients reported herein, we conscientiously identified the
sources of alli data, with i{ts limitations and its accuracy where reported.
A case of particular concern {8 {llustrated by & comparison of the data
from the Mine Safety and Health Administration (}I{SHA) and the Bureau of
Labor Statiatics (BLS)., The MSHA datr fnclude both {njuries and 111-

nesses, whereas injury and {llness data are ?eported geparately by the
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BLS. Therefore, in order to make the MSHA and BLS information comparable,
the injury and illness data from the latver were combined. This is but
one example of many data~handling probleas which were addressed and are
noted herein.

Despite the inherent limitations of the available data, we believe
that t%e thorough documentation of data sources and the self-consistent
presentation of technology-specific data and casualty coefficients make
this report a valuabl'e source of data and information for persons wishing

to assess technology-specific occupational risks.




SUMMARY

Evaluations of energy technologies and their incorporation into a ra-
tional energy policy are currently of great national interest and are be-
ing pursued actively by many organizations. One of the many factors con-
sidered in such policy evaluations 1s -isi to the health of persons em—
ployed in the energy-related technclogies. This report is intended to
provide risk assessors and policy makers with self-consistent, comparable
occupational casualty information cn the technologies tnat make up the
uraniva fuel cy:le. It contains several chapters, each covering a spe-
cific technol gy for preparing, processing, and/or using wanium. Tech-
nologies (and processes) included are uranium extraction (underground and
open-pit mining), uranium willing, uranium conversion, uranium enrichment
(gaseous diffusion and gas cenrrifugation), reactor fuel fabrication, gen-—
eration of electricity (several reactor types*), transmission of electric
power, and transportation of uranium and reactor fuel between the various
technologies.

Each chzpter briefly describes a technology anrd its constituent pro-
cesses, Whenever possible, process-specific occupational casualty, wman-
power, and production data are given and are used to calculate secs of
normalized occupational casualty incldence rates for each pracess or
technology. In some cases, the requisite specific data were wnnavailable,
thus necessitating use of more general data. Z=ach section and chapter de-
scribes and documents sources of the data contained therein, Also docu-
mented fully are the procedures used to calculate the incidence rates from
the data.

Tables S.1 through S.3 summarize some of the process—specific occupa-
tional casualty incidence rates that are given in this volume. Anyone de-
siring to use these rates is cautioned to read Appendix A, the example at
the end of Chap. 1, and the sections of this report in which the rates are
derived. Although we attempted tcv make the rates comparable with each

*Types of reactors Iincluded in the study: light-water reactor (LWR),
high-temperature gas-cooled reactor (HTGR), liquid-metal fast hreeder re-
actor (IMFBR), light-water breeder reactor (LWBR), and heavy-water reac~
tor (HWR).

A e e



Table 3.1. Summary of fatality racus for aperation and maintenance of technologies
assoc ated with production of electricicy from uranium

~ rer 100 man-years Per 10'2 Rty output
Technology .
Mean value Standard Hean value Standard
Hlean v deviation ' deviation
- ining — underground l).llk 0,045 0,00119 » 0.00082
— open pit N,06" a 0.0003% -]
Milling 0.013 0.025 0.00004 2 0.000084
Conversion 0.014? 2 0.00000612s4 e
Enrichment — gaseous diffusion 0,023, 0. 0046 0.000027‘; p 0,000054
— gas centrifugarion 0,0023 a 0.000059" ¢
Fuel fahrication 0.0034" o 9.00001 724 o
o tlectric power }.oductian — WWR 0.0lb e 0.0000b‘g c
— HTGR 0,010 a 0. 00067 P
-~ 1MFRR 0.013 ¢ U, 0006, ’:i i
—~ 1WHR 0.01> o 0,00065> a
- MR 0.0’ e 0.00062:7 3
Electric power transmlission 0,028 0.050 0,00058% 0.0012
Transportation:
‘111 to conversion — truck 0,06 a o.ooooooza"ag o
Conversion to enrichment — truck 0,06} @ 0. 0000001 2% ‘be g
S —ril 0.023 o 0.000000067%2:¢ &
Enrichment to fuel fabricarfen — fruck 0,061 o o.ooooooo9s“*b e
B Fuel fabrication to power plant ~ truck 0,061 e 0.000000078%: a

““Based on total enevgy content of actuai output,
brlutlmated value.
®Insuffictert daia to calzulate this vaiue.

'inased on total energy content of rated output (i.,e., full utilization of installed
capacity).
®Average of fatality rates for the various types of shipments given in Table 9.1,



Table S.2. Summary of serious-case incidence rates for operation and maintcnance
of technologies associated with production of electricity from uranium

Per 100 man-years Par 10!2 Beu output
Technology
. Standard Standard
Meau value deviation Hean value deviation
Mining — underground 5.8 0.67 0.087 0.015
— open pit 2.0 0.86 0.009%% 0.0062
Milling ' 1.8 0.55 0.0 . 2 © 0,0022
Conversion 2.4 ¢ 0.0010%:4 P)
Enrichment — gaseous diffusion 0.13, 0.083 o.oon’; P 0.000057
- gas centrifugation 0.13 a 0.0034°- o
Fuel fabrication 0.55 o 0.00285.d o
Electric pover productiun — LWR 0.78 0.54 0.0492 p o
— HTGR o.7ag e 0.043+% a n
- WIFBR 0.78 c 0.043 'z‘ 4 49
— LWBR 0.78: o 0.049% o
— WWR 0,78 o 0,045 o
Electric power transmission 0.66 0.17 0.0172 0.0049
Transportation:
{1l to conversion — truck 8.2 a 0.000032“’2 a
Conversion to enrichment — truck 8,2 o 0.000016a'b" e
~ rail 4.7 o o.oooow“'b" o
Enrichment to fuel fabrication — truck 8.2 (o] 0.000013a'b e
Fuel fabrication to power plant — truck 8.2 e 0.000010% o

2pgsed on total energy content of actual oucput.

bl-:utlnted value,
®lnsufficient data to cuiculate this value,

dhaed on total energy content of rated output (i.e., full utilization of installed
capacity).

’Avoragc of serious-case incidence rates for the various types of shipmente given in
Table 9.1.




Table S.3. Summary of lost-workday rates for operation and maintenance ol
technologles asaociated with production of electricitv from uranium

Pear 100 man-years Per 1012 Beu output
Technology .
. Standard Standard
Mean valw. deviation Hean value deviation
Mining — underground 350 140 3.48 1.3
- open pit 140 87 0.6 0.47
Milling 48 15 0.6% 0.060
Conversion 210 ] 0.0092b,d e
Enrichment — gaseous diffusion 25 6.9 0.29% 0,044
— gas centrifugation zsb o 0.64b-d ¢
Fuel fabrication 130 o 0.065%7 e
Electric power production = LWR 33 27 2.14 ¢
— HTGR 33b o x.agog e
— UIFBR 33 ¢ 1.82 o
— WBR 33} o 2. ;b.g o
— HWR 33 o 1.9% o
Electric power transmission 99 20 2,52 0.48
Transportation:
Mill to conversion — truck 160 o 0.00062“02 e
Conversion to enrichment — truck 160 ] 0.00032%: 2> & )
- ratl 83 o 0.00025% b, p
Encichment to fuel fabrication — truck 160 a 0.00026%» o
Fuel fabrication to power plant — truck 160 ] 0.00020%, )

2paged on total energy content of actual output.
bEuttnated value,
“Insufficient data to calculate this value,

dBased on total energy content of rated output (i.e,, full utilization of installed
capacity).
®Average of lost-workday rates for the various typeo of shipments givan in Table 9.1,

FIX
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other, this was not always possible. Some data upon which the rates are
based (e.g., lost workdays) were collected aw! reported using incomparable
definitions.

Table S.1 gives the mean number of fatalities per 100 man-years of
labor and per trillion British thermal wmits (1012 Btu) of output for each
technology and process congidered in this volume. Mean values, unless
identified ac estimates, are the arithmetic means of several years®' data.
The standard deviations given are sample standard deviations over the sev-
eral years consicered.

Table S.2 gives mean numbers of “serious cageg” per 100 man-y.:ars
and per 10'2 Btu and the associated sample standard deviations. As ex-
plained in Append:lx A, the definition of a "serious case” depends on the
system used to record the data. It may refer to nonfatal disabling inju-
ries a.d illnesses or to lost-workday cases (injuries and illnesses) in-
volving days away from work.

Table S.3 gives mean nuabers of "lost workdays” per 100 man—-years and
per 1012 Btu and the associated sample standard deviations. As : >ted
above, extreme care should te exercised when using lost-workday rates in
risk comparisons. Very different definitions of "lost workdays™ are used
in different reporting systems.

The Btu's of output are the total energy content of the output (ac~
tual or rated) prod:ct for each process (e.g., the available znergy in the
2353 {n the ore mined, not necessarily ~he usable energy). Therefore,
to use the rates given in Tables S.1 through S.3 in assessing a given en-
ergy production scenario, the rates for a given technoluogy or process
should be amulriplied by the total amount of energv required by that tech-
nology or process for the production of energy. This procedure 18 illus~-
trated at the end of Chapter I.

o




OCCUPATION:.L SAFETY UaTA AND CASUALTY
RATES FOR THE URANIM FUEL . {CLE

F. R. U'Dounell H. C. Hoy

ABSTRACT

Occupational casualty (injuries, illnesses, fatalities,
and lost workdays) and production data are preseuted and used
to calculate occupational casualty incidence rates for tech-
n-logies that make up the uranium fuel cycle, including: min-
ing, milling, conversion, and enrichment of uranium; fabrica-
tion of reactor fuel; transportation of uranium and fuel ele—
ments: generation of electric power; and transmission of elec-
tiic power. Each technology is treated in a separate chapter.
Al]l data sources are referenced. All steps used to calculate
normalized occupational casualty incidence rates from the data
are presented. Rates given include fatalities, serlous cases,
and lost workdays per 100 man-years worked, per 1012 Bru of
energy vutput, and per other appropriate units of output.

1. INTRODUCTION

This repoirt presents occupational casualty (injuries, illiesses, fa—
talities, and lost workdays) incidence rates for operation and mainte-
nance of the technologies that make up the uranium fuel cycle (i.e., the
cycle used in the production of electricity using uranium fuel). Table
1.1 lists the technologies and processes considered. They were selected
to correspond to the nuclear fuel cycle technologies ("base units”™) dis~-
cussed in Envirommental Datf -- Energy Technology Characterizationg (USDOE,
1980).

Each chapter of this report covers a specific tecinology (e.g., ura-
nium mining)., If a tethnology includes more than one process, its chapter
is divided into sections — one for each process (e.g., the uranium mining
chapter is divided into two sections: one covering underground mining,
the other covering surface mining). Each chapter begins with a brief
overview and description of rthe technology and processes covered. A table
of occupationa. casualty incidence rates is presented and discussed for
each process« This table lists the mean and, if svailable, the annual

number of fitalities, serious cages, and lost workdays per 100 man~years,



Table 1.1. Technologies and
processes in the uranium
fuel cycle that are con-
sidered in this report

Uranivm mining

Underground mines
Open-pit mines

Uranium wmilling
All mills

Uranium conversion

Uraniwm enrichment

Gaseous diffusion plants
Gas centrifuge plants

Fuel fabrication
Electric power generation

Light-water-reactor plants
Nther nuclear plants

Electric power transmission

Transportation

per 1012 Btu of eaergy output, and per other appropriate units of output,
Each incidence rat: table is supported by a documented tabulation of the
occupational casualty, manpower, and productivity data from which the in-
cidence rates were calculated. For some processes, no actual data are
available. In such cases, either of two approaches was used. First, if
the process under consideration was similar to one for which data were
available, the available data were used to calculate incidence rates for
that process. In this case, the section lists and explains the derivation
of the rates; it does not repeat the data (see Sect. 5.2). Second, if the
process under consideration had no close counterpart for which data were
available, data from a generically similar {ndustry (e.g., the Standard
Industrial Classification that includes the process) were piesented and
used to calculate the incidence rates (see Chaps. 4 and 9). In this case,
the section contains both the rates and the data.

e om0
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It is obvious from the preceding discussion that the quality of the
data used in this report is quite variatle., It follows that the quality
of the occupational casualty incidence rates vhic’': are derived from the
data will also be variable. To make clear our opinion of the quality of
the rates, we have classified the rates given in each chapter as “self-
contained,” "synthesized,” "derived,” cr “constructed.”

1. T"Self-contained” rates are thnse calculated f-om casualty, man-
power, and production data obtained from one sorrce,

2. “Synthesized ' ratcs are those calculated by combining casualty
and corresponding manpover data obtained from one source vith production
and corresponding manpower data obtained from another source.

3. “Derived” rates are thcse calculated by combining data obtained
from multiple sources,

4, “Construciced” rates are those calculated from data obtained from
simila- or generically related processes (because no data exist on the
process of interest).

Four points are important to the understanding and use of this docua-
ment :

l. The incidence rates are based on data collected under more than
one set of injury, iilness, and lost-workday definitions. Consistency
requires that data collected and reported under the different definitions
be used in a manner which gives equivalent results. (Appendix A covers
this topic in some detail.) Therefore, all data have been recaet to cor-
respond as much as possible to data collected under definitions promul-
gated Ly the Occupational Safety and Health Administration (OSHA).

2., The occupational casualty rates given in this report include all
reported injuries and illnesses. Because the available casualty dsta on
some technologies combine injuries and illnesses, consistency required
that we combine all reported injuries and illnesses, even when reported
separately. (In most cases, reported illnesses constitute only a fow per—~
cent of the total.) Unfortunately, the reported illnesses include only
those that manifest themselves during the reporting years; they do not in-
clude latent illnesses that afflict persons who have retired or changed
occupations. Host latent {llnesses are probably not counted in the con-
ventional occupstional casuslty reporting systems.



3. Outputs are sometimes erxpressed in terms of actual output, some-
times in terss of output capability (rated output times 8760 h/year), and
sopetimes in terms of both. The choice of expression is dictated by the
type of facility being considered and the available dara. The annual oxt-
put of a fixed-capacity plant (e.g., a siagle-uait, electric-powe: -gener-
ating plant) can vary widely because of scheduled or unscheduled owntages,
but the work fcrce required at the planc might be unaffectrd. In such
cases, incidence rates exprcssed in terms of total work force and output
capability can give wmore meaningful and usable estimates than do rates ex-
pressed in terms of actusl output. Variable-capacity plants (e.g., plants
having several production lines) can vary both output and labor require-
mente and ar2 well represented by rates given in terms of actual output.
The discussion accompanying each process gives the safety definitions and
the output bases used in establishing the incidence rates for that pro-
cess. (This discussion alsc applies to input units.)

4. Outputs/inputs are expressed both i{n physical and in energy
units. Each techmology prcduces a physical produst (e.g., mining produces
a quantity of uranium ore, which 1is expressed in terms of its mass). This
product might contain subproducts (e.g., uranium ore contains U30y, which
contains 235U). The subproduct of fnterest contains a total amount of en-
ergy, which is expressed in terms of 10!2 Btu (e.g., I ton of 235U con-
tains 70.8 x 1012 Btu, based on complete fission of 235y, This total en-
ergy, which should not be confused with usable or recoverable energy, is
the basic unit of energy output used in this report.

The occupational casualty incidence rates in this report can be used
to estimate occupational casualties from the vranium fuel cycle's contri-
bution to any energy production scenario. The procedure is straightfor-
ward. For example, suppose an energy production scenario requires, among
other things, a supply of 10° tons of uranium ore froa underground mines
and the generation of 1 TWh of usable electric enmergy by light-water-reac-
tor (1WR) nuclear pover plants. We want an estimate of the aumber of oc-
cupational fatalities that might occur during uranium mining and electric~
ity generation. This can be done as follows (note that the same proced-

ures can be used to estimate numbers of serious cases and lost workdays).




For this scenarios, as stated previously, 10° tons of uranimm from an
underground miue are required. Prom Table 2.2, we find a mean fatality
rate of 0.97 fatalities/10° tons of vve. Therefor:, we estimate that ap-
proximately one fatality will occur during the mining of 10° tons of ore
(tons required times fatality per ton). We may also ncte that 10 tons of
ore coantain approximately 920 x 1012 Bru of total energy. Therefore. wwe
may also sultiply the fatalities per 10!? Btu (0.0011) given in Tabies 2.2
and 5.1 by 920 x 1012 Btu to obtain the same result. This is an exmple
of & direct calculation.

To estimate the number of deaths from generating emnough electricity
in LWR plants to supply 1.0 TWh of usable electricity, we must do the fol-
lowing: _

l. Determine the actual plant ouiput required to supply 1 TWh (3.4 x
1012 Btu) of usable electric ennrgy. To do this, we divide the required
energy by the sfficiency of the delivery (iransmission) system, which
should be giver. in the scenario but which can be ~stimated as 98% from
Table 8.2. If the scenario gives a 90% delivery efficiency, the LWR
plants must generate 1.1 TWh (1 TWh/0.9) or 3.8 x 1012 Btu.

2. Determine the rated plant output that will supply the actual out-
put. This is done by dividing the actual output by the plant capacity, or
availability factor, which should be given in the scenariv. If this fac-—
tor is 75%, the rated plant ocutput must be 1.5 TWh (1.1 TWwh + 0.7S) or
5.1 x 1012 Btu. (If the scenario does not give this factor, we can use
57% — the ratio of terawatt-hours of actual output per 100 man-years to
terawatt-hours of rated output per 100 man-years, as given in Table 7.l.
In this case, it would be simpler to skip this step and use fatalities per
terawatt-hours of actual output from Table 7.1 in the next step.)

3. Estimate the number of fatalities associated with operating and
maintaining the required LWR plant capability, This is done simply by
multiplying the needed 1.5 TWh (5.1 x 1032 Btu) of plant capability by the
mean fatality rate, 0.002 fatality/Iwh (rated) [0.0006 fal:ality/lox2 Btu
(rated)], given in Teble 7.1. (Table 5.1 also gives the Btu--based fatal~
ity rate.) Therefore, much less than 1 (0.003) fatality is expected dur-
ing production of 1 TWh of usable electric power.




Other technologies can be evaluated in a similar mananer. Nc problems

should be encountered if the scenario 18 reasorably complete and the deri-

vation of the casualty incidence rates is understood. Th:rerore, we en-
courage potential users of this document to make sure they understand the
derivation and the basis of the casualty rates. Appendix A explains the
definitions upon which the data are based. These also must be understood.
Finally, because abbreviatinus of units of measurement and o*her abtrevia-

tions can sometimes be confusing, those used in this report are listed in
Appendix B.

it ) e st T
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2. URANIWM HINING

Uranium extraction activity has heen domirated %y open—pit and under-
ground mining of ore deposits containing nominally 0.2X ursnium oxide
(U;05). This dorinance ccntinues, but other sources of Uz0g are becom-
ing significant contributors. Table 2.1 sw.marizes uranium extraction
activity in the United States from 1969 through 1978, as measured by
receipts at domestic mills and buying stations (USDOE, 1979, pp. 20-21).
Basically, the table shows that (1) uraniue mining is increasing;

(2) open-pit mining produces ~60% of the or-e; unierground mining, ~40%;
(3) the average U30g content of mined ore is dec-easing (that of open-~
pit-mined ore tas fallen from 0.24 to 0.12%; that of underground-mined
ore, from a hizh of 0.25 to 0.15Z); and (4) miscellaneous sour:es are
contributing a slightly increasing percentage of total U30g receipts at
m’'1lls and buying stations, whilc underground- and open-pit-mined ore con-
tributed nearly equal percentages during the last 3 years listed. Table
2.1 excludes consideration of U30g recovered from wet-process phosphoric
acid and leach liquor from copper dumps. The former 18 expected to yield
~10% tons of U30g through the year 2000; the latter, about 2 x 10* tons
(USDOE, 1979%, p. 7). Other estimates, summarized elsewhere (Ryan and
Cotter, 1980, pp. 4-8), indicate an annual U30g ~ecovery rate of 3 x 103
tons from phosphoric acid production. '

This chapter gives occupational casualty and production data from
underground and open-pit mining of uranium ore. These data are used ton
calculate sets of "synthesized™ occupational casualty incidence rates.
Each section and the notes appended to the data tables contained therein
identify data sourcee and explain any operations used to transform raw
data into the evaluated form presented.

The casualty data were obtained from the Miuing Enforcement and
Safety Administration® (MESA) of rhe U.S. Depar tment of the Interior
(1976, 1978a, 1978b, and 1973c). These publications summarize annual data
reported to MESA by metal mines and mills under requirements of Section 13
of Public Law 89~577 (the Federal Metal and Nommetallic Mine Safety Act).

*The functions of MESA were taken over in 1977 by the Mine Safety
and Health Administcation (MSHA) of the U.S. Department of Labor,



Table 2.1. Summary o! domestic uranium extraction activity, 198918

Total receipts,® 10° tons

Porc-ntb_ of ore from

Parcant? Uy0p in ore from

Percent? of total Uyoy from

Calendar
yesr Mined U304 1n V30g from Jpen-pit Underground Open=-pit Underground OJpen-pi. Underground Other
RO OT®  .ined ore other sources®  uines nines nines aines nines nines sources’

1969 5,904 12.3 0.3 » 63 0.24 0.1¢9 41 36 J
1970 6,324 .8 0,1 &4 56 0.21 0.20 &3 52 2
1971 6,279 -9 0.2 52 48 0.21 0.20 53 4% 2
1972 6,418 13.7 0.2 61 39 0.2} 0,22 58 40 1
1973 6,337 13.6 0.2 70 30 9.19 0,25 62 ki |}
197« 7,027 12.4 0.2 60 40 0.17 0.18 60 &0 2
1928 2,0.7 12,0 0.3 60 40 0.16 0.19 34 43 2
1976 8,608 13.3 0.5 3¢ 46 0.1% 0.17 49 48 "
1977 10,32% 13.9 0.8 54 b 0.14 0.18 46 50 S
1978 14,342 18.8 1.4 58 42 0,12 0.15 48 46 7

Qpgsed on receipts at domestic mills and buying stations.

b?orcontun total may differ from 100 becausc of vounding.

%0tiiar sources include wine waters, hesp leach, solution mining, and refining residues.

Soutce: U.S. Department of Energy, Crand Junction Otfice. 197%., Stattatical Data of the Uranium Industry, GJO~100(79).

pp. 20-21.




Under this law, mines and mills employlng an average of ten or more work-
ers during the year are required to report, among other things, the aver-
age nuaber of employees, actual man-hours worked, number of fatalities,*
nusbers of disabling and nondisabling injuries and {llnesses, and the
number of lost wirkdays. The casualty detz . ve veported under American
National Standards Institute (ANSI) definitions (see Appendix A). They
include injuries and illnesses reported during the year; delayed /latent)
illnesses (e.g., lung cancer) frequently are not included.

Thus, the casualty data cover all workers (prcduction, supervisory,
technical, and clerical) at uranium mines that reported to MESA during the
year. The data are presented in modified MESA format and include annual
n.mbers of wan-years (man-hours divided by 2000 man-hours per man-year)
worked, fatalities, nonfatal disabilities by class of disability, noriis-
abling casualties, total casualties, and lost workdays. (As noted in
Appendix A, the mcdified MESA basis means that the reported nuaber of lost
workdays is the number of days charge:ble under ANSI less 6000 man—days
per tatality and permanent total disability.) Since the employment and
casualty ficures come from the same séurces, we consider the casualty data
to be w11 matched. (These data are also used by the Bureau of Labor Sta-
tistics in their annual reporting of occupational injuries and illnessges
in the United States,) However, the data may be biased because all fa-~
talities are presumably reporied, whereas injury, illness, and employment
data from small mines (which .re believed to have higher casualty rates
than large mines) are not, Therefore, using this data in our calculations
could have overestimated fatality rates and underestimated the other casu-
alty rates slightly.

The production data were obtained from the Grand Junction Office of
the U.S. Department of Energv (USAEC, 1973 and 1974a; USERDA, 1975 and
1976a). These data summarize, among other things, annual reports from
mill operators, mine inspectors (somewhat subjective), and mine operators
(voluntary). Employment data are supplied largely by mine inspectors and
some mine operators and may be incomplete. The output data (million tons

*All fatalities are required to be reported, regardless of the em-
pioyment level at the affected site.
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of ore ad tons of U30yg) are based on receipts at mill and ore buying sta-
tions and therefore may not be actual mine production data. They could

include mill receipts from ore stockpiles. Incomplete manp .c data could
inflate calculations of output per employee. Uncertainties im output data

are expected to have a negligible impact on subsequent calculations.

2,1 Underground Mines

This section lists, and explains the derivation of, occupational ca-
sualty incidence rates for operation and maintenance of underground ura-
nium mines in the United States. Table 2.2 lists the incidence rates, and
Table 2.3 presents the selected casualty and produc*ion data from which
the incidence rates were derived.

The annual casualcy incidence rates for 1972 through 1975 given in
Table 2.2 were calculated directly from the data contained in Table 2.3.
We classify then as "syntheslzed™ incidence r..es. Fatalities, serious
cases (nonfatal disabilities), and lost workdzys per 100 man-years were
calculated from reported casualty data. Annuval output values (1012 Btu,
103 tons of U30g, and 10° tons of ore) per 100 man-years were calculated
irom the production data, Incidence rates per unit of output were ob—
tained by dividing the appropriate rate per 100 man-years by the appro-
priate output per 100 man-years. Mean values a.d sample standard devia-

t{ons represent the 4-year average of the designated rate.

2.2 Surface Mines

Open-pit mines produce virtually all domestic, surface-mined uranium
and are the only type of surface mine for which occupational casualty data
and production data are available. Therefore, this section lists, and ex-
plains the derivation of, occupational casualty incidence rates only for
operation and maintenance of open-pit uranium mines, Table 2.4 lists the
incidence rates, and Table 2.5 presents the selected casualty and produc-
tion data from which the incidence rates were derived.

The annual casualty incidence rates for 1972 through 1975 given in
Table 2.4 were calculated directly from the data contained in Tahle 2.5.

]
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Table 2.2 Casualty incidence rates for operation and maintenance

of underground uranium mines

Year

Mean Standard
1972 1973 1974 1975 deviation

Fatalitiea/lOO MY 0-051 0- 12 00092 0. 16 0. 11 00 045
Serious cases/100 MY 6.7 6.0 5.3 5.3 5.8 0.67
Lost workdays/100 MY 250 550 250 340 350 140
1012 Bru? output/100 MY 120 140 110 68 110 30
Fatalities/1012 peu 0.00043 0.00089 0,00087 0,0023 0.0011 0.C0082
Serious cases/10!2 Btu 0,057 0.043 0,050 0.079  0.057  0.015
Lost workdays/1012 Btu 2.1 3.9 2.4 4,9 3.4 1.3
103 tons of U30g output/100 MY 0.28 0.32 0.25 0.16 0,25 0.070
Fatalities/103 tons of U30g 0.19 0.38 0.37 0.99 0.48 0.35
Serious cases/10% tons of U305 24 19 21 34 24 6e5
Lost workdays/103 tons of U30g 910 1700 1000 2100 1400 570
10% tons of ore output/100 MY 0,13 0.13 0.14 0.084 0,12 0.024
Fatalities/10® tons of ore 0.41 0.95 0.67 1.9 0.97 0.63
Serious cases/l10® tons of ore 54 46 39 63 50 10
Lost workdays/10® tons of ore 2000 4200 1800 4000 3000 1300

The Btu values used in calculating incidence rates are based on total available

energy content of 235y mined.

1T
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Table 2.3. Selected casualty and production data for
operation and maintenance of underground uranium
mives in the United States?

Year

1972 1973 1574 1975

Casualty datad (bzsed on modified MESA definitiors)c

Man-years 1,951 (1) 1,624 (6) 2,177 (9) 3,185 (12)
Fatalities 1 (1) 2 (6) 2 (9) 5 (12)
Nonfatal disabilities 131 (1) 97 (6) 115 (9) 169 (12)
Permaneat total 0 (1) 0 (6) 1 (9) 1 (12)
Permanent partial 1 (D) 6 (6) 6 (9) 8 (12)
Temporary total 130 (1) 91 (6) 108 (9) 160 (12)
Nondisabling cases 224 (2) 155 (6) 255 (9) 238 (12)
Total cases 357 (2) 255 (6) 372 (9) 413 (12)
Lost workdays 4,917 (1) 8,857 (6) 5,422 (9) 10,664 (12)

Production data /based on actual output)

Man-years 2,021 (3) 1,537 (7) 2,058 (10) 3,340 (13)
Output

1012 Beu 2,385 (5) 2,123 (5) 2,177 (5) 2,262 (5)

Tons of U308 5,588 (4) 4,974 (8) 5,100 (11) 5,300 (14)

10% tons of or= 2.530 (4) 1.993 (8) 2.811 (11) 2.810 (14)
Input

10'2 Bru d d d d

Tons of U308 d d d d

10® tons of ore d d d d

%%umbers in parentheses refer to the explanatory notes given on the

following pages.
bIncludes both injuries and illnesses,
CSee Appendix A,
dﬁo data,
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Notes to Table 2.3

l. U.S. Department of the Interior, 1976, pp. 3236, 4749, ana 52.
The man—-yzars listed under casualty data are the reported number of man—-
hours worked in 110 mines divided by 2000 man~hours per man—year pilus an
allocation of 159 man-years worked in offices. Casualty data pertain
largely to injuries; very few, if any, occupational illnesses are re—
ported. Lost workdays were calculated by multiplying the reported non—
fatal disabling injury scverity rate by the reported mmber of man—hours
worked (in millions), then subtracting 6000 man—days for each reported
permanent total disability.

' 2. Mondisabling injuries and illnesses were not reported in 1972.
This value was estiaated by muitiplying the number of disabling cases dur-
ing 1972 (132) by the 1973—75 average number of nondisabling cases per
disabling case (1.7).

3. To put the casualty and production figures on the same basis,
the man-years listed under production data were estimated by multiplying
the average number of employees (2200) at 141 mines (USAEC, 1973, pp. 20
and 54) by the average nuaber of man-years worked per eamployee (0.9188),
as derived from the casualty manpower data (see note 1).

4, USAEC, 1973, p. 7.

5. The energy content of mine output, in British thermal units, was
calculated as follows: 1 ton of natural uranium contains 0.00711 ton of
2350; complete fission of 1 ton of 23% yields 7.08 x 1013 Btu (U.S. De-
partment of Health, Education, and Welfare, 1970, p. 18); therefore, 1 ton
of U30g contains 4.27 x 101} Bru, It follows that 4.27 x 10!l Beu/ton of
U30g multiplied by the tons of U30g mined gives the British thermal units
o‘ output. Division by 1012 gives 1012 Btu of out put.

6. U.S, Department of the Interior, 1978a, pp. 29-37, 5355, and
65. Same as note 1, but for 87 mines and an allocation of 178 man-years
worked in offices.

7. Same as note 3 with 2007 employees in 122 mines (USAEC, 1974a,
pp. 22 and 56) and 0.7659 man-year per employee, as derived from the casu-
alty manpower data (note 6).

8. USAEC, 1974a, p. 7.
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Notes to Table 2.3 (continued)

9. U.S. Department of the Interior, 1978b, pp. 29-37, 5355, and
65. Same as note 1, but for 102 mines and an 2llocation of 245 man-years
worked in offices.

10. Sawe as note 3 with 2567 employees in 123 mines (USERDA, 1975,
PP. 27 and 70) and 0,8016 man—year per employee, as derived from the casu-
alty manpowes data (note 9).

11. USERDA, 1975, p. 10.

12, U.S. Department of the Iaterior 1978¢, pp. 29-37, 5354, and 64.
Same as note 1, but for 128 mines and an allocation of 287 man-years
worked in offices.

13. Same as note 3 with 3753 employees in 121 mines (USERDA, 1976a,
PP+ 28 and 72) and 0.8902 man-year per employee, as derived from casualty
manpower data (note 12).

14, USERDA, 1976a, p. 10.




Table 2.4, Casualty incidence rates for operation and maintenance
of open=-pit uranium mines

Year

Mean Standard

1972 1973 1974 1975 deviation
Fatalities/100 Y 0 0 0 0 0.06% b
Serious cases/100 MY 3.1 2,1 l.1 1.5 2,0 0.86
Lost workdays/100 uY 70 140 92 260 140 87
1012 Btu® output/100 MY 170 310 250 200 230 61
Fatalities/10!2 Bu 0 0 0 0 0,0003¢ b
Serious cases/lOl Btu 0,018 0.0069 0.0046 0.0079 0.0095 0.0062
Lost workdays/10!2 Beu 0. 41 0.4¢ 0.37 1.4 0,65 0,47
103 tone of U308 output/100 MY 0.40  0.72 0.59 0.46 0.54 0. 14
Fatalities/103 tons of U30y 0 0 0 0 0,14 b
Serious cases/103 tons U30g 7.9 2.9 2.0 3.4 4,0 2.6
Lost workdays/103 tons U308 180 190 160 580 280 200
10° tons of ore output/100 MY  0.19 0,38 0.34 0.29 0.30 0,081
F‘atalities/lo5 teoas of ore 0 0 0 0 0,24 b
Serious cases/10° tons of ore 16 5.6 3.4 5.3 7.7 5.9
Lost workdays/10° tons of ore 370 360 270 912 480 290

QBased on average fatality rate (1972-77) for strip mining of bituminous coal

(see text).

bStandatd deviation cannot be calculated because of ingufficient data,

°The Btu values used in calculating incidence rates are based on the total

availatle energy content of

U mined.

<1
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operation and maintenance of cpen-pit uranium

, Table 2.5. Selected casualty and production data for
mines in the United States?

Year

1972 1973 1974 1975

Casualty datal (based on modified MESA definitions)®

i{An-years 1636 (1) 1634 (6) 1486 (9) 18 (12)
Fatalities 0 (1) 0 (6) 0 (9) 0 (12)
Nonfatal disabilities 51 (1) 34 (%) 17 (9) 28 (12)
Permanent total 0 (1) 0 (6) 0 (9) 0 (12)
Permanent partial 0 (1) 1 (6) 1 (9) 1 (12)
Temporary total 51 (1) 33 (6) 16 (9) 27 (12)
Nondisabling cases 28 (2) 10 (6) 19 (9) 6 (12)
Total cases 79 (2) 45 (6) 36 (9) 35 (12)
Lost worhdays 1147 (1) ~2199 (6) 1368 (9) 4853 (12)

Production data (based on actual output)

lian-years 2044 (3) 1204 (7) 1264 (10) 1467 (13)
Out put

102 Beu 3449 (5) 3677 (5) 3116 (5) 2860 (5)

Tons of U30¢ 8079 (4) 8614 (8) 7300 (11) 6700 (14)

10° tons of ore 3.887 (4) 4.5%4 (8) 4.216 (l1) 4&.247 (14)
Input

1012 ey d d d d

Tons of U30g d d d d

i0% tons of ore d d d d

ANumbers in parentheses refer to the explanactory notes given
on the following pages.

bln,ludel both finjuries and {llnesses.
CSee Appendix A,
dNo data.
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Notes to Table 2.5

1. U.S. Department of the Iaterior, 1976, pp. 32-36, 4749, and 52.
The man-years listed under casualty data are the reported number of man-
hours worked in 20 mines divided by 2000 man-hours per man-year plus an
allocation of 91 man-years worked in offices. Casualty data pertain
largely to injuries; very few, 1f any, occupationa’ 1illnesses are re-
ported. Lost workdays were calculated by multiplying the reported non-
fatal disabling injury severity rate by the reported mmber of man-hours
worked (in millions), then subtracting 6000 man—-days for each reported
permanent total disability.

2. Rondisabling injuries and illnerses were not reported for 1972,
This value was estimated by multiplying the nunber of disabling cases dur-
ing 1972 (51) by the 1973—75 average number of nondisabling cases per dis-
abling case (0.54).

3. To put the casualty and production fiyrres on the same basis,
the man-years listed under production data were estimated by multiplying
the average number of employees (1521) at 37 mines (USAEC, 1973, pp. 20
and 54) by the average number of man-years worked per employee (1.344), as
derived from the casualty manpower data (sce note 1).

4. USAEC, 1973, p. 7.

5. The energy content of mine cutput, in British thermal units, was
caiculated as follows: 1 ton of U30g contains 0.848 ton of natural ura-
nium; 1 ton of natural uranium contains 0.00711 ton of 2350; complete fis~-
sion of 1 ton of 235y yields 7.08 x 10!3 Btu (U.S. Department of Health,
Education, and Welfare, 1970, p, 18); therefore, 1 ron of U308 contains
4.27 x 10! Btu. 1t follows that 4.27 x 10}! Btu multiplied by the tons
of U30g mined gives the British thermal units of output. Division by 1nl2
gives 1012 Beu of output.

6. U.S. Department of the Interior, 1978a, pp. 29-37, 53-55, and
65, Same as note 1, but for 32 mines and an allocation of 172 man-years
worked in offices.

7. Same as note 3 with 1509 employees in 3 mines (USAEC, 1974a,

pp. 22 and 56) and U.7979 man-year per employee, as derived from the casu-
alty manpower data (note 6),
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Notes to Table 2.5 (continued)

8. USAEC, 1974a, p. 7.

9. U.S. Department of the Interior, 1978b, pp. 29-37, 53-55, and
65. Same as note 1, but for 23 mines and an allocation of 147 man-years
worked in offices.

10. Same as note 3 with 1361 employees in 31 mines (USERDA, 1975,
pp. 27 and 70) and 0.9140 man-year per employee, as derived from the casu-
alty manpower data (note 9).

11. USERDA, 1975, p. 10.

12. U.S. Departme.t of the Interior, 1978, pp. 29-37, 53-54, and
64. Sswe as note 1, but for 32 mines and an allocation of 164 man-years
worked in offices.

13. Same as note 3 with .75} employees in 23 mines (USERDA, 1976a,
pPpP. 28 and 72) and 0.8979 man-year per eapluyee, as derived from the casu-
alty me 1pover data {(note 12).

14. USERDA, 1976a, p. 10.
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We classify them as "syntbesized” incidence rates. Fatalities, serious
cases (nonfatal disabilities), and lcst workdays per 100 man-years were
calculated from reported casualty duta. Annual out)ut values (1012 Btu,
103 tons of U30g, and 10° tons of ore) per 100 man-years were calculated
froe the production data. Incidence rates per unit of output were ob-
tained by dividing the appropriate rate per 100 man-ycars by the appropri-
ate output per 100 man-years.

Except for fatality rates, the mean values and sample standavd devia-
tions given in Table 2.4 represent the 4-year average of the designated
rates. In the case of fatalitles, since none were recorded during the
time interval for which we have data, we assumed the mean rate per 100
man-years to equal the average fatality rate per 100 man-years for strip
mining of bitusinous coal. Therefore, the "constructed”™ mean fatality
rate per 100 man-years (0.06) is the 1972—75 average rate for coal mining
(U.S. Department of the Interior 1978d, p. 15, 1978e, p. 15, 1978f, p. 15,
19789, p. 15; U. S. Department of Labor, 1978a, p. 15, and 1979a, p. 15).*
The other mean fatality rates were obtained by dividing the mean rate per

100 man-years by the appropriate mean rates of output per 100 man-years.

*This rate also corresponds to the upper bound of the 952 confidence
interval for zero fatalities over the 4 years (n =~ 66 vnits of 100 man-
years each) considered. This calculation assumes a binomial distributfon
for the casualty data (Snedecor and Cochran, 1967, p. 6).
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3. URANIUM MILLING

Milling involves the use of mechanical and chemical processes to ex-
tract uranium from its ores and to concentrate it in a semirefined prod-
uct called yellowcake, which may contain as much as 95Z U30g by weight
(USNRC, 1979, Sect. 3). Yellowcake is the feed material for uranium
hexafluoride (UFg) conversion plants.

Historically, uranium milling and mining activities have been closely
related. In fact, mills are usually located near the mines or other op—
erations that produce mili-feed materials. This arrangement minimizes the
transport of great quantities of ore or other mill feed, but it could ad-
versely affect the extraction efficiency of the mills if the U30g conteat
of the locally mined ore decreases. In recent years several mills for
processing materials from solution mining, phosphoric acid, and heap
leaching operations have begun operation and now account for ~7 to 10%Z of
the 1979 milling capacity in the United Statec (USDOE, 1979a, p. 86).

This could affect future casualty and production data for mills.

This chapter gives occupational casualty and production data for the
operation and maintenance of domestic uranium mills. It also gives the
occupational casualty incidence rates and explains how the data were used
to calculate the rates. The data were obtained from the same sources and
have the same limitations as the uranium mining data (see Chap. 2).

The annual casvalty incidence rates for 1972—75 given in T-Lle 3.1
were calculated directly from the casualty and production iata contained
in Table 3.2. We classify them as "synthesized” incidence rates. Fatali-
ties, serious cases (nonfatal disabilities), and lost workdays per 100
man-years were calculated from reportzd casualty data., Annual output
values (1012 Btu and 103 tons of U30g) per 100 man~years were calculated
from the produc*‘on data., Incidence rates per unit of output were ob-
tained by dividing the appropriate rate per 100 man-years by the appro-
priate output per 100 man-years., ean values and sample standard devia-

tions represent the 4-year average of the designated rate.




Table 3.1.

‘nd maintenance of uranium mills

Casualty incldence rates for operation

Year

Mean Standard
1972 1973 1974 1975 deviation

Fatalities/100 MY 0.050 0 0 0 0.013 0.025
Serious cases/100 MY 2.6 1.8 1.3 l.6 1.8 0.55
Lost workdays/100 MY 71 40 41 38 48 16
10}2 Bty output/100 MY 300 430 300 230 310 83
Fata) ‘ties/10'2 Btu 0.00017 O 0 0 0.000042  9.000084
Serious cases/10'2 Rtu 0.0087  0,0042 (.0044 0.0072  0.0062 0.0022
Lost workdays/1012 Btu 0,24 0,096 0,14 0.17 0.16 0.060
163 tons of U30g output/100 MY 0,70 1.0 0.71 0.53 0.74 0. 20
Fatalities/103 tons of U30q 0.072 0 0 0 0,018 0.036
Serious cases/lO tons of U30g 3.7 1.8 1.9 3.1 2.6 0.94
Lost workdays/103 tons of U305 100 40 59 72 68 26

2The Rtu values used in calculating incidence rates are based on total energy content

of the 23

350 milled.

12
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Table 3.2. Selected casualty and production data for
operation and maintenance of uranium
mills in the United States®

Year

1972 1973 1974 1975

Casualty dataP (based on modified MESA definitions)C

Han-years 1,991 (1) 1,859 (5) 1,716 (7) 1,914 (9)
Fatalities 1 Q1) 0 (5) o (7) 0 (9)
Nonfatal Aisabilities 52 (1) 33 (5) 23 (7) 31 (9)
Permanent total 0 (1) 0 (5) 0 (7) 0 (9)
Permanent partial 2 (1) 1 (5) 1 (7) 0 (9)
Temporary total 50 (1) 32 (5) 22 (7) 31 (9)
Nondisabling cases 85 (2) 58 (5) 35 (7) 52 (9)
Total cases 138 (2} 92 (5) s8 (7) 74 (9)
Lost wo kdays 1,415 (1) 742 (5) 711 (7) 732 (9)

Production data (based on actual output)

Man-years 1,836 (3) 1,323 (6) 1,629 (8) 2,191 (10)
Output
1012 Beu 5,508 (4) 5,650 (4) 4,921 (&) 4,952 (&)
Tons of U30g 12,900 (3) 13,235 (6) 11,528 (8) 11,600 (10)
Input
1012 Beu 5,898 (&) 5,966 (4) 5,311 (4) 5,293 (4)
Tons of U30g 13,812 (3) 13,976 (6) 12,442 (8) 12,400 (10)

ANumbers in parentheses refer to the explanatory notes given on the
following pages.

bIncludes both injuries and illnesses,
CSee Appendix A.

mt e ————
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Notes to Table 3.2

1. U.S. Department of the Interior, 1976, pp. 3436, 4749, and 52.
The man-years listed under casualty data are the reported number of man-
hours worked in 19 mills divided by 2000 man-hours per man-year plus an
allocation of 124 man~years workc4d in offices. Casualty data pertaia
largely to injuries; very few, 1f any, occupational illnesses are re-
ported. Losct workdays were calculated by multiplying the reported non—
fatal disabling injury severity rate by the reported mmber of man-hours
worked (in millions), then subtracting 6000 man-days for each reported
permanent total d¢isability.

2. Nondisabling injuries were not reported for 1972. This value
was estimated by multiplying the number of disabling cases during 1972
(53) by the 1973—75 average number of nondisabling cases per disabling
case (1.6).

3. To put the casualty and production figures on the same basis,
the man-years listed undar production data were estimated by multiplying
the average number of employees (1530) at 20 mills (USAEC, 1973, pp. 54
and 61) by the average number of man-years worked per employee (1.200),
as derived from the casualty marnpower data (see notz 1).

4, The energy content of 1ill input and output, in British thermal
units, wau calculated as follows: 1 ton of natural uranium contains
0.00711 ton of 235U; complete fission of 1 ton of 235 ylelds 7.08 x 1013
Btu (U.S. Department of Health, Education, and Welfare, 1970, p. 18);
therefore, 1 ton of U30g contains 4,27 x 101! Bru. It follows that
4.27 x 10'! Btu per ton of U30g multiplied by the tons of U30g milled
gives the British thermal units of input/output. Division by 1012 gives
10’2 Btu of input/output.

5. U,S. Department of the Interior, 19782, pp. 3337, 53—5., ard
65. Same as note 1, but for 27 mills and an allocation of 179 man-years
worked in >fficzs,

6. Same as note 3 with 1522 employees in 18 mills (USAEC, 1974a,
pp. 56 and 63) and 0.8690 man-year per employee. as derived from the casu-
alty manpower data (note 5).
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Notes to Table 3.2 (continued)

7. U.S. Department of the Interior, 1978b, pp. 3337, 53—55, and
65. Same as note 1, but for 20 mills and an allocation of 163 man-years
worked in offices.

8. Same as note 3 with 1713 employees in 16 mills (USERDA, 1975,
pp. 70 and 78) and 0.9511 man—-year per employee, as derived from the casu-
alty manpower data (note 7).

9. U.S. Department of Interior, 1378e, pp. 33-37, 5354, and 64.
Same ag note I, but for 19 mills and an allocation of 157 man—years worked
in offices. | .

10. Same as note 3 with 2237 employees in 17 mills (15 conventional,
1 for solution—mined U30g, and 1 for U30g recovered from phosphoric acid
operations) (USERDA, 1976a, pp. 72, 80, and 82) and 0.9793 man-year worked
per employee, as derived from the casualty manpower data (nmote 9).
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4. FUEL CONVERSION

Uranium leaves the mills as uranium oxide (U30g). This chemical form
is incompatible with uranium enrichment processes, which require uranium
hexafluoride (UFg). Therefore, the U30g must be converted to UFg. This
is the function of a fuel conversion plant.

At present (1981), only two conversion plants are operating. Al-
though the conversion processes used in each plant differ in detail, they
are similar in that both are large-scale inorganic-chemical processes
which use large quantities of hydrogen fluoride (HF) and handle large
quantities of UFg. Both plants use techniques and equipment similar to
those used at other large chemical facilities. This commonality with
other chemical plants was used to "construct™ the occupational incidence
rates for uranium fuel conversion that are given in Table 4.1.

Incidence rates for uranium fuel conversion were “constructed” as

follows:

1. A partial set of data on occupational injuries and illnesses in
fuel conversion plants was obtained (Baker, 1976) (Tabie 4.2). ¥e could
obtain no data from the operating plants.

2. A complete set of data was obtained (Inzana, 1980) on occupa-
tionzl injuries and illnesses in the industrial inorganic-chemical, not
elsevhere classified, industry (U.S. Department of Labor, 1978b and 1979b)
(Table 4.3).

3. The complete data set was used to fill in the partial set of data
(Table 4.2). This was done by taking appropriate ratios within and be-
tween the data sets (see notes appended to Table 4.2). Such a procedure
i8 valid because fuel conversion plancts are classified as industrial
inorganic-chemical, not elsewhere classified, facilities.

4. Design production capacity and nominal manpower requirements for
the Sequoyah Uranium Hexafluoride Plant (USNRC, 1975) were used to calcu-

late incidence rates per unit of output.
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Table 4.1. Casuvalty incidence rates for opera-
ticn and maintenance of uranium fuel conver-
sion plants, based on 197374 data

Value
Fatalities/100 MY 0.014
Serious cases/100 MY 2.4
Lost workdays/100 MY 21
1012 Btu? output/100 MY 2290
Fatalities/10!2 Btu 0. 0000061
Serious cases/'012 Btu 0.0010
Lost workdays/1012 Beu 0.0092
Tons of 235y output? /100 MY 32
Fatalities per ton of 235y 0.00044
Serious cases per ton of 23y 0.075
Lost workdays per ton of 235 0.66
Tons of uranium processedb/loo MY 4550
Fatalities per ton of uranium 0.0000031
Serious cases per ton of ‘wanium 0.00053
Lost workdays per ton of uranium 0.0046

@The British thermal unit values used in
calculating incidence rates are based on the
total energy content of the 235y in the natural

uranium.

bBased on rated plant capacity (see

notes 2 and 3 of Table 4.3).
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Table 4.2. Casualty and production data for
operation and maintenance of uraniva fuel
coanversion plants in the United States,
based on 197374 data®

Value
Casualcy datab
(based on OSHA definitions)®
Man—-years 100
Fatalities 0.014 (1)
Lost—workday cases 3.4 (2)
With days off 2.4 (3)
With restricted workdays 1.0 (3)
Lost workdays 21 (2)
Days off 15.0 (54)
Days of restricted work 6.0 (4)
Non-lost-workday cases 7.8 (2)
Total cases 11.2 (2)

Production data
(based on design capacity of plants)

Man—years 110 (5)
Output
1012 ey 2,520 (5)
Tons of 233y 35.6 (5)
Tons of uranium 5,000 (5)

2Numbers in parentheses refer to the
explanatory notes given on the following
page.

bIncludes both injuries and illnesses.
CSee Appendix A.
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Notes to Table 4.2

1. Derived as follows: total lost-workday cases per 100 wman-years
from this table (3.4) divided by total lost-workday cases per 100 man—
years from Table 4.3 (2.6) multiplied by the number of facalities per 100
man—years from Table 4.3 (0.011).

2.  Baker, 1976.

3. Derived as follows: lost—workday cases with days off (or re-
strict2d workdays) per 100 man—years from Table 4.3 [1.8 (or 0.8)] divided
by total lost-workday caces per 100 man-years from Table 4.3 (2.6) mulri-
plied by total lost-workday cases per 100 man-vears from this table (3.4).

4. Derived as follows: lost workdays with days off (or days of re-
stricted work) per 100 man-vears from Table 4.3 [39.0 (or 15.6)] divided
by total lost workdays per 100 man—years from Table 4.3 (54.6) multiplied
by total lost workdays per 100 man-years from this table (21).

5. USNRC, 1975. Information is based on a plant that employs 110
persons (2110 man-years) to produce 4537 metric tons (5600 short tons)
of uranium as UFg per year.

Outputs were calculated from the following: 1 metric ton of natural
uranium contains 0.00711 ma2tric ton of 235U, and complete fission of 1
metric ton of 235y yields 7.81 x 1913 Bru (U.S. Department of Health, Edu-
cation, and Welfare, 1970, p. 18). Therefore, 4537 metric tons of natural
uranium contains 32.3 metric tons of 235U or 2.52 x 10!5 Btu. 1In terms of

short tons, 32.3 metric tons is equal to 35.6 shtort tons.




Table 4.3, Casualty and production data for opera~ian and maintenance of {ndustrtal
fnorganic~chesical, nat elsevhere clasaified, plants in the United Status?
‘lean of
Year given Standard
values deviation
1972 1973 1974 1975 1976 1977 1978 per 100 MY .
Casualty data® (based on OSHA definitions)®
lan-years 95,690 (1) 98,393 (1) 101,245 (1) 104,310 (1) 109,252 (1) 104,806 (1) 107,169 (1) 1024 42
Fatalities 12 (2) 10 (1) 7 () 15 (D 12 (2) 10 0,0t08 0,0026
Lost-workday cases 2,718 (1) 2,675 (1) 3,140 (V) 2,6%0 (1) 2,610 (2) 2,440 (1) 2,08 (1) 2,60 0,31
Wity days off L19s (1) 1,840 (1) 1.79 (3) 0,40
With restricted workdays 29s (1) 7170 (1) 0.83 (J) 0,24
Lost workdays 35,400 (1) $1,920 (1) .6 (4)
Days off 40,978 (1) 36,583 (1) 19,0 (5) 17,3
Days of cestricted work 14,425 (1) 15,335 (1) 15.6 (3) 9.4
Non-lost—workday cases 1,400 (1) 7,728 (1) 8,945 (1) 9,760 (1) 4,478 (1) 4,145 (1) 3,93 (1) 3,91 2,0%
Total cases 10,127 () 10,410 (1) 11,692 (1) 8,465 (1) 7,097 (1) 6,995 (1) 8.97 2.22

2Numbers (n parentheses

refer to the explanatory notes given on the following page.

blncludea both Injuries and 1llnesses.

CSee Appendix A.

6Z
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Notes to Table 4.3

1. Inzana, 1980. More detailed data from U.S. Department of Labor,
1978b and 1979%.

2. Incomplete data on fatalities chargeable to illnesses indicated
the number of such fatalities to be between one and four; we assumed it to
be two.

3. Obtained by averaging the 1975—76 data to find the fractions of
lost~workday cases that involve days off (0.687) and days of restricted
work (0.314), and then multiplying by the mean number of lost-workday
cases per 100 man-years. 4

4, Sm of days off plus days of restricted work per 100 man-years.

5. Obtained by averaging the 1975—76 data to find the average number
of lost workdays per corresponding type of lost-workday case (21 days off
per logt—workday case with days off, and 18 days of restricted work per
lost-workday case with days of restricted work), and then multiplying by
the mean number of lost-workday cases of that type per 100 man-years.
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5. URANIWM ENRICHMENT

Light-water-moderated nuclear power reactors are fueled with enriched
uranim (2-4% 233y by weight). In the enrichment process, the 235y con—
tent (0.71Z by weight) of natural uranium is increased to the desired
level. Jnly two eunrichment processes, gaseous diffusion and gas centrifu-
gation, are proven sufficiently for commercial applicatiom (USERDA, 1976D,
pP. 2.1-35 to 2.1~-51; USDOE, 1980, pp. 5-1 to 5-37). Both processes con—
vert uranium hexafluoride (UFg) into enriched UFg and a residue (tails) of
depleted UFg (less than 0.71% 235y by weight).

The gaseous diffusion process, since its large-scale implementation
during World War II, has produced virtually all of the enriched uranium
used in domestic nuclear power plants. The three operating gasecus dif-
fusion plants are scurces of good occupational casualty data and enriched-
uranium production data. As of December 1979, these plants have a com—
bined rated enrichnent capacity of 17.2 HSWU/year (see note 3 to Table
5.2). Two programs to increase this rated enrichment capacity by ~10
MSWU/year are nearing completion (USDOE, 1979h, p. 3).

Gas centrifugation is in the development-and-demonstration stage. A
demonstration plant that will contain a prototype, 0.023-4SWU/year gas
centrifuge cascade 18 scheduled for completion late in 1982, After this
facility is completed, a production-size gas centrifuge enrichment plant
and an associated facility for manufacturing centrifuge rotors are to be
buile (USDOE, 1979b, pp. 34).

Section 5.1 gives occupational casualty, employment, and production
data for operation and maintenance of gaseous diffusion plants for uranium
enrichment. These data are used to calculate "self-contained” occupa-
tional casualty rates for the gaseous diffusion process (Sect. 5.1) and
"constructed” occupational casuaslty rates fcr the gas centrifugation pro-
cess (Sect. 5.2). Each section and the notes appended to the dats tables
contained therein identify data sources and explain any operations used to
transform raw data into the evaluated form presented. Derivation of the
casualty incidence rates from the data i{s also explained.
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5.1 Gaseous Diffusion Plants

This section lists, and explains the derivation of, occupational ca-
sualty incidence rates for operation and maintenance of domestic gaseous
diffusion plants for enriching uranium. Table 5.1 lists the incidence
rates, and Table 5.2 presents :"he casualty, employment, and production
data from which the rates were derived.

The casualty and employment (man-years) data in Table 5.2 were ob-
tained from the gaseous diffusion plants (Sommerfield, 1980; Kaufner,
1979). Data are given only for the years 1975—78. These are the only
years for which injury, illness, and lost-workday data were recorded under
OSHA definitions (see Appendix A) by all three plants and were available
to us.

The employment figures (man-years) givern under both casualty and pro-
duction data include all workers at the gaseous diffusion plant sites.
These figures include a significant number of workers who are not engaged
in gaseous diffusion operations (see note 1 of Table 5.2). We have not
attempted to correct reported employment levels to account for the extra-
neous workers.* This is not expected to affect significantly the re-
ported nunbers of casualties and lost workdays (Sommerfeld, 1979), be-
cause most of the extraneous workers are employed in relatively casuvalty-
free environs. However, the resulting casualty and output rates per 100
man-years (given in Table 5.1) could be low by a factor of ~1.5.t This
would not affect the casualty rates per output, because, as explained
later, employment effects cancel out during derivation of these rates.

Production data In Table 5.2 are based on the premise that gaseous
diffusion plants are largely fixed-employment facilities (i.e., the

*Because employment figures for other technulogies very likely in-
clude employees who are not engaged in the operations of interest, we feel
that selective correction of the gaseoue diffusion plant data -is not
Justified.

tBased on information given In notc 1 of Table 5.2, ~33% of the re-
ported man-years could be attributed to workers not involved in gaseous
diffusion operations. Therefore, the total (reported) number of man-years
could be 1.5 times the number of man-years expended in diffusion opera-
tions. [Total man~years/(l — 0,33) total man-years = 1.5.]




Table 5.1, Casrualtv {ncidence rates for operation and maintenance of
gaseous diffusion plants for uranium enrichment

Year

Mean Standard

1975 1976 1977 1978 deviation
Fatalities/100 My 0.0 0.0 0.,0092 0.0 0.0023 0.0046
Serious cases/100 MY 0.26 0,12 0,082 0,074 0.13 0.083
Lost workdays/100 MY ' 31 30 19 19 25 6.9
1012 Bru?@ output/100 MY 120 98 86 86 97 16
Fatalities/10%? Btu 0.0 J.0 0.00011 0.0 0.000027  0.000054
Serious cases/l")l: Btu 0,0021 0.0012 0,0011 0, 00086 0.0013 0.,00057
Lost workdays/10'¢ Btu 0,26 0.31 0.02 0.22 0.25 0,044
Tons of 2350 output’/100 My 1.7 1.4 1.2 1.2 1.4 0.22
Fatalities per ton of <33y 0.0 0.0 0.0076 0.0 0.0019 0.0038
Serious cases per ton of 23?0 0.13 0,084 0,076 0,061 0.093 0.041
Lost workdays per ton of 230 19 2 16 15 18 3.1
MSWU out put®/100 MY 0.22 0.18 0.16 0.16 0.18 0.029
Faralities/!'SWU 2.0 0.0 0.058 0.0 0.015 0,029
Scrious cases/MSWU 1.2 0,64 0,58 0.47 0.71 0,31
Lost workdays/MSWU 140 170 120 120 140 24

2The British thermal unit values used in calculating incidence rates are based on the
total energy content of the 23°U {n the enriched uranium product, based on rated enrich-

ment capacity,

bBased on rated enrichment capacity (see notes 3 and 4 of Table 5.2).

®Rased on rated enrichment capacity (see note 3 of Table 5.2).

e
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Table 5.2, Casuvalty and production data for operation and maintenance
of gaseous diffusion plants in the United States?®

Year

1975 1976 1977 1978

Casualty data® (based on OSHA definitions)®

Han-years 7,825 (1) 9,604 (1) 10,910 (1) 10,847 (1)

Fatalities 0 (2) 0 (2) 1(2) 0 (2)

Lost-wvorkday cases 103 (2) 84 (2) 72 (2) 44 (2)
With days off 20 (2) 11 (2) 10 (2) 8 (2)
With restricted workdays 83 (2) 73 (2) 62 (2) 36 (2)

Lost workdays 2,443 (2) 2,89 (2) 2,057 (2) 2,020 (2)
Days off 880 (2) 1,131 (2) 636 (2) 1,081 (2)
Days of restricted work 1,563 (2) 1,763 (2) 1,421 (2) 939 (2)

Non-lost-workday cases d d d d

Total cases d d d d

Production data (based on design capacity of plants)

Man-years 7.825 (1) 9,604 (1) 10,910 (1) 10,847 (1)
Output
1012 peu 9,350 (4) 9,350 (4) 9,350 (4) 9,350 (&)
Tons of 235y 132 () 132 (&) 132 (4) 132 (4)
MSWU 17.2 (3) 17.2 (3) 17.2 (3) 17.2 (3)
Input
10'2 Beu 12,100 (4) 12,100 (4) 12,100 (4) 12,100 (&)
Tons of 235y 171 (4) 171 (4) 171 (&) 171 (8)
HSWU NA NA NA NA

2Numbers in parentheses refer to the explanatory notes given on the
following pages.,

Blncludes both injuries and illanesses.
®See Appendix A.
dno dats reported explicitly for this item.
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Notes to Table 5.2

l. (Sommerfeld, 1980; Kaufner, 1979; Bailey, 1979. Eaployment data
(obtained by private communication) are given for the three gaseous diffu-
sion plants in terms of man-hours actually worked. Located at the site of
the K-25 plant (Oak Ridge Gaseous Diffusion Plant) are certain operations
not relevant to the gaseous diffusion process. Information gleaned from
monthly and annual reports of the Finance and Budget Department of the
Union Carbide Corporation, Nuclear Division (Sommerfeld, 1979) indicates
that perhaps only 35 to 402 of the employees at the K-25 site are engaged
in gaseous diffusion plant operations. We did not reduce the K-25 employ-
ment figures to account for this. If we assumwe that 37.5Z of the reported
K-25 employees are engaged in diffusion operations, the total employment
figures would change to the following levels:

Year Man-years Percent of given value
1975 5229 66.8
1976 6233 64.9
1977 7208 66.1
1978 7175 66,1

2. (Sommerfeld, 1080; Kaufner, 1979. 8o.h sources report man—hours
worked, fatalities, lost-workday cases (LWDC), and lost workdays (LWD) un-
der OSHA definirions., The LWDCs and LWDs for the Portsmouth Gaseous Dif-
fusion Plant (taufner, 1979) are not separated into those involving days
off and those involving days of restricted work., To do chis, we multi-
plied the LWDCs and LWDs for Portsmouth by the 1975—78 average number (for
the other plants) of LWDCs with days off per LWDC (0.15) and of LWDe with
days off per LWD (0.38), respectively. The numbers of LWDCs and IWDs in-
volving restricted-work days were obtained by subtraction. The resulti~~
numbers of LWDCs and LWDs with days off and with days of restricted work
were added to the numbers reported for the other plants. These total
numbers are reported.

3. The enrichment capacity of the three gaseous diffusion plants is
17.2 million separative work units (MSWU) per year (USDOE, 197%, p. 3).
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Notes to Table 5.2 (continued)

We used rated enrichment capacity as the basic unit of output because
(1) by U.S. Department of Energy directive, the Oak Ridge Gasmous Diffu-—
sion Plant reduces its electric power consumption, and thus its produc-
tivity, to ease demand on the electricity supply system, and (2) reduc-
tions in productivity at the diffusion plants are not necessarily accompa-
nied by reductions in manpower. An SWU is a measure of the work required
to produce uranium that is enriched to a specific level of 235y from natu-
ral (or recycled) uranium while leaving uranium tailings thac are depleted
to a specific level of 233U (USAEC, 1968, p. 7; USDOE, 1979d, p. 106). We
use the following: 1 SWU (more properly 1 kg-SWU) is the work required to
separate 1.272 kg (0.00140 ton) of natural uranium into 0.232 kg (0.000256
ton) of enriched uraniuva (containing 3% 235y) plus 1.040 kg (0.00115 ton)
of depleted uranium tailinge (containing 0.22 235y, Thus, 17.2 MUSWU will
separate 24,080 tons of natural vranium into 4403 tons of enriched uranium
plus 19,780 tons of depleted uranium.

4. From note 3 and from the fact tha- complete fission of 1 ton of
235 yields 7.08 x 10!3 Beu (U.S. Department of Health, Educction, and
Welfare, 1970, p. 18), we find that an input of 24,080 tons of natural
uranium (0.711% 2350) is equivalent to an input of 171.2 tons of 235y
(24,080 x 0.00711) or 12,100 x 10'2 Btu (171.2 x 7.08 x 10}3). Similarly,
an output of 4403 tons of enriched uranium (3% 235U) is equivalent to
132.1 tons of 235y (4403 x 0.03) or 9350 x 10}2 Bru (132.1 x 7.08 x 1013),
The 19,780 tons of depleted uranium tailings (0.2% 235U) will contain 40.1
tons of 235y (19,780 x 0.002) or 3800 x 102 Beu (40.i x 7.08 x 1013),
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number of employees depends on the rated output capacity of the plant

and is not a sénsitive function of actual plant output). Therefore, we
report and use rated plant capacity as the basis for calculating casualty
and output rates. (See note 3 of Table 5.2.) Using actual production
data would give outputs per 100 wan-years that are 0.75 times those given
in Table 5.1.* This would give casualty rates per output that are

1.3 tixes (1/0.75) those given in Table 5.1.

Two programs to increase the capacity of the gaseous diffusion com—
plex are nearing completion. They will add between 10.1 and 10.5 MSWU of
capacity to the complex (USDOE 1979b, p. 3). The effects these programs
will have on productivity, employment, and occupational cazualties are un-
known. !eanwhile, until data on the upgraded facilities become available,
the use o. the incidence rates given in Table 5.1 to estimate future occu-
pational casualties in gaseous diffusion plants should give reasonably
good results.

The annual occupational casualty incidence rates for 1975—-78 given
in Table 5.1 were calculated directly from the data in Table 5.2. Ve
classify them as "self-contained” incidence rates. Fatalities, serious
cases (lost-workday cases with days off), and lost workdays per 100 man-
years were calculated from the reported casualty data. These agree rea-—
sonably well, where comparable, with rates revorted by Baker (1976).
Annual outputs (1012 Btu, tons of 2350, and MSWU) per 100 man-years were
calculated from the production data. Incidence rates per umit of output
were obtained by dividing the appropriate rate per 100 man-years by the
appropriate output per 100 man-years, Mean values and sample standard

deviations represent the 4-year average of the designated rate.

5.2 Gas Centrifuge Plants

Occupational injury and illness, production capacit,/, and employ~-

ment data for gas centrifuge plants are nonexistent. Rather than omit

*During 1975-73, the rated capacity of the glants wvas 17.2 MSWU,
which we assume produced uranium eiriched to 3% 435U and uranium tailings
depleted to 0.2% 235y, Actual pruduction during 1975-78 averaged ~12.9
MSWU (USERDA, 1977, p. 13; USDOE, 1978a, p. 12, and 1979¢, p. 12). There-
fore, actual production averaged ~75% of rated capacity.
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consideration of this imminent techmnology, we “constructed” the casualty

incidence rates given in~ Table 5.3 as follows:

l. The operation and maintenance w.rk force pcr unit output will be
larger in a gas centrifuge plant than in a gaseous diffusion plant (USDOE,
19795, p. 8). Based on model plant designs (USERDA, 1976b, pp. 2.2-4 to
2.2-17), a gas centrifuge plant will employ ~286 persons per MSWU of ca-
pacity; ap associated rotor manufacturing plant will employ 120 persons
per MSWU of gas centrifuge plant capacity; and a gaseous diffusion plant
vill employ ~160 persons per MSWU. Thus, the number of employees per HSWU
at a centrifuge plant could be ~1.8 times higher than that at a gaseous
diffusion plant, or 2.5 times higher at a combined centrifuge and rotor
fabrication plant. We adopted the combined plant value and reduced, by a
factor of 2,5, the outputs per 100 man-years in Table 5.1 to give those in
Table 5.3.

2. We assumed that the occupational injury and illness rates for the
combined centrifuge and rotor fabrication plant will be equivalent to
those for gaseous diffusion plants. Thus, the casualty rates per 100 man-
years given in Table 5.1 were assumed to apply directly to the combined
plant and are repeated in Table 5.3.

3. The casualty rates per unit of output in Table 5.3 were obtained
by dividing the casualty rates per 100 man-years by the appropriate out-
puts per 100 man-years. fBecause of the uncertainties involved, only a
single set of casualty rates — equivalent to the mean values in Table

5.1 — 18 given. No attempt was made to define a standard deviation.)
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Table 5.3. Casualty incidence rates
for operation and maintenance of
a combined gas centrifuge and

rotor fabrication plant

Value
Fatalities/100 MY 0.0023
Serious cases/100 MY 0.13
Lost workdays/100 MY 25
10}2 Bru® output/100 MY 39
Fatalities/10'2 Beu 0.000059
Serious cases/10!2 pru 0.0034
Lost workdays/10!2 Bru 0.64
Tons of 235y output®/100 MY 0.55
Fatalities per ton of 235y 0.0042
Serious cases per ton of 235y 0.24
Lost workdays per ton of 235 45
USWU output?/100 MY 0.072
Fatalities/11SWU 0.032
Serious cases/MSWU 1.9
Lost workdays/MSWU 350

2The British thermal unit values
used in calculating incidence rates are
bagsed on the total energy content of the
235y {n the enriched uranium product,
based on rated enriclment capacity.

b
capacity.

Outpui is based on rated enrichment
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6. FUEL FABRICATION

The basic function of a fuel fabrication plant is to fabricate ura-
nium fuel assemblies for use in commercial power reactors. Most of the
existing plants prepare assemblies with low—enriched (<5 wt 2 2359) ura-
nimm for use in light-water reactors. The principal operatipns carried
out at a fuel fabrication plant include: (1) conversion of enriched ura-
nium hexafluoride (UFg) to uranium dioxide (UO;) powder; (2) fabrication
of the U0, powder into pellets; (3) encapsulation of the pellets into
fuel rods; (4) fabri~ation of the fuel rods into fuel assemblies; and
(5) shipment of completed fuel assemblies to reactor sites.

Fabrication of fuel assemblies requires both chemical and mechani-
cal operations. Conversion of UFg to U0, powder is a chemical process
1nvoiv1ng vaporization of the UFg, whi:h generates hydrogen, hydrogen
fluoride, and nitrogen gases and steam. Pellet fabrication involves
preparation of a homogenized mixture of UO, and appropriate additives;
compaction, granularization, and pressing the mixture into pellets; and
sintering the pellets in a reducing atmosphere. Encapsulation of the
fuel rods involves grinding the pellets to specified dimensions, loading
the ground pellets into metal tubes, and welding plugs to the metal tubes.
Fuel assembly fabrication involves loading ruel rods into designated po-
sitions in a prefabricated support structure and attaching top closure.
Completed fuel assemblies are inspected and loaded into approved shipping
containers.

"Constructed” occupational casualty incidence rates for fuel fabrica-
tion plants are given in Table 6.1. These rates were derived by the same
procedures used to estimate rates for fuel conversion plants (Sect. 4).
Partial data from Baker (1976) were completed (Table 6.2) using data oa
the industrial inorganic-chemical industry (Table 4.3). Rated production
capacity and nominal manpower requirements for an existing (USNRC, 1977)
and a proposed (Westinghouse Electric Corporation, 1979) fuel fabrication

plant were used to calculate incidence rates per unit of cutput.




Table 6.1. Casualty incidence rates for operation
and maintenance of uranium fuel fabrication
plants, based on 1973-74 data

Value
Fatalities/100 MY 0. 0034
Serious cases/100 MY 0.55
Lost workdays/100 MY 13
10!2 Bru? output/100 MY 200
Fatalities/10!2 Btu 0. 000017
Serious cases/10'Z Btu 0.0028
Lost workdays/10!'2 Btu 0. 065
Tons of 235U ocutput?/100 MY 2.8
Fatalities per ton of 235y 0.0012
Serious cases per ton of 235y 0.20
Lost workdays per ton of 235y 4.6
Tons of enriched uranium processedblloo MY 93
Fatalities per ton of enriched uranium 0. 000037

Serious cases per ton of enriched uranium 0. 0059
Lost workdays per ton of enriched uraniur 0.14

QThe British thermal unit values used in calcu-
lating incidence rates are based on the total energy
content of the 235] in the 3% enriched uraniua.

bBaaed on rated plant capacities (see note 5 of
Table 6.2).
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Table 6.2. Casualty and production data
for operation and maintenance of ura-
nium fuel fabrication plants in
the United States, based on

197374 data®

Value

100

Casualgzﬁdatab
(based on OSHA definitions)®
Man-years
Fatalities -

Lost-workday cases

With days off
With restricted workdays

Lost workdays

Days off
Days of restricted work

Non-logt-workday cases
Total cases

Production data

0.0C% (1)
0.8 2)

0.55 (3)
0.25 (3)

12.8 (2)

9.1 (4)
3.7 (&)

4.3 (2)
5.1 (2)

(based on design capacity of plaats)

Man-~years
Output

1012 Btu
Tons of 235y
Tons of enriched uranium

3550 (5)

7030 (5)
99 (5)
3310 (5)

%Numbers in parentheses refer to
the explanatory notes given on the fol-

lowing page.

DIncludes both injuries and 111-

nesses.,

CSee Appendix A.
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Notes to Table 6.2

1. Derived as follows: total lost-workday cases per 100 man—years
from this table (0.8) divided by total lost-workday cases per 100 man—
years from Table 4.3 (2.6) multiplied by the number of fatalities per
100 man-years from Table 4.3 (0.011).

2. Baker, 1976.

3. Derived as follows: lost-workday cases with days off (or re—
stricted workdays) per 100 mamyears from Table 4.3 [1.8 (or 0.8)] divided
by total lost-workday cases per 100 man-years from Table 4.3 (2.6) multi-
plied by total lost-workday cases per 100 man-years from this table (0.8).

4. Derived as follows: lost workdays with days off (or days of re-
stricted work) per 100 manmyears from Table 4.3 [39.0 (or 15.6)] divided
by total lost workdays per 100 man-years frou Table 4.3 (54.6) multiplied
by total lost workdays per 100 man-years from this table (12.8).

5. An existing plant has a rated capacity of 400 metric tous of
enriched uranium per year and eaploys 700 persons, and a proposed ca-
pacity of 1600 metric tons with 1850 employees (USNRC, 1977). A proposed
plant will have a capacity of 1000 metric tons per year and will employ
1000 persons. Combining these values gives a total capacity of 3000
metric tons (3308 tons) per year and 3550 employees (=3550 man—years).

A metric ton of enriched uranfium (3 wt % 235U) will contain 0,03 metric
ton (0.033 ton) of 235u. Therefore, the total output of 235y 18 90 metric
tons (99 tons). Since complete fission of one metric tom of 235U yields
7.81 x 10!3 Btu of energy, 90 metric tons will yileld 7.030 x 10!5 Beu.
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7. ELECTRIC POWER GENERATION

Nuclear power plants typically produce between 10 and 15 _f the
electric ererzy produced in the United States. For example, during 1977,
47 plants containing 63 reactor units generaz:d 250.9 TWh of electricity,
or i1.82 of the 2124 TWh produced in the United States (U.S. Department
of Energy 19784, pp. VII—XIV and 184—98). Thcse plants had a combined
installed capacity of 49,129 MW(e) with individual plant capacities aver-
aging ~970 MW(e) and ranging between 65.3 and 3465 MW(e). The generat-
ing capacity of these plants was 430.4 1Wh {49,129 MW(e) x 8760 h/year].
Therefore, the amount of electricity usually generated by the plants was
~60% of their potential generating capacity.

Through 1977, ail operating nuclear power plants were equipped with
light-water reactors (LWRs), including both pressurized- and boiling-water
designs. A few high-temperature gas-cooled reactor units (HTGRs) are
being readied for use. Other potentially important reactor designs are
liquid-metal fast breeder reactors (LMFBRs), light-water breeder reactors
(LWBRs), and heavy-water reactorc (HWRs).

This chapter gives occupational casualty and production data for
operation and maintenance of nuclear-fueled =2lectric-power-generating
plants. These data are vsed to calculate sets of "synthesized” occupa-
tioral casualty incidence rates for LWRs (see Sect. 7.1). Rates for the
other reactor types are "constructed” in Sect. 7.2 from the LWR occupa-
tional casualty data and engineerinyg estimates of employment and produc-
tion for each tyre of reactor. All nccupaiional casualty data are based

on OSHA definitions (see Appendix A),

7.1 Light-Water Reactors

This section lists, and explains the derivation of, occupational
casualty incidence rates for operation and maintenance of domestic nuclear
pover plantc equipped with light-water-moderated reactors. Table 7.1
lists the incidence rates, and Table 7.2 presents the selected casualty
and production data from which the incidence rates were derived.

The casualty data in Table 7.2 were obtained from annual reports of

the Tennessee Valley Autnority (TVA) (Day, 1979). Theece reports list the




Table 7.1. Casualty incidence rates for operation and maintenance
of light-water-reactor nuclear power plants

Year Mean Standard

1975 1976 1977 deviation
Fatalities/100 MY 0.0 0.0 0.0 0.01% b
Serious cases/100 MY 0.38 0.27 1.7 0.78 0.80
Lost workdays/100 MY 13 23 64 33 27
10'2 Btu rated® output/100 MY 16 16 15 16 0.58
Fatalities/10'2 Bty (rated) 0.0 0.0 0.0  0.0006% b
Serious cases/10!? Bty (rated) 0.023 0.017 0O.11 0,050 0.052
Lost workdays/10!2 Bru (rated) 0.82 1.4 4.4 2,2 1.9
TWh rated output/100 MY 6.8 6.7 4.3 4.6 0.26
Fatalities/TWh (rated) 0.0 0.0 0.0  0.002% b
Serious cases/TWh (rated) 0.080 0,057 0.39 0.18 0.19
Lost workdays/TwWh (rated) 2.8 6.9 15 7.6 6.5
1012 Bey actuaid output /100 MY 9.3 8.9 8.7 9.0 0.31
Fatalirfes/10'2 Bru (actual) 0.00 0.0 0.0 0.001% b
Serious cases/10'? Bty (actual) 0.041 0.030 0.19 0,087 0,089
Lost workdays/10'? Btu (actual) 1.4 2.6 7.4 3.8 3.2
TWh actual output/100 MY 2.7 2.6 2.5 2.6 0.10
Fatalities/TWh (actual) 0.0 0.0 0.0  0,004% b
Serious cases/TWh (actual) 0.14 0. 10 0.65 0.30 0.31
Lost workdays/TWh {actual) 4.9 8.7 25 13 11

anased on assumed value of 0.0! fatality/100 MY (see text).

bStandard deviation cannot be calculated because of {nsufficient data.

¢

Based on rated generating capacity times 8760 h,

d

Based on electricity actually generated.
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Table 7.2. Selected casualty and production data for
operation and maintenance of light-water-reactor
nuclear power plants in the United States?

Year

1975 1976 1977

Casualty data? (based on OSHA definitions)®

Man-years 522 (1) 754 (1) 787 (1)
Fatalities 0 (1) 0 (1) 0 (1)
Lost-workday cases 5 (1) 7 (1) 21 (1)
With days off 2 (1) 2 (1) 13 (1)
With restricted workdays 3 (1) 5 (1) 8 (1)
Lost workdays 70 (1) 171 (1) 505 (1)
Days off 55 (1) 124 (1) 402 (1)
Days of restricted work 15 (1) 47 (1) 103 (1)
Non—-lost-workday cases 68 (1) 81 (1) 77 (1)
Total cases 73 (1) 88 (1) 98 (1)

Production data (based on rated capacity
and actual output of plants)

Man-years 5113 (2) 6307 (4) 7210 (5)
! Output
1012 Bty (rated) 838 (3) 1006 (3) 1047 (3)
10}2 Btu (actual) 477 (3) 560 (3) 625 (3)
TWh (rated) 246 (2) 294 (4) 307 (5)
TWh (actual) 140 (2) 164 (4) 183 (5)
Input
1012 Bey d d d

%Numbers in parentheses refer to the explanatory notes
given on the following page.

bIncludes both injuries and illnesses.
®% e Appendix A.
dNo data reported explicitly for this entry.
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Notes to Table 7.2

1. Day, 1979. Occupational injury and illness data aad matching
manpower data taken from TVA annual reports.

2., U.S. Department of Energy, 1978b, pp. 177-86. An annual summary
of performance data on all nuclear power plants. We selected and summed
the number of employees, the net electric power generation, and the rated
electric-power—generating capability (rated capacity times 8760 h) for
plants that operated normally during the year (i.e., those that brought
no new units into service nor had any abnormal maintenance requirements).
These are 1975 data and include reports based on a calendar year and re~
ports based on a fiscal year (July 1, 1974—June 30, 1975).

3. This value is based on rated electric-power—generating capa-
bility. It is obtained as follows: 1 kWh = 3412 Btu; therefore,

1 TWh = 10° kwh = 3.412 x 1012 Beu,

4, U.S. Department of Energy 1978¢, pp. 183-95. Same as note 2,

but for 1976.

S. U.S5. Department of Energy 19784, pp. 184-98. Same as note 2,
but for i977.
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annual numbers of fatalities, lost-workday cases, non—-lost-workday cases,
lont workdays, and man—hours worked at TVA's nuclear power plants; OSHA
definitions are used (see Appendix A). The data cover all employees in-
volved in reactor startup, testing, operation, and maintenance.

Production data were obtained for each domestic nuclear power plant
that was licensed to operate during the indicated year (U.S. Department
of Energy, 1978, pp. 177-86; 19782, pp. 183-95; and 1978d, pp. 184-98).
The data listed in Table 7.2 cover only those plants that operated nor-
mally during the year (i.e., those that did not add new units nor experi-
ence long, unscheduled shutdowns). By summing the contribution of each
covered plant, we obtained the annual number of employees (which we equate
vith the number of man-years worked), actuval quantities of electricity
generated, and the rated generating capabilities (installed generating
capacities multipled by 8760 h).

The annual casualty incidence rates for 1975 through 1977 given in
Table 7.1 were calculated directly from the data contained in Table 7.2.
We classify them as "synthesized”™ incidence rates, with the reservations
noted in the following paragraphs. Fatalities, serious cases (lost-
workday cases with days off), and lost workdays per 100 man-years were
calculated from the casualty data. Annual rated values and actual output
values (10}2 Btu and TWh) per 100 man-years were calculated from the pro-
duction data. Incidence rates per unit of output were obtained by di-
viding the appropriate rate per 100 man-years by the appropriate output
per 100 man-years.

Except for the fatality rates, the mean values and sample standard
deviations given in Table 7.1 represent the 3~-year average of the desig-
nated rate. In the case of fatalities, since none were recorded during
the time interval considered, the mean values are rates based on an as—

sumed rate of 0.01 fatality per 100 nan-years.* (We believe that this

*This fatality rate is comparable to other estimates (see Table 7.3).
Also, it corresponds to ~7% of the upper bound of the 95X confidence in-
terval (0 to 0.15 fatalities per 100 man-years) for 0 fatalities over
3 years (n = 20.64 units of 100 man-years). If preliminary data for 1978
and 1979 (Day, 1979) are added to those in Table 7.2, the chosen rate cor-
responds to ~152 of the upper bound (0 to 0.07 fatalities per 100 man-
years) for O fatalities over 5 years (n = 50.52 units of 100 man-years).
These calculations assume a binomial distribution for the casualty data
(Snedecor and Cochran, 1967, p. 6).
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rate is an overestimate, perhaps by a factor 10.) The remaining mean
fatality rates were obtained by dividing fatalities per 100 man-yea:s by
the appropriate mean rate of output per 100 man—years.

Caution is urged in using the casualty incidence rates in Table 7.1.
Although the casualty data are reliable and specific to nuclear power
plant operation and maintenance, they are from a sample thar is small and
not necessarily representative of the industry. Therefore, the combina-
tion of limited casualty data and complete production data could produce
casualty incidence rates that deviate significantly from a true industry
average. This, however, does not appear to be a problem, because the in-
cidence rates in Table 7.1 are in reasonable agreement with rates derived
by other investigators. For comparison, Table 7.3 presents casualty rates
that were calculated from two independent data sources together with rates
based on TVA data.

Bertolett =2:Jd Fox (1974) obtained operation and maintenance casualty
data. under ANSI definitions, for 1969-72 from six electric utilities,
five of which operated nuclear plants. These data are widely used in risk
assessments. We have cast these data into an OSHA-compatible format for
inclusion in Table 7.3. Bertolett and Fox also reported, without cita-
tion, other published casualty data; these ar= also given in Table 7.3.
Hub et al. (1973, pp. II-182 to 1I-184) give values that were constructed
from data collected by the U.S. Department of Labor (1968 and 1969).

These data are aggregates of casualty data collected under ANSI defini-
tions from a variety of nuclear and support facilities. The aggregated
data were manipulated by Hub et al. to produce casualty rates per million
man-hours, which we converted to rates per 100 man-years. [We made all
values of lost workdays per terawatt—hour of actual output compatible,
but not comparable, with OSHA definitions by subtracting the days attrib-
utable to fatalities (6000 days per fatality mulciplied by tho given fa~
tality rate) from the reported values.]

We chose to use the rates derived from TVA data because they are well
documented, are in the OSHA format, and offer good prospects for continued
accumulation., Alsn, the TVA data are based on a slightly greater number
of man-hours worked than are the data from Bertolett and Fox. Fipally,

the incidence rates calculated from the TVA data (and those from Bertolett
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Table 7.3. Occupational casualty incidence rates from
several sources for operation and maintenance of
light-water-reactor nuclear power plants

Bertolett and Foxb

a e
TVA"  prom their Other cited Hub et al.
survey vzlues
Fatalities/100 My 0.014 0.0 0.006 0.0080
Serious cases/100 MY 0.78 0.56 0.76 1.0
lost workdays/100 MY 33 13 29 32
Twh actual output®/100 MY 2.6 3.9 3.9 5.0
Fatalities/TWh (actual) 0.004 0.0 0.02 0.0016
Serious cases/IWh (actual) 0,30 0.15% 0.20 0.20
Lost workdays/Twh (actual) 13 3.3 7.5 6.4

% rom Table 7.1; values based on OSHA definitions.

bBertolett and Fox, 1974, Values are based on ANSI definitionms.
Original values have been put into units corresponding to OSHA defimitions.

“Hub et al., 1973, pp. II-182 to II-184. Values are based on ANSI

definitions. Original values have been put into units corresponding to
OSHA definitions.

dEsti.ated value.

®feravatt-hours actually generated.
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and Fox) are based only on nuclear power plant data; they are not calcu-
lated from aggregated data on a variety of facilities, as are the rates

of Hub et al.

7.2 Other Types of Nuclear Reactors

Occupational injury and illness data do not exist for reactor types
other than LWRs. However, there is a uneed for at least "ballpark” esti-
mates of occupational casualty incidence rates for the other types of
reactors. Therefore, we "constructed” such incidcace rates from the LWR
casualty rates per 100 man-years and from engineering estimates of man-
pover requirements to operate and maintain the other reactor types.
Table 7.4 gives theoretical outputs per 100 man—years and “constructed”
casualty incidence rates for HITGRs, LMFBRs, LWBRs, and HWRs.

To construct Table 7.4, we assumed that all types of nuclear power
plants would have the same number of casualties per 100 man-years as do
LWRs. Differences between plant types were assumed to affect only pro-
ductivity (TWh and 1012 Btu rates output per 100 man-years). We used an
engineering estimate (Myers, 1979, pp. 19-26) of manpower requireuments
for typically sized reactors of the desired types to calculate the pro~
ductivity values given in Table 7.4. Manpower requirements include all
on-site (operation, supervisory, and security) and off-site (peak main-
tenance) personnel normally associated with power plant operation and
maintenance. The inclidence rates in Table 7.4 were obtained by dividing
incidence rates per 100 man-years (from Table 7.1) by terawatt-hours rated
output per 100 man-years and 1012 Btu rated output per 100 ma.n-years.
[The productivity values in Table 7.1, 4.5 TWh rated output per 100 man-
years for an LWR, are in good agreement with those in the engineering
study, 4.9 TWwh rated output per 100 man-years for a boiling-water reactor
(BWR) and 4.6 TWh rated output per 100 man~years for a pressurized-water
reactor (PWR).]
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Table 7.4. Estimated occupational casualty incidence rates for
operation and maintenance of nuclear power plants
equipped with various types of reactors

INR®  HTGRP  IMFBRP  LwBRD HWRD

Fatalities/100 MY 0.01

Serious cases/100 MY 0.78

Lost workdays/100 MY 33

1012 Bry rated output®/100 MY 16 18d 18d 16 1d
Fatalities/10'2 Btu 0.0006 0.0006 0.0006 0.0006 0.0006
Serious cases/10}? Btu 0.049  0.043  0.043  0.049  0.046
Lost workdays/10'2 Btu 2.1 1.8 1.8 2.1 1.9
TWh rated outputf/100 MY 4.6 s.4d 5.4d 4,68 4,94
Fatalities/Twh 0.002  0.002 0.002 0.002  0.002
Serious cases/Twh 0.17 0.14 0. 14 0.17 0.16
Lost workdays/TWh 7.2 6.1 6.1 7.2 6.7

OFrom Table 7.1. Values may differ slightly due to different aver-
aging scheme.

bAssumes values per 100 MY are the same for all reactor types.
CBased on rated generating capacity.

dHyers, 1979, pp. 19-26.

€Assumes LWBR and IWR are equivalent.

fTerawatt-hours of rated generating capacity (installed capacity
times 8760 h).
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8. ELECTRIC POWER TRANSMISSION

Electric power is traunsmitted throughout the nation via a complex,
intercomected system of overhead, underground, and subamarine power lines.
These lines are shared by electric—power-generating plants and therefore
cannot be assigned in general to a specific plant or type of plant.

Each electric-power-generating company and power—distributing or—
ganization maintaing a part of the total system. This system includes
transmission and distribution lines that have power ratings from a few
kilovolts to B850 kV, a varicty of line and substation transformers,
meters, and substations.

This chapter gives selected occupational casualty and production
data for operation and maintenance of very high voltage (350 kV and
higher) transmission lines. These data are used to calculate sets of
“synthesized” occupational casuvalty incidence rates. Table 8.1 lists
the incidence rates, and Table 8.2 presents the data.

The casualty data in Table 8.2 were obtained from information given
in TVA annual reports (Day, 1979). These reports list the annual numbers
of fatalities, lost-workday cases, non~lost-workday cases, lost workdays,
and man~hours worked in connection with operation and maintenance of TVA's
power distribution network; OSHA definitions are used (see Appendix A).

Production data include the manpower figures from the casualty data.
They also include the annual quantity of electric energy transmitted
across TVA's power distribution network and the circuit~miles of trans-
mission line that make up the network (Federal Power Commission, 1975,
pp. 1OFP and 10PPA; USDOE, 1978e, p. 414C-FP; 1979, p. 154; and 1979f,
p. 158).

The annual occupational casualty incidence rates for 1975 through
1978 given in Table 8.1 are classified as "synthesized.” Fatalities,
serious cases (lost-workday cases with days off), and lost workdays per
100 man-years were calculated directly from the casualty data. Annual
output values (10'2 Btu and TWh transmitted, and 103 circuit-miles) per
100 man-years were calculated from the production data. Incidence rates
per unit of output were obtained by dividing the appropriate casualty rate



Table 8.1.

Casualty incidence rates for operation and maintenance of

very high voltage electric power transmission lines

Year Standard
Mean deviation
1975 1976 1977 1978

Fatalities/100 MY 0.0 0.0 0.0 0.10 0. 025 0.050
Serious cases/100 MY 0.58 0.88 0.49 0.70 0. 66 0.17
Lost workdays/100 MY 88 110 77 120 99 20
10!2 Bty transmitted2/100 MY 37 38 44 43 41 3,5
Fatalities/10'2 Btu 0.0 0.0 0.0 0.0023  0.00058  0,0012
Serious cases/10!?¢ Btu 0.016 0.023 0.011 0.016 0.017 0.0049 .
Lost workdays/10!2 Btu 2.4 2.9 1.8 2.7 2.5 0.48 b4
TWh transmitted?/100 MY 11 11 13 13 12 1.2
Fatalities/TWh 0.0 0.0 0.0 0.0079  0.0020 0. 0040
Serious cases/TWwh 0.053 0,078 0.038 0.055 0. 056 0,017
Lost Uorkdays/mh 8.1 9.9 6.0 9.4 8.4 1.7
103 circuit-miles®/100 MY 1.6 1.7 1.6 1.7 1.7 0. 058
Fatalities/103 circuit-miles 0.0 0.0 0.0 0. 059 0.015 0. 030
Serious cases/10% circuit-miles  0.36 0,53 0.30 0,42 0,40 0, 098
Lost workdays/103 circuit-miles 55 67 47 71 60 1l

%Based on energy content of electricity transmitted through system.

bElectric power transmitted through system.

CCircuit-miles of transmission line that make up the system.
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Table 8.2. Selected casuvalty and production data for operation
and maintenance of very high voltage electric power
transaission lines in the United States®

Year

1975 1976 1977 1978

Casualty data® (based on OSHA definiticne)®

Man-years 1,039 (1) 1,021 (1) 1,026 (1) 997 (1)
Fatalities 0 (1) 0 (1) 0 (1) 1 (1)
Lost~workday cases 15 (1) 25 (1) 25 (1) 13 (1)
With days off 6 (1) 9 (1) S (1) 7 (1)
With restricted workdays 9 (1) 15 (1) 19 (1) 6 (1)
Lost workdays 915 (1) 1,142 (1) 785 (1) 1,190 (1)
Day off 150 (1) 306 (1) 350 (1) 362 (1)
Day» of restricted work 765 (1) 836 (1) 435 (1) 828 ()
Non-lost~workday cases 49 (1) 76 (1) 53 (1) 37 (1)
Total cases 64 (1) 100 (1) 77 (1) 51 (1)
Production data (based on actual output)
Man-years 1,039 (1) 1,021 (1) 1,026 (1) 997 (1)
Output
1012 ey 385 (3) 393 (3) 447 (3) 443 (3)
TWh 113 (2) 115 (4) 131 (5) 127 (6)
Circuit-miles 16,762 (2) 16,937 (4) 16,861 (5) 16,858 (6)
Input
1012 Bey 395 (3) 404 (3) §59 (3) 465 (3)
Twh 116 (2) 118 (4) 134 (5) 130 (6)

ONumbers in parentheses refer to the set of explanatory notes given in the
following page.

PInciudes both injuries and illnesses.
CSee Appendix A.
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Notes to Table 8.2

1. Day, 1979. Data used in Tennessee Valley Authority (TVA) annual
reports were obtained by private communication from B. C. Day of TVA at
Chattanooga, Tennessee.

2. Federal Power Commission, 1975, pp. 1OFP and 10FPA. Total
circuit—miles of electric power transmission lines maintained by TVA are
given. Input values represent total electric power that entered the TVA
power distribution system (net generation plus purchased electricity
plus electric power interchanged). Output values represent the amount
of electric power delivered from the system (input less power losses and
internal utility uses).

3. The British thermal unit values are obtained by multiplying
terawatt-hours of input and output by 3.412 x 1012 Bru/Tvh.

4, USDOE, 1978e, p. 414C-FP. See note 2.

5. USDOE, 1979¢, p. 154, See note 2.

6. USDOE, 1979f, p. 158. See note 2.
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per 100 mao—years by the appropriate output per 100 man-years. Mean
values and sample standard deviations represent the 4-vear average of the
designated rates.

To our knowledge, Table 8.2 contains the only available set of ca-
sualty and production data specifically on operation and maintenance of
electric power transmission lines. Thus, even though the size of the sam
ple is small (~7% of the electric power generated in the United States
during 1977 passed through TVA's transmission lines), the data and the
incidence rates calculated therefrom are valuable for assessaents of

electric power transmission systems.



9. TRANSPORTATION

Transportation links the various technologies :in the uranfum fuel
cycle. The overall transportaticn scheme is complicatec by the various
shipping distances involved and by the various load sizes and types of
packaging used. Basically, the transportation wmodes considered in this
report involve the movement of uranium ore from mines to mills; U30g from
mills to conversion plants; natural UFg from conversion plants and im-
porters to earichment plants; enriched UFg between enrichment plants,
from enrichment plants to fue) [abrication plants and exporters, and
from fuel fabrication plants to reactor sites. Truck and rail are the
dominant mcdes of transportation.

Before cccupational casualty incidence rates could ke calculated,
it was necessary to define z representative transportition schem- for
the uranim fuel. To dc this, we evaluated .everal documented scnemes
(USAEC, 1974b; Hub et al., 1973; and Gefen et al., 1978) and adopted the
scheme that is summarized in Table 9.1. Shipment descriptions were taken
directly from the references. Average shipping distances were either
taken directly from the references or, for UFg shipments, were calculated
by taking actual shipping distances between plants, multiplying them by
the fraction of the total annual! =ass of UFy shipped over each distance,
and sumsing the results of the multipliractions. The energy content per
shipment was obtained by multiplying the mass (in pounds) of 233U per
shipment by the energy available from cosplete fission of that mass of
225y (viz., 3.54 x 1019 Bru/1b of 23%U) (U.S. Department of Health,
Education, and Velfare, 1970).

Occupationsl casualty incidence rates for transpurt of uranium and
reactor fuel (Table 9.2) were then “constructed,” using the appropriate
frcidence rates por 100 man—years and per million vehicle/car-miles for
all trucking and rail transport in the Uaited States (Table 9.3). The
fncidence rates fo~ ":uvcking were "constructed” from the data in Table
9.4; those for rail transport, from the data in Table 9.5.

Care should be exercised when using the incidence rates given in

Table 9.2, because they were deriv:d using ummatche! data. The casualty




Table 9.1,

Suamary of transportation schemes for the uranium fuel cycle

Average Groes weight Ygisht of  yogray content
e o Material Mode of distance per 8 2359 per Lo
;Mmeigsent e oht . shipment Descripticn shipaent '“u:ol('.:::::o::“” shipwent pz:oﬁdmr;t Source
(uilen) (1b)
Coavetrsion plants U0y (natural) Truck A0 33-gal druas 800 17.6 (16,0) 199 1.0 1, 2
Sactchaent plante Ufg (natural) Truck L l4=ton cylinder 280 16,4 (14.9) (B} ) 4. 09 ]
UPy (natural) Truck 2 10~ton cylinders 690 23.9 (23.2) 202 7.16 ]l
1) 1S (utuu!g Ratl 4 l4=ton cylinders 320 63,9 (39.4) 330 18.8 k)
urg (0,92 %) matl 4 l4-ton cylinders 30 63,3 (39.4) 6 23.4 3
urg (X $3%) Truck 1 10=ton cylinder 260 18,0 (16.3) 427 13.1 3
with cverpack
Fuel fadricatioa plamts UFg (3% 33%y) Truck 3 2.3=ton cylinders 830 20,3 (18,9 306 17.8 ]
and exportets with overpack
Meactors vo, (3x #%) Truck 6 steel bonea 423 26.9 (24.4) 328 378} L, 2
Sources: l. USAEC, 1974d.
. Wb et al., 1973,
3. Geftfen ot al., 1974,

65



Table 9.2. Casualty incidence rates (conetructed) for transport of uranium
and reactor fuel in the United States

Material Mode of Number per:

Shipments to: Coefficient
ehizped shipment Shipment  Ton of 235U 1012 Bty
Conversion plaats U30g (natural) Truck Fatalities 1.7 »« 1076 1,7 x 107% 2,4 x 1077
i{n $5-gal drums Serious cases 2.2 x 107 2,3 x 1073 3.2 x 10™%
Lost workdays 4.4 x 103 4,4 x 1072 6.2 x 10™%
Earichaent plants UFg (natural) Truck Fatalities 5.9 » 1077 8.8 x 1076 1.3 x 1077
in l4~ton cylinders Serious cases 7.8 x 107 1,2 x 1073 1.7 x 10-8
Lost workdays 1.5 x 1073 2,3 x 1072 3.3 x 1O
UFg (natural) Truck Fatalities L.b x 1076 1,4 x 1075 2,0 x 1077
in 10-ton cylinders Serious cases 1.9 x 10°% 1,9 x 10-3 2.7 x 1075
Lost workdays 3.8 x 1073 3,8 x 1072 5.3 x 107"
UFg (natural) Rail Fatalities 1.7 x 1076 6,3 x 106 9,1 » 10~8
in lé~-toa cylinders Serious cases 3.5 x 10™ 1,3 x 1073 1.9 x 10™8
Lost workdays 6.2 x 1073 2,4 x 1072 3,3 x 107
UFg (0.96X 235) Rail Fatalities 1.1 x 1078 3,0 x 1u=8 4¢3 x 1078
iu l4-ton cylindere Serious casas 2.2 x 10°% 6,2 x 1Q™ 8,7 x 1076
Lost workdays 4.0 x 10°3 1,1 x 1072 1.6 x 107
UFg (32 2350) Truck Fatalities 5.% x 107 2.6 x 1076 3.6 x 1078
in 10-ton cylinders Serious cases 7.3 x 1079 3,4 x 107 4.8 x 10™6
with overpack Lost workdays l.4 x 1073 6,7 x 103 9.5 x 1075
Fuel fabrication plants UF (3% 235) Truck Fatalities 1.7 » 1076 6,9 x 1076 9.8 x 1078
and exporiers in 2.5~ton cylinders Serious cases 2.3 x 10°% 9,2 x 10°“ 1.3 x 1075
with overpack Lost workdays 4.6 x 1073 1.8 x 102 2,6 x 10
Reactors Uo, (3% 2350) Truck Fatalities 8.9 x 1077 5,5 x 1076 7,8 x 1078
in assemblies Serious cases 1.2 x 10™% 7,3 x 107% 1,0 x 10=S
in eteel boxes Lost workdays 2.3 x 103 1,4 ~x 10™2 2,0 x 10™%
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Table 9.3. Casualty incidence rates for trucking

and rail transport in the United States

Truck Rail
Fatalities/100 MY 0.061 0.023
Serious cases/100 MY 8.2 4.7
Lost workdays/100 MY 160 83
10° vehicle/car-miles/100 MY 29 7.0
Fatalities/10® vehicle/car~miles 0.0021  0.0033
Serious cases/10° vehicle/car-miles 0.28 0.67
Lost workdays/10° vehicle/car-miles 5.5 12
10° ton—miles/100 MY 110 190
Fatalities/10° ton-miles 0.00055  0.00012
Serious cases/ 10° ton-miles 0.075 0.025
Lost workdays/10° ton-miles 1.5 0.44




Table 9.4, Cacuslty snd production dsra for trucking (local and long distence) in the United States?

Year ll:::.:l Standavd
1972 1973 1974 1973 1978 19 1978 ”:'l‘;g'm deviatton
Sasyelty dave® (boved on OIMA detinjsions)’
Nea—pears 979,423 (1) 1,034,243 (1) 1,074,047 (1) 962,330 (1) 1,003,038 (1) 1,092,460 (1) 1,151,961 (1) 10,454 677
Fatalities 393 (1) 623 Q1) 610 (1) %0 (1) 380 (1) 10%0 (1) 0,06} 0,018
Loat-wotkday cases 71,380 (1) 84,315 Q) 91,880 (1) 72,90 Q1) 81,443 (1) 922,173 (1) 109,333 (1) 8.2 0,72
Vith days oft 72,038 (1) 80,570 (1) 8.2 () 0.72
Witk restricted workdays 928 [ 24) 0.03 (3) 0.0}
Les* workdays 1,393,330 1,609,223 162 (&)
Days off 1,383,183 (1) 1,373,780 (1) 138 (3) 13
Days of restricted work 12,363 (1) 35,443 (1) 3.8 (9) 1.
Woa-lost-workday cases 89,625 (1) 93,633 (1) 99,933 (1) 08,343 (1) 70,383 (1) 69,690 (1) 77,308 (1) 7.8 1.3
Total cases 161,800 180,373 192,448 141,863 132,410 162,898 16,1 I3
cgon data ed_on design of
Man-years 1,034,6.1 (8) 973,032 (7) 1,112,989 () 10,469 703
Class 1 {atsrcity 433,144 (6) 429,306 (7) 307,023 (7) 4,563 [3]]
Qutput
10° vehicle-uiles (totsl) 274,454 (o) 307,930 (?7) 329,489 (7) 2%.1 1.8
10% towmiles (class 1 tatercity 434,000 (6) $10,000 (7) 933,000 (7) 111 ?

“eabers 1n pareathesee reter to the explanatory notes given on the following page.
blneludu both 1ajuries and {llnesaes.

%ee Appandix A.

29
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Notes to Table 9.4

l. Inzana, 1980.

2. Assumed to be approximately equal to all lost-workday cases for
100 man-years, as indicated by the 1975-76 data.

3. Mean of 197576 data.

4. Sum of days off plus days of restricted work per 100 man-years.

5. Obtained by averaging the 1975-76 data to find the average
nmber of lost workdays per corresponding type of lost-workday case (19
days off per lost—-workday case with days off, and 107 days of restricted
work per lost-workday case with restricted workdays), and then multiplying
by the mean number of lost—workday cases of that type per 100 man-years.

6. U.S. Department of Transportation, 1978. Values are given for
total employment in the trucking industty and for total vehicle-miles
traveled, and for class I, imtercity trucking employment, and class I,
intercity tonmiles. Reported numbers of employees have been converted
to man-years worked, using the ratio of man-years worked per employee
from note 1.

7. U.S. Department of Transportation, 1979. Same as note 6.




Table 9.5. Casualty and production data for vailroad transportation in the United staces?

Maan of
Year siven Standard
valuaes daviation
1973 1974 1978 1976 1977 1978 par 100 MY
Casualty data® (based on OSHA definitions)®

Nan-years $38,2)9 (1) 965,093 (1) 499,906 (1) 301,840 (1) 323,790 (1) 309,643 (1) 5,20 252
Tatalities 170 (1) 145 (1) 108 (1) %0 (1) 107 (2) 0.023 0.00%
Loet-workday cases 16,803 (1) 22,038 (1) 24,410 (1) 28,633 (1) 34,570 (1) 38,945 (1) 3.3 1,7

Uith daye off 21,718 (1) 23,718 (1) 4.7 (3) 2,2

With restricted workdays 2,693 2,940 0.58 (3) 0.30
Lost workdaye 391,320 399,408 8) (4)

Daye oft 366,780 (1) 365,110 (1) 77 () 6l

Dayes of restricted work 24,540 (1) 30,378 (1) 5.9 (%) 4.8
Non-lost-workday cases 29,415 Q1) 25,370 Q1) 18,01% (1) 22,200 (1) 22,150 (1) 22,110 (1) hob 0.6
Total caeee 46,390 47,550 42,3530 30,948 36,827 9.3 1.l

Production data (baeed on design capacity of plants)

Man-years 416,384 (6) 391,109 (7) 430,338 (7) 64,126 199
Output

10 cars and locomotives 1.346 (6) 1.299 (7) 1.263 (7) 0.000318 0,000021

10° car-uiles 28,241 (6) 29,133 (7) 29,348 (7) 7402 0.38

10% tratn-ailes 437.4 (6) 439.4 (7) 439.7 (7) 0.110 0,007

10‘ ton-u{ les 784,252 (6) 794,039 (7) 826,292 (7) 192 ¥

“wuaders 1n parentheees tefsr to the explanatory notes given on the following page.
Bincludes both {njuries snd illnesses.

%See Appendix A.

19




65

Notes to Table 9.5

l Inzana, 1980.

2. Incomplete data cn fatalities chargeable to illnesses indicated
the number of such fatalities to be between one and four; we assumed it
to be two.

3. Obtained by averaging the 197576 data to find the fractions of
lost—workday cases that involve days off (0.893) and days of restricted
work (0.107), and then multiplying by the mean number of lost-workday
cases per 100 man-years.

4. Sum of days off plus days of restricted work per 100 man-years.

5. Obtained by averaging the 197576 data to find the average number
of lost workdays per corresponding type of lost-workday case (16 days off
per lost-workday case with days off, and 8 days of restricted work per
lost-workday case with days of restricted work), and then multiplying by
the mean number of lost-workday cases of that type per 100 man-years.

6. U.S. Department of Transportation, 1978. All values are for
class I railroads. Repcrted numbers of employees have been converted to
mamyears worked, using the ratio of mamyeare worked per employee from
note 1.

7. U.S. Department of Transportation, 1979. Same as note 6.



66

and production data used to derive the incidence rates apply to all truck-
ing activities in the United States, including warehousing (Table 9.4),
and to all rail transport (Table 9.5). Communications with trucking

firms that actually transport radioactive materials indicated that, be-
cause of selective assignment of drivers with outstanding safety records
and route planning, their safety record for shipments of radiocactive mate-
rials was far better than their record for shipments of commercial goods.
The safety record for rail shipments of radiocactive materials may also be
better than rail shipments of commercial goods, but this i1s unverified.
The net effect of better safety records for transport of radioactive mate-
rials would be to reduce, probably significantly, the incidence rates
given in Table 9.2.




(-0
-~

REFERENCES

Acoin, P., Nuclear Assurance Corp., Fuel-Trac, Atlanta, Ga. 1980. Per—-
sonal communication.

American Naticnal Standards Institute, Inc. 1969. American National
Standard Method of Recording Basic Facts Relating to the Nature and
Occurrence of Work Injuries. ANSI Standard Z.16.2-1962 (R1969).

American National Standards Institute, Inc. 1973. American National
Standard Method of Recording and Measuring Work Injury Experience.
ANSI Standard Z16.1-1967 (R1973).

Bailey, B. I. V., Oak Ridge Gaseous Diffusion Plant. 1979. Private com—
munication.

Baker, K. R. 1976. The Satety of Workers in the Nuclear Fuel and Reactor
Industries. Nuel. Saf. 17(3): 363-370.

Bertolett, A. D., and Fox, R. J. 1974. Accident—-Rate Sample Favors Nu-
clear. Electr. World 182(2): 40-41.

Cuthbert, H., Oak Ridge Gaseous Diffusion Plant. 1979. Personal com-
munication.

Day, B. C., Tennessee Valley Authority. 1979. Private communication.

Federal Power Commission. 1975. Statigtice of Publicly Owned Electric
Utilities in the United States — 1975.

Gefen, C. A.; Johnson, J. F.; Davis, D. H.; Friley, J. R.; and Ross, B. A.
1978. An Assessment of the Risk of Transporting Uranium Hexafluoride

Hub, K. A.; Asbury, J. G.; Buehring, W. A.; Gast, P. F.; Schleaker, R. A.;
Weills, J. T.; DuBois, K. P.; and Gardner, J. L. 1973. Soeial Coste
for Altermate Means of Electrical Power Generation for 1980 and 1990.
ANL-8093 (Vol. 2). Argonnne National Laboratory.

Inzana, C., U.S. Department of Labor. 1980. Personal communication.

Kaufner, A.,, U.S. Department of Energy. 1979. Private communication.

Myers, M. L. 1979. Guidelines for Estimating Nonfuel Operation and
Maintenance Cogts for Altermative Nuclear Power Plants. ORNL/TM-
6860. Oak Ridge National Laboratory.

National Safety Council. 1979. Work Injury and Illneee Ratee.

Ryan, M. T., and Cotter, S. J. 1980. An Integrated Aesecesment of the

Phosphate Industry. ORNL-5583 and ORNL/EV/OTI-200l. Oak Ridge
National Laboratory.



63

Snedecor, G. W., and Cochran, W. G. 1967. Statistical Methods. 6th ed.
The Iowa State University Press, Ames, Iowa.

Sommerfeld, K. W., Oak Ridge Gaseous Diffusion Plant. 1979. Private
communication.

Sommerfeld, K. W., Oak Ridge Gaseous Diffusion Plant. 1980. Letter to
H. C. Hoy, Oak Ridge National Laboratory, giving amnual injury and
illness data for two gaseous plants as reported to the National
Safety Council.

U.S. Atomic Energy Commission. 1968. AEC Gaseous Diffusion Plant Op-
erations. ORO-658.

U.S. Atomic Energy Commission. 1972, Environmental Survey of Transporta-
tion of Radioactive Materials to and from Nuclear Power Plants. Un-
numbered.

U.S. Atomic Energy Commission, Grand Junctiom, Colo. 1973. Statistiecal
Data of the Uranium Industry. GJO-100(73).

U.S. Atomic Energy Commission, Grand Junction, Colo. 1974a. Statistical
Data of the Uranium Industry. GJO-100(74).

U.S. Atomic Energy Commission. 1974b. Comparative Risk-Cost-Benefit
Study of Altemmative Sources of Electrical Emergy, Appendix A: En-
ergy Expenditures Associated with Electric Power Production by Nu-
clear and Fossil Fueled Power Plants. WASH-1224-A.

U.S. Department of Energy. 1978a. Uraniwum Enrichment Services Activity,
Pinmancial Statements for Period Ended September 30, 1977. ORO-759.

U.S. Department of Energy. 1978b. Steam-Electric Plant Congtruction Coet
and Annual Production Expenses 1975. DOE/EIA-0033/1.

U.S., Department of Energy. 1978¢. Steam-Electric Plant Congtruction
Cost and Anmual Production Expenses 1976.

U.S. Department of Energy. 1978d. Steam-Electric Plant Construction
Cost and Anmual Production Expenses 1977. DOE/EI1A-0033/3(77).

U.S. Department of Energy. 1978e¢. Statistics of Publicly Owmed Electric
Utilities in the United States — 1976. DOE/EIA-0146.

U.S. Department of Energy, Grand Junction, Colo. 197%a. Statistical Data
of the Uranium Industry. GJO-100(79).

U.S. Department of Energy. 1979b. Environmmental Development Plant —
Urantum Enrichment. DOE/EDP=-0059.

U.S. Department of Energy. 1979c. Uranium Enrichment Services Activity,
Pimanetial Statements for Period Ended September 30, 1978. ORO-770.




U.S.

U.S.

U.S.

U.S.

U.S.

u.s.

U.S.

U.S.

u.S.

U.S.

U.S.

U.S.

u.s.

U.s.

U.S.

U.s.

69

Department of Energy.
0035/9(79).

Department of Energy. 197%.
Utilities in the United Statee — 1977.

Department of Energy. 1979f.
Utilities in the United States — 1978.
1979).

Department of Energy. 1540.
Characterizations, Vol. 2:

Department of Health, Education, and Welfare.

Health Handbook.

Colo.
1972,

Department of the Interior, Denver,
in the Metallic Mineral Industries,

Department of the Interlor, Denver,
in the Metallic Mineral Industries,

Colo.
1973.

Colo.
1974,

Department of the Interior, Denver,
in the Metallic Mineral Industries,

Colo.
1975,

Department of the Interior, Denver,
in the Metallic Mineral Industries,

Department of the Interior, Denver, Colo.

in Coal Mining, 1972.

Depa: - :nt of the Interior, Denmver, Colo.
in Coa. Mining, 1973.

Department of the Interior, Denver, Colo.
in Coal Mining, 1974.

Department of the Interior, Denver, Colo.
in Coal Mining, 1975.

Department of Labor. 1967,
Report 334.
Department of Labor. 1968.
359.

Department of Labor. 1969.

378.

1979d. Monthly Energy Review. DOE/EIA-
Statietice of Publicly Owmed Electric
DOE/EIA-0172.

Statietice of Publicly Owmed Electric
NOE/EIA-0172(78).

(October

Bnvirommental Data — Energy Technology
Nuclear Puel Cycle.

DOE/EV-0061/2.

1970. Radiological

1976. Injury Experience
Informational Report 1042,

1978a. Injury Experience
Informational Report 1086.

1978b. Injury Experience
Informational Report 1087.

1978¢c. Injury Experience
Inforrational Report 1088,

1978d. Injury Experience

Informational Report 1074.

1978¢. Injury Experience

Informational Report 1075.

1978f. Injury Experience

Informational Report 1076.

1978g. Injury Experience

Informational Report 1077,

Vork-Injury Experience in Establish~
mente Having Employees in Atomic Energy Work, 1965 and 1966.

BLS

Work Injuriee in Atomic Energy, 1987 —
A Survey of Privately-Oumed and -Operated Establishments.

Report

Work Injuries in Atomic Energy, 1968 —
A Survey of Privately-Oumed and -Operated Establishments.

Report



U.S.

u.s.

u. s.

U.S.

u.s.

U.S.

u.s.

U.S.

u.s.

u.s,

U.S.

U.s.

u.s.

u.s.

70

Department of Labor. 1970. Work Injuries in Atomic Energy, 1969 —
A Survey of Privately-Owmed and -Operated Establishmente. Report
385.

Department of Labor. 1971. Work Injuries in Atomic Enewrgy, 1970 —
A Survey of Privately-Owned and -Operated Establishmente. Report
411.

Department of Labor, Denver, Colo. 1978a. Injury Experience in Coal
Mining, 1976. Informational Report IR 1097.

Department of Labor, Denver, Colo. 1978b. Occupatiomal Injuriee and
Illnesses in the United States by Industry, 1975. Bulletin 1981.

Department of Labor, Denver, Colo. 1979%a. Injury Ezperience in Coal
Mining, 1977. Informational Report IR 11C8.

Department of Labor. 1979b. Occupational Injuries and Illneesee in
the United Stateeé by Industry, 1976. Bulletin 2019.

Department of Transportation, Trangportation Systems Center. 1978,
Natiomal Transportation Statistics. DOT-TSC-RSPA-78-13.

Department of Transportation, Transportation Systems Center. 1979,
Natiomal Transportation Statistics. DOT-TSC-RSPA-79-19.

Energy Research and Development Administration. Undated. Uranium
Hexafluoride: Handling Procedures and Containment Criteria. ORO—
651.

Energy Research and Development Administration, Grand Junction, Colo.
1975. Statistical Data of the Uranium Induetry. GJO-~100(75).

Energy Research and Development Administration, Grand Junction, Colo.
1976a. Statistical Data of the Uraniwm Industry. GJO-100(76).

Energy Research and Development Administration. 1976b. Fimal Envi-
rommental Statement on Expansion of U.S. Uranium Enrichment Capacity.

Energy Research and Development Administration. 1977. Uranium En-
richment Services Activity, Pinancial Statemente for Period Ended
September 30, 1976, ERDA 77-27.

Nuclear Regulatory Commission. 1975. Fimal Envirommental Statement
Relaied to the Kerr-MoGee Nuclear Corp. Sequoyah Uranium Hexafluoride
Plant, Docket: Fo. 40-8027. NUREG 75/0070




71

U.S. Nuclear Regulatory Commission. 1977. Bnwvirommental Impact Ap-
praieal of the Westinghouse Nuclear Fuel Columbia Site (NFCS) Com-
mercial Nuclear Puel Pabrication Plant, Columbia, South Carolina.
Unnuabered.

U.S. Nuclear Regulatory Commission. 1979. Draft Envirommental State-
ment Related to Operation of Gas Hille Uraniwm Mill, Union Carbide
Corporation. NUREG-0441.

Westinghouse Electric Corporation. 1979. Alabama Nuclear FPuel Fabri~
cation Plant Envirommental Report. Unnumbered. :






73

Appendix A

METHODS FOR COLLECTING AND REPORTING
GCCUPATIONAL SAFETY DATA

A major problem i{n making occtupational risk assessments is the fact
that occupational casualty data (injuries, illnesses, fatalities, and lost
workdays) are collected and reported using various systems that are fre-
quently incomparable. The incomparability is caused by differences in
definitions of (1) which casualties (injuries and illnesses) are report-
able or recordable, (2) how to classify a casualty, (3) how to charge
lost workdays, and (4) the formats to be used for recording and reporting
casualty incidence rates and severity rates. Another problem is that the
definitions are changed from time to time. This appendix presents a brief
historical perspective on the development of severai of ihe data report-
ing systems, a discus. 2n of the differences between the two piincipal
systems, aad an accoun of how we attempted to make the variovs systems
comparable.

Prior to July 1, 1971, occupational casualty data were collected,
recorded, and reported according to dofinitions given in American Nationmal
Standards Institute (ANSI) Standards Z16b.1 and Z16.2 (American National
Standards Institute, Inc., 1969 and 1973). On July 1, 1971, mosc employ-
ers were required to collect and record occupational casualty data under
definitions that satisfied the record-keeping rcquirements of the Occupa-~
tional Safety and Health Act (OSHA) of 1970. Between 1971 and 1975, data
were c2llected and recorded under both sets of definitions but usually
were repor:ed in the ANSI format. Since 1975, definitions (U.S. Depart-
ment of Labor 1979, pp., 107-14) have been promulgated to meet revised
record-keepin; requirements of OSHA (U.S. Department of Labor, 1975). At
that time, most govermment agencies began to collect, record, and report
data under O0%HA deiinitions or some variation therenf., However, many im-
portant souic2s of occupational casualty data [e.g., the National Safety
Council (NSC) and the Mine Safety and Health Administraction (MSHA), for-
mer., rne fi.2 Enforcement Safety Administration (MESA) of the U.S. De—
partment of the '1tecior] did not embrace the OSHA definitions at that
time. This produced a period of afxed-format reporting of occuphtional
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casualty data that still persists. The HSC switched to the OSHA format
on Jan. 1, 1977, and ANSI issued a memorandum describing hov to wake their
format compatible with the OSHA format. Begioning with its 1978 data
reports, MSHA has adopted a reporting format (see U.S. Department of the
Interior, 1979, pp. 1-9) that is compatible with, but different from, the
OSHA format. Some reporting agencies continue to use variations or parts
of the OSHA or the ANSI system.

The net effect of changing reporting systems (more specifically,
the definitions used by the systems), using dual systems, and using only
parts of a system is to create confusion for persons attempting to use
the dara. Careful attention must be paid to the definitions under which
data of interest were collected and reported. Once the definitional bases
aré understood, the data can be used properly. Then .hey can be cast into
a form that permits combination and limited comparison of data that are
bagsed on different definitions, as we have done below and in the body of
this report.

Since most occupational casualty data are veported under either OSHA
or ANSI definitions (or a variation of either), we discuss differences be-
tween the systems below. Also, since the OSHA system 1Is expected to find
continued, wides~read use, we describe the modifications necessary to make
data reported uuder ANSI definitions compatible with data reported under
OSHA definitions. However, it should be noted that this feat cannnt al-
ways be achieved.

The ANSI system records and classifies casualties according to their
severity — fatal, permanent total disahility, permanent partial dis-
ability, temporary total disability, and nondisabling casualty. (Non-
disabling cases are not always recorded.) This system of recording and
classifying casualties is ingensitive to any lost workdays involved. In
contrast, the OSHA system records and classifies casualties as a direct
function of lost workdays — (1) fatal, (2) nonfatal, involving days off
from work and/or days of restricted work, and (3) nonfatal, not involving
lost workdays or days of restricted work. (The latter category includes
casualties requiring medical treatmeut beyond first aid and therefore
counts many casualties not recorded under ANSI.) According to a study
conducted by the Naticnal Safety Council (1979, pp. 2-5 and 42-43),
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fatalities and disabling casualties recorded under ANSI definitions cor-
respond, at least nmerically, to fatalities and "lost-workday cases {in—
volving days away from work™ recorded under OSHA definitions. The re-
maining OSHA classifications have no ANSI counterpart. Casralty data are
presented as reported in the data tables that are given in this report.
To make ANSI and OSHA data comparable, we define the casualty class “ser-
ious cases” to be either ANSI-defined nonfatal disabling casualties or
OSHA-defined lost-workday cases involving days away from work. This ca-
sualty class is used to calculate the serious-case incidence rates that
are given in the casualty incidence rate tables of this report.

Definitions of lost workdays under ANSI are totally incomparable
with those under OSHA. ANSI records the numbers of days that workers
are unable to work (even if not scheduled to work) because of temporary
total disabilities. ANSI also assigns a prescribed number of chargeable
days for fatalities (6000), permanent total disabilities (6000), and other
disabflities (according to an injury-specific schedule). OSHA records
actual workdays lost because of casualties causing absence from work and
those resulting in restricted wrk assignments. OSHA does not charge
time for fatalities or permanent total disabilities. We have not at-~-
tempted to, nor tan we, make the two lost-workday accounting systems
comparable. Rather, we report, as appropriate, either total days away
from work plus days of restricted activity (under OSHA) or chargeable
lost workdays less 6000 days for each :ie¢ported fatality and for each per-
manent total disability (under ANSI). This operation elimfnates the
large divergence between the systems caused by the different accounting
of fatalities and permanent total disabilities.

ANSI computes incidence and severity rates as number of casualties
or lost workdays per 106 man-hours. OSHA computes rates as numbers per
100 man-years (equal to 20,000 man-hours). We have converted all ANSI
rates to the 100 man-year basis by dividing them by 5.

ANSI-based data that have undergone the above operations (treatment
of lost workdays and division by 5) are called "modified ANSI" data. Min-
ing and milling data, which are based on the Mining Enforcement and Safety
Administ~ation's interpretation of ANSI, have undergone the above opera-
tions and are designated as based on “modified MESA" definitions.
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ANSI
BLS
Btu
BWR

kg
kg-SWwJ

kW

LMFBR
LWBR

LWD
LWEK
MESA
MSHA
MSWU

NSC
OSHA
PJ
SWu

TVA
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Appendix B

GLOSSARY

Am¢ -ican National Standards Institute, Inc.
Buresu of Labor Statistics

British thermal unit

boiling-water reactor

hydrozen fluoride

'\high-tc-perature gas—cooled reactor

heavy-water reactor
joule
kilogram

kilogram—separative work unit: a variable unit based on the
work required to separate 1.272 kg of natural (0.712 235y) ura-
nium into 0.232 kg of enriched (32 235) yranium and 1.040 kg
of depleted (0.202 235y) uranium tailings.

kilowatt

kilowatt~hour

liquid-metal-fast breeder reactor
light-water breeder reactor

logt-workday case

. lost workday

light-water reactor

Minirg Enforcement and Safety Administration

Mine S3fety and Health Administration

million separative work units (see kg-SWU)

man-year (2000 man-hours)

National Safety Council

Occupational Safety and Health Administration (or Act)
pete joule

separative work unit: the work required to enrich the 235y
content of feed uranium. It is a variable unit, which depends
on the 235U content of the feed material, the desired 35U en-
richment in the product, and the desired 7235 U content of the
depleted uranium residue (the tailings). The definition given
under kg-SWU 1is the one used in this report.

Tennessee Valley Auchority
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™ terawatt

Twh terawat t-hour

U uranium

235 The isotope of uranium with atomic weight equal to 235 atomic
mass units,.

UFe uranium hexafluoride

00, uraniwm dioxide

U308 uranium oxide

USAEC U.S. Atomic Energy Commission

USDOE U.S. Department of Energy

USERDA U.S. Energy Research and Development Administration
USNRC U.S. Nuclear Regulatory Comaission
LJ watt




