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ABSTRACT 

In 1976, the National Institute for Occupational Safety and Health (NIOSH) 
reported on a retrospective cohort mortality study of individuals who had 
worked at the Homestake Gold Mine in Lead, South Dakoca. The study indicated 
an excess of both nonmalignant and malignant respiratory diseases. To deter­
mine the possible etiologic agents responsible for the observed excess in 
mortality, NIOSH initiated a comprehen~ive environmental assessment of this 
mining population. 

An industrial hygiene study was conducted to assess both current environ­
mental conditions, and also attempt to determine the magnitude of previous 
underground exposures. Approximately 170 workers encompassing 90% of the 
various job titles were sampled for an entire work shirt to determine 
time-weighted average (TWA) exposures. Industrial hygiene survey methods 
included breathing-zone air sampling for airborne fibrous minerals with 
analyses to determine fiber identification, concentration and fiber size 
distributions (optical and electron microscopy), and airborne arsenic and 
trace metal concentrations (atomic absorption). Likewise, a general airborne 
area sample was collected at each worksite for the determination of radon 
daughter levels. In addicion to the environmental evaluation, samples of 
crushed ore were collected from the mills for ~nalyses of free silica, 
arsenic, fibers, and trace metals. To assist in the evaluation of past expo­
sures, midget impinger samples were collected to compare the current dusti­
ness with similar historic pxposure data collected by the company. 

Exposure data was grouped by job title, f6r areas underground, and within the 
ore crushing mills. TWA ex~osuses to arsenic for a\1 underground workers 
ranged from S.lO to 11.62 ~g/m , and for workers in the crushing mills 0.60 
to 6.45 ~g/m • Airborne exposures to trace metals for all workers were found 
only in trace amounts. When'airborne samples were evaluated by optical micro­
scopy for asbestos, TWA fiber concentrations for a11 underground workers 
ranged from 0.02 to 4.01 fibers >5 ~m in length/em , and for work]rs in the 
crushing mills ranged from 0.12 to 5.34 fibers >5 ~m in length/em. Electron 
microscopy characteriz8Lion of airborne fiber samples indicated that 84% of 
the fibers observed were amphibole asbestos while the remaining 16% were 
either unidentified or non-asbestos minerals. Most of the Eibers observed (70 
to 80%) were shorter than 5 urn with a geometric mean fiber length of 3.2 Um 
and a geometric mean diameter of 0.4 Urn. 'Radon daughter levels varied within 
the mine depending on the source of make-up air; levels ranged from non­
detected to 0.169 working level. 

Impinger dust sampling data collected during the study w~s correlated with 
the fiber and arsenic exposure data; this extrapolation was used with the 
Company's past impinger data for estimation of past arsenic and fiber concen­
trations. Likewise, free silica ex~osure data collected in past years by the 



Bureau of Mines and the Mine Enforcement and Safety Administration was corre­
lated with impinger data for estimation ~f past exposures, When assessing 
exposures .during the past 25 years, exposure to asbestos fibers would have 
the greater potential for exceeding curren~ health standards. However, before 
approximately 1952 there was an additional risk of over exposure to free 
silica because of elevated dust concentrations caused by underground blasting 
procedures and the lack of efficient dust suppressive techniques. Based on 
current exposure daLa collected during this study, mean exposures for free 
silica, radon daughter, arsenic, and asbestos fibers are within Occupational 
SaIety'and Health Administration and Min~ Safety and Health Administration' 
health standards for most of the job c13s~ifications. 
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Ii'lTRODUCTION 

In 1976, the National Institute for Occupational Safety and Health (NIOSH) 
reported on a retros~ectiv~ cohort mortality study of 440 individuals who, in 
1960, had worked underground at least 5 y~ars at the Homestake Gold Mine in 
Lead, South Dakota (1). The study indicated an excess of both nonmalignant 
anc malignant respiratory diseases. The mortality patte~n (see Table 1) 
showed 2 significant excess of nonmalignant respiratory disease in general (8-
observed vs. 2.56 expected, p<O.Ol), and of pneumoconiotic disease spe~~fi­
cally (5 observed vs. 1.57 expected, p<O.05), to have occurred after 20 years 
since onset of underground mining. No such excess of nonmalignant respiratory 
disease risk was noted during the first 19 years after beginning underground 
mining. However, a significant excess of respiratory tract cancer was demon-· 
strated at each of the time intervals since onset of undergrou~d mining: 3 
observed vs. 0.56 expectp.d (p<O.OS) at less than 20 years, dnd 7 observed vs. 
2.18 expected (p<o.Ol) at 20 or more year.s since onset of such employment. 

In assessing what possible ~tiologic agent(s) contributed to the observed 
excess of deaths due to malignant and ~onmalignant respiratory dlsease in 
this population, the environmental exposures of these miners were examined. 
Using ·the results of three previous environmental studies at the mine--Bureau 
of Hines in 1960 (2); Mining Enforcement and Safety Administration (MESA) in 
1973 (3), and MESA in 1974 (4)--it was concluded that exposures did not 
exceed ambient residential level5 for radon daughter~ and were negligible for 
the three oLher knowo carcinogens in ~he mine; ~rsenic, chrom1~~, nn~ nickel. 
In nddition, asbe$tos ~xpc5ures were studied during the 1974 MESA survey (4). 
The average fiber concentration of the 200 personal samples collected was 
O~25 fibers grjster than 5 micrometers (~m) in length p~r cubic cen5irneter of 
air (fibers/em )j the highe5t concentration found was 2.8 fibers/ern. NIOSH 
analyzed 2S of the MESA air samples using electron microscopy (5). This 
analysis indicated that 80 to 90% of the observed fibers were amphiboles. ·Of 
these fibrous amphiboles, 61 to 72% were in the cummingtonite-grun~rite 
series (e.g_, amosite asbesto5). In addition, 94% of the total fibers ob­
served wer~ less than 5 ~ in length. Based on the three previous environ­
mental studies and t.he NIOSH elec:tron microscopy analysiS, the 1976 mortality 
study attribut~d the observed excess of malignant respiratory disease to 
asbestos, singly cr in combi nat.ion t.rith cigarette sm'Oke; the excess of 
nonmalignant respiratory disease was attributed to asbestos, with a possible 
additive role from low-level exposures to free silica dust (1). 

Subsequent to the NIOSH mortality study, McDonald et.al., in 1978, reported 
a mortality study of· 1321 men (underground and surface workers) who were 
members of the Homestake Veterans Association (HVA), which was founded in 
1905 (6). ~ll employees automatically became memb~rs of the HVA after com­
pleting 21 years of service with the Homestake Mining Comp~ny. Ther~f~re, the 
en~ire cohort had 2t least 21 years of employment; ~he cutoff date for the 
study was 1973. The impetus of this study was to determine wheth~r long-term 
exposure to cummingtonite-grunerite ~arrie~ a carcinogenic risk. The 
mortality pattern (see Table 2) showed an excess in overall deaths (631 
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I 
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Table 1. Observed and expected deaths due to malignant and nonmalignant 
r tory disease among white males who achieved 5 or more 
years of underground mining experience by April 1960 at 
Itomestake Gold Mine, Lead, South Dakota. 

Number of onset 
of under ment, 

I 5-19 Yecirs > 20 Years 

I Cause of death Observed (0) Ex ected (E) atE Observed (0) Ex 

I 
IMalignant neoplasms 4 2.14 1.87 11 

I , Respiratory system 3 0.56 5.36* 7 

I Other 1 1. 58 0.63 4 

I 
I No run a ligna n t resp ira tory diseases 0 0.59 8 
I 
I 
I 
I 

Influenza and pneumonia 0 0.31 3 
Other respiratory diseases 0 0.28 5 

* Significant difference between observed and expec t.ed deaths at p<O.05. 

** Significant difference between observed and expected deaths at p<O.Ol. 

From: Mortality patt~rns among hard rock gold miners exposed to an asbestiform mineral. 
Gillam, J.D., J.H. Dementi R.A. Lemen, J.K. Wagoner, V.E. Archer, and H.P. Blejer. 
Annals of the New York Academy of Sciences. 271:336-344 J Hay 1976. 

ect.ed (E) 

7.59 

2.18 
5.41 

2.56 

: 0.99 
1.57 

OlE 

1.45 

3.21** 
0.74 

3.13** 

3.03* 
3.lS".\:-



Table 2. Number of observed and expected deaths by CBuse according 
to South Dakota rates for various eauses at the 
Homestake Gold Mine. Lead, South Dakota from 1937-1973. 

I 1 __________ ~--_1-9-3~7--1-9-7-3--~----~--~ 
I Cause of death I 0 [ E ' I OlE 
I------~~----------~------~I ------~--~~ 

IHal1gnant neoplasms / 1 I 
I Total I 93 I 90.5 I 
I Respiratory I 17 1 16.5 1 

I Gastrointestinal I 39 I 35.1 I 
1 Other I 37 I 38.9 I 

I I I 
IVascular lesions of the eNS I 64 I 63.0 I 
I I I I 
IDiseases of the heart -I 264 I 232.5 I 

1 1- I I I P n e u ma con i 0 sis I 37 r I : 
IRespiratory tuberculosis I 39 I 3.6 I l (including sllico-c:uberC'.u10sis) I I 

lAc e ide n t s I 19 I 28.3 I 
I I I 
JAll other causes I 115 I 131.8 I 
1 1 I 

I_Ta_t_a_l ______________________________ ~I ___ 6_3_1 ____ ~I ____ 54_9_._7 I 
Definition of abbreviations I 0 = observed; E ~ expp-cted 

Froml Mortality after long exposure to cummingtonite-grunerite. HcDonald, J.C., 
G.W. Gibbs, F.O.K. Liddell, and A.D. McDonald. American Review of nespirato~y 
Disease. 118z271-277. August 1978. 

1.03 
'1.03 
1. 11 
0.95 

1.02 

1.14 

10.83 

0.67 

0.87 

. l.15 



observed vs. 549.7 expected). For specific causes of death, the highest 
excesses we re found for pneumocon ios is (37 obse rved) t resp ira tory ·tu ber~ 
culosis (39 observed vs. 3.6 expected), diseases of the heart (264 observed 
vs. 232.5 expected), and gastrointestinal tract cancer (39 observed vs. 35.1 
expected). It Was concluded that the pattern of mortality found was charac­
teristic of hard rock mining with a severe silicotic risk (6). The 
differences in the findings between the mortality studies could be explained 
by the different criteria used for inclusion in the two cohorts and/or other 
differences in study design. 

Since the original NIOSH study was 1 imit'e'd to 440 work,#rs, and there was a 
need for a more comprehensive environmental assessment for this mining 
population, NIOSH initiated a more definitive study of the Homestake Gold 
Mine 'in 1977. This new i nves t iga ti on inc luded an expanded re t rospect i ve 
mortality study, a sputum cytology study among a selected group of current or 
retired underground workers, and a comprehensive industrial hygiene survey. 
This report describes the industrial hygiene survey and discusses the 
results. In addition, a model for extrapolating previous underground exposure 
levels is derived. 
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HISTORY OF THE HOMESTAKE MINE (7,8,9) 

In 1876, mln1ng for gold started in Lead, South Dakota, at a small surface 
working site. In 1877, the Homestake Mining Company was incorporated ~nd, by 
the end of 1878, the first underground levels were being opened using the 
square-set"method of mining with large timbers. The ~ining'at that time was 
done by hand; it was not until the early 1900's that pneumatic drills began 
replacing hand-drilling operations and compressed-air locomotives replaced 
horses and mules underground. All pneumatic ,drilling was performed dry until 
about 1915; all drilling was done wet by_ 1926. Primary crushing of the ore 
was done underground until the mid-1930's' when the operation was transferred 
to the surface. As underground mining became more extensive with increasing 
mining depths, the installation of the Ross" Shaft in 1934 and the Yates Shaft 
in 1941 increased the mining capabilities down to the 4850-foot level. 
Between 1955 and 1970, deeper level mine development began With a winze 
(underground shaft) sunk from the 4B50-foot level to the 6800-foot level, and 
a new ventilating shaft sunk from the surface extending down to the 6200-foot 
level. Deeper level mining development has continued to the present with two 
new winzes: one from the 4550-Eoot level to the BOaO-foot level, and the 
other from the 6BOO-foot level to the aOOO-foot level. A schematic 
cross-section,of the mine is illustrated in Figure 1. 

In the .eologic formation at Lead, South Dakota, gold ore occurs in a number 
of different ore bodies contained in a folded rock strata called the 
Homestake Formation. This formation was originally a sedimentary rock Con­
taining the mineral sideroplesite, an iron-magnesium carbonate. The metamor­
phism of this rock has converted some of the form1tion to the iron-magn~sium 
5ili~ate minerals of the cummingtonite- grunerite series (e.g., amosite 
asbestos). This highly folded and cross-fo~ded rock stratum is further 
intertwined with deposits of igneous rock in a series of rhyolite dikes. The 
ore formation also contains quartz and arsenopyrite. Since mosc of the gold 
ore is heterogeneously deposited in certain folds in the Homestake Formation, 
the gold is selectively mined in stopes located in ledges or major folds 
~hich are traversed by the mining levels. This is illustrated in Figure 2. In 
some instances~ two or more ledges may occur and be ore-bearing on a given 
level. 

The t~tal amount of ore mined has remained fairly constant since 1937. with 
between 1 and 2 million tons mined each y~ar exce~t for 1943 to 1948 (see' 
Table 3). The percentage of ore production from each ledge continues to 
change as the older ore bodies (9 and Main Ledges) are mined our t along with 
the opening of new ledges (lit 12. 19, and 21 Ledges). However, except for 
19~3, at least 55% of the ore ,milled since '1937 has come from the 9 and Main 
~edges. 

The number of workers underground has fluctuated greatly since 1920, with a 
low of 151 during 1943 to 1945, when no acti~e mining took place, to a high 
of 1138 ~orkers in 1941. However, the percentage of workers in each job 
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classifi~ation underground has remained fairly constant through the years •. 
The working hours and average number of shifts worked p~~ year are shown in 
Table 4. The amount of time per shift has been either 7 or 8 hour~. These 7-
or 8-hour shifts represent time spent at the worksite and do not take into 
account the 30 to 60 minutes spent before and after each shift in transit 
between the surface and the underground worksite. The average work week has 
ranged from a high of 52 hours from 1920 to 1933, to a current tow of 40 
hours. At the time of the survey~ there were two a%-hour shifts, including ~ 
hour for a meal underground. 
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Table 4. Employment and average number of 
hours worked from 1920 to 1974 at the 
Homestake Go:d Mine, Lead, South Dakota. 

[ Average I Average no. \ .I Average no. 
J 

I employees I shifts work~d I Ho~rs in I hours in I 
Year [ underground , Eer emEloyee year ! shift I workweek I I I I I 
1920 I 641 I 333 I 8 I 52(a) I 
1921 I 852 I 326 I II I u , 
1922 I 842 ! 327 I " I It I 
1923 I 781 I 326 I " I " I 1924 I 790 I 318(b) I " I It I 
1925 I 723 I 336 I " I " I 
1926 I 695 j 330 I " I It I 1927 I 665 I 333 I It I " I 
1928 I 642 I 327 I " I II I 
1929 I 723 I 320 I I, I " I 1930 I BID 

J 306(c) I It I It I 1931 I 780 I 322 I " I tt I 1932 I 783 I 335 I I If I 1933 I 830 I 328(d) I It I 52 &. 48(d) I 1934 I 957 I 304 I u I 48 , 
1935 I 965 I • 298 I " I .. I 1936 I 1,037 I 299 I '\, I n I 1937 I 988 I 299 I I n I 1938 I 1 ~044 I 299 I . " I ft I t 
1939 I 1,103 I 296 I " I J 1940 I 1,085 I 297 I 7 &. 8(e) I 48 &. 42{e) I 
1941 ./ 1,138 I 293 I 7 I 42 I 
1942 I 850( f) 

J 306(£) I II I n I 1943 I 162 (f) I 289( f) I II I I. I 1944 I 151(f) I 280( f) I " I " I 1945 I 267 (f) I 283 (f) I " I tt I 
1946 I 614 I 276 I I tI I 1947 I 676 I 279 I I It I 
1948 I 684 I 273 I .. I n I 

I 1949 I 948 I 274 I .. I (t I I 1950 I 993 I 2B6 I I .. I I 1951 I 7.26 I 314 I u I n I 
t 1952 I 739 I 290(g) I It I 42 &: .48{g) I I 1953 I 803 I 291 

J 8 I 48 I I 1954 I 887 I 291 I .. 
J 

., I I 1955 I 889 I 290 I u , t· I I 1956 I 914 I 292 I .. I II I I 1957 I 943 I 293 I tl I " I I 1958 I 925 I 294 I II I It I I 1959 I 890 I 294 I n I II I I 1960 I 970 I 292 j u I I I J I t J I 
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Table 4 (continued) 

Average Average no. Average no. 
employees shifts worked Hours in hours in 

Year underground per emp loyee, year !ihift workweek 

1961 892 294 8 48 
1962 939 288 II II 

1963 1 J 036 289 II II 

1964 1 ~046 2QO " II 

1965 1,022 290 II It 

1966 983 288 " II 

1967 1,006 :2BO II " 
1968 1,002 272 II " 
1969 990 280 II " 
1970 993 282 II It 

1971 954 294 II " 
1972 900 254 II 48 & 44(h) 
1973 960 249 II 44 & 40( i) 
19"/4 963 249 " 40 

Notet . 
(a) Alternating 56- and 4B-hour workweeks. Calculated from record of total 

hifts worked and assuming 333 shifts per employee from the 1920 
figures. . 

(b) Assumed figure. Data available for year are unreliable. 
(c) Fire in Ellison shaft headErame caused a short shutdown of underground 

mine operations. 
Cd) Workweek changed from alternating 56- and 48-hour weeks to 48-hour 

weeks on September 1, 1933. 
(e) Workweek and workday changed to 42 and 7 hours respectively on 

October 20, 1940. 
(f) Production operations shut down during World War II from 

October 8, 1972, to July 1, 1945, by War Production Board Order L-20B. 
(g) Workweek and workday changes to 48 and 8 hours, respectively, on 

March 2,1952. 
(h) Workweek changed from 48-hour week to alternating 48- and 40-hour weeks 

on August 28, 1972. 
(i) Workweek changed from alternating 48- and 40-hour weeks (0 40-hour 

week on April 20, 1973. 

From: Swent, L.W., G.R. ~errin, J.K. Waterland, and R.F. Bell. Mortality 
patterns among hard rock gold miners exposed to an asbestiform 
min~ral - A Critique. Amer. Ind. Hyg. Conf. New Orlean~, LA., 
Hay 16-21, 1976. 

12 



MINING METHODS (8,9) 

CURRENT 

Extractive operations in Lead, South Dakota, have nlways used hard rock 
mining methods, wlth gold and silver being r~covered after milling, pro­
ce.ssing. and refining. At the tir:1e of the July 1977 survey, the Homestake 
Gold Mine employed 968 employees underground with about 900 working on t~e 35 
levels spaced at l50-foot intervals from the l700-foot level down to the 
6800-foot level, inclusive. A few employ~~s worked on the remaining levels 
down to the BOOO-foot level. 

There are over 200 miles of workings on the v~rious ledges with small cre~s 
of one to three workers scattered throughout. These cre~s are mainly composed 
of workers with job classifications of Miner 1st, 2nd, 3rd. and 4th who are 
responsible for drilling and blasting in stopes, drifts, cross-cuts> and 
raises, as well a$ the removal of ore by mucking and slushing. About 70% of 
the undergrouud workers are "Miners II ; others a re carpenters, motormen, 
mechanics, skippers, etc. 

Prior to Large-scale, systematic ore removal, developm~nt work is required to 
outline each of the ore bodies ~ithin the mine and to p~ovide access. This 
consists of driving drifts and cross-cut~ (horizontal openings 7' x 7' in 
cross-section, or 7~' x 7~' as found on the lower levels of the mine), 
driving or boring raises, and boring diamond drill holes, all to outline the 
gold-bearing rock, and cutting citches to carry wat~r to the pumps. Once the 
development work has been accomplished, the breaking down and withdrawal of 
the ore (called stoping) begins. Stoping starts at the bottom of an ore body 
ilnd proceeds upward from level to level. Nearly all of the ore bet~"een level s 
is mined by horizontal cut-and-fill stoping. Most of the stop~s mined are 
wi thout timber and are called "open" cut-and-fill. In 1975, 83i'A of the ore 
was produced from open cut-nnd-fill stopes. The majority of the remaining 
stopes are mined vith tinlbel:' or square sees, which are also later filled, and 
are called '''timbered'' cut-and-fill stopes. Shrinkage stoping and blast-hole. 
stoping techniques are also employed. 

In cut-and-fill stoping, r.he ore body is mined in successive II-foot slices. 
with this method of stoping,. a sand ~ill is used as a floot" from which the 
miners begin to drill and blast a new sli~e of ore 11 feet high~ The broken 
ore is then removed ~y scraping or slushing into an ore pass and dropped 
throuzh a chute to the le~el below t where it is then d~awn and loaded into 
cars. After the ore i~ or-awn' from the stope chutes into the cars, it is 
hauled to the shaft ore raises into which it is dumpp.d before being drawn off 
through a _lo~ding cartridge of measured capacity (9 to 10 tons) into the ore 
skips (rectangular buckets). The ore is then hoisted to thE s~~face where it 
is crushed to ~-inch size and conveyed to the mill bins. 
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After a "slice" of ore has been removed, most of the stope :'s back-fil Led 
with sand obtained from the tailings of che mill. This sana base provides 
both suppor: and a floor upon which the next slice is broken. To prepare the 
stope :or the next slice, air-powered drilling machines are set up ~~d hol~s 

about 12 feet de~p are drilled ineo the walls and roof. When drilling i~. 

coruoleted, the holes are packed with explosive~ and blasted at the end of the 
work shift. On the following workday, the are is slushed to a chute on the 
level below an~ the mining process is repeated. 

In contrast to current m1nlng methods, dry drj 111ng techniques were employed 
until 1919 when wet drilling was initiated. Up until about the late t930's, 
the p.c3~tice was to blast the blocktlOles (secondary drilling) i\~ large 
boulders with dynamite after miners ~f~porarily left the wotk area. Miners 
would then return to the work ar~a chr0ugh the smoke and dust and charge the 
primary blast holes drilled during their Fhift. This primary blasting wris 
normally clone at the end of the work 5hift sc that the dust could be allowed 
to clear. The boulder blockhole blasting procedure was changed in 1939 to 
blast them at the same time as the primary blast hole5. 

Prior to 1950, blasting was permitted at any, time throughout the mine. This 
practice probably contributed to the amount of dU5t and smoke present 
at the works~tes duririg the 5 • Procedures were changed in 1950 to permit 
blasting only at Lunchtime and quittir.g time in square set (timbered) s~opes 
and only at quitting time in open (untimbered) st~pes, drifts, and r~ises. 
These ~hanges helped to reduce the dust and smoke during working hours. 

Until the early 1950 ' s, the holes drilled to advance a "drift" (a horizontal 
tunne 1;..1 ike excava tion) or a ,. rai se'> (a vertical tunnel-l ike excava tion) Were 
both blasted in a two-step sequenc~. The first holes to be blast~d were the 
"cut holes" (the holes which determine how Ear from the face the rock will be 
broken by the blast). A few minutes after blasting with dynamit~J the miners 
re-entered the work area to inspect the results of the blast. If th~ cut 
holes had not broken to the desired depth, they were'reblasted until the 
uC3ired depth was achieved. This practice of multiple blasting in drifts and 
raises was changed in 1951-1952 so that ~ll blasting was accomplished with 
single blasting step ae the end of the work shift using electric delay blast­
ing caps .. 

In 1950, drills began being equippeci with automatic water valves that turned 
the water on when the compressed air was turned o~. Older drills had separate 
air and water valves apd miners tended to begin most of the holes they 
drilled by using only the compresserl air without using any water for dust 
suppression. The conversion of drillJ was completed in 1953. 
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In 1963, wheeled carriage mounts for drills were developed for use in 
ore-breaking areas. Their use resuLted in a much longer drilling cycle en­
abling miners to drill over a period of a week and then blast all the holes 
at once. Previously, the miners on each shift blasted the holes they drilled 
that shift. Using a single large blase helped to reduce the workers' exposure 
time to dust and smoke. 
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VENTILATION (B,9) 

Ventilation in the mine, as measured by the exhaust air rate, was estimated 
at 77,000 cubic feet per minu~e (cfm) from 1918 to 1923, and was increased to 
225,000 cfm in 1923 when a fan was installed in the No.1 air raise (see 
Table 5). An additional fan was installed in 1933 at the No.2 air raise, 
increasing the total ventilation to 475,000 cfm. The amount of air exhausted 
increased with the addition of more fans until a maximum of 867,000 cfrn was 
attained in 1966. In 1975, the exhaust v~nti1ation rate was 720,000 cfrn. 

Before 1945, small fans and ventilation ducts were used only to a minor 
extent to deliver clean air to the worksites within the mine and to help 
carry the airborne dust ~nto the main exhaust ventilation systems. From 1945 
to 1963, this secondary ventilation system consisted primarily of 5-horse­
power (hp) distribution fans with a capacity of 2500 cEm and 12-inch diameter 
ventilation ducts. After 1963, 10- or 15-hp fans using 16-, 20-, or 30-inch 
diameter ventilation ducts gradually replaced the smaller fans r the 
change-over was completed in 1975. The larger fans delivered 2 co 3 times ap 
much air to the worksite and, consequently, provided a greater potential for 
reducing airborne dust exposures. As shown in Table 5, the use of ventilation 
has proved to be important in the control of dust underground as reflected by 
the decline in dust concentrations (mppcf) observed since 1937. However, 
irrespective of the volume of air ~xhausted fr~m the mine, a contributing 
factor in reducing worker exposures would be the proper positioning of the 
ventilation duct openings at the worksites. 
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Table S. Ventilation and average dust 
concentrations from 1923-1975 at the 
H0rnestake Gold Mine, Lead, South Dakota. 

I I i Average dust Ventilation I 
f I concentration ! into I 
r Year 

[ 
(mEEcf) 

I 
mine (cErn) I 

I I 
f 1923 I ND I 225,000 - Installed #1 air raise fan I 
f 1924 I NO , 225,000 I 
I 1925 I ND I 225,000 I 
f 1926 I NO I 225,000 I 
I 1927 I NO I 225,000 I 
I 192B I NO I 225,000 I 
I 1929 I ND I 225,000 I 
I 1930 I NO I 225,000 I 
I 1931 f ND I 225,000 I 
I 1932 I ND I 225,000 I 
I 1933 I ND I 475,000 - Installed #2 air raise fan I 
I 1934 I NO' I 475,000 I 
I 1935 I ND I 475.000 I I 1936 I NO I 475,Qoo I 
I 1937 I 11 .. 0 I 475,000 I 
I 1938 I 25.5 I 475,000 I , 1939 I 15.3 I 475,000 I 
I 1940 I 11. 1 I 475,000 I I 194'1. I 13.3 I 547,000 - Installed Oro Hondo fan &. shut I I I I down #1 air raise fnn I I .1942 I 24.6 I 547,000 I 
I 1943 I ND I 547,000 I I 1944 I ND I 547,000 r 
I 1945 I NO I 547,000 I I 1946 I 24.3 I 547,000 I I 1947 I 24.3 I 547,000 I I 1948 { 12.0 I 547,000 I I 1949 I 15.5 I 547,000 I I 1950 I 12.6 I 547,000 I I 1951 I 18.4 I 547,000 I i 1952 I 9.7 I 547,000 I I 1953 I 6.9 I 547,000 I I 1954 I 5_9 I 547,000 I i 1955 I 5.1 I 547,000 I 
I 1956 I 5.2 I 547,000- I I 1957 I 4.1 I 547,000 I 
I 1958 I 4.3 I 547,000 I I 1959 I 4.0 I 600,000 - Ellison shaft fan insLalled I I 1960 I 4.4 I 600,000 - Oro Hondo shaft stripped and I I r I #5 shaft completed. I I 1961 I 3.3 I 600,000 I I 1962 I NO I 619,000 I I 1963 I NO I 650,000 I 
I , I t 
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I 
I 
1 Year 
~ 
1 1964 

I 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 

1973 
1974 
1975 

mppcE 
NO 

Table 5 (continued) 

Average dust I Ventilation 
concentration I into 

(mppcf) 
I 

mine (cErn) 

NO I 800,000 - Twa 750 hp fans on Oro Hondo 
-I Crosscut to Ellison Shaft 

4.2 I 829,000 
3.5 I 867,000 
3.1 1 864,000 
5.0 1 830,000 
4.0 I 802,000 
4.4 I 800,000 
2.4 1 815,000 
2.8 I 780,000 - Change to 1250 hp fan on 

I Oro Hondo Shaft. 
2.5 I 780,000 
2.0 'I 775,000 
NO 1 720,000 - Ellison Shaft caved 

1 

millions of particles per cubic foot of air. 
No Data 

cErn cubic feet per ~inute 

From: Hay 27, 1976, memo from J.K. Waterland to D.T.Delicate. 
Homestake Mining Company, Lead, South Dakota. 
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DESCRIPTION OF SURVEY METHODS 

APPROACH (RATIONALE) 

Since the purpose of the comprehensive industrial hyg~ene survey was to 
support tpe retrospective mortality study, not only was a current environ­
mental assessment performed, but, in addition, an attempt was made to 
determine the magnitude of previous underground exposures. To this-end, past 
exposure data compiled by the Homestake Mining Company and from inspection 
surveys by the u.s. Bureau of Mines and ~ESA were incorporated into the 
overall assessment of occupational exposures. 

The sampling strategy was developed from information on the mineral composi­
tion of the geologic formation as well as exposu~e data previously collected 
during past surveys by the Bureau of Mines and MESA. Personal airborne 
samples (filters) were collected for analysis of fibrous minerals, arsenic, 
and trace metals including beryllium (Be), chromium (er), cobalt (Co), iron 
(Fe), lead (Pb), manganese (Mn), molybdenum (Mo), nickel (Ni), vanadium (V), 
and ~inc (Zn)~ Each personal filter sample collected was cut in half. One of 
the halves was counted optically for fibers and further analyzed for fiber 
identification and characterization using·electron microscopy techniques. The 
other half of each filter was used to determine trace metal and arsenic 
exposures. Since trace metals and arsenic were known to be present in small 
quantities, it was decided to combine the various personal airborne samples 
from a worksite to increase the probability of detecting them during 
anaiysis; one half were analyzed for trace metals t and the other half for 
arsenic. The co~bined filter halves for arsenic and trace metals were 
assigned an appropriate Job Code and a new sample number. A general airborne 
area sample vas collected at each worksite and radon daughter concentrations 
were determin~d. Bulk ore samples ~ollected from a composite mixture of ore 
coming from the crushing mills were analyzed for asbestos, arsenic, trace 
metals~ and free silica. Personal air samples for free silica were not 
collected since there were data available from a 1976 MESA survey (10) and 
because of difficulties in collecting simultaneous samples. Because of the 
heavy physical d~mands normally encouncered underground (drilling operations, 
climbing in~o'and .out of stopes~ etc.) and the fact that a battery pack far 
the mining light and a self-rescuer were already strapped to the worker's 
belt, it was felt that two sampling trains would have been burdensome. 

Since there was a work force of abouc 1000, including a small number involved 
with the crushing of ore on the surface, an attempt was made to collect 
samples· from a representative group of ,employees. Therefore, approximately 
170 employees encompassing 907. of the job titles were sampled for the entire 
work shift ta determine short-term and. time-weighted average (TWA) e~posures. 
The different job titles that had exposures determined were representative of 
954 of the mine employees~ 
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About 701. of the sample's were collecced on workers who had a job title of 
Miner 1st, 2nd, 3rd, or 4th, with t-he remaining samples being collected on 
other underground workers or those employed in the surface crushing mills. In 
addition, most of the sampling was done on the Hain Led8e and 9 Ledge since 
these were the oldest and most active ore ledges (see Table 3). 

The sampling results were statistically analyzed to ascertain any differences 
in exposures between job titles and to determine if exposures varied signifi­
cantly from ledge to ledge. To aid in this data treatment, a "Job Dictionary" 
was d.eve1oped that consisted of current. job titles with accompanying job 
descriptions. All job titles were a.signed a four digit job code (~ee 
Appendix A). The first ~wo digit.s using the {allowing nomenclature represent 
the areas in which samples were collected: 01 - all underground operations, 
02 - surface ore crushinb. 09 - 9 Ledge, 10 - Main Ledge, 11 - 11 Ledge, 
13 - 13 Ledge, 19 - 19 Ledge, and 21 - 21 Ledge. The last two digits of the 
job code correspond to the specific job title and job description such as 
Miner 1st, 2nd, 3rd~ or 4th, Carpenter 1st, 2nd, or 3rd, Skipper, etc. 
Although each job title has a different job description, potential exposures 
within a job title grouping (i.e., Miner 1st and Miner 2nd) would be similar. 

All locations within the mine where samples were collected are shown in­
Appendix B. The type of sample collected along with the appropriate sample 
numbers are indicated at each sampling site. 

Since there were past dust exposure data, available from the Homestake Mining 
Company, which were determined with midget impingers midget impinger samples 
were also collected during the survey to compare the current "dustiness" with 
past exposures. Assuming a relationship could be found, it would thus be 
possible to make an esti~ate of the magnitude of other environmental contami­
nants such as arsenic and asbestos that had not been documented historically. 

Five or six teams of one or two NIOSH industrial hygienists spent an entire 
work shift With different mine crews each day for 2 consecutive weeks 
collecting samples and documenting work practices. Full-shift personal air­
borne samples for arsenic, trace metals, and asbestos were collected on each 
worker monitored. An open-face filter collection method was utilized with a 
Millipore AA cellulose ester G.B-microm.eter (\.1m) pore size filter at a flow 
rate of 2.0 liters per minute (lpm) using calibrated Mine Safety Appliance 
Model G pumps. The filters were changed periodically four to six times during 
the work shift to prevent overloading of dust for asbestos counting and to 
determine exposure levels for specific operations during a shift. At the end 
of each work shift, a radon daughter sample was collected'by each team at the 

'worksite on an open-face Millipore AA cellulose ester O.87\.1m pore size filter 
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for 5 minutes at a flow rate of 2.5 to 3.0 lpm using calibrated Bendix Hodel 
C-115 pumps. During a work shifi, four to six midget impinger samples were 
collected at random incervals near the breathing zone of a worker and the 
type of work being performed was documenterl. Impinger samples were collected 
in 10 milliliters of ethyl alcohol at a flow rate of 2.8 Ipm for 20 to 30 
minutes using calibrated Bendix Model C-115 pumps. 

AIR SAMPLE ANALYSIS 

Arsenic and Trace Metals 

Airborne samples for ars~nic were analyzed by neutron actiy~tion using a 
ge 2manium-lithium detector with a neutron flux of about 10 neutrons/ 
cm /second ~ith a detection limit of 1.0 nanogram per sample (11). Airborne 
samples for trace metals were analyzed by air-acetylene atomic absorption for 
the metals Co, Cr, Fe, Mn, Ni, Pb, and Zn; by nitrous oxide-acetylene atomic 
absorption for Be; and by flame emission spectroscopy for V and Mo (12). 

Radon Daughters 

Radon daughter samples were analyzed for alpha iadiation USing a Hillipore 
Scintillation Counter Model SPA-l and an Eberline Portable Scaler Model PS-l. 
Alpha cou~ts were made on the filters 40-90 minutes from the time of sample 
collection. Fitte~s were checked for self-absorption by counting alpha 
activity on the filter face, counting the .back side of the filter, and 
covering the face with an unused filter of the same typP, and recounting the 
front side (13). 

Fibers 

All 448 personal airborne samples collected were analyzed for fibers using 
the NIQSH phase-contrast optical microsc0py counting technique for asbestos 
(14). Fibers greater than 5 ~m in length were' counted at 450X magnification 
utilizing 45X (0.65 NA) phase contrast objective and LOX Huygenian eyepieces. 
A fiber was defined as any particle which had a length to diameter aspect 
ratio of 3:1 or greater. Fiber concentrations were repor5ed as fibers >5 ~m 
in length per cubic centimeter of air sampled (fibers/em ). 

Fifty-one samples from the 448 were chosen for transmission electron 
microscopy (tEM) to characterize and identify the fibers (15). These 51 
samples were randomly selected from two groups, samples with fiber eOjcen­
trations as detenmi~ed by optical microscopy that were >2.0 fiber/em and 
those <2~0 fiber/ern. This selection procedure was to assure that a repre­
sentative number of both high and low fiber concentrations were characterized 
by TEM_ 
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Duplicate sample preparations were made for TEM from each of the 51 filter 
samples to ascertain if particulate 105s had occurred during the preparation' 
method. 'If no particulate l~ss was observed, then one of the sample prepara­
tions was chosen for analysis. All fibers were sized by diameter and length 
and identified utilizing selected area electron diffraction (SAED) and energy 
dispersive spectroscopy X-ray analysis (EDS) and tabulated on a data sheet as 
illustrated in Figure 3. A maximum of 100 fibers or a minimum of 10 fields 
(grid openings) were analyzed on each filter sample at magnifications of 
10,OOO-17,OOOX. The deposited particulates on the filter were assumed to be 
Poisson distributed. 

To determine an "index ll of dust exposures, 25 to 30 impinger samples were 
collected daily and' counted the following day by t.wo NIOSH counters using 
bright field optical microscopy at 100X magnification (16). A sample 
preparation was made for each counter from each impinger and allowed to 
stand for 30 minutes before counting. If particle counts, in,millions of 
particles per cubic foot of air Cmppcf), from each impinger sample prepara­
tion differed more than 10% between che two counters, another sample 
preparation was made and recounted. 

BULK ORE SAMPLE ANALYSIS 

The composite are samples that were collected from the crushing mills on 3 
different days were analyzed for trace metals, arsenic, free silica (quartz 
and cristobalite), and fibers. Trace metals and arsenic were analyz~d as 
previously described. The percentage of free silica was determined by 
yeighing out a portion of ~ach ore sample and performing X-ray diffraction 
analysis (17).'Fibrous amphiboles were identified and characterized by TEM 
(SAED and EDS) and compared to reference minerals obtained from the 
Smithsonian Institution. 
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Figure 3. Electron mil .copy data sheet 

Sample Data OQerating Conditions 

Sample #z ________ _ Modez __ ~~ ____ --__ 
Study' _______________ __ Beam Current AZ ______ _ 

Date 1 _______________ __ Sample Tilto: -------
Magnification ____ ......-__ 

2 Av. Grid Area, mm ,_..--____ _ 

Analystf ________________ __ 

Filter rypel ________________ __ 

~founting TechJ ________ _ No. of Grids Countedr _____ ~_ 

I ! 
Diffraction Pattern Possible Fiber Size,mm I 

Fiber Positive Posf.tive Non Ambiguous. No SAEn EDXRA I Picture r 

I # Amphibole Chr-yso til e Asbestos PLlttern Pattern ID' Dia. Length Taken'? 

I 1 

I 2 
I 3 

I 4 

I 5 

I 6 

I 7 

I 8 
I 9 
j 10 , 1 1 
j 12 
I 13 
I 14 
I IS r 
I 16 
I 17 

r 18 

I 19 

I 20 
I 21 

I 22 
I 23 

I 24, 

I 25 
I 
__ T_o_t_a_l __ ~ __________ ~ __________ ~ __________ ~ __________ L_ ______ __L Comments: 



SURVEY RESULTS· 

ARSENIC 

The arsenic concentrations for the combined filter halves from ~he various 
worksites are reported in Appendix C. In addition, samples are grouped in 
Appendix C, to give exposure results by job classification and to indicate 
exposures within the various ore ledges and the surface cru~hing mills. All 
Miner job classifications are grouped in Table 6 to observe possibl~ diff~r­
ences in TWA exposures between ledges. The geometric mean TWA exposures to 
arsenjc for the six ledges ranged fro~ 0.24 micrograms per cubic meter ' 
(~g/m ) for the 21 Ledge to 1.86 ~g/m for the 11 Ledge. When Miners fro~ all 
ledges were grouped together, a geometric mean TWA exposure of 1.17 ~g/m 3 
resulted with lower and upper 95% confidence levels of 0.77 And 1.77 ~g/m , 
respectively. 

A summary of arsenic results is presented in Table 7 for .a11 other job 
classifications underground (excluding M!neis). The lowest concentration was 
observed for a Hoist Operstor (0.1Q Ug/m ) and the highest for a Boring 
Machine Hjlper (5.79 l1g/m ). A geometric me.an TWA concentration of 

,0.81 pg/m was determined for these non-Miner jo~ classifications underground 
with 95% confidence Levels of 0.42 and 1.57 l1g/m • 

A summary of TWA arsenic exposures for the four employees monitored in the 
surface. crushing mills

3 
is presented in Table 8; the arsenj . exposures ranged 

from30.60 to 6.45 l1g/m • A geometric mean TWA arsenic 30ncentration of 1.33 
~/m with 95% confidence levels of 0.24 and 7.42 ~g/m was decermined for 
these surface employ~es. 

The average (arithmetic mean) ~rsenic ~xposure calculated fran. the 47 TWA3 
samples (grouped by worksite) for all underground employees was 2.03 ~g/m 
(see Table C-3, Appendix C), which is approximately half'of the average expo­
sure previously found in 3he t974 MESA survey (93 samples wit.h an average 
concentration of 4.4 ~g/m ). This £inding, is possible since the NIOSH results 
present samples collected during the ent~re work shift. during periods of 
both peak and minimal work activity; whereas the samples collected by MESA 
represent individual short-term samples collected durin~ specific work activ­
ities. In most instances, the MESA samples did. not take into account the 
lower concentrations expected to be found' away from the active worksites. 

Based on the NI0SH sampling, only onj worksit~ had a concentration abov~ the 
OSHA TWA arsenic s5andard of 10 Ug/m (18). The NIOSH-recommended arsenic 
standard of 2 Ug/m for any lS-minute period (19) was exceeded in 16 of the 
51 composite samples (31i.); h.owever, comparing full--shift time-weighted data 
to a 1S-minute standard will tend to underestimate short-term exposure 
levels. 
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Location 

Table 6. Time-weighted average (TWA) airborne arsenic exposures of under­
ground employees with job titles of Miner 1st, 2nd, 3rd. or 
4th at the Homcstake Gold Mine, Lead, South Dakota. 

I Number I Arsenic uS/m 
a 

I 

of 'IWA 
t 

Arlth. ! Std. Std. Geometric Geometric 
samples* Range menn F-, error mean std. dev. 

I I 
LCL** 

I 
I 
I 
I 
I I 3.54 I 0.89 I 1.58 3.76 I 0.78 
I I I f I 

0.22-11.62 3.IB 

I I 0.50 I O. 19 I O. 72 1. 72 I 0.44 0.36- 1.BO 0.83 

I I I J I 
I I 3.58 I 2.07 1 1.86 3.89 ,I 0.06 
r I I I 

0.48- 7.25 3.19 

{ I 3.06 I 2.17 I 1.16 7.08 f 0.00 0.29- 4.62 2.46 

1 I I I I 
I 1 0.61 f 0.31 ,0.85 1.76 I 0.35 0.50- 1.86 0.97 

I I 'I I. 
I I . I - I '0.24 f' 
I ,. I I· 

0.24 0.24 

UCL** 

3.21 

1.20 

54.34 

1000 

2.08 

: ____________ ~ ______ ~ ________ ~ ____ ~j _2_.8_9 __ ~r_O_._50 __ ~I __ l_.l_7 __ ~ __ 3._2_0 ___ .~t_O_._7_7~ __ 1_._77~ 0.22-11.62 2.28 

* 1 to 10 filter halves from personal samples collected at a work site during a shift were combined 
(see Appendix C). 

** LGL and UCL are the lower and upper 95% confidence limits based on the geometric mean and geometric 
standard deviation of the individual estimat.:es of uaily rnA concentrations. 
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I 
I 
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I 
f 
I 
I 
I 
I 
I 
I 
I 
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I 
Job title I 

uncergraund i 
I 

Macorman I 
r 

Skipper & I 
Sk ~ppe r Head I 

I 
CageI' I 

I 
Hoist Operator f 

r 
Ca rpenter I 

! 
Shafeman I 

1 
Sandman I 

I 
Diamond Dri 11 J 

t 

Helper' I 
I 

Bori ng Mach ine I 
Helper I 

I 
Total I 

I 

Table 7. Time-weighted average (TWA} airborne arsenic exposures of 
underground employees (excluding Hiner classification) 
at the Homcstake Gold Mine, Lead, SLuth Dakota. 

NUr'o1ber 
of TWA 

samples* 

2 

J 

2 

t 

1 

1 

1 

13 

I 

I Range 
1 
I 0.53-2.11 
I 
I 
I 
I 
I 
I 
I 
I 

i 
I 
1 
I 
i 
i 
t 

I 
I 
I 
r 
I 
t 
I 

0.43-2.13 

0.B5 

0.26 

0.47 

0.5~ 

. 5.71} 

0.10-5.79 

f Hean 

1 
I 1.32 
I 

I 
I 
J 

I 
I 
I , 
I 
I 
J 
I 
I 
I 

I 
I 
I 
I 
I 
I 

1.42 

0.85 

0.32 

0.26 

0.47 

0.55 

2.33 

5.79 

1.31 

Std. 
dev. 

I 1.12 
I 
I 
I 0.88 
I 
I -

I 0.30 

I 
I -
I 
I -
I 
I -
I 
I 
I -
I 
I 
I -
I I 1.54 

Arsenic ug/m 
3 

Std. 
error 

I 0.79 

I 

I 0.51 
I 
I 
I 
I 0.22 
I 
I . -

·1 
I 
I 
I 
I 
I 
I 
J 

I 
I -
I 
I 0.43 
1 

I 
I 
I 

I 
r 
I 
I 
I 
f 

Geometric. 
mean 

1.06 

1.16 

0.85 

0.23 

0.26 

I 0.47 

I 
I 
I 
I 
I 
I , 
I 
I 
I 

0-.55 

2.33 

5.19 

0 .. 81 

Geometric 
std. dev. 

2.66 

2.37 

3.25 

2.98 

LCL** 

I 0.00 , . , 
I 0.13 

I 
f 
~ 0.58 

I ~ -,. 
r 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 0.42 
I 

* 1 to 7 fi lter halves from pe rsona L samp les co llected from workerC s} with the same job title were 
combined (see Appendix C). . 

UCL** 

I 1000 

I 
J 
I 9.91 
J 
I 
I 
I 1000 
I 
I 
f 
f 
I 
I 
I 
J 
r 
I 
J 
I' -
I 
I 1.57 
r 

** LCL and UeL dre the lower and upper 95% confidence limits based on the geometric mean and geometric 
standard deviation of the individual estimate~ of dafiy TWA concentrations. 
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TAble 8. Time-weightt:d average (TWA) a irbori~e arsenic exposures 
of surface employees in crushing department, at the 
Homestake Gold Mine, Lead, South Dakota. 

Number I Arsenic ~8/m 
::; 

of TWA I r Std. Std. Geometric 
I -I 

j 

I 
I 

Job title 1 
I 
sam~lcs* I Range 

Geometric f ! t 
~ Hean error mean std. dev. I LCL** ~ UCL** 1 

I 3 0.77-6.45 2.76 13.20 3.13 I 0.10 
I I I 
I I I 
I f I 
I I I 
I I I 
i I I 
J I I 
r I "' I 0.60 0.60 I 0.60 II 

I I 
I ! I 
I 4 0.60-6.45 2.22 1.2.83 1.41 1.33 2.94 I 0.24 

l.88 1. 75 29.88 

7.42 

I __________ ~------~------~----~I----~--_--~----~------~I----~----~ 
* 1 to 7 filter halves from personal samples collected from worker(s) with the same job title were 

combined (see Appendix C). 

** LeL and VeL are the lower and upper 95% confidence limits based on the geometric mean and geometric 
standard deviation-of the individual estimates of daily TWA concentrations. 



To determine if differences in exposure levels existed within and between 
ledges, an analysis of variance (ANOVA) was used to compare geometric mean 
exposures to airborne arsenic by ledge for all Miners (20). The results shown 
In Table 9 i~d1cate a fluctuation of exposure levels i~ ~hich the concentra­
tion variance within ledges "was just as great as the concentration Variance 
between ledges. Based on'the samples collected, it could not be concluded 
that differen~es in exposures to arsenic existed between le'dges for the 
Miners 1st, 2nd, 3~d, and 4th • 

. TRACE METALS 

The remaining filter h,.31ves from the personal airborne samples, which we::-e 
combined in the same manner (i.e., by work~ite) as those for arsenic, were 
analyzed for trace metals, and are reported in Tabl~ 10. All TWA concentra­
tions we~e within both NIOSH-recommended and current OSHA stand3rds. The 
metals Be, Co, Ni, V, Pb, and Mo were not detected. The metals Fe, Zn, Cr, 
and Mn were detec5ed in trace l amounts with JWA concentrations rangin§ from 
1.6 to 567.4 pg/m f~r Fe, 0.2 to 19.5 ~g/m for Zn, 0.4 to 3.4 ~g/m for Cr, 
and 0.2 to 13.5 ~8/m Eor Mn. 

FIBERS 

Optical Microscopy 

Concentrations of fibers >S ~m in leh~th (fibers/em3 ) were determined "for all 
personal air samples and are reported in Appendix D. All fibers >5 pm in 
length and with an aspect ratio> 3:1 were ~ounted and assumed to be 
asbestos. TWA as"bestos fiber - in excess of the current OSHA TWA 
standard of 2.0 Eibers/cm

j 
(21 individual workers in the 

Eqllowing job categories: 

(1) Boring Machine Operator (2.44 fiberS/3m3) 
(2) Boring Machine Helper (2.57 fibers/c~ ) 
(3) Miner 1st - drill (2.78 fibers/em

3
) 

(4) Miner 2nd - drilling (3.42 fibers/em) 3 
(5) Miner 4th - ore removal (4.01 f /cm ) 
(6) Mechanic 3rd - Mill (2.48 ) 3 
(7) Belt/Chip Picker - Mill (2.03 fibers/em) 3 
(8) Laborer 2nd - Mill cleanup (3.09 fibers/cm

3
) 

(9) Laborer 1st - Mill cle£nup (5.34 fibers/em) 

These elevated fiber ex~osures 5 percent (5 of 96) of the under-
ground einployees stUdied and 33 percenc (4 of 12) of the surface employe~s 
monitored. 

28 



Table 9. One-way analysis of variance (ANOVA) comparing 
geometric mean TWA exposures of Miners 1st, 2nd, 
3rd, and 4th to arsenic on the six ledges at the 
Homestake Cold Mine, Lead, South Dakota. 

Source of 
variation 

Degrees of 
freedom 

(dE) 

Sum of the I 
squares 

(SS) 
I 
I 

Mean of the 
squares 

(MS) Fs 

Among the Ledges I 5 41'2,463 i 
I 

82,493 '0.99 

Within the 
Ledges 

Total 

F.50 (5 , 27) 

I 
I 
I 
I 
I 
I 

0.89 

27 

32 

2,275.,317 I 
I 
I 

2,669,780 ! 
I 

F.25 (5, 27) 

82,604 

= 1.41 

Note: There is no significant added variance component among 
ledges for exposures to arsenic. Based on the number of 
samples co)lected. it could not be concluded th~t 
differences in exposures to arsenic existed between ledges. 
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Table 10. 'rime-weighted average (TWA) airborne t race metal exposures 
at the Homestake Gold Mine, Lead, South Dakota. 

I Composite I 
I sample . I 

.\ 
number 

I 600 I 79 , 75·, 89 , 87 I 74.9 I 2.9 I 0.5 2.7 I , 601 I 49,40,45 I 124.6 I 3.9 I 0.7 2.6 I 
I 602 I 53 I 68.8 I 2.5 I 1.3 0.6 I 
I 603 I 61.69,70.57 I 87.0 I 4.6 I 0.4 1.8 I 
I 604 I 28,32,93,50 I 188.3 I 4 .. 5 I 0.6 4.2 I 
J 605 I 83,84,l20,119,33,16,37 I 256.0 I 6.4 I 2.0 4.0 I 
I 606 I 110,62,116,106 I 108.3 I 1.7 I 0 .. 4 3.8 I 
I 607 • I 23,13,9,76,12 I 22.5 I 1.3 I 1.2 I 0 .. 8 I 
I 608 I 189,152,179,177,191,170 I 90.3 I 3.5 I 2.6 I 2.6 I 
I 609 I 138,135,136,128,125,129, I 91.4 I 4.8 I 2.0 I 2.0 I 
I I 143 I I I I , 
I 610 I 155,139,132,108,105,154 I 87.1 I 7.6 I 2.8 I 2.2 I 
I 611 I 242,224,238,240,230,241 I 192.5 I 6.7 I 2.7 I 4.0 I 
I 612 I 169,166,156,172,183 ! 15.7 I 6.5 I 1.1 I 0.2 I 
I 613 I 20,24,57,207 I 7.0 I 2 .. 3 I 1.2 I 0.2 I 
I 614 I 261, 265,268,266,255 I 278.9 I 0.2 I 1.1 I 2.9 I 
I 615 I 38,21,11,19 I 81.3 I 1.4 I 0.5 I 2 .. 4 I 
I 616 I 221,216,203,197 , 314.4 I 7.B I 1.2 I 4.7 I 
I 517 I 284,319 I 24.3 I 3.4 I 1.0 I 0 .. 5 I 

.. 1 618 I 325,313,277,335 I 26.3 I 3.3 I 1.1 I 0.2 I 
I 619 I 334,320,309 I 57.9 I 4.5 I 0.8 I 1.2 I 
I 620 I 46,64,74,59,35 I 52.9 I 3.3 I 0.5 I 1.3 I 
I 621 I 194,178,t85,193 I 151.0 I 4.3 I 0.6 I 3.7 I 
I 622 I 114,118 I 90.0 I 8.1 I 0.9 I 2.4 I 
I 623 I 297,298,296 I 104.4 I . 2.4 I 0.5 I 3.2 I 
I 624 I 314,2JO,317 I 88.9 I 4.~ I 0.6 I 2.5 I 
I 625 I 259,247,254,258,270 I 174.3 I 5.1 I 0.5 I 4.8 I 
I 626 I 71,187,184,196 I' 325.8 I 2.7 I 1.1 I 6.7 I 
I 627 I 153 , 2 11 , 1 74 , 160 I 208.8 I 2.6 I 1.8 I 4.0 I 
I 628 I 95 I 137.3 I 2.0 I 1.3 I 2.0 I 
I 629 I 329,322,t41,130,99,324 I 272.9 I 4.5 I 1.2 I 4.8 I 
I ! 256,333,338,126 I I I I I 
I 630 I 204,229,55,245,73 I 49.6 I 2.6 I 0.5 I 1.9 I 
I 631 I 377,j69,345,367,362 I 244.3 I B.6 I 3.4 I 6.7 I 
I I 355,370,379,376 I I I· I I 
I 632 I 140,175,195;200,281,212 I 218.9" I 3.2 I 0.7 I 4.9 r 
I I 269,199 I I I I I 
I 633 I 408,411,404,412 I 113.6 I 6.9 I 1.2 I 3.2 I 
I 634 I 306,282.278,305,2t7,225 I 89.3 I 2.5 I 1.2 I 2.6 I 
I 635 I 399,394,384,392,393,332 I 68.3 I 3.5 I 1.2 I 1.9 I 
I 1 \ 1 1 1 1 
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Table 10 (continued) 

Composite 
sample 
number Hn 

636 425,426,300 I 66.3 S.C I 1.1 I 1 .. 7 I 
637 354 , 113.0 7.8 I 1.7 I 2.6 I 
638 479,453,474,437,480,459, I 567 .. 4 4.0 I 1.5 I 13.5 I 

430,367,481,475 I 1 I. I 
639 455,457,458 I 1.6 3.8 I 1.4 I 0.3 I 
640 215,341,358,368,210 I 197.9 4.0 I 2.1 I 3.5 I 
641 47.7,491,490,489,486,487, I 62 .. 4 4.0 I 1.2 I 1.2 I 

488 I I I I 
642 438,432,440,434,431,442 I 58 .. 7 5.7 I 0.9 I 1.4 I 
643 421,415 I 91.4 2.9 I 1.1 I .1.7 I 
644 365,447,443,435 I 42 .. 1 4.0 I 1.8 I 1.1 I 
645 417)90.405,205,418 I 254.4 19.5 I 1.8 f 5.5 I 
646 41,343,228,347 t 88.6 3.9 I 1.4 I 1.4 I 
647 403 ,3 16 • 3 81 , 414 I 254.9 3.9 I 1.2 I 8.5 I 
648 253,398,371,360.397 I 88.8 2.2 I 0.8 I 2.0 I 
649 380,390,427 I 72.2 3.5 I 0.6 I 1.5 I 
650 299,407,465 I- 3.2 0.3 I 0.6 I 9.6 I 
651 436,201,94 I 79.4 0.3 I 0.6 I 1.5 I 

I l I I 
* 1 to 10 filter halves from personal samples collected at a work site 

duri,ng a shift were combined. 

Note: Be, Co, Mo, Ni, Pb, and V were not detected in any composite 
sample. The lower limits of detection were: 

Be.ryllium (Be) 0.3 lJ&! samp le 
Cobalt (Co) 1.0 ~/sample 
Molybdenum (Mo) 5 .. 0 ).1g/sample 
Nickel (Nt) 1.0 ug/sample 
Lead. (Ph) 3.0 \.181 sample 
Vanadimn (V) 0.5 1JS/samp1e 
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The following two job classifications had individual worker exposures in 
exc~ss of3the current OSHA allowable ceiling value of 10 fibers >5 ~m in 
lengr:.h/cm : 

(1) Miner 1st - putting in track (15.48, 12.77 fibers/ cm3) 
(2) Laborer ljt - cleanup in Mill (lO.07, L5:72, 16.20 

fibers/cm ) 

These concentrations were determined from individual samples collected from 
3 employees (2 Miners and 1 Laborer) over time periods of 12 to 36 'minutes. 
The samples in excess of the current OSHA ceiling standard represented about 
one percent of all the samples collected. 

Individual samples were grouped to observe differences in exposures between 
job ~lassifications as well as between the various ore ledges, and the surface 
crushing mills. As shown .in' Table 11, when all Miner job classifications Were 
grouped b~ ledge; the geometric mean TW~ exposures ranged from 0.L7 
fibers/em (21 Ledge)' to 0.54 fibers/em (Main Ledge). When Miners from all 
ledges wese grouped together. a geometric mean TWA exposure of 0.44 J 
fibers/ern resulted with 95% confidence levels of 0.35 and 0.53 fibers/cm • 

A summary of TWA fiber exposures is presented in Table 12 for all job 
classifications underground excluding Miners. The lowest geometric mean TWA 
concentrations were observed f~r the Diamond Drill Operators and HOlst 
Oper,a tors (both 0.05 fibers/ em ) 3and the h ighe st for Boring Machine 
Operator/Helpers (2.50 fibers/em ). The geometri3 mean TWA concentration for 
all these job classificati~ns was 0.24 fibers/em with 95% confidence levels 
of 0.14 and 0.45 fibers/em. 

A summary of TWA exposures for employees in the surface crushin,s3mills is 
presented in Tab13 13; concentrations'ranged from 0.12 fibers/em (Motorman) 

,"to 5.34 f3bers/cm (Laborer 1st). A geometriC mean TWA conce~tration of 1.16 
fibers/em with confidence levels of 0.59 and 2.28 fibers/em resulted after 
combining the data from all job classifications in the crushing mills. 

To determine if differences in exposure levels existed within and between 
ledges t ANOVA was used to compase geometric mean TWA concentrations of air­
borne fibers >5 urn in length/em by ledge for all Hiners. The results of the 
analysis shown in Table 14 indicate a fluccuation of fiber exposure levels in 
which the concentration variance within ledges was just as great as the 
con~entration variance between ledges. Based on the sdmples ~ollected. it 
could not be concluded that differences in exposures to fibers >5 ~m in 
len&th existed between ledges. 

Portions of 61 randomly chosen filte~s were shared with the Homestake'Mining 
Company for a comparison of counting techniques; from these. five samples 
were subsequently voided by NIOSH due to filter lOSSt being used more than 
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I' I Number of 
samples 

I Location i counted 

I ! 19 Ledge 168 
I 
I Me in (10) Ledge 49 

I 
III Ledge 40 
I 
113 Ledge 16 

r 
119 Ledge 31 ,. 
121 Ledge 6 
I 
ITotal 310 

Table 11. Time-weighted average (TWA) airborne fiber exposures 
(optical' micro~copy) of underground employeeG with 
job titles 0'[ Hiner 1st, 2nd" 3rd" or 4th at the 
Homestake Gold Mine, Lead, South Dakota. 

... 
Number 1 Fibers Rreater than 5 urn in lenRth/cm-
of TWA I 

eXDosures* i Ran~e 

! I 0.08-4.01 38 

13 

9 

4 

7 

2 

73 

I 
I 
I 
I 
I 
,-
I 
I 
I 
1 

I 

0.10-2.79 

0.08-1.46 

0.17-0.98 

0,09-0.97 

0.11-0.25 

0.08-4.01 

Std. 
Hean dev. 

0.68 I 0.80 

I 
0.73 I 0.69 

I 
0.63 I 0.48 

I 
0.64 I 0.38 

I 
0.31 ,I 0.31 

I 
0.18 . I O.lO 

I 
0.63 I 0.68 

Std. 
error 

I 0.13 

I 
I 0.19 
I 
I 0.16 , 
1 0.19 
1 
I· 0.12 
I 
I . 0.07 
I 
I 0.08 

Geometric 
mean 

0.47 

0.54 

0.45 

0.52 

0.22 

0.17 

0.44 

I 
I , 
I 
I , 
I 

I 

Geometric 
std. dev. 

2.22 

2.23 

2 .. 58 

2.26 

2.38 

I . 1. 79 

1 2.33 

l.Cl.** UCL** 

0.36 I 0.62 

I 
0.33 I 0.87 

I 
0.22 I 0.93 

I 
0.14 I 1.91 

I 
0 .. 10 I 0.49 

I 
0.00 130.55 

I 
0.35 r 0.53 

I __________ ~ ______ ~ ________ ~ ______ ~ ____ ~ __ ~ ______ ~ ______ ~ ______ ~ __ ~L---~ 

* A TWA exposure was calculated for each miner from the 3'to' 5 samples collected during a shift. 

** LeL and UCL ,are the lower and upper 957. confidence limits based on the geometric mean and- geometric 
standard deviation of the individual est'imates of daily TWA concentrations. 



I 
I 
I 

I 
Job title i 

Diamond Dri 11 I 
Operator and I 
He 1 pe r I 

I 
Boring Hachine I 
Operator and I 
He ~ pe r I 

I 
Motorman I 

(Underground) I 
I 

Sandman I 
I 

Skipper and I 
Skipper Head I 

I 
Shaftman I 

I 
Carpenter I 

I 
Hoist Operator 1 

I 
Cager f 

I 
Pipeman~ Haster I 

I 
Total I 

Table 12. Time-weighted average (TWA) airborne fiber exposures (optical 
microscopy) of underground employees (excluding Miner classification) 
at the Homestake Gold Hine, Lead, South Dakota. 

Number of Number [ 
samples of TWA I 
counted exposures*' -, 

10 , 2 I 
I 
I 
I 

10 I 2 

I 

11 I 3 
I 
I 

13 I 3 

I 
12 I 3 

I 
I 

7 I 2 

I 
13 I 3 

12 -' t 3 
I 

4 I 1 
I 

3 I 1 
I 

95 I 23 

Range 

0.04-0.06 

2.44-2.51 

0.12-0.92 

0.11-0.43 

0.23-0.91 

0.06-0.07 

0.52-1.06 

0.02-0.11 

0.08 

0.29 

0.02-2.57 

I 
I 
I 
I 

M~an 

0.05 

I 2.50 

I 
I 
I 0.63 
I 
I 
I 0.27 
I 
I 0.55 

I . 
I 0.065 
I 
I 1. 18 
I I 0.06 

I 0.08 
I 
I 0.29 
I 

0.55 

Fibers gl'eater than 5 urn in 
Std. Std. Geometri.c 
dev. error mean 

0.01 0.01 I 0.05 

0.09 0.06 2.50 

0.44 0.25 0.45 

0.16 I 0.09 0.23 
I 

0.34 , 0.20 0 .. 47 

r 
0.007 I 0.005 0.06 

0.29 "I 0.17 1.03 
I 

0.05 I 0.03 0.05 

0.71 0~24 

... 
length/em ..... 

I 
i 
1 
I 
, 

I 
I 
I 

I 
I 

I 
r 
I 
I 
1 
I-
I 
I 

I 
I 
I 

Geometric 
std. dev. 

1.33 

1.80 

3.16 

1.99 

1.99 

1.12 

1.47 

2.37 . 

3.94 

* A TWA exposure was calculated for each employee from. the 3 to 5 samples collected during a shift. 

** LCL and UCL are the lower and upper 957. confidence limits based on the geometric mean and geometric 
standard deviation of the individual estimates of daily TWA concentrations. 

LCL** UCL** 

I 0.00 I 0.64 I 
I I I: 
I I I; 
I I I: 
I 

1.BO 1 3.48 1 , 
I J j 

I I I! 

I 
f; 

0.03 I 7.B6 Ii 
1 I I! 
I I ! : 
I 0.04 I 1.31 I, 
t J J' 
I. O.OB 1 2.61 I: 
r I L 
I I I 
1 0.02 I 0.17 I' 
I I r 
1 0.31 1 2.11 I 
I I I: 
I 0.01 J 0.44 I-
I I r 
I I I 
1 ·1 I, 
I f L 
1 1 I, 

I t· 



~ ..., 

Table 13. Time-weighted average (TWA) airborne fiber exposures (opt1cal 
microscopy) of surface employees in crushing department 
at the Homestake Gold Mine. Lead. Souch Dakota. 

.. 
1 

J Number of Number ! Fibers greater than 5 urn In length/em-
f samples of TWA I I Std. Std. Geometric Geomet ric 
I counted ex.posures* I I 

I 
I 
I 
J 
I 
J 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
J 

Job title 
I 

Crus he r-feede r r 
I 

Mechanic )rd I 
I 

Belt/Chip Picker I 
I 

Laborer 2nd I 
I 

Laborer 1st I 
I 

Motorman , 
I 

Total I 
Surface Workers I 
Crushing I 

I 

7 

4 

11 

11 

7 

6 

46 

I 
I 
I 
I 
I 
r 
I 
I 
I 
I , 
I 
I 
I 
I 
! 

I 
2 

1 

3 

3 

1 

2 

12 

... 

1.23-1.64 

2.48 

0.24-2.03 

0.74-3.09 

5.34 

0.12-0.B3 

0.12-5.34 

1. 44 

2.48 

1. 21 

1. 78 

5.34 

0.48 

1. 72 

I 
I 0.29 . I 
I I 
I , 
I f 
I 0.91 I 
I I 
I 1.28 I 
I I 

I 5.34 I 
. I 
I 0.50 I 
I I 
I 1.43 I 
I , 
I I 
I I 

error: 

0.21 

0.52 

0.69 

0.36 

0.41 

I 
I 
I 

I 
! 
! 
I 
I 
I , 
I 
1 

mean std. dev. 

1.42 1.23 

0.87 3.12 

1. 51 2.04 

0.32 3.93 

1.16 2.89 

* A TWA exposure was calculated for each surface employee from the 3 to 7 samples collected during a shift. 

** LeL and UeL are the lower and upper 95% confidence limits based on the geometric mean and geometric 
standard deviation of the individual estimates of daily TWA concentrations. 

LCL** 

0.23 

0.05 

0.26 

0.00 

0.59 

UCL** 

I 9.12 
I 

I 
114.71 
I 
r 8.94 
I , 
I 1000 , 
J 2.28 
I 
I 
I 



Table 14. One-way analysis of variance (ANOVA) comparing 
geometric mean TWA exposures of Miners 1st. 2nd. 
3rd, and 4th to asbestos on the six ledges in the 
Homestake Gold Mine, Lead, South Dakota. 

Source 'of 
variat.ion 

Among Ledges 

Wit.hin Ledges 

Total 

F.75 (5, 66) 

IDegrees of 
I freedom 
\ (df) 

I 5 
I 
I E6 

I 
I 71 
I 

0.534 

I Sum of the 
I squares I (55) 

I 13 ,367-
I 
r 319,232 
I 
I 332,599 
! 

F. 50 (5, 66) 

I Mean of the 
I 

I 
squa res 

(MS) 

2,673 

4,837 

0.870 

Fs 

0.55 

No~e: There is no significant added variance component among 
ledges for exposures to asbestos fibers >5 vrn in length. 
Based on the number of samples collected, it could not 
be concluded that differences in exposures to asbestos 
existed betueen ledges. 
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once for collection, or loss of data. The results of the comparisons pre­
aented in Table 15 indicate that sample concentrations determined by NIOSH 
exceeded those de~ermined bY'the company in all but three of the sample~. 
This observed difference could be attributed to the handling of the filter 
samples prior to counting, differences in counter experience, preparation of 
samples, and/or the optical microscope resolution. 

Electron Microscopy 

A eotal of 740 fibers from 51 filter samples were sized, identified, and then 
categorized using electron microscopy techniques at 17,OOOX magnification 
into one of the following four mineral groups: 

(1) Cumrningtonite-Grunerite (asbestos amphibole) 
(2) Tr~rnQlite-Actinolite (asbestos amphibole) 
(3) Hornblends (nonasbestos amphiboles, aluminum detected in the 

elemental composition) 
(4) Ambiguous or Nonasbestos 

The last group includes those fibrous minerals which did not give a dis­
cernible SAED or EDS spectrum for identification or were identified as 
nonasbestos fibrous minerals such as gypsum, brucite, calcite, etc. Results 
of airborne fiber size determinations (diameter and length) are shown in 
Tables 16 and 17 with appropriate summary st.atistics. For all four mineral 
types the median and geometric mean fiber dimensions were almost identical. 
Those fibers identified as, the mineral cummingtonite-grunerite had ~ 
ge~etric mean diameter of 0.43 ~ with a,geometric mean length of 3.3 urn. In 
comparison, those fi~ers identified as tremolite-actinolite had a geometric 
mean diam~ter of 0.27 urn and a mean length of 4.1.~m. Combining the results 
of the analyses for all four mineral groups indicated a geometric mean fiber 
diameter of 0.40 urn and a geometric mean length of 3.2 ~m. As indicated in 
Table 18, 24% of the identified cummingtonite-grunerite fibers and 327. of the 
tremolite-actinolite fibers had lengths >5 ~m, and as a 'c6mpos~te, they 
accounted for 83% of all fibers >S Urn in length. 

A summary of airborne fiber types as determined by TEM (SAED and EDS) are 
shown in Table 19. Eighty-four percent of the airborne fibers were identified 
as amphibole asbestos, while the remaining 16% were either unidentified 
(ambiguous) or nonabes~os minerals. Six~y-nine percen~ of the amphiboles were 
~haracterized as cummingtonite-grunerite, 15% as tremolite-actinolite, with 
the remaining 16% iden~ified as fibrous hornblend minerals. Typical photo­
micrographs of airborne fibers, SAED patterns, and EDS spectrums for 
cummingtonite-grunerite and tremolite-actinolite are shown in Figures 4 and 
5. respectively. 

37 



Table 15. Comparis<?n of NIOSH and Homestake optical microscopy 
fiber counting (fibers greater than 5 ~m in length 
per cubic centimeter of air). 

I I SamE1e ,umber NIOSH Homestake l I 
H4 I 0.11 I 0.06 I 
H5 I 0.36 I 0.11 I 
H16 I 2.44 J 0.52 I 
H18 I 0.05 t 0.01 I 
H28 I 0.06 I 0 .. 08 I 
H32 I 0.81 I 0.17 I 
R37 I 1.79 I 0.46 I 
H39 I 2.44 I 0.06 I 
H50 I . 12.77 I 0.86 I 
H55 I 0.24 I 0.01 I 
H58 I 0.37 I 0.18 I 
H63 I 0.17 I 0.01 I 
H73 I 0.33 I 0.02 I 
H80 I 0.26 I 0.06 I 
H88 I 0.54 I 0.01 I 
H93 I 0.01 I 0.01 I 
H97 I 1.29 .1 0.01 

I H125 I 1.58 . 'I 0.05 
H128 I 0.29 I 0 .. 10 I 
H135 I 0.13 I 0.01 I 
H136 I 0.07 I 0.03 I I 

H138 I 0.21 I 0.05 I 
H143 I 0.18 I 0.05 . I 
H173 I 0.72 I 0.04 I 
H204 I 2.72 I 0.03 I 
H205 I 0.21 j 0.01 I 
H108 I L69 I 0.05 I 
H219 I 3.15 I 0.53 I 
H229 I 0 .. 68 I 0.02 I H235 I 0.19 . I 0.04 I »245 I 0.02 I 0.01 I H247 I 0.64 I 0.07 I 
"250 I 0.55 I 0.04 I H254 I 0.05 I 0.02 I 
H258 I 0.39 I 0.05 I 
H259 I 0.05 I 0.06 I 

I »270 I 0.33 I 0.08 I I H274 I 0.2'S I 0.01 I 
I H275 I 0.60 I 0.06 I 
I H294 I 0'.08 I 0.08 I I H295 I 3.58 I 1.20 I I H301 I 0.53 I 0.02' I I H302 I 0.17 I 0.01 I I H303 ! 0.30 I. 0.01 I I H306 I 0.67 I 0.02 I 
I I I I 
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Table 15 (c:entinued) 

{-
Sample number NIOSH Homesta,ke 

, H308 .0.08 0.01 
I H320 0.35' , 0.03 
I H.334 0.08 0.04 , H341 2.01 0.04 

I H352 0.44 0.04 

I H357 0.48 0.04 
I 1058 0.38 0.03 , IDS1 0.25 0 .. 28 
t H387 . 0.09 0.02 
t H414 1.36 0.31 ' 

I H418 0.12 0.03 , 
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Table 16. Fiber size determination by diameter analysis (electron 
microscopy) of airborne samples collected at the 
Homestake Gold HIne, Lead, South Dakota. 

I Micrometers (urn) I 
I 
I 
I 

Type of I Std. Std. Ge04'11etric Geometric 
fibrous mine ra 1 Hedian 0 e Hean dey. error mean st.d. dev. 

I Cummingtonite-Grunerite 0.4 10.1-8.0 0.6) I 0.75 I 0.04 I 
I I I I I 

! 
0.43 2.31 

I Tremoiite-Actinolite 0.3 10.1-1.1 0.33 10.21 I 0.03 I 
, I I j I 

0.27 1.82 

I Hornblends 0.4 10.1-3.1 0.64 I 0.58 I 0.06 I 
I 'I I I I 

0.47 2.14 

I Ambiguous Determination I I, I I 
I or 0.3 jO.1-2.5 0.£.21.0.43'1 0 . 071 0.31 2.12 
I Non-Asbestos I I 1 ·1 
I I I I I 
I Total 0.4 10,1-8.0 0.58 I 0.~7 I 0.03 I 0.40 ' 2.25 

I 

LCL* UCL'* : 
I 

0.39 0.47 

0.23 0.32 

0.40 

0.25 0 .. 40 

0.38 0.43 
1 ________________ ~ ____ ~1 ____ ~ __ ~1 ____ ~1 ____ ~1 ______ ~ ______ ~ __ ~----~ 

* LeL and UCL are the lower and upper 95% confidence limits based on the geometric mean and 
geometric standard devia[io~ of the individual fiber diameters. 



1 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

Tabt~ t7. Fiber size determination by length analysis (electron 
microscopy) of airborne samples collected at the' 
Homestake ~old Hine, Lead, South Dakota. 

I 
- Micrometers (urn) 

Type of I Std. Std. Geometric Geometric 
fibrous mineral J Heaion Range Hean dev. error mean std. dev. 

I 
Cummlngtonite-Grunerite' 3.0 10.5-38.5 4.5 4.5 I 0.26 3.3 2.1 

I 
Tremolite-Actinolite 3.8 j1.3-23.8 4.9 3.6 I 0.47 4.1 1.8 

I I 
ifornblends 2.8 10.7-21..0 3.9 3.9 I 0.43 2.9 2.0 

, J . ·1, Ambiguous Determination 
or 1.9 10.6- 7.0 2.3 1.4 

I 

0.21 1.9 1.8 
Non-Asbestos 

I 
Total 0.3-38.5 I 3.2 2.1 

LCL* UCL* 

I 3.0 3.6 
I 

I 
3.5 4.8 

I 2.5 3 .. 4 
- I 
I 

I 1.6 2.3 

I 
I 3.0 3.4 

I ________________ ~----~------~--~----~--~------~--------~--~----~ 
* LCL and UCL are the lower and upper 95% confidence limits based on the geometric mean and 

geometric standard deviation of the individual fiber lengths. 



Table 18. Percentage of fibers greater than 5 micrometers (lJm) 
in length by electron microscopy of airborne samples 
collected at the Homestake Gold Mine, Lead, South Dakota. 

Type of IMean diameter Mean length I Percent. fibers 
fibrous mineral I yrn urn 

I 
>5 urn _in 

I 
Cummingtonite-Grunerite I 0.63 4.5 I 

I I 
Tremolite-Actinolite I 0.33 4.9 I 

I I 
Hornblends I 0.64 3.9 I 

I I' 
Ambiguous Determination I I 

or 1 0.42 2.3 I 
Non-Asbestos I I 

I I 
Total I 0.58 4.2 I 

I t 

Note: Cummingtonite-grunerite and tremolite-actinolite fibers 
:>5 lJrn in length accounted for 83.~~ of all fibers >5 ).lm 
in length. 
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Table 19. Electron microscopy identification of airborne fibers by 
selected area electron diffraction and energy dispersive 
x-ray analysis at the Homestake Gold Mine, Lead, South Dakota. 

!Percentage of total fibers identified I Percenta~e of amphibole fibers identified 
I Ambiguous determination 

.1 
Cummingtonite-

! 
tremo lite-

I Amphiboles or non-asbestos ~rtinerite actinolite Hornblends 
I I I 
I 84 16 I 69 I 15 16 
I I I 
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: .... \. ..... 

Figure 4. Fibrous cumrningtonite-grunerite electron microscopy analysis 
Homestake Gold !line, LeaLl, SoutIL Dakota. 

Photomicrograph 

1 micrometer 

Sele~ted Area Electron Diffraction 

Ener~v Dispersive X-Ray Spectrum 
. Mg-Si-Fe 

(variation in elemental ratios observed) 

A~produccd from 
best available copy. 



To help characterize and identify the fibrous amphiboles observed on the 
airbo~ne samples~ composite are samples collected from the surface mills ~ere 
analyzed by rEM (SAED and EDS). Photomicrographs of SAED patterns were made 
of typical fibrous particulat.es (aspect ratio 1!. 3:1) which were tilted into 
a preferred zone-axi s a rient a t ion. Subsequent ly, d-spac ings a f the' fiber's 
c-axis were measured from the photomicrographs. Likewise, EOS was"~lso per­
formed with elemental ratios tabulated for each of the fibrous mineral types. 
In addition, as a reference standard, minerals of cummingtonite, grunerite t 

tremolite, and actinolite were obtained from the Smithsonian Institution and 
were characterized in the same manner as the are sample~. Those fibers which 

. demonstrated an amphibole electron diffraction pattern and indicated aluminum 
in the~r elemental composition were classified as hornblends. 

To dete"rmine the relat.ive aspec't ratios (length to diameter) for each of the 
four fibrous mineral types, a frequency fiber size distribution was performed 
with each mineral type classified into three size groups (i.e., aspect ratioS 

> 10:1, > 5:1, and> 3:1). As indicated in Table 20, the observed aspect 
r;tios fa; all fiber-types were baSically the same, except for tremolite­
actinolite, which demonstrated a greater portion (68%) of the fibers being 
> 10:1. As an average for all four mineral typee t 79% of the fibers had 
ispect ratios ~ 5~1 with 33% ~ 10:1. 

Individual airborne sample results, as determined by TEM, were compared to 
their respective optical microscopy counts and are shown in Table 21. The 
fiber concentrations determined from TEM analysis for both total fibers and 
fibers >5 urn in length represent "positive~y identified asbestos" in which 
identification W85 confirmed by either SAED or EDS. Therefore, the reported 
TEM fiber concentrations represent minimum estimates of true totat airborne 
asbestos concentrations since they do not t~ke into account the number of 
asbestos fibers that gave ambiguous results. 

The TEM concentration of' asbestos fibers (>5 Um in length) were higher than 
most of the respective optical microscopy determinations. As noted in 
Table 16, a significant portion of the observed fibers had diameters <0.3 urn, 
and consequently would not have been observei using the standard optical 
microscopy method due to the presence of fiber sizes below the resolution 
capabilities of the microscope optical system. As expected, when all fibers 
(asbestos, hornblend, and unidentified) >5 urn in length were counted by TEM, 
fiber concentrations exceeded those determined by opt ieal microscopy. "" 

RADON DAUGHTERS 

The radon daughter measurements (alpha decay), as shown in Table 22, were 
assigned to one of three different ventilation systems which supply air to 
the mine. The assignment of measurements to the three ventilation systems was 
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,Figure 5. Fibrous tremolite-actinolite electron microscopy analysis 
Homestake Gold Mine, Lead, South Dakota. 

. It 

. I 
.. 6 

," ... Photomicrograph 

1 micrometer 

l ____ --_ .. -_ .. .., 

'" 

Selected Area Electron Diffraction 

Energy Dispersive X-Ray Spectrum 
Mg-Si-Ca-Fe 

(variation in elemental ratios observed) 



Table 20. Fiber si~e distribution by aspect ratio 
(length to diame~er) electron microscopy 
analysis at 17,OOOX magnification of 
airborne samples collected at the 
Homestake Gold"Mine, Lead, South Dakota. 

, Types 
l fibrous mineral 
1 
I Cummingtonite-Crunerite 30 I 77 100 

I I 
t Tremolite-Actinolite 68 [ • 92 100 , , 
I Hornblends 19 I 74 100 
I I 
I Ambiguous Dete~ination t 
I or 26 I 83 100 
I Non-Asbestos 

·1 I 
I Total 33 I 79 100 
J 1 

41 



Table 21- Comparison of optical and transmission electron microscopic 
(TEM) fiber concentrations of air samples collected at the 
Homestake Cold Mine, Lead, South Dakota • ... 

I I I Fibers/em 3 

I Sample I I Optical I TEM I TEM 
I number 

\ 
Job title 

l fibers >5 urn 
1 

*fioers >S urn I *total fibers 
I 
I H-003 I Miner 4th I 0.9 I 1.0 I 3.6 
I H-007 I Miner 1st I 2.8' I 17.6 I 78.3 
I H-016 I Miner 1st I 2.4 I 2.2 I 6.5 
I H-021 I Miner 3rd J 2.0 I 3.6 I 7.2 
I H-041 I Miner 1st I 0.8 I 1.3 I 6.S 
I H-042 I Miner 1st I 15.5 I 15.8 I 110.8 
r H-044 I Miner 3rd I 0:8 I 2.1 I 2.1 
I H-048 I Miner 2nd' I 0.5 I 1.0 I 2.7 
I H-056 I Miner 2nd I 5.0 I 3.0 J 19.6 
i H-074 I Miner 1st 

f 
0.6 I 0.5 I 1.0 

" H-086 I Miner 2nd 1.6 I 0.7 I 4.8 
I H-I09 I Miner 1st I 1.2 I 5.2 I 20.9 
I H-1l8 I Motorman-Underground I 0.2 I 0.6 I 1.3 
I H-139 I Miner 1st I 3.8 I 1.4 I 4.1 
I H-166 I Diamond Drill Operator I 0.2 I 0.8 I 3.1 
I H-178 I Min4;r 1st I 0.2 I 0.0 I 0.0 
r H-187 I Hiner 1st I 0.4 I 0.4 I 5.8 

H-191 I Miner 1st I 3.3 I 0.6 I 1.2 
H-204 I Miner 1st f 2 .. 7 I 2.4 I 2 .. 4 
H-211 I Miner 1st I 0.7 I 1.2 I 3.6 
H-2t6 I Miner 1st I 1.7 I 2.1 I 25.6 
H-217 ! Miner 4th I 1.1 I Q.9 I 0.9 
H-219 ! Miner 1st I 3.1 r 4.1 I 46.8 
H-?39 I Motorman-Underground I 1.6 I 1.0 I· 11.0 
H-241 I Miner 3rd I 4.9 I 2.5 I 22.6 
H-2SS I Boring Machine Operator I 5.2 I 7.1 I 77.2 
H-260 I Miner 1st I 1.5 I 1.2 I 3.8 
H-,269 I Miner 4th I 9.8 I 16 .. 4 I 44.6 
K-272 I Miner 1st I 0.5 I 1.1 I 3.1 
H-295 I Skipper Head I 3.6 I 44.3 I 118.8 
H-301 I Miner 1st I 0.5 I 0.5 , 0.9 
H-304 I Shaftman I 0.1 I 0.5 I 0.9 

I H-318 I Miner 1st I 2.1 I 2.6 I 11.2 
I H-327 I Cager I 0.2 I 1.1 I 3.6 
I H-336 I Skipper I 0.7 J 1.4 I 6.3 
I H-341 I Miner 1st I 2.0 I 1.3 I 10.8 
I H-335 1 Hiner 1st I 6.6 I 1.8 I 3.5 
1 H-396 I Crusher-Feeder I 2.6 I 2.9 I 10.8 
I H-401 I Crusher-Feeder I 1.7 I 2.1 I 17.3 
I H-409 I Hiner 1st I 0.9 I lot I 2.2 
I H-415 I Mine Shift Boss I 1.1 I 1.6 I 6.9 
I H-416 I Mine!" 1st I 4.9 I 25.2 I 73.9 
I H-417 ! Hiner 1st I 1.5 I 0.6 I 6.9 
I H-425 I Skipper I ·0.4 I 0.7 I 2.9 
I I I I I 
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Table 21 (continued) 

Fibers/ern 3 

Sample Optical TEM TEM 
number Job title fibers >5 m *total fibers 

I 
H-436 Motorman~Surface 1.9 I 0.7 11.3 
H-44O Miner 1st 0.6 I 0.9 2.3. 
H-443 Carpenter 1st 1.7 . I 1.1 23.2 
H-4SS Hoist Operator 0.1 I: 0.8 1.6 
H-462 Miner 1st 1.1 I 3.7 11.8 
R-467 Laborer 2nd 4.3 I 2.0 5.4 
H-477 Sandman O.B l 0.5 5.5 

I 

*Note: Includes only those fibers identified as asbestos using selected area 
electron diffraction and/or energy dispe~51ve X-ray analyses. 
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Table 22. Radon daughter measurements grouped by ventila~1on 
systems at the Homestake Gold Mine, Lead, South Dakota. 

f Working I 
J Ventilation Sample level I 
f system number Sample location (wt) t 

I 1 6500, Main Ledge, 90 pillar, Drift north 0.000 I 
I 2 6050, 13 Ledge, 47c stope 0.004 I 
I 3 6800, 93 & 94c scopes 0.007 r 
I 4 6050, Main Ledge, age stope 0.003 I 
I 5 6050, 13 Ledges, 54 drift 0.000 I 
t 6 5450, 11 Ledge, 49 & 51 stapes 0.000 I 
! #1 8 5600, 11 Ledge, 55 pillar 0.000 I 
I 9 5750, 11 Ledge, 57c scope 0.000 I 
I 10 5750, 9 Ledge, 67 & 68d stopes 0.007 I 
I 11 5450, 9 Ledge, 66 & 67c stopes 0.000 I 
I 12 5750, 9 Ledge, 68c stope 0.000 I 
I 13 6050, Main Ledge, 90 pillar 0.001 I 
! 16 4850, #4 Hoist Room 0.004 r 
J 17 5450, 9 Ledge, 64 & 65d scopes O.ooq I 
l---------------------~------ Avg. 0.003- I 
I 14 6200, 19 Ledge, 27 chute 0.022 I 
I 15 5900, 19 Ledge, 28 &. 29f stopes 0.041 I 
I 19 4850, 19 Ledg,e, 46 x cut 0.026 I 
I 21 #4 shaft 0.005 I 
I 2~ 6200, 21 Ledge, 50 & 52 ~tope 0.032 I 
I 28 4400, 9 Ledge, 31 & 32 stope 0.018 I 
I 29 4850, skip pocket. ·Yates 0.024 I 
I #2 30 4100; Main Ledge, 5Se stope 0.022 I 
I 31 3650, 9 Ledge, 27d stope 0.044 I 
I 32 3800, 9 Ledge, 18b stope 0.045 I 
I 33 4850, Skip pockec 0.019 J 

I 35 4250, 9 Ledge, 36 & 37 stopes 0.014 f 
I 38 4550, #6 Hoist Room 0.007 ! 
I 39 3950, 9 Ledge. 24 & 25 stopes 0.064 I 
I 40 4100-4250, Main Ledge 0.032 I 
r 41 4250. Main Ledge, 70 x cut 0.012 I 
I 42 4250, Main Ledge, 7Ic stope 0.034 I 
I 50 4700, 9 Ledge,. 37F stope 0.036 I 
I 52 4100, Hain Ledge, 61 x cut 0.020 I 
I 53 2000, Ross Station - Ross Shaft 0.024 I 
1----------------- Avg. 0.027- r 
I 18 1700, 9 Ledge, 24a stope 0.040 I 
I 24 2150, 9 Ledge, 51 stope 0.163 I 
I 25 2000, 9 Ledge, 45 & 51 stope 0.165 I 
I 26 2150, 9 Ledge, Motor Barn 0.142 I 
I 27 2150, 9 Ledge, 49 x cut 0.154 I 
I #3 34 1700, 8 x cut - air from open cut area 0.111 I 
I 54 1700, 8 x cut - air from open cut 0.101 I 
I 55 2000, 9 Ledge, 50 x cut 0.169 I 
I 56 4850, return a ir from bent drift 0.036 I 
! 57 4850, in~ake from vent drift - Yates 0.027 I 
I------------------------------------~---------------------- Avg. 0.111--- I 
I--------------------------------~----------------~I 
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based on discussions with Homestake Mine personnel. The measurements are 
reported in terms of a working level (WL) which is defined as any combination 
of the short-lived r3don daughters i~ 1.0 liter of ai~ which will result in 
an ultimate 1.3 x 10 million electron voles of potential alpha energy (22). 
Radon daughter levels ranged from 0 (below level of detection) to 0.169 WL. 
As can be seen in Table 22, there is a significant difference in levels among 
the worksites ~upplied by the different ventilation systems. However, the 
assignment of the three ventilation systems to the various mine locations did 
not take into account possible air mi~ing between systems. Results of radon 
daughter sampling from a subsequent MESA survey in Septp.mber 1977, appear to 
approximac.e these obs,erved measurements (22). The results from that survey 
indicated a range, of levels f~om 0.010 to 0.130 WL, with average exposures of 
0.036 and 0.073 WL determined for ventilation systems #2 and #3, respec­
tively. No sampling was performed in the areas of the mine which were 
supplied air from the #1 ventilation system, since previous sampling had 
indicated negligible levels. Both the NIOSH and MESA 1977 surveys indicated 
higher levels in the areas of the mine Which were supplied air from the #3 
ventilation system which draws its intake air, through old surface and under­
ground workings, many of which are caved or cracked. These workings are in a 
part of the mine which was thought to have higher alpha activity due to the 
presence of rhyolite and phonolite dikes. 

In the 1960 Bureau of Hines survey (2), five samples were collected for radon 
daughters with an average level of 0.006 WL found. Other surveys by MESA 
observed levels generally around 0.01 WL, with maximums of 0.015 WL in 
1968 (23) and 0.02 WL in 1975 (24). These earlier surveys, which indicated 
levels lower than t.ho·se observed by NIOSH and MESA in 1977 studies, did not 
attempt to identify levels by ventilation systems and, ~herefore, did not 
completely characterize the potential for e~posure throughout the mine. 

DUST 

Impinger dust sample concentrations in millions of particles-per cubic foot 
of air (mppcf) were calculated by.job type Eor each 15- to 30-minute sampling 
period. In addition, TWA valu~~ ~c:e calCULated from the four to six samples 
collected in the breathing zone of the observed worker during a shift; ,aver­
age TWA v'alues for the different ledges were also calculated. All impinger 
sample results are reported in Appendix E~ A summary of the impinger results 
grouped by surface (crushing) and underground ledge is shown in Table 23 and 
indicates that the individual dust sample concentrations ranged from 0.0 to 
16.6 mppcf. If the dust is assumed to be inert (i.e., <1% quartz), then the 
current OSHA standard fo= impinger samples would be 15 mppcf for the respi­
rable fraction and SO mppcf for total dust; likewise~ if the quartz conc.ent 
is >14. then the formula 250 would be applicable (25). It was noted 

1. Si0
2

+S 
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Table 23. Airborne dust exposures as determined by impinger samples 
collected at the Homestake Gold Mine, Lead, South Dakota. 

INumber of individual J Mean 

I Location* s~m les collected 

I 
I I I I I Crushing (surface) 10 0.07- 5.96 2.0 1.3 2.1 

I I I I I 
f 9 Ledge I 85 0.03-13.22 I 1.5 0.7 I 1.2 f 
I I I I I 
I Hain Ledge I 37 0.04-16.60 I 1.9 LO I 1.3 I 
I I I I I 
I 11 Ledge I· 22 0.00- 4.12 I 1.1 o;a I 1.1 I 
I I I I I· 
I 13 Ledge I 12 0.37-12.47 

r 
2.6 1.3 I 2.4 I 

VI i I I I 
N I 19 Ledge I 15 0.04- 5.46 I 0.7 0.2 I 0.5 I 

I I I I I 
I 21 Ledge I 6 0.13- 1.63 

I· 
0.7 0.6 I 0.8 I 

I I I I 
I Total I 187 0.00-16.60 I 1.5 0.9 I 1.3 . I 
I I I I I 
* Includes all job types working in these locations. 

mppcf - millions of particles per cubic foot of air. 



during impinger dust counting that over 95% of the dust particles observed 
were less than 10 ~m in diameter and were therefore considered to be poten­
tially respirable. In addition, it was determined by the analysis of ore 
samples and airborne collected samples that the quartz content was >1%. 

The highest dust concentrations were found during the work activities of 
dumping waste (16.6 mppcf), filling ore cars (13.2 mppcf) , putting iTl track 
(12.5 mppcf), and blast hole drilling (10.7 mppcf). These elevated concentra­
tions'were due mainly to inadequate local ventilation and/or lack of water as 
a dust suppressant. Moderate concentrations were observed during drilling in 
stopes (8.7 mppcf), blast hole slushing (8.1 mppcf), clean-up in the crushing 
mill (6.0 mppcf), pulling chute (5.1 mppcf), and 'borehole drilling 
(4.2 mppcf). Most of these activities, except for clean-up in the crushing 
mill, represented isolated instances where insufficient amounts of 'water were 
being used to suppress airborne dust. In most instances, the work practices 
utilized, such as amount of water used for dust suppression and positioning 
of ventilation duces, determined the relative dustin~ss of the work 
environment. 

Although in4ividual sample results were sometimes high, average (arithmetic 
mean) TWA exp,osures by ledge or surface location 'were always substantially 
lower, as shoWn in Tables 24, 25, and 26. The geometric mean TWA exposures to 
dust for the six ledges ranged from O.ll mppcf (19 Ledge) to 2.40 mppcf (13 
Ledge), as shown in Table 24. When Miners from all ledges were grouped 
together, a geometric mean TWA exposure of 0.85 mppcf was calculated' with 951 
confidence levels of 0.55 and 1.34 mppcf. The lowest TWA exposure over a 
shift for a Miner was 0.06 mppcf; this particular Miner was involved in the 
installation of water pipes on the 4850 Leyel, 19 Ledge.' The highest TWA 
exposure for a Hiner was 6.03 mppcf during dumping waste, mucking, and 
unloading equipment on the 65CO Level, Main Ledge.' 

In Table 25, a SUmmdry of TWA exposures to dust is presented for all other 
underground job classifications (excl~ding Miners). Both the lowest 
(0.18 mppcf) and highest (2.68 mppcf) TWA exp'o5ures over a single shift were 
observed for the Skipper job classification, Yith a geometric mean concentra­
tion of 1.07 mppcf. The geometric mean TWA concentration for these nonminer 
underground job classifications was 1.03 mppcf with 95% confidence levels of 
0.57 and 1.86 mppcf. 

A summary of TWA exposures to dust for the tW'o W'ork'ers monitored in the 
surface crushing mills (see Table 26) indicated mean concentrations of 0.27 
mppcf for a Belt/Chip Picker and 3.82 mppcf for a Laborer 1st. Individual 
sample concentrations ranged from 0.07 to 5.96 mppcf; with the highest levels 
found for the Laborer 1st during c lean·up in the crushing mill. 
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Table 24. Time-weighted average (TWA) airborne dust exposures (tmpinger s~mples) 
of underground employees with job title. of Hiner 1st, 2nd. 3rd, or 4th 
'at the Homestake Gold Hine, Lead, South Dakotao 

I I Number of I Number , I Mil h:ons of perOt Ie les per cubic foot of air (mpJ)cf) 

I 
r 

samples I of TWA I 
I Location counted i exposures* 

I 
I I I 9 Ledge 80 14 

, I I I 
Haln (LO) Ledge I 27 6 

I 
11 Ledge I 16 3 

I 
13 Ledge I 12 2 

I, 
19 Ledge I 9 2 

I 
21 Ledge . I 6 1 

I 
Total I 150 28 
A.ll Miners 

I Underground 

I 

RanRc 

0.12-4.06 I 
0.29-6.03 

0.42-1.82 

2.09-2.7S 

0.06-0.20 

0.75 

0.06-6.03 

Mean 

1.48 

1. 71 I 
1.15 f 

I 
2.42. I 

"I 
0.13 I 

I 
0.75 I 

I 
1.42 I 

I 

I 

Std. 
dev. 

1.25 

2.23 

0.70 

0.47 

0.10 

1.40 

,Std. Geometric Geometric 
error mean std. dev. 

0.33 I 0.95 I 2.91 

0.91 0.91 3.34 

0.41 0.98 2.13 

0.33 2.40 1.21 

0",07 0.11 2.34 

0.75 

o.as 3.12 

* A TWA exposura was calculated for each miner from the 3 to 7 samples collected during a shift. 

** LCL and UCL arc the lower and upper 95% confidence limits based on the geometric mean and 
geometric standard deviation of the individual esr:.imates of daily TWA concentrations. 

U, 
-t:. 

I 
I 

LCL** UCL** 

0.51 I, 1. 77 I 
I I 

0.26 3.23 

O.IS 6 .. 42 

0.42 13.71 

0.00 228.36 

0.55 1.34 



Table 25. Time-weighted average (TWA) airborne dust exposures (impinger samples) 
of unde~ground employees (excluding Miner classification) at the 
Homestake Gold Mine, Lead, South Dakota. 

I 
I 
I Job citle 

I 

r 

Number of 
samples 
counted 

I Number 

\ 

of TWA I 
eXDo5ures* i Range 

, 
I I 

'
I I 3 I 0.18-2.68 I 
I I' I 
I I I I 
, , 2 I 0.61-0. 71 I 
I I" I I 2 I O. 85 -0.95 I 
I I I I 
i , 1 , 1. t+6 I 
I I' I 
I I 1 I 0.82 I 
I I I I 
I I I I 
I I 1 , 2. S3 I 
I I" I 
, I I , 
I I 10 I 0.18-2.68 / 

I I I I 
I I I I 

Hillions 

MeLlo 

1. 81 

0.66 

0.90 

1.46 

0.82 

2.51 

1.34 

of ~articles ~er cUQic foot of air (mEEcf) 
Std. Std. Geometric Geometric 
dev. error mean std. dev. 

1. 41 I 0.81 1.07 I 4.69 
I I 
I I' 

0.07 I 0.05 0.66 I 1. 11 

I I 
0.07 , 0.05 0.90 I 1.08 

I I 
I 
I 

1.46 1 
I 

I 
. I 

0.82 I 
I I 
I 2.53 I 
I , 
I I 

0.92 I 0.29 1.03 I 2.30 
I I 
I I 

I 

LCL** VCL** 1 
T 

0.02 49.97 I 
I 
I 

0.25 1. 7) I 
I 

0.44 1..82 I 
·1 
I 
1 
I 
I 
I 
I 
I 
I 

0.57 L.86 I 
I 
1 

I ______________ ~ ______ ~I ______ ~I ________ ~I ____ ~..___~~ __ ~ ______ ~ ______ _L ____ L_ __ __L I 1 I 

* A TWA exposure was calculated for each underground employee from the 3 to 6 samples collected 
during a shift. 

~* LeL and ueL are the lower and upper 95% confidence limits based on the geom~tric mean and 
geometric standard deviation of ~he individual estimates of dJily TWA concentrations. 
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Table 26. Time-weighted- average (TWA) airborne dust exposures 
(impinger samples) of surface employees in crushing 
department at the Homestake Gold Mine, Lead, South Dakota. 

I Humber of Number Mill ions of Earticles ~er cubic foot -of air (mJ2Pcf) 

I I samples I of TWA I Std. Std. Geometric Geometric 
Job title 

I 
counted 

I 
expo5ures* 

I 
Range Mean dev. error mean std. dev. 

! 
Belt/Chip Picker 5 1 0.27 0.27 0.27 

Laborer 1st 5 1 3.82 3.82 3.82 

Toeal 10 2 0.27-3.82 2.05 2.51 1. 78 1.02 6.51 
Surface Workers 
Crushing 

* A TWA exposure was calculated from the 5 samples collected on-each of the Crushing Department 
employees monitored. 

** LCL and VCL are the lower and upper 95% confidence limits based on the geometric mean and 
geometric standard devia"tion of the individual estimates qf daily 'IWA concentrations. 

LCL** UCL** 

0.00 1000 



Nineteen impinger samples were randomly chosen from those collecteu during 
the survey ~nd were simultaneously counted by the ~ome5take Mining Company as 
a comparison of counting methodologies. These sample comparisons are pre­
sented in Table 27 and indicate no significant difference (p<O.05) between 
NIOSH and Homestake counts. 

BULK ORE S~~PLES 

Three composite ore samples collected from the crushing mills during the 
survey were analyzed for trace metals, free silica (quartz and cristobalite), 
arsenic, and asbestos in an effort to help substantiate the characterization 
of airborne contaminants in the mine. The trace metal, arsenic, quartz, 
cristobalite results are presented in Table 28. All trace metals except for 
iron (14-15%) were either not detectable or were found in negligible quanti­
ties. Quantitie"s of arsenic ranged from 0.26 to 0.31% using both atomic 
absorption and neutron activation analysis techniques, and free silica 
determinations indicated the presence of 22-24% quartz and 0.9% cristobalite. 
Asbestos fiber characterization was performed by TEM as previously described; 
this analysis confirmed the types of fibers observed in the airborne sample 
exposure data collected in both the mine and mill. 
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Table 27. Comparison of NIOSH and Homestake 
impinger counts. 

I Concentration 
ISam le number Hornestake count 
I 
I H2 I 1.33 'I 1.44 I' 
I US I 0.69 I 1.02 I 
I H12 I 2.91 I 3.67 I 
I H16 I 0.35 I 1.27 I 
I H1B I 0.47 I 0.29 I 
I H2O I 0.22 I 0.37 I 
I H2l I 2.22 I 3 .. 73 I 
I H26' I 0.83 I 1.40 I 
I H27 I 0.89 I . 1.30 I 
I Hl19 I 0.83 I 0.13 I 
I HIZ2· I 1.35 I 1.12 I 
I H123 I 1.91 I LOS I 
I H125 I 2.06 I 0'.95 I 
I H126 I 0.59 I 0.25 I 
I H129 I 2.47 I 0.97 I 
I H131 I 3.19 I 1.48 I 
I H137 I 1.13 I 0.26 I 
I H141, I 0.89 . I 0.76 I 
I H14B I 4.79 I 3.97 I 
I ! I ! 
No significant difference Cp>0.05) between NIOSH 
and Homestake counts. 
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Sample 
number 

1 

2 

3 

Limit of 
Detection 

% 
Be 

IN. O. 

I 
IN.D. 
I IN.o. 
I 
10.01% 
I 
I 

% 
Co 

IN .0. 
I 
IN.o. 
I 
IN.D. 
I 
10.01% 
I 
I 

H.D. - Hone Detected 

% 
Cr 

IN.o. 
IN.O. 
I 
IN.D. 
I 
10.005% 
I 
I 

% 
Fe 

I 14 

I 15 

I 15 

10.01~ 

r 

* Atomic: absorption spectrophotometry 

**'Neucron activation 

Table 28. Composite ore sample analysis. 

% 
Mn 

10.2 

/0.3' 
I 
10.3 
I 
IO.Ol~ I . 
I 

'Y. 
Ho 

INoO. 
IN.D. 
I 
IN,D. 
I 
1°·03% 

I 

t, % 
Ni Pb 

IN.o. INfO. 

IN.D. IN.O, 

IN.D. LN.O. 
I I 
IO.Ol~ 10.01% 
I I' 
I I 

'4 'X. 
V Zn 

IN.o. 10.01 
I . 
IN.D. 1°·01 
IN.O. [0.01 

~O.Ol':l ... lO.Ol'X. 

I I 

i. 
Quartz 

I 22 

I 24 

I 23 
I 
IO.03mg 

I 

':4 
Cristobalite· 

0.9 

0.9 

0.9 

O.03mg 

l 
Arsenic* 

0.27 

0.27 

0.26 

0 .. 005't 

'Y. I 
Arsenic** i 

0.27 

'0.29 

0.31 

0.0017.. 

I 



COMPARISON OF PRESENT AND PAST EXPOSURES 

As part of the overall study at the Hom~stake Gold Mine, which includes the 
mortality study, the industrial hygiene survey was conducted noc only to 
characterize current exposures but to be able to combine the current results 
with pertinent da-ta such as historic exposures data, changes in work prac.­
tic.es and mining techniqu~s, etc., to postulate types and extent of prior 
exposures underground. 

RADON DAUGHTERS 

The first industrial hygiene survey conducted at this mine was by the Bureau 
of Mines i~ 1960 (2). During that survey, five radon daughter measurements 
were made and indicated an_average exposure of 0.006 working level (WL). 
Since the radon daughter levels were considered to be low, no attempt ~as 
made to locate sources. Subsequently, other studies were conducted in 
1968 (23) and 1975 (24) substantiating these low levels «0.02 WL); likewise, 
identificat-ion of the sources of radon dau'ghters was not attempted. It was 
not until this study and the MESA study in 1977 (22) that some sources were 
identified. As indicated in Table' 22, substantial differences in exposure 
levels were observed for the differen~ ventilation systems. The highest 
exposures were found in that part of the mine which had make-up air drawn 
through the old mine workings (designated as the #3 ventilation system), 
which was the major source of fresh air ventilation before 1941. To deteLmine 
radon daughter sources, air samples were c~llected during the NIOSH survey 
near the air intake points of the #3 ventilati"Qn system. and near rhyolite 
and phonolite dike formations ~hich are ' found throughout the mine. 

These air samples indicated the presence of alpha activity throughout the 
mine, and especially around the dikes and near the openings of the old mine 
workings. The alpha activity found near the rhyolite and phonolite dikes 
could account for the exp'osures found at the worksites that were supplied air 
frorn the #3 ventilation system since many of these dike formations are 
located in these areas of the mine. Sources of radon daughters around the air 
intakes of the old mine workings were impossible to locate since much of the 
air is drawn through numerous rock crevices which probably contain rock 
fragments from rhyolite and phonolite dikes dispersed throughout. The pre­
sence of alpha activity is assumed to be caused by Radium-226 based on 
MESA's radiometric analysis of different Homestake rock types. As shown in 
Table 29, radiometric determinations substantiated the results of the NIOSH 
survey which found higher airborne levels of alpha activity near rhyolite and 
phonolit.e dikes. 

In assessing' past exposures t.o radon daughte=-s, a possible approach would be 
to assume that hi8ber exposures occurred in the upper levels of the Main and 
9 Ledges during the years in which fresh air was drawn from the old mine 
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Table 29. Radiometrically determined Radium-226 conten~ of different 
roek types at the Homestake Gold Mine. Lead, South Dakota. 

I Radium-226 content 
1 __ ~~~~~ __ ~~L~e~v~e~l __ ~ ____ ~I~nd~~~'v~i~d~u=a=l~s~a=m~~ __ ~ __ ~~~~ _____ -+ 
J I 'Poorman I 800 I 1.2 I I 
I Poorman I 2000 I 3.4 I I 
I Poorman I 2150 I 2.2 I I 
I Poorman I 4850 I 1.0 I I 
I Poorman i 6800 I L.1 I I 
I Poorman I Average I I 1.8 I 
I Homestake . I 800 I 0 II . I 
I Homestake I 2000 I 0 I 
I Homestake I 4850 I 0.5 I I 
I Homestake I 6800 I 0.4 I I 
I Homestake I Average I I 0.2 I 
I Ellison I 800 I 0.2 I I 
I Ellison I 2000 I 0.3 I I 
I Ellison I 2000 I 0.4 I I 
I Ellis6n I 4850 I 0 .. 3 I I 
I Ellison ! 6800 I 2 .. 9 I I 
I Ellison I 6800 I 2.0 I I 
I Ellison I 6800 I L'S I I 
I Ellison I Average I J 1.1 I 
I Rhyolite dike I 800 I 2.9 I I 
I Rhyo 11 ted i ke I 800 I 2 .3 I I 
I Rhyo Ute dike I 800 I 2 .3 I I 
I Rhyolite dike I 2000 I 3.1 I I 
t Rhyolite dike I 2150 I 3.7 I I 
I Rhyolite dike I 4850 I 3.3 I I 
I Rhyolice dike I 6800 I 2.5 I I 
I Rhyo lite dike I Average I I 2.9 I 
I Phonolite dike I 800 I 9.5 I I 
I Phonolite dike I 2000 I 5.9 I I 
I Phonolite dike 1 5450 I 4~2 I 1 
r PhonoLite dike I Average I I 6.S I 
I ___________ ~I----~~I~--------------~I----------~I 

Note: CollecLed samples were about 3 pounds each. All were pulverized to 
about 200 mesh, then blended and packaged in plastic bags for ship­
ment to Technical Support Center of HSHA in Denver, Colorado, for 
radiometric determination of Radium-226. The lower limit of detection 
for Radium-226 is approximately 0~2 picocuries/gram and the accuracy 
for the levels measured is plus or minus 207.. 

From~ October 12, 1979 correspondance with L. Swent, Homestake Mining Company. 
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workings, and that average exposures have gradually decreased with the 
addition of the other cwo ventiLatIon systems. With the addition of these 
systems, an average radon daughter exposure level could be calculated since 
work crews have always worked periodically in all areas of the mine. Another 
factor to take into account 'is the length of time spent un4erground (see 
Table 4). Work ,hours per week have s teadi ly decreased from a high of 52 hours 
in 1920 to the present low of 40 hours, and should be factored in when deter­
mining employee working level months (WLH)., When all these conditions are 
assessed, employee WLM"S,in the' pas~ would most probably be at least equiv­
alent to, and most 1 ikely higher, than t'hose observed for the cut'rent 
workforce. 

In order to approximate previous radon daughter levels, the dust exposure 
'data, as determined by the company since 1937 (see Tables 30 and '31), could 
possibly be extrapolated and used as an exposure index for underground 
operations. The predicted radon daughter levels would then ~irectly relate to 
the effectiveness of the ventilation in cont~olling dust at the work~ite and 
to the changes which have occurred in work practices and production. Although 
the. exposure to radon daughters has been shown to be more close! y 'related to 
air changes than any other control factor (26), the exhaust air volume (see 
Table' 5) is not direc.tly related to air changes per unit time due to the 
constant changes in the volume of open area in the mine. While the· period of 
1924 to 1932 may have had only one-third the volume of exhaust air, as c.om­
pnred to l~~er years, the rate of air changes may have been equal due co the 
lesser volume of open area in the mine. Sin~e the effectiveness of the 
ventilation cannot be estimated by the increases in the, vol-ume of air 
exhausted from the mine, dust exposure data may be the only reasonable means 
of estimating past rGdon daughter exposures. However) additional simultaneous~ 
samp ling of .. adon daughters 'and dust.s is required t.o determine if a relation­
ship exists between radon daughter measuremencs and changes ir. dust 
concent.r~tions. 

In the years prior to 1940, most of the mlnlng was performed above the 
3200-foot levels of the Hain and 9 Ledges ~here r~don daughter levels are 
currently found to be higher. In addition, dust exposures were a magnitude 
higher than those currently observed which could possibly reflect a similar 
increase in past radon daughter levels. It has been speculated that if radon 
daughter levels increase with respective dust exposures, the relationship 
would not be linear since radon daughters are constantly "growing in" even 
with an inct'ease in air changes, and that the further one gets from radio­
active equilibrium, the faster is the relative growth of the radon 
daughters (27). 

OTHER EXPOSURES 

If it is assumed that dust exposures (impinger samples) are acceptable 
indicator s of reia t i ve exposures to other agent s such as arsenic t asbestos, 
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-r Sill 
I Year (no mining) 
I 
I 1937 I 8.1 I 
I 1938 f . 9.3 I 
I 1'939 I 12.0 I 
I -1940 J 9.1 I 
I 1941 I 12.4 I 
I 1942 I 12.8 I 
I 1943 I I 
I 1944 I 

I I 1945 I 
I 1946 I I 
I 1947 I 12.3 I 
I 1948 I 11.3 I 
I 1949 I 22.1 I 
I 1950 I 4.1 I 
I 1951 I 6.3 I 

f 
I 1952 I 3.6 I 
I 1953 I 1.5 I 
r 1954 I 2.0 r 
I 1955 I 3.2 I 
f 1956 I 1.4 I 
I 1957 I 2.6 I 
I 1958 I 2.2 I 
f 1959 I 2.6 . I 
I 1960 I 2.4 I 
I 1962 I I 
I 1963 I I 
I 

Table 30. Approximate exposures to dust by type of work for surface' 
and underground workers from 1937 through 1974 at the 
Homestake Gold Mine, Lead, South Dakota. 

Mining 

6.6 
34.7 
12.0 
13.0 
10.2 
49.8 

26.9 
11.6 
12.3 
14.0 
6.7 
7. t'. r 
5.5 I 
8.1 I 
5.4' I 
5.4 I 
5.0 1·-
4.7 I 
4.3 I 
4.2 I 

I 
I 

Millions of particles per cublc foot (mppef) 

Crusher 
crew 

32.1 
42.7 

2.7 

31.7 
9.2 

17.9 
29.3 

2.3 
128.9 
44.0 
9.3 

5.7 

5.7 

Hotorman 

25.0 
26.8 
28.9 
21.0 
22.0 
31.9 

7:.5 
18.7 

10.0 
18.6 
9.2 

15.9 

1.,2 

I 
I 
I· 
I 

I 
I 
I 
I 

\ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

. I 

Skippi'1g 

:95.1 

27. 1 

3.4 
2.8 

23.6 

I 
I 

9.5 I 
0.7 t 

I 
I 
I 
f 
I 

J 

I 

Caging 

2.6 
1.9 
1.1 

0.6 

Diamond. 
drill 

I 
I 

. I 
I 
I 
I 
I 
I 
I 
I 
I , 
I 

l 
I 
I 
J 

I 
t 
I 
f 
I 
I 
I 

Surface 

2.9 

Weighted yearly average 
# of samples I Cone~ 

I 
I 
I 
I 
I 

I 
I 
f· 
f I . 
I 
I 

I 
I 
i 
I 
I 

J 

I 
I 
f 
I 
I 

107 
216 
748 

1,056 
49£1 
184 

255 
178 
183 
297 
198 
247 
140 

22 
249 
104 
290 
121 

74 
24 

, 
I 11.0 
I 25.5 
I 15.3 
I 1l.1 
I 13.3 

I 24.6 

I 
I 
I 24.3 
I 12.0 
I 15.5 
I 12.6 
I 18.4 
I 9.7 
I 6.7 
I 5.9 
J 5.1 
I 5.2 
I 4.1 
I 4.3 
I 4.0 
J 4.4 
I 
I 



1'able 30 (continued) 

5111 Crusher 
Year crew Hotorman 

1964 0.9 3.4 I 1.8 5.3 l.8 
I 

l.2 2.4 247 I 3.3 
1965 0.9 4.5 I 4.4 86 I 4.2 
1966 2.0 3.3 I 6.5 7.1 3.8 I 1.2 311 I 3.5 
1967 3.1 I 2.4 I 261 I 3.1 
1968 1.5 3.2 I 31.6 12.0 I 1.2 260 I 5.0 
1969 1.5 2.9 I 2.5 6.7 9.8 I 228 I 4.0 
1970 1.4 3.0 I 1.5 25.5 . 4.8 I 146 I 4.4 
1971 0.7 2.5 

I 
1.8 2.1 I 195 I 2.4 

1972 2.9 2.7 2.6 I 2.5 200 I 2.B 
1973 0.8 2.9 I 3.7 I 180 I 2.5 
1974 0.9 2.6 J' 1.6 2.7 2.1 I 0.6 124 I- 2.0 
1975 I I 

I I I 
Note: Air sampling was performed by impinger in ~reas expected to have high dust exposures so that dust control 

measures could be initiated •. If all samples taken in a given year were averaged, the exposures would be 
biased on the high side. Only samples which represented exposures of employees were used in obtaining the 
averages in this Table. Repetitive sampling in high dust concentration areas ~ere not used in obtaining 
the averages. 

From: Hay 27, .1976, memo from J.K. Waterland to D.T, DelicatE:. Homestake Mining Company, Lead, South Dakota. 



Table 31- Approximate exposures to dust by type of mining operation from 
1939 through 1974 at the Homestake Gold Mine, Lead, South Dakota. 

Millions of earticles ~er cubic foot (mEEcf) 

I Power Bore Yearly I I Slush~r Stope shovel Drifr:. Raise hole average I I Year conca 
I I I 1937 I I I I I I I 1938 I I I I I I I 1939 I 9.9 J 12.6 I I I 12.2 I I 1940 I I I I I I I 1941 I I I I I I I 1942 I I I I I I I 1943 I I I I I I I 1944 I I I I I I I 1945 I I I I I I I 1946 I I I I I I I 1947 I 6.5 I 5.8 I 52.7 I 26.5 I 26.3 I I 1948 I 7.7 I 10.6 I 30.8 I 22.3 I 14.8 I I 1949 I 7.9 I 9.2 I 18.4 I I 9.8 I I 1950 I 10.1 I 9.1 I 7.3 I 22.4 I 11.3 I I 1951 I 11.7 I 5.9 I 2.6 I I 7.3 I I 1952 I 8.2 I 7.6 I I I 7.7 I I 1953- I 10.8 10.3 I 2.6 I 2.5 I 20.0 I 10.9 I I 1954 I I 1.B I 20.6 I 11.6 I I 1955 I 9.0 6.3 I 2.4 B.8 I 19.7 I 8.1 I I 1956 I 11.8 I 3.0 1.6 I 21.0 I 9.2 I I 1957 I 7.9 3.2 I 3.4 2.2 I I 5.6 I I 1958 I 10.8 L8 I 11.4 I I 9.6 I I 1959 I 7.5 2.6 I 3.6 I I 5.9 I I 1960 I 3.8 I 1.4 I I 2.3 I I 1961 I I I I· I I 1962 I I I. I I I I 1963 I I I I I I I 1964 I 8.2 2.4 I 1.5 I I 6.1 I 3 .. 6 I I 1965 I 6.2 2.7 I 1.7 2.0 I I I 4.8 I I 1966 I 6.,3 r 3.8 I 1.4 3.4 I 1.8 I I 2.1 I I 1967 I 6.4 ! 2.6 I 1.2 3.9 I 1..0 I I 3.9 I I 1968 I 6.6 I 4.7 I 1.5 6.3 I 1.6 I 22.9 I 5.5 I I 1969 I 6.5 I 3.0 I 1 .. 2 I 1.2 I 31.1 I .8 .. 7 I I 1970 I 7.3 I 3.1 I 1.0 2.6 I 2.4" I 14.6 I 6.0 I I 1971 I 6.9 I 4 .. 4 I 1.2 I 0.8 I 14.5 I 6.0 I I 1972 I 6.3 I 4.4 I 1.2 3.9 I 1. 7 I 6.8 8.6 I 4.4 I I 1973 I 6.3 t 4.8 I 1.3 2.9 I 3 .. 0 I I 4.4 I I 1974 I 6.5 I 5.5 I 1.4 2.9 I I I 5.2 I I I t t 

, I I I 
From: May 27, 1976, memo from J.K. Waterland to D.T. Delicate. 

Homestake Mining Company, Lead, So~~h Dakota. 
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etc., then historic concentrations can be predicted. This assumption can be 
supported by che statistical analyses performed on the arsenic and asbestos 
samples (Tables 9 and 14) in which exposures w~re not found to be statisti­
cally different between the mine ledges. Based on che uniEormi'ty found in the 
mine for arsenic and asbestos, it could be concluded that quartz is also 
uniformly dispersed' throughout the mine and that concentrations would also be 
related to the observed dust exposure levels. 

Although airborne samples for-quartz were not collected during this study, . 
analysis of composite ore samples from the mill i~dicated a consistent quartz 
content of 22-24~. Personal respirable airborne dust samples for quartz were, 
however, collected on 80 underground workers by MESA i~ 1976 (to). The 
results indicated that 801 of the exposures were within the current OSHA 
standard of 10 mg/m (25) and that 60% were within the NIOSH-recom-

l SiO,+S 3 . 
mended standard or 50 '\.I.g/m (28). The percent quartz found in these samples 
ranged from none detecced co 487., with an average of 137.. Similarily, in the 
1973 Bureau of Mines survey, the results from personal respirable samples 
showed an average quartz content of 13.1% (3). This consistent average (~13%) 
in quartz content appears to be a logical choice in determining average 
exposures since it represents the respirable quartz fraction detected in-the 
airborne dust. By assuming a 131. quartz content, and using the formula 

250 ~ dust exposures below 14 mppcf would be considered within the 
't S10

2
+5 

current OSHA standard as expressed in mppcf. As determined by the Homestake 
'Mining Company (s'ee Table 30) t yearly average dust exposures by type of work 
have been conSiderably less than 14 mppcf since 1952, and have been exceeded 
only on six occasions between 1937 and 1952. Likewise, when compared to che 
yearly averages calculated by the Homestake Mining Company for,mining opera­
tions (see Table 31). only during the year~ 1947 and 1948 was 14 mppcf 
exceeded. 

To determine if a difference existed betyeen NIOSH dust counting method­
ologies and those historically and still used by the Homestake Mining 
Company, impinger samples collected during this study were shared with the 
company. As indicated in Table 27, no Significant difference was observed and 
it was concluded that dust exposure data collected in previous years by the 
company represented a good indicator of the relative dustiness of exposures 
by job type. Hbwever, air sampling data were collected by the company in the 
pa_st for purposes of identifying "dusty" operations; consequently. the 
r~ported mean dust exposure concentrations in Table 30 and 31 could be biased 
on the high side. 

Since company average dust exposure data were avai~able for underground 
workers, an attempt ~as made to predict past exposures to arsenic and 
asbestos. The arithmetic mean of the TWA dust exposure data for all under-
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ground workers (see Tables 24 and 25) collected during this study were used 
with the respective arsenic (see Tables 6 and 7) and asbestos (see Tables 11 
and 12) data to develop an exposure relationship. This included a total of 7 
data points cornprisi.ng the job types of Miner (total), Skipper, Carpenter, 
Hoist Operator, Motorman, Diamond Drill Operator, and Boring Machine 
Operator. the arithmetic mean of the TWA concentrations for each job type 
were used and weighr~d with respec~ to the total number of samples collected. 
A regression analysis was performed and prediction equations were developed 
for arsenic and asb~stos. 

2 
As illustrated in Figure 6, a correlation of R = 0.84 was achieved for 
arsenic with the prediction equation: 

Exp. Arsenic Y= -94.77 + 30.17 (Exp. Dust X) 

Exp. Arsen~c y~ Exponential transformation of the arsenic mean 
Exp. Dust X = Exponential transfor~tion of the dust mean 

Likewise, for asbestos (see Figure 7), a correlation of R2 = 0.85 was 
achieved with the prediction equation: 

Exp. Asbestos X = -1.72 + 1.00 (Exp. Dust X) 
Exp. Asbestos X = ~xponential transformation of the asbestos mean 
Exp. Oust X = Exponential transformation of the dust mean 

By using the average dust exposure data collected by the company (Tables 30 
and 3'1), the estima tion equa tions can be used to ceterIDl.ne approximat e expo­
sures to arsenic and asbestos. As an example, if the mean dust concentration 
determined for all undergroun~ workers in 1971 (2.4 mppcf from Table 30), is 
selected an arsenic concen~ration can be determined as follows: s~nce the 
exponential value of 2.4 is 11.0, using the arsenic estimation equation 
yields a value of 1~lO.6. By taking the natural log of 1810.6, ~ mean concen­
tration of 7.5 ll&/m for arsenic is predicted. Likewise fo·r asbestos. again 
using 2.4 mppcf 'as an example, using the asbestos estimation equation yeilds 
a value of 7.9. BY3taking the natural logJ a mean concentration of 2.1 fibers 
>5 um'in length/em is predicted for asbestos. 

Based on the data presented and the assumptions made t average exposure lCJels 
to quartz, arsenic, and radon daughters for- the past 25-30 years probably 
have been within the current OSHA standards. However, average exposures to 
asbestos fibers (>5 ~m in length) appear to ~ave had a greater probability of 
exceeding the OSHA standard of 2.0 fibe~s/cm on numerous occ~sions during 
this same time period. In fact, from the derived asbestos estimation equa­
tion, dust.exposures which exceeded 2.2 mppcf had the potential for exceeding 
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Figure 6. Regression analysis L~_ dust and arsenic 
I10rnestake Gold Mine. Lead, South Dakota 

Exp. Arsenic. X - -94.77 + 30.17 (Exp. Dust X) 
Definitions: 
Exp. Arsenic X is exponential transformation of the arsenic arithmetic 

mean in different job classifications. 

Exp. Dust X is the exponential transformation of the dust arithmetic 
mean in different job classifications. 
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Figure 7. Regression analysis f~ dust and Asbestos 
Homestake Gold Mine, Lead. South Dakota 

Exp. Asbestos X - -1.72 + 1.00 (Exp. Dust X) 

Definitions: 
Exp. Asbestos X 1s theexponentia! transformation of the fiber arithmetic mean 

in different job classifications. 

Dust X t,g the exponential transformation o,f the dust arithmetic mean in 
different job classifications. 
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2.0 fiber/cm3 . It Sb9Uld be noted that when determining past arsenic and 
asbestos exposures uSLng the estimation equations, that the 95% confidence 
interval increases with the respective' Lncrease in e~posure. Therefore, it is 
prude~t to use only those exposure values which fit the regression equation 
plot in Figures 6 and 7. 
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DISCUSSION 

The results of the present industrial hygiene study and past Bur~au of Mines. 
and MESA surveys have demonstrated multiple environmental contaminants in both 
the mine and the mill. The observed-exposures to quartz, arsenic, asbestos, and 
radon daughters are thought to have the greatest potential for causing adverse 
health ef£ects~ However, other airborn~ contaminants such as trace metals, 
carbon monoxide, carbon dioxide, methane, nitrcgen dioxide, hydrocarbons, 
benzo(a)pyrene, and aldehydes have been identified, but were detected in 
negligible quantities· (0). 

QUARTZ 

Epidemiological studies demonstrating adverse health effects of airborne free 
silic'a (quartz) have been compiled since the early 1900's. Host. of these st.ud­
ies, including t.hose conducted in the hard rock mining industry (29, ]0,31), 

,have shown an excess of respiratory disease in workers exposed to airborne dust. 
containing >30% quartz. The documentation of silicosis in the Barre, Vermont 
granite sheds has been a major source of data tor establishing permissible dust 

-exposure levels since the types of operations observed have been typical of 
other uncontr-olled operations found in the mining, foundry, and ceramic indus­
~ries (32,33, 34). Based on the impinger-count dust concentration data, the 
granite shed studies have indicated an exposure limit of 5 mppcf to_ be an 
effective control for the prevention of silicosis in workers exposed to air­
borne dust containing 25-35% quartz. A recent medical study performed in the 
Vermont_granite industry (35) reported no-cases of silicosis among workers 
who5e span of employment began after the implementation of dust controls in 
1937, resulting in an aver~ge exp~sure of abbut. 3 ~ppc£. These findings con-
firmed an ~arlier medical study which showed a similar absence of silicosis in 
granite workers exposed over an lS-year span from 1937 to 1955 to an average 
conc'entration of 5 mppcf (36). Quartz content of the airborne granite dust in 
both studies was reported to be approximately 25%. 

In view of the epidemiological data available for workers exposed to mineral 
dust cont.aining <25% quart'z, the occurrence of silicosis in the Hcmestake Mine 
for underg~ound workers who st.arted employmen~ within the past 25 years would 
not be expected. This assumpt.ion is based on an average quart~ content of 13% 
found in the airborne dust and from the use of yearly average dust exposure 
data tabulated by the company. Even iE'a higher free silica content of up to 
254 is assumed, silicosis probably would not have ~anifested itself during the 
last 25 years since most of the average dust exposures for undergiound mining 
have not exceeded 8.3 mppcf (see Table 30). However, these assumptions are 
based on the absence of other environmental contaminants which are founa in 
chis mine and may act in an additive or synergistic manner with quartz. 
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ARSENIC 

There have been numerous reports on arsenic-induced occupatio~al cancer, with 
most of the epidemiological data collected from smelter workers exposed co 
arsenic trioxide (37,38,39,40). Other studies have shown an increase in respi­
ratory cancer mortality of ~orkers in sheep-dip factories (41,42), and among 
workers exposed to arsenates and arsenites in pesticide plants (43). There is 
one reported epidemiological study of workers exposed to arsenopyrite which 
demonstrated a high degree of association of skin arsenis~ and lung cancer 
(44,45). These study data, which were collected from a group of Rhodesian gold 
miners, identified 37 cases of lung can~er during the period from 1957 to 
t~63. This re,presented a six-fold increase in lung cancer for adult males when 
matched to the population in the Gwanda region of Rhodesia. Although no expo­
sure data or quantification of arsenic content were documented for this mine, 
there waSt however, a reported increase of skin keratoses in the mine workers. 
Similar studies on vineyard and sheep-dip wc~~~rs have reported characteristic 
hyperpigmentation and keratoses with chronic arsenic exposure (46,47). It was 
reported that a high risk of lung cancer exists when the exposure to inorganic 
arsenic dust is high enough to cause keratoses. No documented cases of skin 
hyperpigmentation or keratoses have been observed for empLoyees at the 
Horoestake Gold Mine. 

ASBESTOS 

Asbestos i~ the generic name used fo~ a group of naturally occurring mineral 
silicate fibers of the serpentine and amphibole series. The most common types 
found in occupational environments are the fibrous .serpentine mineral ,chryso­
tile. and che fibrous amphiboles which include crocidolite, anthophyllite, the 
tr.emolite-actinolite group, and amosite (part of the cummingtonite~grunerite 
group). 

Approximately 50 years after the introduction of asbestos into industry, the 
first susplcion of an assoication between asbestosis and lung cancer was 
recognized in 1935 (48,49). Since then, mortality studies of workers employed 
in the manufacturing of asbestos products, and the installation and removal of 
asbestos in shipyatds have provide~ the most co"crete evidence concernl~g an 
association between lung cancer, pleural, and peritoneal mesotheliomas and 
exposure to asbestos. Although most of the epidemiological data,have been 
collected on workers exposed to chrysotile, other studies on workers exposed 
to f{brous asbestos amphiboles have de~nstrated similar malignant respiratory 
diseases (50,51,52,53,54). 

The predominant type of asbestos observed in the Homestake Gold Mine in Lead, 
South Dakota is the cummingtonite-grunerite mineral group. One particular 
fiber type in this mineral groUpt commercially referred to as arnosite, has 
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been documented in two epidemiological studies to cause lung cancer. In a 
study of workers exposed to amosite while making insulation materials, 10 
mesotheliomas were found along with a~ increased risk of lung cancer after 20 
years from onset of exposure (55). The excess lung cancer risk in the amosite 
workers wa-s shown 'to increase with duration of emp loyrnent. In addition, there 
was a 3.87~fold increase in lung cancer among those workers with less than 3 
months employment. In another study, 914 men who worked for various periods 
of time during 1940 in a plant manufacturing amosite insulation materials', 
including 65 men who had worked for less than 1 month, had an excess mortal­
ity from lung cancer b~t not from' all cancers or from all causes (56). This 
observed excess became discernible only after 30 years from onset of expo­
sure. An excess of mortality from lung and from all cancers showed up after 
progressively shorter intervals· from onset of expo~u~e when the duration of 
exposure increased. ' 

The type of-amosite used by the workers in these two studies, which is typi­
cally foUnd in -other industrial applications, is considered fibrous both on 
a macroscopic and a microscopic scale. This differs from the amosite observed 
in the Homestake Gold Mine since it forms in a nonfibrous mineral habi~, but 
throug~ att~ition -by the v~rious minirig processes, fragment~ int~ r~sp~rable 
fiber.s. ,Mas t of these fibers, as demonst rated by the elect ron m'icros-copy 
characterization t are identical to airborne fibers observed in the industrial 
environment. 

It has been demonstrated that fibrous partl.culates with the morphology" (~ 3: 1 
aspect ratio) lik~ those observed in this study have the potenti~l fat pro­
ducing tumorigp.nic e~fects in animal injection and inhalation studies (57). 
These studies concluded t~at the physical morphology_ (size dimensions), and 
to a lesser degree chemical and surface-char~cteristics of a fiber are the 
determinirig factor for inducing a biological effect. The precise- fiber 

.-dimensional charac'teristics reqUired for th~se. observed pathologic responses 
"have been difficult to determine experimentally because of the difficulties 
encoun~ere~ in prodUCing fibers of specific size dimensions. However, the 
results from some of the studies suggest that long, thin fibers Jlay an 
important role in eliciting a biological response. In one particular fiber 
implantation study, it was concluded that fibers less than 1.5 ~m in diameter 
an-d longer than 8.0 urn in length may be the most import.ant for production of 
pleural sarcomas (58). 

When the Hornestake fi~er size data (see Table 16 and 17) are compared to the 
fiber dimensional characteristics which are thought to produce-biological 
responses in animals. only the small diameter fibers «1.5 ~m) appear ~o 
match the criteria. Most of the observed fibers had lengths less than 5.0 ~m 
and, when compared to the animal study results, they would be considered to 
have a lesser potential for creating a 'biological response. However, in a 
t.oxicologic study in '...,hich asbestos retention in the buman respiratory system 
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was measured, it was concluded that smaller fibers (diameter and length) than 
ihose demonstrated in the animal studies had a greater probability of be{ng 
retained (59). In this toxicologic study, size m~as~rements of chryso~ile and 
amphibole asbestos fibers were made from lung washing fluid obtained by 
brancho-alveolar lavage. sputum collected on alive individuals, and respiratory 
tissues (lung parenchyma, parietal pleura. and mediastin~l lymph nodes) sampled 
at autopsy. All individuals 5tudied had been diversely- exposed to asbestos 
dus~s and affected by vari~us asbestos-related diseases. _The results indicated 
that most of the fibers retained in lung tiss~es were less than 0.20 ~m in 
diameter and shorter than 5 ~m. The intra-alveolar fibers were shorter (mean 
3.3 ~).than fibers found in lung parenchyma (mean 4.9 ~m). Fibers encountered 
in mediastinal lymph nodes were shorter (mean 2.5 ~m) and of amphibole type, 
whereas Eibers encountered in the parietal pleura were the shortest (mean 2.3 
pm) and had the s~allest diameters (mean 0.06 ~). All fibers encountered in 
the different sites -of the respiratory system were found to have-diameters less 
than 0.25 ~m artd with mean lengths less than 8 ~m. These data strongly suggest 
that the fibers observed in the Homestake Gold Mine would have a high proba­
bility of being transported within the b~dy. R~search to date ha~ not been able 
to establish a fiber length below which there exists no carcinogenic potential 
by inhalation; this is true -because of the, unavailability of specifically sized 
fibers for study (60). -

RADON DAUGHTERS 

Radon and its daughter products, starting with. Radon-222, have been documented 
to cause lung c-ancer in workers mining uranium ore (61). Typically, in mining 
operation~, t~don ga~ diffuses dut from ~he rock into the mine atmosphere whe=e 
it may be ,inhaled by the-occupants of the mine. Some of the inhaled radon will 
decay in vacious ~arts of the respir~tory system, producing it~ radioac~ive 
daughters there; some radon will pass the lung-blood barri~r and enter the 
blood stream.' -

The primary radiatiqn hazard arising from the inhalation of radon comes from 
the alpha-particle emission of the radon itself and its daughters. The daughter 
nuclides which are primarily involved are Po-218, Pb-214, Bi-214, and Po-214. 
Alpha emission from Bi~214 occurs in only 0.04% of the decays and can be 
neglected, as can the beta emissions from it and Pb-214. The buildup and decay 
of these nuclides are important, however, in determining the amount of the 
strong ~lpha emitter Po-214. The Po-214 daughter ~~s a long half lif~ and its 
concentra~ion-builds up-slowly so tha~ the subsequ~nt aipha emissions from 
Po-210 need not be considered except for very long-term exposures (62). 

Cancer risks frum exposure to radon daughters are usually quantified relative 
to working level months (W~), which is the cumulative exposure over a period 
of time. A WLM corresponds to 170 hours of exposure to a radon daughter concen-
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tration of one working level. Although the lung cancers observed in uranium 
miners appear to have occurred most frequently at high levels (40-200 WLM), not 
all the clinical experience is based on heavily exposed persons. In particular, 
an epidemiological study of uranium miner populations in Czechoslovakia, where, 
on the average, radon daughter concentrations in mines are lower 'than the 
U.S.A •• has provided a source for risk estimates at relatively low exposure 
levels. An excess mortal ity from lung cancer was observed for min'ers'after 
exposure to less than 100 WLM (61,63). Some of these exposures extended over 

, a 40-year period, indicating that effects may occur at exposure rates as low 
a:-. 2.0 to 2.5 WLM per year. 

Similarly, other studies have documented exc~ss lung cancers for miners exposed 
to radon daughters in other hard rock mining operations. A study of miners who 
worked underground in fluorspar mines in Newfoundland. Canada has demonstrated 
a high risk of .lung cancer (64). For those men who mined fluorspar for 5 to 10 
years, the risk of lung cancer was,only slightly higher than expected, whereas 
among those who mined fluorspar for more than 10 years, the risk was 9 times 
that of the general, population. Based on the ,radon daughter measurements made 
in the fluorspar mine, it was estimated that levels probably ranged from 2.5 
to 10.0 WL during the period when these miners were employed. Likewise, in an 
epidemiological study of cancer mortality among hematite miners, there was an 
observed excess of lung cancer (36 vs. 20.6 expected. p<0.C01) among under­
ground workers, but no excess was demonstrated for surface workers (65). Radon 
daughter concentrations were found to rang~ from 0.15 to 3.2 WL underground. 

A mortality a~alysi5 was performed on a group of hard rock metal miners who had 
completed a minimum of 15 years mining underground between January 1. 1937. and 
December 31. 1948. A total of 41 lung cancer deaths were found as compared wich 

. 16.1 expected (66). Measurements for radon daughters during the tim~ of the 
study varied from C.l to 0.2 WL. Concentrations during the period of time when 
the deceased miners worked were estimated to be approximately l.B WL because 
of tess effective ventilation. In addition, the ore from the mine was found co 
contain appreciable amounts of arsenic and traces of nickel, which were con­
sidered as possible contributors to the excess lung cancer. 

In a recent studYt exposure-response relationships ~ere postulated by analysis 
of lung cancer among 15 different mining groups exposed to radiation from radon 
daughters (63). It ~as predicted that as the exposure rate of radon daughters 
(alpha) decreases, cancers ,per uni~ of radiation increase, and that the induc­
tion latent period (time from stare of exposure to clinical cancer) is 
shortened by increased age at the start of mining, cigarette smoking. and by 
high exposure rates. In addition. the incidence increases ~ith age at the start 
of mining, with the magnitude of exposure. and with the amount of cigarette 
smoking. However, it was speculated that the effect of cigarette smoking is 
primarily to accelerate the appearance of tumors and that low doses of radon 
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daughters increase the efficiency of alpha radiation to continually produce 
alt~rations in the chromosomal proteins (DNA) of the ~omatic cells. The more 
of these alterations there are in an individual's cells, th~ more likely ir is 
that exposure to an additional carcinogen will result in a cancerous trans­
formation. 
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CONCLUSION 

Based on the data collected from the current industrial hygiene survey and 
past MESA and Bureau of Mines studies, mean exposures for free silica, radon 
daughters, arsenic, and asbestos fibers are within current OSHA and MSHA 
health standards for most of the job classifications. If the exposure estima­
tion equations and the assumptions derived from the current exposure data are 
utilized, then exposures to asbestos for the past 25 years would have the 
greatest potential for exceeding current health standards. However, before 
approximately 1952 there il an additional risk of over exposure to free 
silica because of the elevated dust concentrations caused by underground 
blasting.procedures and the lack of efficient dust suppressive techniques. 
Based on the current exposure data no one agent can be clearly implicated in 
promoting respiratory disease in the past 25 years. The potentiating effect 
of all or some of the observed contaminants may predispose workers to both 
malignant and nonmalignant diseases. Epidemiological evidence of exposures to 
arsenic, asbestost and radon daughters has been documented to elicit pulmo­
nary cancers, and although expos~res to silica are not carcinogenic by them­
selves, a developed silicosis may be a temporal prelude to the development of 
malignant tumors in the presence of these other contaminants. 
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RECOMMENDATIONS 

The results of the present industrial hygiene study indicate TWA exposures to 
arsenic and asbestos, for the most part, to be below current OSHA and MSHA 
standards. Likewise, exposures to quartz would probably be within the OSHA 
and MSHA standards if a 13% quartz content is assumed. There were, however, 
a few individual samples collected during underground work activities and at 
some ore milling operations which indicaced exposures to arsenic and asbestos 
to be in excess of the OSHA standards. In particular, some of the underground 
operations, (e.g., filling ore cars, mucking, putting in track, and bore hole 
drilling) indicated periodic high asbestos fiber concentrations. In those 
instances where a concerted effort was made by the worker to keep the ore wet 
and maintain adeq~ate ventilation directed to the worksite, exposure levels. 
were kept to a minimum. However, a few of the operations do not lend them­
selves to these work practices and it would be advisable to furnish appro­
priate respiratory protection to those exposed employees. 

Many of the employees in the surface crushing mills are subject to high dust 
concentrations during various work activities. At the time of the industrial 
hygiene survey, employees in the mills were wearing appropriate respiratory 
protection. To help reduce some of the dust exposures, it may be feasible to 
at least partially enclose some of the are conveyor systems in the mill and 
install exhaust ventilation. In addition, an enclosed system would help to 
prevent spills and eliminate the need for subsequent clean-up. 

A continuing educational program should be instituted to ensure that all 
employees have current knowledge of job hazards l proper maintenance proce­
dures, and clean-up methods, and that they know how to correctly use respi­
ratory protective equipment and protective clothin~. 

Even though radon daughter levels were relatively low, it would be dppro­
priate co explore methods of reducing exposures. The reduction of dust levels 
at the worksites might help to alleviate radon daughter exposures. Also, the 
application of sealant mate:ials to ~ontain potential radioactive contami­
nants may be warranted. One method of util~zin8 sealant material is to apply 
it directly to the rock so that the radon transfer rate from the rock to the 
mine air is reduced. Another way would be to use the sealant as a coating on 
sealstoppings constructed to isolate radon and radon daughter contamination 
sources such as mined out stapes. Since the #3 ventilation system (designated 
by NI0SH) draws its intake air through the old surface mine workings, it may 
be worth exploring the pos~ibility of using sealant materials for injection 
into the periphery of the mine openings; this would help to seal fractures 
and decrease rock permeabi Hty. 
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Appendix A. Job di~tionary for the Homestake Gold Mine 
in Lead, South Dakota. 

A-l 



Job Code 

0100 

~; 

," 
0101 

0102 

0103 

'" 
0104 

l" 
I;: 

0105 
>-
I 

t.J 
0106 

0107 

0108 

0109 

0110 

0111 

0112 

0113 

Table A-l. Job dictionary for all job types underground 
at the Homestakp Gold Mine. Lead, South Dakota. 

Job Title 

Electrician 

Cager 

Fork Lift Operator 

Truck Driver 1 to 3 Ton 

Lampman, Head 

Lampman 

Powderf!1an 

Hoist Operator, Underground 

Pipeman, Haster 

Pipeman 

Carpenter, 1st. 

Carpenter, 2nd. 

Carpenter, 3rd. 

Carpenter, 4th. 

Description of Duties 

Eleccrical repair and installation, sometimes works 
und e'tground.· 

Hoist and lower men, equipment and supplies for underground 
use. 

Assist in loading cement timber, and supplies for underground 
use. 

Hau 1 men and supp 1 les between Ya tes saWIn! 11, shops, Ross ar.d 
Yates Shafts. 

Charge and repair lamps and batteries at Yates and Ross. 

Charge and repair mine lamps at Yates an~ Ross 'lamprooms. 

Take care of book work and delivery of powder and caps. 

Operate" hoist in underground hoist room. Assist in handling 
men and supplies. Located in Ross and Ya~es. 

Instal~ and repair air and water lines to air doors, chutes, 
pumps, coolers. 

Responsible for air door operation, repair of water lines, 
airlines. 

Install pass gates, frame timber, install dumps. 

Layout chimneys, make switch stands, build air doors. 

Install borehole pads and drilling pads for anchor bolts, 
cement in bolts, frame timber. 

Frame timber, build forms in mine for concrete, drill 
pinholes and anchor bolt holes. 



Job Codes 

0114 

0115 

0116 

0117 

OtIB 

0119 

0120 

:r-
0121 

(.oJ 

0122 

0123 

0124 

0125 

0126 

0127 

0128 

Job Title 

Carpenter, Haster 

Repairman, 1st. 

Repairman, 2nd. 

Repairman~ 3rd. 

Mechanic, 1st. 

Mechanic, 2nd. 

Mechanic, 3rd. 

Shaftman 

Shaftman, 2nd. 

Mechanic Special 

Skipper 

Sampler Head 

Sampler 

Sandman, Underground 

Table A-I (continued) 

Description of Dutie5 

Act as Leadman 1n installation of pass gates. frame timber. 
install walls and dumps. 

Prepare and fill mine orders~ 

Help prep'are and fill orders for mine; grease and oil,cars .. 

Help oil and grease cars at ore and waste dumps. 

Dept. ll:repair hand t~ols, sharpen saws. 

Dept. ll:repair,and install all aii doors. 

Dept. ll:feed crusher, check and lubricate all crushing 
equipment. Same Job Code as Area 02, Position 02. 

Shaft Maintenance, caging, handle long material, supervise 
shaft timbering~ 

Ship, pull raises, blast rock, csge, handle long material, 
perform shaft repair. 

S~me as Mechanic, 1st and Mechanic, 3rd. 

Leadman on skip crew, pull raises, skip rock, handle long 
materlal. 

Load Skips, extra caging and shaft work. 

Take care of morl and dry drill samples, mark stope for back 
sampling. 

Take care of mine sample (either morl or dry drill), mark 
stopes for back sampling. 

Watch sandlines, drain stopes, back-fill stopes, repair broken 
santJpipe. 



0129 

0130 

0131 

0132 

0133 

0134 

0135 

>- 0136 , 
.t:-

0137 

0138 

0139 

0140 

0141 

0142 

0143 

Table A-l (continued) 

Shopman, 2nd. 

Shopman, 3rd. 

Motorman-Surface 

Motorman, 1st. 

Hotorman, 2nd. 

Helper, 1st. 

Helper, 2nd. 

Helper, 4th. 

Pump Operator 

Mine Supervisor 

Laborer, 1st. Underground 

L~borer, 2nd. Underground 

Diamond Dr11l Operator 

Diamond Dtill Helper 

Boring Hachine Operator 

Description of Duties 

Underground drill and leg repair. 

Ass is t in underground' 'dri 11 and leg repair-. 

Transport rock between Yates and Ross and South Hill, and 
hau 1 supp lies. 

H~ul rock, men, and supplies, general clean-up. 

lIaul rock, men, and supplies. genecal clean-up. 

Fill'mine 'orders J Relief Han for oil, bit, and lamp room~ 

Helper on l~ ton truck, hauling sUppUe!1 and materials between 
Sawmill, Shops, etc. 

Relief Han for oil, bit, and lamp roo~s. 

Repair and maintain pumps. 

Responsible for mine production" spends Borne time underground. 

Ciean skip pocket, help on cages and where needed. 

,Clean-up. maintain water ditches" unlo&d materials. 

Set-up drill equipment, obtain drill samples for geological 
logging. 

Assist in setting up drill and obtaining are samples. 

Hachine .. set-up, monitor boring of hole, completion of borehole 
raise. 



{ Job Code 
1:. 
~\ 
~, 0144 ii 

" ~": 
t'~ . 
!':i. 

0145 '(,. 

~: 
~:' r; . 
,: 

Ol50 ~~~ 
T.~ 
~. 
te. 

0151 ~~, 
~-
~": 

0152 

i·l 0153 ~' 
~'1 7~~' 
~'! 0154 
~,; >, 
~ lJ'I 0155 

~l 0156 

~:'or • 

~ 0157 .,:~ 

~l 
~.1 0158 
~ 
': 
<) 

0159 ~J _A 

~l 0160 

I 0161 ~ 
! 

0162 

0163 

Job Title 

Boring Machine Helper 

Hi net', Surface 

Hiner, 1st. 

Hiner, 1st. 

Hiner, 1st. 

Hiner, 1st. 

Hiner, 1st. 

Hiner, lst4 

Hiner, 1st. 

Hiner, 1st. 

Hiner, 1st. 

Hiner, lst. 

Hiner, 2nd. 

Hiner, 2nd. 

Miner t, 2nd. 

Hiner, 2nd. 

Table A-I (continued) 

Description of Duties 

Assist in machine set-up, handling of drill rods. sill 
clean-up. 

OilmJn, wash sample sacks. clean underground latrines. repair 
vent bags, janitorial wo~k. 

Shotcret, Load, Haul, Dump Operator, must be capable of drift 
and stope mtriing. 

Drill and scrape in cage raises and regular raises. 

Drill nnd scrape in shrinkage stapes. 

Drill and scrape in sub~s111 drifts. 

Drill and sctape in 7 x 7 and SMaller drifts. 

Drill and scrape in 7~ x 7\ and larger drifts. 

Open tut and fill stopes including blast hole, includes 
drilling and slushing. 

Drill and scrape in timb~r cut and fill stopes. 

Drill in bored raises. 

Sinking, including drilling and slushing. 

General mine maintenance. install and maintain track. 
repa ir pipe. 

Drill and scr.ape in cage raises and regular raises. 

Drill and scrape in shrinkage stapes. 

Drill and scrape in sub-sill drifts. 



Table A-I (continued) 

Job Code Job Title Descr:l.2 tion of Duties 

0164 Hiner t 2nd. Drill and scrape in 7 x 7 and smaller drifts. 

0165 Hiner, 2nd. Drill and scrape .in 7l:i x 7l:i and larger drifts. 

0166 Hiner J 2nd. Dr! 111ng and slushing in open cut and fill stopes including 
blast ho Ie. 

0167 Hiner, 2nd. Dr! 11 and scrape in timber cut and fill stopes. 

0168 Miner, 2nd. Drill in bored raises. 

t" 0169 Hiner, 2nd. Sinking, including drilling and slushing. 
~'~ 

~:~ 0170 Hiner, 3rd. Guniting stopes, timberline. helper in stope. 

t~ 
0171 Hiner, 3rd. Dri 11 and scrape in cage raises and regular raises. 

( .. 
[~. =r 

0172 Hiner t Jrd. Drill and scrape in shrinkage stopes. ~:~ Q"\ 

~~~ -
~~ .~ 
r.': 0173 Hill~r, 3rd. Drill "and scrape in sub-s ill drift.s. ~,-

~'~ 
;:;; 0174 Hiner, 3rd. Drill and scrape in 7 x 7 and smaller drifts. 
;:-. 

7~ 7l:i and ~~.~ 0175 Hiner, 3rd. Drill and scrape' in x larger drifts. 
~~~ 
::,,: 

0176 Hiner, 3rd. Drilling and slushing in open and fttl stopes including ~,; cut: 
~',i blast ho Ie. 
~,l 
{j 

0177 Hiner, 3rd• Dri 11 Bnd in timber cut and ftll stopes. 1: scrape i':: rJ 
'l', 

t1 
f1 

0178 Hiner, 3rd. Drill in bored raises. 

'" f- 0179 Hiner, 3rd. Sinking, including drilling and siushing. 
~ 
t 

0180 Hiner, 4th. Help Pipeman, change blanks for sandcrews, repair broken sand 
lines, install pipelines. 



:> 
I 
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Table_ A-l (continued) 

Job Code Job Title Descri~r.lon of Duties 

018L Hiner, 4th. Drill and scrape in cage raises and regular l:sises. 

0182 Hiner, 4th. Drill and scrape in shrinkage stopes. 

0183 Hiner, 4th. Drill and scrape in sub-sill drifts. 

0184 Hiner, 4th. Drill and scrape in 7 x 7 and smaller drifts. 

0185 Hiner J 4th. Dri 11 and scrape 1n 7~ x 7~ and la rge r dri fts:. 

0186 Hiner. l.th. Drilling and slushing in open cut and fill stopes including 
blast hole. 

0187 Hiner,. 4th. Drill and scrape in timber cut and fill stapes. 

0188 Hiner, 4th. Drill in bored raises. 

0189 Hiner, 4th. Sinking, including drilling and slushing. 

0190 Hine Shift Boss 

Note: The first two digits of the Job Cod~ :eprefoent ledges of the mine (e.g. 01 - all workers on any ledge. 
09 - 9 Ledge, 10 - Main Ledge, 11 - 11 Ledge, 13 - 13 Ledge, 19 - 19 Ledge, and 21 21 Ledge). The -last two 
digit s oft he Job Cod e correspon'd to the spec tfie Job Tit Ie _and Job Descript ion. 



Job Code 

0200 

0201 

0202 

0204 

0205 

0206 
;to> 
I 

023 I ()::.I 

Table A-2. Job dictionary for all job types in the surface crushing mills 
at the Homestake Gold Hine, Lead, South Dakota. 

Job Title 

Surface Operations 

Crusher-Feeder 

Mechanic, 3rd.· 

Belt/Chip Picker 

Laborer, 2nd. 

Laborer, 1st. 

Motorman, Surface 

Description of Duties 

Crushing Department 

Haintain crusher, watch ore from feeder. 
Surface - Ross or Yates. 

Feed crusher, check and lubricate all crushing eguip~ent. 
Surface - Ross or Yates. 

Inspect rre an conveyor from crusher. 
Surface - Ross, or Yates. 

Cleanup around are crusher and shovel spills from conveyor. 
Surface ~ Ross or Yates. 

Cleanup are spills. Surface - Ross or Yates. 

Transport rock between Yates and Ross and South Hill. 
haul supplies. 



Appendix B. Sample locations for NIOSH survey at the 
Homest:ake Go ld MIne, 'Lead, Suuth Drkota. 

B-1 



HP E impinger dust counts . 
ttl 
~ FC - fiber count, arsenic. metals 

Figure B-1. Level 170( J Ledge. 

(FC) H-I53, 8-160. H-174 4 
H-211, H-168, H-I80 
H-237;, H-410 

627 and 827 --------------

Samples' 

(MP) n--I2l, H-I22, H-125, H-126, H-123 

(FC) H-71, H-208, H-184 , H-187 
U-I96, H-63, H-88, H-173 

626 and 826 

(FC) H-27, H-95, H-239 

628 and 828 



Figure B-2. Level 2000-215 

Samples 

(HI') 1I-l39~ H-141, H-142 
H-143, -H..;.144 

(Fe) H-99, H-130, H-141 
11-312, H-329. H-56 
11-115, H-267, H-321 
H-337, H-98, H-126 
H-256, n-324 , H-333 
11-3:38, H-342. H-363 
f!-121, H-127 

629 and 829 

MP - impinger duet counts 

Fe ~ fiber count, arsenic, meta1a 

9 Ledge (A). 

;;; 

Samples 

(Fe) H-372, H-374 
H-376, H-379 

631 and 831 

== 



JI 

Figure B-3. Level 2000· 

Samples 

(MF) H-133, H-134 , H-135 
1~136J H-137, H-138 

(FC) 11-55, B-73, H-204 
H-232, H-229, H-245 
H-182, H-186, 1I-246 

630 and 830 

HP = impinger dust counts 

FC a fiber count, arsenic, metals 

iO, 9 Ledge (B). 

~ 

(MP) 11-145, H-146, H-147 
11-148, H-149, H-150 
11-127, H-128" H-129 
U-130, H-131, H-132 

(FC) 11-345, U-353, "-355 
H-356, 11-361, H-362 
H-364', 11-367" H-369 
H-34<9, H-370, H-313 
H-378, H-366,. H-377 t 631 and 831 

r 



Finure 8-4. Level 

SamE1es 

(HP) H-162, H-163, H-1C4 
11-165, H-166 

HP ~ !~pinger dust counts 

(Fe) H-209, H-217, H-225 
'Fe ... f'lber r:ount, arsenic, metals 

H-101, II-218, H-305 
H-292, H-274, H-302 
li-306 

634 and 834 

(MP) H-156, H-158, H-159 
H-160, H-161 

(Fe) H-140, H-:-175, H-176 
H-195, H-134, H-200 
H-281, 1I-2B3. H-31.1 
H-144, H-199 , 11-212 
H-269, U-?71 

632 and 8.32 _______________________ ..--..J 



Figure B-5. Level 3: . 9 ~edge (A). 

. I 

SamEles 

(MP) H-15I, H-l,52. H-153 
H-154 , H-155. H-124 

(Fe) H-400; M-402" H-408 
H-411, H-404. H-406 
H-409~ H-412 

633 and 833 

1 'l 
'1 

I a ~ -, 
'" .... 

I 

MP = impinger dust counts 

Fe = fiber count, arsenic, metals 

11-

) 
'II" 



J. 
~ 

Figure B-6. Level 39 9 Ledge (B). 

Samples 

(MP) H-220~ H-2el. H-222 
H-221. H-224. H-225 

(Fe) H-205, H-250,'H-357 
H-387, H-4!8. H-9a 
~-3l0, H-405, H-417 

645 and 845 . 

'L 

MP = impinger dust c~unts . 

Fe = fiber count, arsenic, 
metals 

'. 
_~'.' __ <O'_:"_ ~"~"""L~;';"-~!.!.'; ... .......:..!~ 



1 Levei 4 Figure B-. _ 

.';4 ... 

. :! .- ~ 

. Samples 

'lFe) 

646, 

Samples 

(Fe) 

643 and 843 

. er dust counts 
. MP = implng ic metals 

Fe = fiber coun , t arsen .11 

343 H-350 
8-157, ::390: H-462 
H-380, 385 H-427 -331, H- , 
H 849 649 and 846. 



1 
'i 

. ~ ~Uu~ 
tI:I 
J 

\Q 

", 

0, 9 ·Ledge. - FiGur~ B-8. Level, 
~---!..---

." 

Samples 

(MP) 

. (Fe) 

H-197, H-198 .. H-199', H-2DO H,,:,,187 , 

H-20~ H 438 H-439, H-445 
H-432, - . t H 449 H-451 
H-434" H-44410, H:442' H-444 H-43l, H-4, , 

642·and 842 

'MP = impinger dust counts 

arsenic, metals Fe : fiber count. 



03 Winze 

0' J Main Ledge.. 

(MP) H-232, H-233. H-234. H-236 

H-2·19, H-294 . H 414 ' H-381 _ , H-307 t H-316 t 
H-403, H-416 " ' 

(Fe) 

647 and 847 

. -

~ ,. 
". 

(HP) R-226. H-227. H 23 H-228 
- 1. H-230 

(Fe) H-365 H 44 
0-375: H:43~' H-441 
H 469 • H-443 

~n; 6:44 11-44.8 

MP - i . . - mp1nger dust counts 
FC =f1'be . . r count. arsenic. me'tals 



b1 
I .... .... 

(MP) H-202» H-204. H-20S 
H .. 206» H-207 

(Fe) H-235. H-J4I, H-352, H-358 
H-lIO, H-344, H-346, H-368 

640 and 840 

" 

Fiuura B-lO. Leva: '.00, 9 Ledge •. 

I ' ;. 

.' 

. ), 

MP = impinger dust counts 

FC • fiber. count, a~senic. metals 

" , ' .. 
" . .:t 

• .: r 



J.lP impinger dust counts 

Fe fiber co~nt. arsenic, metals 

Figure B-11. Level 0, Rqas Shaft. 

'. 

.. 

Samples 

• (MP) 

(Fe) 

H-184~ H-185~ H-186 
H-188, H-189, H:190 

H-455, H-457, H-463 
H-464 , H-458 

639 and 839 

-. 

Hoist Room 16 

~SSbaft 



Figure n-l2. Level 

Samples 
(Fe) H-417, H-478, H-482, H-491 

H-413, H-483, H-486, H-489 
H-47t, H-'484, H-485, H-487, "H-488 

641 and 841 

MP ~ impfnger dust'co~nt5 

'. FC ,. fiber count .. arsenic, met1:l1s -'. 

"0, 11 Ledge. 

.. ; ~ . 

: . 



B 13 Level 4700, ~ Figure - • 

Samples 
. 299 H-31B (Fe) H-202, H- ~ _ 12 

H~407. H-276, H , 
U":465 

J::. 
o 

~dsc and 11 Ledge. 

. ~ impinger dust count: 

MP . • ic metals f1'ber count. arsen ) Fe =. 



Figura B-14. Lcv~l 4"350, ROOD Sh. 

crushing ,on Surface (ROBS) 

Samples 

(HP) H-179, H-180, 8-181, H~ia2,' H-i83 

(Fe) H-359. H-430, H-467, H-459, H-466, H-470 
H-480~ H-262, H ... 456 , H-475, H-481, H-43h' " 
H-452, H-453, H-472, H-474. H-476, H.,.479 
H-468 

638 and 838 

" 

UP ~ impinger dust· counts 

FC ~ fiber count; arsenic, metals 

-= 

Surface Crushing (Ross). 

..... 

Samples 

(HP) H-191. H-192, H-193 
H-195. 8-194 

(Fe) H-167. 8-336, H-354 

637 aodS)7 



1:··-:-·· .. 
,,!:' 

'. 

." 

t. 

I
~:'·:· 

", 

", 

~ 

I
, 
f 

:Q:S 

I~ 
~' ~ 

'Ii: 
!:, ' 
r:;-
; ... 
~ : ' 

Figure B-15. Level 4850, Yates Shaft; Surf 

Cruahing on Surface {Yatea2 
Sameles 

(HP) H-167. H-16B, H-169, H-170. H-17l 

(FC) 1[-293. II-253, H-39B, 11-360. H-397. H-420 
11-218, H-371. H-40~. H-382, H-J84. H-389 
H-392. H-38B, 11-391, U-394, H-399, H-332 
H-383, 11-393, H-396 

635, 64B and 935, a4B 

Sam21es 

(MF) H-IB3, H-174, H-175 
1I-176. H-177, H-178 

(Fe) H-300. H-423 
U-424, H-425 
H-428, H-429 

636 and 836 

\ Yates 
Shaft 

Crushing (Yates)i Surface Tramway. 

Tramway on , ... l.Irface 

Samples 

(HP) H-4'19 

(Fe) 1i-20l. H-419. 8-436 
H-94. H-249, H-290 

651 and 851 

MP • impinger dust counts 

Fe - fiber count. arsenic. metals 

Radon 
nQUghte't 

('Shyo 
l.ite Dike) 



. , 
t 

MP impinger dust counts . " 

Fe K fiber copnt. arsenic, metals 

-. 

Figure B-l6. Level ~~ . Main Ledge. 

Samples 

(FC) , 

611. 

.. 

Samples 

"(HP) H-73. H-74. ~-75 
H-76. H-77, H-78 

(1.·C) • H-20. H-24'1I H-57. H-207 
!I-2. H-6,6. H-68, R-213 

613 and 813 

" 

R-:2B9, H-304. R.a.3]'3 
H-2". H-315 

H-326, . H-335" H-284 
H-285! 8-319. H-327 

618 and 817. 818 



Figure B-11. Level .0, 19 Ledge. 

HP ... impinger dust counts 

Fe = fibar count, arsenic, metals 

Sam21es 

01 (HP). »-94, H-95, H-96 
I ..... (Fe) H-272~ H-273, H-1B7. co 

H-3~3, H-280, . H-31r. 
H-317, 11-325 

624 and 824 

c. 

l 
l' 



I 
am les 

(HP) H-37 t 

H:"'40, 

608 and B08 

, . 
Figure B-IB. Level JO, 11 Ledge. 

1 

MP • impinger dust counts 

FC a fiber count, arsenic i metals 



t:1 
I 

N 
o 

Figure B-19. Level 5450, ~dge and 11 Ledge. 

Samples 

Samples 

(Fe) H-4. H-5, H-58, 
H-13, H-23,. Ii-3 
H-12, U-97, ll-76 

(MP) H-S5, H-57, -11-58 
H-59, H-60 

607 an~ 807 

(~) H-S5. H-86, H:S7 
H-88, H-89, H-90 

(Fe), H-230, H-238, H-224 
H-241, H-242, H-240 
H-226, H-227, H-236 
H-222, H-24~, H-223 

611 and 811 

(HP) H-79', 
U-82, 

(Fe) H-19S, 
H-215, 
H-216. 

616 Bnd 816-, 

• I 
H-80~ H-81 
H-83. H-84 

H--,06, H-:-214 
H-220; H:""197 
H-221, 'H-203 

,. ,. 

H-19, H-21, 
H~6, H-S, H-V;, 

S15· 

UP • impinger dust counts 

FC = fiber ,count, arsenlc p metals 



"tJ:J 
I 
~ -

Figure B-20. Level! ), 11 Ledge. 

HP ~ 1mpinger dust coun~8 

Fe ~~iber count, arsenic, metals 

SamE1es 

(MP) H-61, 
H-69, 

(Fe) H-156 , 
H-172~ 
A-149, 
H-188 

612 and 812 

H-62. 11-63 
H-65, H-66 

H-166, H-169 

7 H-183. H-1~8 
H-150, H-159 

d k 



b:J 
I 

tv 
N 

Figure B-21. Level 57S0~ edg~ and 11 Ledge •.• 

Samples 

(MF} 

H-43, H-44~ H-45 
H-t. 6. H-47,. " ..... 48 

(FG) 
H-52 7 H-54, H-65 

SSllJplee 

(MF) fi,-49 .H-5D, H-51 
H-52~ H-53, H-54 

(Fe) H-l09 J H-124., H-131 
H-133, H-137, H-145 
H-146-. H-125, H-128 
H-135, H-136, H-l38 
H-143 

609 snd e09 

H-122, H-62. H-I06~. . H-II0; H-116 
606 and 806 

~ 

, Samples .. 

f.iP ::: impinger dust coun.ts 

CHP) H-31, H-32. H~33 
H-35. H-36 

(FC) 

.... 
", 

H-lOS', H-10S, H-132. 11-139 
H-154. H-lSS. "-102. "-104 
H-113, H-142, H-147, H-1S1 

610 and 810 

~~L __ == 

• Fe = fiber count, arsenic) metals 

'. 
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_. 

Figure B-22. Level ~ ), 19 Ledge • 

. Sllmnles 

(Fe) H-247, H-254 , H-258 
H-2S9. H-270. H-252 
H-260, H-279, H-286 
H-291 

625 and 825 
.. 

II impinger dust _coun~s 

fiber count, arsenic, metals 



ii 
~; 

" ~i 

d 
~ \' 

iJ 
~ '" 

~ 
I 

,~ N 
~ 

I 
Samples 
• 

(MP) H-67, H-68, M-69 
H-70, H-71: H-72 

(Fe) H-255, 8-261, H-265 
H-266, H-268, H-233 
H-248, H-257, H-264 
H-234 

614 and 814 

Figure B-2). Level 6 I Main Ledge. 

tJt' 

MP • impinger dust counts 

Fe g fiber count, arsenic, metals 

Samples 

(MP) B-1, H-2, H-3 
H-4, H-5, H-6 

(Fe) H-16, H-18, H-37, H-39 
H-80, R-17, ·R-22, H-77 
H-78, H~91, H-92, _H-33 
H-34, .H-83, H-84, H-119 
H-120 

60':; and.805 



Satll21es 

(MP) H-25, H-26" 8-27 
H-28, H-29, 8-30 

(Fe) H-29. H-30, 8-36 
H-42, 8-28. 8~32 
H-5O, H-93 

604 and 304 

l 

Figure B-24. Leval 6 

"--~ 

r 

,13 Leoge •. 

·1 

MP ~ impinge~ dus~ counts 

Samples 

(MP) • 8-19, 8-20. H-21 
U-22, H-24, B-23 

(Fe) H-75. H-79, H-87 
H-89. H-82, H-85 
H-86, H-96 

600 and 800 

.1 

" FC ~ .fiber count. ars'enic, metals 
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Figure B-25. Level 0., 19 Ledge. 

SamElea 
(Fe) H-35. 'H-46,. H-59, H-64 

H-14, H-IOO; H-I03, H-lll 
H-l12~ H-123 

620 and 820 
J 

f J j , , 

fI 
h 

t. 
~ .. 

(> 

'. . 

Samples 

(HPJ' H-I09, H.,..llO, H_lll 
H-.l12, H-113, H-1l4 

(Fe) H~178, H-ISj, H\""I93 . H-194" H-I81, H-192 
. H-328, H-339 

621 and 821 

. 
. 

MP . imp~nger dust counts 

FC • fiber cou~t, arsenic. metals 
, 

I 
\ , , , 

I 

!f ~ 
~ 

~; 
" 

~ 

,~ 
(> .. 

'" , 
._._.J .. . , 



. . 

Figure B-26. Level.. I, 21 Ledge. 

.. 

Samples 

. CHP) H-llS, H-116,·H.117 
H-118 , a-119, H-120 

(Fe) H-296, H-297, H-298 
H-30l, H-303, H-3Q8 

. 623 and 823 . 

MP = impinge~ dust counts 

j 

Fe ~'fiber count J arsenic J metals: 

, 



'!::"""" " "--~- ""--" 

i<-: 

'. , 

. Figure B-27. Level 65 min Ledge 

Semples 

(HP) 11-7,1I-8,.H-9 
11-10, II-H, 11-12' 

(FC) lI~l, 11-7, lIe15 
H-25, H-6l, 1i-67 
H-69,~ H-70 

603 and 803 

MP = impinge~ dus~ counts 

"FC fiber count. arsenic, metals" 

#4 lIinze 

14 Winze 
Dump 



~. 
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Figure B-28. Level 6 , Main Ledge. 

~~==========~~~== 
'/ 

/t 
0 

) 
~ 

Samples ~ 
(HP) H-18 

(Fe) H-S3, H-48 ~ 0 
602 and 802 . ~ ? 

b==~/ 

= 

Sameles 

(MP) H-103, 
H-I06. 

(FC) H-275, 
H-334' 

619 and 819 

HP • impinger dust counts 

FC A tiber count, arsenic, metals 

Samples 

(MP) H-13, H-16 , H-17 

(Fe) H-4S, H-49, H-Sl 
H-43, H-44 

601 and 80~ 

~ 

H-I04, H-I05 
H-I07. H-I08 

H-295, H-320' 

. 



'" , 
w 
a 

Draw 
Chute 

~w impinger dust counts 

PC fiber. count. arsenic. met.als 

Figure n-29. Level ·6£ 19 Ledge, 

Samples 

(HP) 

,. 

H-97, H-98, H-99 
'Il-IOO, Il-IOl, H-I02 

(Fe) H-31, H-114, H-117, H-IIB 

622 and 822 

Dump 
Area 



Appendix C. Results DE arsenic analysis at the 
HOlllestake Gold Mine,,. Lead, South Dakota. 

C-l 



Table C-l. Airborne arsenic sample results for all underground and 
surface employees at the Homestake Gold Mine. 

Time-weighted 
Job Person Sample Sample time Vol~me avg. cjnc. Sample information** 
code number number Date (minutes) (m ) (~g/m ) (i .e. samEles used for comEosite ana1:lsis) 

0101 13 0817 7/l5/77 356 0.236 0.847 Concentration Determined .from Filter Samples 
327 and 285. 

0107 lA 0839 7/20/77 309 0.189 0.529 Concentration Determined from Filter Samples 
463 and 464. 

0107 IQ 0813 7/14/i7 700 0.420 0.100 Concentration Determined from Filter Samples 
2, 213, 08 and 66. 

0110 IG 0844 7/21/77 625 0.385 0.260 Concentration Determined from Filter Samples 
446, 469, 375 and 448. 

" I 
0121 IU 0818 7/15/77 702 0.422 0.474 Concentration Determined from Filter Samples N 

289, 304, 315 and 326. 

0124 lJ 0819 7/15/77 221 0.·141 2.128 Concentration Determined from.Filter Samples 
295 and 275. 

0125 IA 0836 7/19/77 354 0.234 0.427 Concentration Determined from Filter Samples 
423. 424 and 429. 

0125 II 0837 7/20/77 456 0.296 1.689 Concentration Determined from Fi Iter Samples 
336 and 167. 

0128 IX 0841 7/20/77 1213 0.733 0.546 Concentration. Determined from Filter Samples 
478, 482. 473, 483, 471, 485 and 484. 

0132 Ie 0828 7/18/77 444 0.284 2.113 Concentration Determined from Filter Samples 
239 and 27. 



Table C-I (continued) 

Time-weighted 
Job Pe rson Sample Sample time Vol~me averagj cone. Sample informatlon** 
code number number Date (minutes) (m ) (ldS/m ) (1.e. sameles used for comeosite anal~sls) 

0132 IP 0822 7/15/77 310 0.190 0.526 Concentration Determined from Filter Samples 
117 and 31. 

0142 !O 0812 7/14/77 627 0.387 2.326 Concentration Determined from Filter Samples 
148, 150. 159, 149 and laa. 

0144 IS 0814 7/r4/77 729 0.449 5.791 Concentration Determined from Filter Samp les 
264, 233, 234, 257 and 248. 

0152 lJ 083 I 7/18/77 954 0.,94 1.684 Concentration Determined from Filter Samples 
356, 364, 353, 361, 366, 378, 349, ]72 and 374. 

··i? 0154 ID 0826 7/la/77 729 0.449 3.78;; Concentration Deten.ined from Filter Samples 
.w 208, 63, 173 and 88. 

0154 IG 0824 7/15/77 641 0.401 0.499 Concentration Determined from Filter Samples 
323, 272, 273 and 287. 

0154 lJ 0847 7/21/77 629 0.389 I. 799 Concentration Determined from Filter Samples 
416, 307, 294 and 219. 

0155 IA 0806 7/13177 617 0.377 3.714 Concentration Determined from Filter SampleS 
65, 54, 52 and 122. 

0155 IF' 0803 7/12177 730 0.450 I.ll1 Concentrat.ion Determined from Filter Samples 
I, 15, 7 and 25. 

0155 16 0825 7/15/77 559 0.359 0.836 Concentration Djtermined from Fi Iter Samples 
291, 252, 260. 86 and 279. 

0156 IA 0850 7/22/77 631 0.391 0.256 Concentration Determined from Filter Samples 
31B, 202, 312 and 276. 



Table C-I (continue.d) 

Time-weighted 
Job Person Sample Sample t.ime Vo1!jme avg. c~nc. Sample info.rmation** 
code number number Date (minutes) (m ) (yg/m ) (1. e. sam2les used for comeosite anallsis) 

0156 IB OB45 7/21/77 737 0.457 0.219 Concentration Determined from Filter Samples 
386, 310, 351 ) 250 and 387. 

0156* 10 0807 7/13/77 718 0.43B 0.000 Concentration Determined from Filter Samples 
97, 4, 5, 58 and 3. Sample Lost During 
Analysis. 

0156 Ie 0808 7/l3/77 422 0.262 7.252 Concentration Determined from Filter Samples 
171, 161, 163, 164 and 165. 

0156 IH 0804 7/12/77 546 0.346 0.289 Concentration Determined from Fi1cer Sampl~s 
29, 36, 30 and 42. 

C> , 
"'" 0156 IJ 0809 7/13/77 633 0.393 3.053 Concentration. Determined from Filter Samples 

124, 145, 133, 146, 131,. 109 and 137. 

0156 1K 0805 7/12/77 1150 0.710 0.563 Concentration Determined from Filter Samples 
78, 91, n, 77, 17, 22, 18, 80 and 39. 

0156 IK 0823 7/15/77 652 0.412 0.243 Concentration Determined from Filter Samples 
303, 30B and 301. 

0156 IK 0840 7/20/77 745 0.465 0.430 Concentration Determined from Filter Samples 
348, 352, 340, 344 Bnd 346. 

0156 IL 0832 7/19/77 1016 0.616 7.468 Concentration Determined from Filter Samples 
322, 176, 311, 283, 134, 144 and 271. 

* Note: This sample not included in the TWA and Statistical Resu·1ts. 



Table C-l (continued) 

Time-weighted 

Job Person Sample Sample time Vol~me avg. cjnc. Samp'le inform3tion** 

code number number Date (minutes) (m ) (~B/m ) (i.e. s8m~les used for com2osiee analysis) 

0156 IN 0810 7/13/77 657 0.417 0.480 Concentration Determined from Filter Samples 
142 J 147, i04, 151, L02 and 113. 

0156 IN 0842 7/20/77 956 0.596 0.336 Concentration Determined from Filter Samples 
445, 439, 450, 449, 45L, 444 and 441. 

0156 IQ 0833 7/19/77 736 0.456 0.658 Concen'tration Determined from Filter Samples 
402, 400, 406 and 409. 

0156 IR 0820 7/15/77 616 0.376 1. 862 Conce'ncration Determined 'from Filt.er Samples 
103, 100, Ill, 112. and 123. 

" 0156 IT 0821 7/15/77 457 0.297 0.673 Concentration Determined from filter Samples 
I 

'" 192, 339, 328 and 181. 

0156 LV 0834 7/19/77 1109 0.669 0.448 Concentration Determined from Filter Samples 
274, 302, 101, 288. 292 and 209. 

0157 La 0846 7/21/77 546 0.346 0.867 Concentration Determined from Fi Iter Samples 
350. 162, 351 and 251. 

0157 ID 0849 7/22/77 814 0.494 0.607 Concentration Determined from Filter Samples 
462, 157, 331 and 385. 

0160 IE 0802 7/12/77 441 0.281 0.356 Concentration Determined from Filter Sample 48. 

0162 IG 0827 7/18/77 527 0.327 11. 621 Concentration Determined from Fi leer Samples 
lBO, 237 and 168. 



Table C-l (continued) 

Time-weighted 
Job Person Sample Sample time Vol~me BVg. cjnc. Sample information** 
code number number Date (minutes) (m ) (~8/m ) (i.e. saffil:!les used for com2osit:e analysis) 

0163 lL 0829 7/18/77 1036 0.636 3.774 Concentration Determined from Filter Samples 
337. 56, 267, 121, 115, 321, 98, 342, 1~7 and 
363. 

0166 IB 0800 7/12/77 608 0.368 4.620 Concentration Determined from Filter Samples 
86, 5S. 96 and 82. 

0[73 II 0830 7/18/77 433 0.273 2.564 -Concentration Determine~ from Filter Samples 
246, 186 and 182. 

0176 In 0801 7/12/77 650 0.410 0.488 Concentration Determined from Filter Samples 
44, 43 and 51. 

n , 
~ 

7/14/77 712 0176 IU 0815 0.432 1. 852 Concentration Determined from Filt.er Samples 
14, 72, 8 and 6. 

0176 IX 0816 7/14/77 659 0.419 9.785 Concentration Determined from Filter Samp les 
215, 206, 214. 198 and 220. 

0176 12 0811 7/14/77 614 0.374 1.070 Concentration Determined. from Filter Samples 
226, 227, 236, 222, 243 and 223. 

0190 1M 0843 7/21/77 215 0.135 2.222 Concentration Determined from Filter Samples 
107 and 413. 

02(10 IG 0848 7/22/77 918 0.558 1.075 Concentration Determined- from Filter Samples 
293, 401 2118 and 420. 



Table C-I (continued) 

Time-weighted 
Job Person Sample Samp Ie t fme Vol~me avg. c~nc. Sample informati'on** 
code number number Date (minutes) (m ) (Hg/m ) (i ••. samples used for composite analysis) 

0200 III 0838 7/20/77 1255 0.775 6.452 Concentration Determined from Filter Samples 
476. 472, 452, 466, 470, 468, 359, 262, 456 
and 460. 

0200 IC 0835 7/19/77 1~54 0.654 0.765 Concentratipn Determined from Filter Samples 
391, 388, 389, 382, 396 and 38]. 

0231 lL 0851 7/22/77 536 0.336 0.595 Concentration Determined from Filter Samples 
290, 249 and 419. 

** 1-10 filter halves from personal samples collected from employees with a similar job title were combined. 



~--

I 
I 

I Table C-2. Airborne arsenic sample results for ~nderground employees 
on 9, Main, 11, D, 19, and 21 Ledges of Homestake Gold Mine. 

Time-weighted 
Job Person Sample Sample time Vol~me avg. cjnc. Sample information** 
code number number Date (minutes) (m ) (~B/m ) ( i.e. sam~les used for comeosite analysis) 

0932 Ie 0828 7/18/77 444 0.284 2.113 Concentration Determined from Fi t'ter Samp les 
239 and 27. 

0952 lJ 0831 7/18/77 954 0.594 [.684 Concentralion Determined from Filter Samples 
356, 364, 353, 361, 366, 378. 349, 372 and 374. 

0954 lD 0826 7/18/77 729 0.449 3.786 Concentration Determined from Filter Samp les 
208, 63, 173 and 88. 

0955 IA 0806 7/13/77 617 0.377 3.714 Concentration Determined from Filter Samples 

·n 
65, 54, 52 find 122. 

I 
CD 

631 0956 IA 0850 7/22/77 0.391 0.256 Concentration Determined from Filter Samples 
318, 202, 312 and 276. 

0956 IE 0845 7/21/77 737 0.457 0.219 Concentration Determined from Filter Samples 
386, 310, 357 I 250 and 387. 

0956 lJ 0809 7/13/77 633 0393 3.053 Concentration Determined from Filter Samples 
124, 145, 133, 146, l31 J L09 and 137. 

0956 IK 0840 7/20/77 745 0.465 0.430 Concentration Determined from Filter Samples 
348, 352, 340, 344 and 346. 

0956 IL 0832 7/19/77 1016 0.616 7.468 Concentration Determined from Filter Samples 
322, 176, 311, 283, 134, 144 and 271. 

0956 IN 0842 7/20/77 956 0.596 0.336 Concentration Determined from Filter Samples 
445, 439, 45(1, 449, 451, 444 and 441. 



Table C-l (continued) 

Time-weighted 
Job Parson Sample Sample time VolJ'm~ avg. c~nc. Sample information** 
code number number Date (minutes) (Ill ) (llsim ) \1.0. sam2les used for comEosite analtsis) 

0956 lQ 0833 7/19/77 736 0.456 0.658 Concentration Determined from Filter Samples 
402, 400, 406 and 409. 

0956 Iv 0834 7/19/77 !l09 0.669 0.448 Concentration Determined from Filter Samples 
274, 302. 101. 288, 292 and 209. 

0962 IG 0827 7/18/77 527 0.327 1.1.621 Concentration Determined from Filter Samples 
lBO, 237 and 168. 

0963 lL 0829 7/18/77 1036 0.636 3.774 Concentration Determined from Filter Samples 
337, 56. 267. 121, 115. 321. 98. 342. 127 

n and 363. , 
~ 

0973 11 0830 7/18/77 433 0.273 2.564 Concentration Determined from Filter Samples 
246, 186 and 182. 

0976 IX 0816 7/14/77 659 0.419 9.785 Concentration Determined from Filter Samples 
215, 206, 214, 198 and 220. 

0976 IZ 0811 7/14/77 614 0.374 1.070 Concentration Determined from Filter Samples 
226, 227, 236. 2221 243 and 223. 

1010 IG 0844 7/21/77 625 0.385 0.260 Concentration Determined from fl Iter Samp les 
446, 469, 375 and 448. 

1044 IS 0814 7/14/77 729 0.449 5.791 Concentration Determined from Filter Samples 
264, 233. 234, 257 and 248. 

1054 IJ 0847 7/21/77 629 0.389 1. 799 Concentration Determined from Filter Samples 
416, 307, 294 and 219. 



() , 

Job Person 
code number 

1055 IF 

1056 lK 

1057 10 

1057 lD 

S· 1060 IE 

1076 10 

1090 IH 

1128 IX 

1142 10 

1156* ID 

Samp Ie 
number Date 

0803 7/12/77 

0805 7/12/77 

0846 7/21/7 7 

0849 7/22/77 

0802 7/12/77 

0801 7/12/77 

0843 7/21/77 

0841 7/20/77 

0812 7/14/77 

0807 7/13/77 

Sample time 
(minutes) 

730 

1150 

546 

814 

441 

650 

215 

1213 

627 

718 

Table C-2 (continued) 

0.450 

0.710 

0.346 

0.494 

0.281 

0.410 

0.135 

0.733 

0.387 

0.438 

Time-weighted 
avg. cjnc. 

("8/m ) 

1.111 

0.563 

0.867 

0.607 

0.356 

0.488 

2.222 

0.546 

2.326 

0.000 

* Not~: This sample not included in the TIlA and Statistical Results. 

Sample information** 
(i.e. samples used for composite analysis) 

Concentration Determined from Filter Samples 
1. l~, 7 and 25. 

Concentration Determined from Filter Samples 
78. 91. 92, 77, 17, 22, 18, 80 and 39. 

Concentration Determined from Filter Samples 
350, 162, 351 and 251. 

Concentration Determined from Filter Samples 
462. 157. 331 and 385. 

Concentration Determined from Filter Sample 48. 

Concentration Determined from Filter Samples 
44, 43 and 51. 

Concentration Determined from Filter Samples 
176 and 94. 

Concentration Determined from Filter Samples 
478, 482, 473, 483, 471, 485 and 484. 

Concentration- Q,etermined from Filter Samples 
148, 150, 159, 149 and 188. 

Concentration Determined from Filter Samples 
97, 4, 5, 58 and 3. Sample Lost During 
Analysis. 



Table C-2 (continued) 

Sample time Vol~me 
:ime-weighted 

Sample information** Job Person Sample avg. cjnc. 
code number number Date (minutes~ (m ) (yg/m ) (1 ••• sam(:!ies used for comeosite anal:,:sis) 

1156 10 0808 7/13/77 422 0.262 7.252 Concentration Determined from Filter Samples 
171. 161, 163, 164 and 165. 

1156 IN 0810 7/13/77 657 0.417 0.480 Concentration Determined from Filter Samples 
142, 147, 104, 151,.102 and 113. 

1176 IU 0615 7/14/77 712 0.432 1.852 Concentration Determined from Fi Iter SampLes 
14, 72, 8 and 6. 

1356 IH 0604 7/12/77 546 0.346 0.269 Concentration Determined from Filter Samples 
29, 36, 30 and 42. 

n 1366 IB 0800 7/12/77 606 0.366 4.620 Concentration Determined from- Fi Iter Samples I .... 86, 65, 96 and 82 . .... 
1932 IP 0822 7/15/77 310 0.190 0.526 Con(.entration Determined from Filter Samples 

117 and 31. 

1954 10 0824 7/15/77 641 0.401 0.490 Concentration Determined f.rom Filter Samples 
323, 272, 273 and 287. 

1955 16 0825 7/15/77 559 0.359 0.836 Concentration Determined from Filter Samples 
291, 252, 260, 286 and 279. 

1956 lR 0820 7/15/77 616 0.376 1. 862 Concentration Determined from Filter Samples 
103, 100, lll, 112 and 123. 

1956 IT 0821 7/15/77 457 0.297 0.673 Concentration Determined from Filter Samples 
192, 339, 328 and 181. 



1 
Table C-2 (continued) 

Time-l.'eighted 

Job Person Sample Samp Ie time Vol~me avg. c~nc. Sample information** 
code number number Date (minutes) (m ) (Hs/m ) (i.e. sam21es used for comEosite analysts) 

2156 lK 0823 7/15/77 652 0.412 O.2 t.] Concentration Determined from Fi lce-r Samples 
303, 308 and 301. 

** 1-10 filter halves from personal samples collected from elliployees with a similar job title were combined. 



Table C-3. Statistical summary of airborrie arsenic sample results for 
underground employees at the lIomestake Gold Hine. 

Job code 

n , -w 

0101 
0107 

0110 
01'21 
0124 
0125 
0128 
0132 
0142 
0144 
0152 
0154 
0155 
0156 
0157 
0160 
0162 
0163 
0166 
0173 
0176 
0190 

Area 01 

Number of 
samples 

I 
2 

I 
I 
2 
I 
2 
I 
I 
I 
3 
3 

15 
2 
I 

I 
I 
4 
I 

Total 47 

Range 
High - Low 

0.847 
0.100 - 0.529 

0.260 
0.474 
2.128 

1.689 - 0.427 
0.546 

2.113 - 0.526 
2.326 
5.791 
1.684 

3.786 - 0.499 
3.714 - 0.836 
7.468 - 0.219 
0.867 - 0.607 

0.356 
11.·621 
3.774 
4.620 
2.564 

9.785 - 0.488 
2.222 

11.621 - 0.100 

Arith ... 
mean 

0.847 
0.314 

0.260 
0.474 
2.128 
1.058 
0.546 
1.320 
2.326 
5.791 
1.684 
2.028 
1.887 
I. 615 
0.737 
0.356 

'11.621 
3.774 
4.620 
2.564 
3.299 
2.222 

2.026 

Median 

0.847 
0.314 

0.260 
0.474 
2.128 
1.058 
0.546 
1.320 
2.326 
5.791 
1.684 
I. 799 
l.lll 
0.480 
0.737 
0.356 

11.621 
3.774 
4.620 
2.564 
1.461 
2.222 

0.836 

Arsenic US/m3 
Standard 

TWA deyiation 

0.847 
0.231 

0.260 
0.474 
2.128 
1.132 
0.546 
1.477 
2.326 
5.791 
1.684 
2.098 
1.855 
1.545 
0.714 
0.356 

11.621 
. 3.774 

4.620 
2.564 
3.:>64 
2.222 

I. 980 

0,000 
0.303 

0.000 
0.000 
0.000 
0.892 
0.000 
1.122 
0.000 
0.000 
0.000 
1.655 
1.588 
2.452 
0.184 
0.000 
0.000 
0.000 
0,000 
0.000 
4.360 
0.000 

2.569 

The geometric mean arsenic exposure for underground employees was 1.072 
1.114; the lower and upper 957. confidence feve1s for the geometric mean 

3 
l€/m with 
were 0.768 

Standard 
error 

0.000 
0.214 

0.000 
0.000 
0.000 
0.631 
0.000 
0.793 
0.000 
0.000 
0.000 
0.956 
0.917 
0.633 
0.130 
0.000 
0.000 
0.000 
0.000 
0.000 
2.180 
0.000 

0.375 

Job title 

Cager 
Hoist Operator­
Underground 
Carpenter. 1st. 
Shaftman 
Skipper Head 
Skipper 
Sandman. Underground 
Motorman, 1st. 
Diamond Drill Helper 
Boring Ma~hine Helper 
Hiner, 1st. 
Hiner, 1st. 
Hiner, 1st. 
Hiner. 1st. 
Miner, 1st. 
Hiner. 2nd. 
Hiner. 2nd. 
Hiner. 2nd. 
Hiner, 2nd. 
Miner. 3rd. 
Hiner. 3rd. 
Mine Shift Boss 

All Employees 
Underground 

a geo~etric st~ndard deviation of 
and 1.497 pg/m , respectively. 



~. 

Number of 
Job code sam(?:les 

0200 3 

0231 1 

Area 02 Total 4 

Table C-4. Statistical summary of airborne arsenic sample results for 
surface workers at the Homestake Gold Mine: 

Arsenic lI8/m 
3 

Range Arith. Standard Standard 
High Low mean Median TWA deviation error 

6.452 - 0.765 2.764 1.075 2.764 3.198 1.846 

0.595 0.595 0.595 0.595 0.000 0.000 

6.452 - 0.595 2.222 0.920 2.713 2.827 1.414 

Job title 

Workers in Surface 
Crushing Mill 
Motor!llan - Surface 

Hotorman and Workers 
in Crushing Hill 

The geometric mean arsenic 
2.941; the lower and upper 

3 
exposure for surface employees was 1.333 ~g/rn ~ith a geometric standard deviation of 
95% confidence levels were 0.240 and 7.418 pg/m ~ respectively_ 



Table C-5. Statistical sUllUllsry of sirborne arsenic sample results for underground employee& 
on the 9, Main, 11, 13, 19, and 21 -Ledges of the Homestake Gold Hine. 

Arsenic l!s/m 
3 

Humber of Range Arith. Standard Standard 
Job code sameles High - Low mean Hedian TWA deviation error Job t.itle 

0932 1 2.113 2.113 2.113 2.113 0.000 0.000 Motorman. 1st. 
0952 I 1. 'i84 1.684 1.684 1.684 0.000 0.000 Hiner, 1st. 
0954 I 3.7R6 3.786 3.786 3.786 0.000 0.000 Hiner, 1st. 
0955 I 3.714 3.714 3.714 3.714 0.000 0.000 Hiner. 1st. 
0956 8 7.468 - 0.219 1.609 0.439 I. 731 2.548 0.901 Hiner, 1st. 
0962 1 11.621 II. 621 II. 621 II. 621 0.000 0.000 Hiner, 2nd. 
0963 I 3.774 3.774 3.774 3.774 0.000 0.000 Hiner, 2nd. 
0973 I 2.564 2.564 2.564 2.564 0.000 0.000 Hiner. Jrd. 
0976 2 9.785 - 1.070 5.428 5.428 5.675 6.162 4.357 Hiner, 3rd. 

Area 09 Total 17 II. 621 - 0.219 3.116 2.113 2.971 3.439 0.834 Employees on 9 Ledge 

1010 I 0.260 0.260 0.260 0.260 0.000 0.000 Carpenter, 1st. 
n 

1044 1 5.791 5.791 5.791 5.791 0.000 0.000 Boring Machine Helper I 
~ 

1054 1 I. 799 I. 799 t. 799 I. 799 0.000 0.000 Hiner, 1st. '" 1055 I 1.111 1.111 L 111 I. III 0.000 0.000 Hfner, ht. 
1056 I 0.563 0.563 0.563 '0.563 0.000 0.000 Miner, 1st. 
1057 2 0.867 - 0.607 0.737 0.737' 0.714 0.184 0.130 Hiner, 1st. 
1060 1 0.356 0.356 0.356 0.356 0.000 0.000 Hiner, 2nd. 
1076 1 0.488 0.488 0.488 0.488 0.000 0.000 Hiner, Jrd. 
1090 1 2.222 2.222 2.222 2.222 0.000 0.000 Mine Shift Boss 

Area 10 Total 10 5.791 - 0.260 1.406 0.737 l. 358 1.668 0.527 Employees on Hain Ledge 

1128 0.546 0.546 0.546 0.546 0.000 0.000 Sandman~ Underground 
1142 1 2.326 2.326 2.326 2.326 0.000 0.000 Diamond Drill Helper 
1156 2 7.252 - 0.480 ' 3.866 3.866 3.093 4.789 3.386 Hiner; 1st. 
1176 I t. 852 1.852 1.852 1.852 0.000 0.000 Hiner. 3rd. 

Area II Total 5 7.252 - 0.480 2.491 1.852 t. 883 2.781 1.244 Employees on 11 Ledge 



Table C-5 (continued) 

Arsenic l!s/m 
3 

Number of Range Arith. Standard Standard 
Job code sameles High - Low mean Median TWA deviation error Job title 

1356 1 0.289 0.289 0.289 0.289 0.000 0.000 Hiner, 1st. 
1366 1 4.620 4.620 4.620 4.620 0.000 0.000 Hiner, 2nd. 

Area 13 Total 2 4.620 - 0.289 2.455 2.455 2.521 3.062 2.16"5 Employees on 13 Ledge 

1932 1 0.526 0.526 0.526 0.526 (1.000 0.000 Motorman, 1st.. 
1954 1 0.499 0.499 0.499 "0.499 0.000 0.000 Hiner. 1st.. 
1955 1 0.836 0.836 0.836 0.836 0.000 0.000 Hiner, 1st.. 
1956 2 1.862 - 0.673 1.268 1.268 1.337 0.841 0.594 Miner, 1st.. 

A~-ea 19 5 1.862 - 0.499 0.879 0.673 " 0.924 0.566 0.253 Employees on 19 Ledge 

2156 0.243 0.243 0.243 0.243 0.000 0.000 Hiner, 1st.. 

e) 
2l Total 0.243 0.243 0.243 0.243 0.000 0.000 Employees on 21 Ledge , Area 

~ 

'" 
Ledges Total 40 11.621 - 0.219 2.226 0.841 2.110 2.724 0.431 Underground employees 

on 9. Main, l!, 13, 
19, and 21 Ledges 

The geometric mean ledges was 
3 

arsenic exposure for underground employees on the various 1.182 pg1m with a geomet.ric 
standard deviation of 3.124; Lhe lower and upper 95% confidence levels were 0.819 and 1.707 pg/m , respect.ively. 

, 



Appendix D. Results of optical microscopy fiber analysis 
'3t the Homes~."1ke Gold Mine, Lead, South Dakota. 

D-J 

. . 



Table V-I. Airborne sample results for fibers >5 pm in. length for all 
underground employees at the Homestake Gold Hine. 

Job Person Sample Sample time Volume Concentration Sample information 
code number nu~ber Date On Off (l !ters) fibers/ce (I.e. location! oeeration! activitYl etc. ) 

o roo I" H458 7/20/77 0822 - 1025 246 0.029 4550 Level, Electrician in Hoist Room for 
repair, Ross •. 

Th'A-O .029 

0101 13 H284 7/l5/77 0713 - 0934 282 q.043 4850 Level, Main Ledge, Winze 4 to 6800 Level, 
Shaft Cage. 

0101 13 H285 7/l5/77 0934 - ll45 262 0.046 4850 Levell Maio Ledge, Winze 4 to 6800 Level, 
Shaft Cage. 

0101 IJ H327 7/15/77 1145 IJ30 210 0.172 4850 L~vel, Main Ledge, Winze 4 to 6800 Level. 
Shaft Cage. 

0101 13 H319 7/15177 1330 1435 130 0.056 4850 Level. Main Ledge, Winze 4 to 6800 Level. 
Shaft Cage. 

'" TIIA-0.076 , 
~ 

0107 IA H455 .7/20/77 0634 0834 240 0,125 4550 Level-Hoist Room, Spent Time in Cubicle. 
Ross. 

0107 IA H463 7/20/77 0834 1027 226 0.101 4550 Level-Hoist Room, Spent Time in Cubicle-
and Hoist Room, Ross. 

0107 IA H457 7/20/77 1027 1230 246 0.08B 4550 Level-Hoist Room. Ross. 
0107 IA H464 . 7/20/77 1230 - 1346 152 0.127 4550 Level-Hoist Room, In Control Cubic Ie. 

Ross. 

TWA-O. 109 

0107 IP H2O 7/14/77 658 - 0908 260 0.157 4850 Level. Main Ledge. Hoist Room, Operated 
Hoist. 

0107 IP H207 7/l4/77 0908 ll20 264 0.000 4850 Level, Main Ledge, Hoist Room, Ogerated 
Hoist. Ate Lunch. 

0107 IP H24 7/14/77 1120 - 1245 170 0.014 4850 Level, Main Ledge. Hoist Room, Operated 
Hoist. 

0107 IP H57 7/14/77 1245 - 1405 160 0.030 4850 Level, Hain Ledge, Hoist Room. 

Th'A-0.056 



Table D-l (continued) 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date On Off (liters) fibers/cc !Le. location! o2erationl activit~t etc~ ) 

0107 IQ 112 7/14/77 0705 - 0906 242 0.020 4850 Level, Hain Ledge~ Hoist Room, 
Cleaning Up. 

0107 IQ 11213 7/14/77 0906 - ll20 268 0.004 4850 Level, Hain Ledgt:;. Hoist Room" Operating 
Hoist. 

0107 lQ 1168 7/14/77 1120 - 1245 170 0.021 4850 Level, Main Ledge, H<?is t Room. 
elO7 IQ H66 7/14/77 1245 - 1405 160 0.053 485'0 Leve 1 J Ha in Ledge, Hoist Room. 

1VA-0.021 

0108 III 11314 7/15/77 0947 - ll45 236 0.301 19 Ledge, 4850 Level, 46 Crosscut, Installing 
Water Tank. 

0108 III 11280 7/15/77 ll45 - 1401 272 0.323 19 Ledge J 4850 Level, 46 Crosscut, Fitting 
Pipes. 

OIOS III 11317 7/15/77 1401 - 1502 122 0.168 19 Ledge, 4850 Level. 46 Crosscut, Fitting 

l' Pipes. 
w 

1VA-0.ZS5 

OllO IG 11365 7/Z1/77 0728 - 0916 216 1.161 Main Ledge, 4Z50 Level, 7lC Stope, Set Timber 
for Track. 

OllO IG 11446 7/21/77 0916 - 1047 IS2 0.ll9 Main Ledge. 4250 Level, 7lC Stope, Waited for 
Timber to Arrive. 

OllO IG 11447 7/21/77 1047 - 1248 242 0.264 Main Ledge, 4250 Level, 7lC Stope. Ate Lunch. 
Blasted and Worked on Timberline. 

OllO IG 11469 7/21/77 1248 - 1426 196 0.510 Hain, Ledge, 4250 Level, 7lC Stope, Worked 
on Timberl ine. 

TIlA-0.522 



Table 0-1 (continued) 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date On Off (liters) fibers/cc (1.e. location! 02eration, activit~z etc. ) 

, (1110 II! 11443 7/21/77 0728 - 0917 218 1. 741 Main Ledge, 4250 Level, 71G Stope. Set Timbers I 
I for Track. 

I 0110 111 H375 7/21/77 0917 - 1055 196 0.221 Main Ledge, 4250 Level, He Stope. Waiting fQr 
Timber. 

i 0110 HI H435 7/21/77 1055 - 1248 226 0.888 Main Ledge, 4250 Level, He Stope. Ate 
Lunch, -Blasted and Worked on Timberline. 

0110 II! H448 7/21/77 1248 - 1426 196 0.913 Hain Ledge, 4250 Level, 7lC Stope, Worked 
on Timber! 1ne. 

TWA-0.960 

0114 lK 11329 7/18/77 0702 - 0806 248 0.533 9 Ledge~ 2150 Level, 49 Crosscut. Putting 
Up Door. 

0114 IK H130 7/18/77 0806 - 0909 126 0.851 9 Ledge. 2150 level. Carpenter. 

? ~~~: IK H322 7/18/77 0909 - 1010 122 3.872 9 Ledge. 2150 Level, Carpenter. 
IK HI41 7/18/77 10lD - 1153 206 0.286 9 Ledge, 2150 Level, Carpenter. 

.c- 0114 IK H99 7/18/77 ll53 - 1255 124 0.350 9 Ledge, 2150 Leve 1, Carpenter. 

TWA-1.063 

0121 11 H325 7/15/77 0718 - 0932 268 0.045 . 4850 Leve 1. Winze 4, Spent Some Time Hucking 
at 6880. 

0121 II H313 7/15/77 0932 - 1147 270 0.049 4850 Level, Winze 4. 
0121 11 H304 7115/71 1147 - 1333 212 0.102 4850 Level, AJ:"ea. 
0121 11 H289 7/15/77 1333 - 1436 126 C.I05 4850 Level. Area. 

TWA-O.069 



Table 0-1 (continued) 

Job Person Sample Sample time Volume Conc.entration Sample information 
code number number Date On Off (litors) fibers/cc (! ••• location! 0Eeratlon l activitIz. etc.} 

0121* 12 11)26 7/15/77 0708 - 0720 24 0.000 4850 Level. Main Ledge, Winze 4 Area. Voided 
for count - finger print on filter. 

0121 12 II) 15 7/15/77 0720 - 09)) 226 0.009 4850 Level, Main Led~e. Winze 4, Spent Some 
Time Hucking at 6880 Sump. 

Ol21 l2 11))5 7/l5/77 09)3 - ll48 270 0.018 4850 Level. ~ain Ledge, Winze 4 Area. Fixed 
Door at 4790, Loaded Pipe at 5700, Lowered 
Cement to 5700. 

Ol2l 12 H277 7/15/77 1148 - 133l 103 0.187 4850 Level, Hain Ledge. Winze 4 Area. 

11<1.-0.062 

0124 14 H))4 7/15/77 0710 - 0917 254 0.016 6800 Level, Main Ledge. Transfered Waste in 
Cage. 

Ol24 14 11295 7/l5/17 0911 _ 1017 120 3.584 6800 Level. Hain Ledge. Some Slushing and 

'" Blasting_ 
..1 0124 l4 11)20 7/15/77 l017 - 1109 l04 0.347 6800 Level, Hain Ledge. Some Slushing. Hade 

0124 l4 H27S 7/15/71 1109 - 1230 162 0.602 
Trips to 4850. 
6800· Level. Hain Ledge. Slushing. 

11<1.-0.911 

0125* lA 11428 7/19/77 636 - 654 0 0.000 4850 tevel-Skip Pocket. Yates, Wore Respirator""; 
Ol25 lA 11423 7/19/77 655 - 745 100 0.301 4850 Level-Skip Pocket, Loaded.Ore, Yates, Wore 

Respirator. 
Ol25 II. 11425 7/19/17 145 - 850 1)0 0.417 4850 Level-Skip Pocket I Yates. 
0125 IA H424 7/19/77 850 - 945 110 0.186 4850 Level-Skip Pocket, Yates. 
Ol25 II. H429 7/19/77 l036 - 1245 258 0.121 4850 Level-Skip Pocket. Ate Lunch, Yates. 
Ol25 II. 11)00 7/19/71 l245 - 1350 130 0.232 .4850 Level-Skip Pocket, Yates. 

11<1.-0.228 

* Hote; This sample not included in the TWA and Statistical Results. 



Table 0-1 (continued) 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date On OEE (liters) fibers/cc (i.e. location! oE!eration l act.lvitYI -etc.) 

0125 11 H354 7/20/77 633 - 855 230 0.335 4850 Level-Skip Pocket, Skipped Ore About Every 
10 Hinutes, Ross. 

0125 11 H336 7/20/77 855 - 1219 398 0.686 4850 Level-Skip Pocket, Skipped Some Ore, At. 
Lunch, Ross. 

0125 11 11167 7/20/77 1223 - 1400 194 0.341 4850 Level-Skip Pocket, Ross. 

TWA-0.498 

0128 IX 11477 7/20/77 0646 - 0821 190 0.771 11 Ledge, 4550 Level 24-26 Stope, Back Filling 
with Sand, Plugging Holes with Burlap. 

0128 IX 11478 7/20/77 0822 - 1021 238 0.162 It Ledge, 4550 Level, 24-26 Stope, Back Filling 
wirh Sand. 

0128 IX 11491 7/20/77 1022 - 1152 180 0.535 11 Ledge. 4550 Level, 24-26 Stope, Ate Lunch. 
0128 IX 11482 7/20/77 1152 - 1410 276 0.345 11 Ledge, 4~50 Lev::=l, 24-26 Stope. 

'j' 
1'\IA-0.426 ~ 

0128 IY 11473 7/20/77 0643 - 0835 224 0.226 11 Ledge" 4550 L~veI, 24-26 Stope, Applied Sand 
and Water. 

0128 lY 11489 7/20/77 0835 - 1031 232 0.176 II Ledge, 4550 Level, 24-26 Stope, Filled 
Hanway with Sand. 

0128 lY 11483 7/20/77 1031 - 1204 186 0.376 11 Ledge, 4550 Level, 24-26 Stope, Filled 
Manway_ ' 

0128 1Y 11486 7/20/77 1204 - 1415 262 0.303 11 Ledge, 4550 Level, 24-26 Stope. 

TWA-a. 266 



Table D-l (continued) 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date On orr (liters) fibenlcc ( i.e. 1~cation2 oeeration l activit!1 etc.~ 

0128 lZ 11471 7/20/77 0645 - 0829 20B 0.174 11 Ledge, 4550 Level, 24-26 Stope, Load 
Equipment. 

0128 IZ 11487 7/20/77 0830 - 1025 230 0.141 11 Ledge. 4550 Level, 24-26 Stope, Sandflll. 
0128 IZ 11485 7/20/77 1026 - 1154 176 01062 11 Ledge, 4550 Level, 24-26 Stope, Ate Lunch. 
0128 IZ 11488 7/20/77 1154 - 1317 166 0.03!,> 11 Ledge, 4550 Level, 24-26 Scope,- .SandHll. 
0128 IZ 11484 7/20/77 1317 - 1436 158 0.137 II Ledge. 4550 Level, 24-26 Stope, Lowered 

Equipment. 

TIIA~0.1l4 

0131 IK 11436· 7/22/77 0735 - 0950 270 1.939 Tramway-Surface. Motorman, Near Crushing. 
OlJI lK 11201 7/22/77 0950 - 1210 280 0.030 Tramway-Surface, Motorman. 
OlJ I IK 11419 7/22/77 1210 - 1315 130 0.241 Tramway-Surface. Motorman. 

" TIIA-0.82B , 
~ 

OlJ[ IL 11290 7/22/77 0739- 0950 262 0.156 Tramway-Surface, Motorman. 
0131 lL 11249 7/22/77 0950 - 1210 280 O. ii5 Tramway-Surface, Motorman. 
ODI IL 1194 7/22/77 1210 - 1315 130 0.046 Tramway-Surface, Kotecrman. 

TIIA-0.122 

01J2 lC 11239 7/18/77 0730-0905 190 1.561 9 Ledge, 1700 Level. Mot"Jrman, Hauled Ore. 
0132 Ie 1195 7/18/77 0905 - 1138 306 0.437 9 Ledge', 1700 Level. Motorman. Hauled Ore, 

Washed Cars. Dumped Waste. 
0132 IC 1127 7/18/77 1138 - 1447 378 0.796 9 'Ledge, 1700 Level, H~torman. 

TWA-0.S37 



Table 0-1 (continued) 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date On off (liters) fibers/cc { Le. locat ion I 0eeratlon l activitI I etc. ~ 

0132 lP 11114 7/15/17 0754 - 949 230 0.063 19 Ledge, 6600 Level, Motorman, Hauled Rock. 
0132 lP 11117 7/15/77 0949 - 1148 238 O. III 19 Ledgu, 6800 Level, Hotorman, Pulled Raises, 

Dumped 'Waste. 
0132 lP 11118 7/15/77 1148 - 1324 192 0.207 19 Ledgtl, .6800 Level. Hot~rman, Pulled Raises, 

Dumped Ore. 
Ol32 lP 1131 7/ l5/17 1324 - 1435 142 0.127 19 Ledge. 6600 Level, Motorman, Pulled Raises, 

Dumped Ore. 

nlA-O.I23 

0133 lG 1169 7/12/17 910 - 1145 3[0 0.144 Hain Ledge. 650Q Level, Helped In Slushing. 
Ate Lunch. 

0133 lG 1161 7/12/17 OBOI - 909 136 4.591 Hain Ledge. 6500 Level. Hauling Rock, 
Pulling 'Rahe. 

t:> 0133 lG H70 7/12/77 1145 - 1405 520 0.167 Hain Ledge. 6500 Level, Helped Huck and 
I Slush Ore. a> 

0133 IG H67 7/12/77 1405 - 1525 160 0,602 Hain Ledge, 6500 Level, Helped Huck and 
Slush, Drove Motor Car. 

nlA-0.917 

0141 Ie 11156 7/14/77 910- 1030 2BO ·0.009 11 Ledge, 5600 Level, 55 Pillar. Some 
Dri 1110g'. 

0141 Ie H166 7/l4/17 0751 - 90B 154 0.242 11 Ledge, 5600 Level. 55 Pillar, Some 
Drilling. 

0141 Ie HI69 7/14/17 1030 - 1125 110 0.011 11 Ledge, 5600 Level, 55 Plllar, Some 
Ori 11 ing. Ate Lunch. 

0141 Ie HI72 7/14/77 1125 - 1259 IBB 0.032 11 Ledge, 5600 Level. 55 Pillar. Dr! 11ioS, 
Some Slushing. 

0141 Ie HIB3 7/14/77 1300 - 1420 160 0.000 11 Ledge, 56QO Level, 55 Pillar, Drilling, 
Pulling Core. 

TW'A-O.060 



I 
I 

I Table 0-1 (cofitinued) 

I Job Person Sample Samp Ie time ·Volume Concentration Sample information 

i code number number Date On Off (liters) flbel"S/cc (! .e. location t oEeration l actlvit11 etc~) 

I 0142 10 HI50 7/14/?7 857 - 1030 186 0.013 II Ledge, 5600 Level, 55 Pillar, Some 

I Drilling. 
0142 10 HI48 7/14/77 0749 _ 0854 130 0.120 11 Ledge, 5600 Level, 55 Pillar. Dr! 111.og and 

Pulling Core. 

0142 10 HI59 7/14/77 1030 - 1125 110 0.022 11 Ledge, 5600" Level, 55 Pillar, Ate Lunch. 
0142 10 HI49 7/14/77 1125 - 1300 190 0.019 11 Ledge, 5600 Level~ 55 Pillar, Pulling Core. 
0142 ID HI88 7/14/77 [JOI - 1420 158 0.030 11 Ledge, 5600 Level J 55 PUlar, DrIlling and 

Pulli'ng Core. 

TWA-0.037 

0143 IR H261 7/14/77 0715 _ 0852 194 0.223 Hain Ledge, 6050 Level, 90 Pillar, Wet 
Drilling. 

0143 IR H265 7/14/77 0852 _ 1043 222 2.956 Hain Ledge. 6050 Level. 90 Pillar, Bore 

l' 
Hachine Drilling. 

'" 0143 IR H255 7/14/77 1043 _ 1213 160 5.231 Hain Ledge, 6050 Level, 90 PIllar. Bore 
Machine Drilling, Ate Lunch. 

0143* IR H268 7/14/77 1213 - 1404 222 0.000 Hain Ledge, 6050 Level, 90 Pillar, Bore 
Machine Drilling, Cap Left On Sample, Voided 
for fiber Count. 

014) IR H266 7/14/77 1404 - 1446 84 6.647 Main Ledge, 6050 Level, 90 Pillar, Bore 
Machine Drilling. 

TWA-2.438 

* Note; This sample not included in the TWA and Statistical Results. 



Job Person Sample Sample time 
code number number Date On Off 

Ol44 lS 11248 7/l4/77 0717 - 0850 

Ol44 lS 11257 7/l4/77 0850 - l042 

Ol44 lS 11234 7/l4/77 l042 - l2l2 

Ol44 lS 11233 7/l4/77 1212 - 140l 

Ol44 IS 11264 7/14/77 l40l - 1446 

Ol52 
'T 0152 
:; 0152 

Ol52 

0152 

0152 

0152* 

0152 

lB 
IB 
IB 
l8 

IF 

IF 

IF 

IF 

IIZll 
IIl53 
IIl74 
11160 

11378 

11370 

11373 

11349 

7/l8/77 
7/l8/77 
7/18/77 
7/18/77 

831 - lOla 
0657 - 0831 
lOlD - l210 
l210- 1432 

7/18/77 723 - 907 

7/18/77 . 907 - IIl7 

7/18/77 1117 - 1312 

7/18/77 1312 - 1433 

Table D-l (continued) 

Volume 
(licers) 

l86 

224 

180 

218 

90 

198 
188 
240 
284 

208 

260 

o 

162 

Concentration 
fibers/cc 

3.431 

1. 917 

3.579 

2;210 

1.27l 

Th'A-2.570 

0.693 
iJ.128 
0.100 
0.246 

Th'A-0.280 

0.151 

0.634 

0.000 

0.074 

Th'A-0.331 

. * Note: This sample not included in the TWA and StatisLical Results. 

Sample information 
(i.e. location, operation, activity, etc.) 

Main Ledge, 6050 Level. 90 Pillar, ASSist 
in-Bore Machine DeiIling 
Main Le'dge, 6050 Level, 90 Pillar, Bore 
Machine Drilling, Ate Lunch. 
Hain Ledge, 6050 Level, 90 Pillar, Bore 
Machine Drilling. 
Main Ledge, 6050 Level, 90 Pillar, Bore 
Machine Drilling. 
Main Ledge, 6050 Level, 90 Pi Bar, Some 
Drilli~g. 

9 Ledge, 1700 Level, 24A Stope. 
9 Ledge, 1700 Level, 24A Stope, Drilling. 
9 Ledge, 1700 Level, 24A Sfope. 
9 Ledge, 1100 Level, 24A Stope. 

9 Ledge, 2000 Level, 45-5lG/H Blast Hole, 
Slushing, Drilling. 
9 'Ledge, 2000 Level, 45-51G/H Blast Hole, 
Slushing._ DrUring. Ate, Lunch. 
9 Ledge, 2000 Level, 45-5lG/H Blast. Hole. 
Slushing and prepared for Blasting, Sample 
Lost-. 
9 'Ledge. 2000 Level, 45-51G/H Blast. Hole. 
Prepared for ,Blasting. 



Table D-1 (continued) 

Job Pet'"son Sample Sample time Vo lume Concentration Sample information 
code number' number Date On Off (l !ters) fibers Icc (I.e. location! 0eerationt activit~! etc.) 

0152 IJ H356 7/1S/77 S35 - 955 160 0.075 9 Ledge, 2000 Level, 45-5lC/H Blast Hole. 
Slushing. 

0152 IJ H369 7/18/77 956 - 1016 40 0.151 9 Ledge, 2000 Level, 45-5IG/H Blast Hole, 
Pulling Chute. 

0152 IJ H364 7/IS/77 lOIS - 1034 16 0.376 9 Ledge, 2000 Level. 45-5lG/H Blast Hole, 
Pulling Chute. 

0152 IJ 11345 7/18/77 1035 - 1044 18 0.067 9 Ledge, 2000 Level. 45':SIG/H Blast Hole. 
0152 IJ H353 7/18{77 1044 - 1054 20 0.542 9 Ledge, 2000 Level, 45-5lG/H Blast Hole. 

Loading are. 
0152 IJ H367 7/18/77 1055 - /158 126 0.994 9 Ledge, 2000 Level. 45-5lG/H Blast Hole, 

Ate Lunch. LoadIng Ore. Blast. 
0152 IJ H361 7/18/77 ID8 - 1255 1I4 0.465 9 Ledge. 2000 Level, 45-51G/H Blast Uole. 

Loading Ore. 
t::1 0152 lJ fl362 7/18/77 1255 - 1322 54 0.1I2 9 Ledge. 2000 Level. 45-51GIH Blast Hole. 
I 0152 IJ H366 7/18/17 1322 - 1406 88 0.151 9 Ledge, 2000 Level, 45-5IG/H Blast Hole. 
~ 

fl355 7/18/77 1406 - 1440 68 6.559 9 Ledge, 2000 Level, 45-5IG/HBlast - 0152 IJ -flo Ie. 

TI/A-O ,'386 

0153 IH H204 7/18/77 0725 - 0844 158 2.722 9 Ledge, 2150 Level, 49 Crosscut. Ring 
Drill ing. 

0153 IH H229 7/18/77 0844 - 1000 152 0.681 9 Ledge, 2150 Level. 49 C~osscut, Maintenance 
Work. 

0153 IH H55 7/18/77 1000 - 1145 210 0.235 9 ledge, 2150 Level, 49 Crosscut, Ate Lunch. 
0153 III H245 7/18{77 1145 - 1315 180 0.020 9 Ledge, 2150 Level. 49 Crosscut. 
0153 IH H7J 7/18/77 1315 - 1428 146 0.330 9 Ledge. 2150 Level, 49 Crosscut. 

TWA-0.750 



Table D-I (continued) 

Job Person Samplt! Sample time Volume Concen t ra t ion Sample information 
code number number Date On Off (liters) fihers/cc ( 1.e. Iocation 1 o~era~ion~ activ1tYt e~c.) 

0153 IH 11324 7/l8/77 659 - 816 154 0.063 9 Ledge, 2150 Level. 49 Crosscut, 
Hanging Pipe. 

0153 1M 11256 7/l8/77 816 - 914 l!6 10266 9 Ledge. 2150 Level. 49 Crosscut, 
Hanging Pipe, Hucking. 

0153 IH 11333 7/l8/77 914 - 1012 116 0.187 9 Ledge, 2150 Level. 49 Crosscut, 
SorTie Mucking. 

0153 1M 11338 7/l8/77 1012 - 1033 42 0.143 9 Ledge, 2150 Level, 49 Crosscut. 
Some Hucking. 

e)i5) 1M H 126 7(18/77 ]Q33 - 1135 124 0.126 9 Ledge. ,2150 Level. 49 Crosscut.. Some 
Hucking, Ate Lunch. 

0153 HI H98 7/l8/77 1135 - 12l! 72 0.569 9 Ledge. 2150 Level. 49 Crosscut, 
Some Mudling. 

0153 1M 1/142 7/l8(77 12l! - 1245 68 1.045 9 Ledge. 2150 Level. 49 C~05SCU~ Hucking. 
0153 1M 11127 7(l8/77 1245 - LJ25 80 0.647 9 Ledge, 2150 Level, 49 Crosscut Hucking. 
0153 1M 11363 7/l8/77 1325 - 1437 144 0.092 9 Ledge, 2150 Lev~l, 49 Crosscut, Worked on' 

Gate. 

TWA-D. 411 

0154 IA 11187 7/l8/77 850 1135 330 0.401 9 Ledge, 1700 Level, Drift South of 22 
Crosscut, Some Drilling. 

0154 IA H71 7/l8(n 0715 - 0850 190 . 0.781 9 Ledge, 1700 Level, Dr~tt South of 22 
Crosscut, Some Hucking and Dr! Uing. 

0154 IA HI84 7/18(77 1135 - 1257 164 0.705 9 Ledge. 1700 Level. Dri,ft South of 22 
Crosscut. Drill ing. 

0154 IA H196 7/l8(]7 1257 - 1440 206 0.491 9 Ledge, l700 Level. Dr! ft South of 22 
Crosscut, Blasting. 

TWA-D. 559 



Table 0-1 (continued) 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date On Off (liters) fibers Icc (1.e. location! 0eeration t acr.iviti':l etc. ) 

0154 ID 11206 7/l6/n 0713 - 0655 204 1.667 9 Ledge. 1700 Level. Drift South of 22 
C~osscut, Some Hucking and Dr! l'ling. 

0154 10 1l6J 7/l8/77 0855 - 1135 320 0.166 9 Ledge. 1700 Level. Drift South of 22 
Crosscut, SOme. Mucking, Loading and Dr! 11 ing. 

0154 10 HI73 7/lB/n 1135 - 1255 160 0.715 9 Ledge, 1700 Level, Drift South of 22 
Crosscut, Drilling. 

0154 lD H8B 7/l8/77 1255 - 1442 214 0.540 9 Ledge. 1700 Level, Drift South of 22 
Crosscut. Prepare for Blasting. 

WA_0.698 

0154 IG HJ25 7/15/77 0821 - 0917 J 12 0.624 19 Ledge, 4850 Level, 46 Crosscut, Waited 
fOl" Equipment. 

0154 Ie H272 7/15/77 0917 - 1048 IB2 0.52J 19 Ledge. 4650 Level, 46 Crosscut, Assisted in 
0 

Installing Pipe. I 
~ 

w 0154 Ie 11273 7/l5/77 1048 - 1401 386 0.162 19 L~dge. 4850 Level, 46 Crosscut, Installed 
Some Pipe, At.e Lunch. 

0154 IG 11287 7/15/77 1401 - 1502 122 0.454 19 Ledge. 4850_ Level, 46 Crosscut, Helped 
Install Water Tank._ 

W,,-0.J5J 

0154 IJ H416 7/21/77 748 - 945 2J4 4.889 Hain Ledge, 4250 Level, 70 Crosscut, Some 
Drilling, Took Break. 

0154 IJ H403 7/21/77 945 - 1152 254 I.BJ I Main -Ledge. 4250 Level J 70 Crosscut, Drilled, 
"Ate Lunch. 

0154 lJ HJ07 7/21/77 1152 - 1330 196 0.172 Hain Ledge. 4250 Level, 70 Crosscut Drilled. 
0154 lJ HJI6 7/21/77 1330 - 1439 138 4.625 Hain Ledge. 4250 Level J 70 Crosscut, Prepared 

for Blasting. 

WA-2.775 



Table 0-1 (continued) 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date On Off (lit.ers) Hbers/cc (I.e. location! oEerat.ion! activit.YE etc. ) 

0154 lL !!381 7/21/77 0747 - 0945 236 0.250 Main L'edge, 4250 Level, 70 Crosscut, Set Up 
Equipment, Wet Drilling. 

Q154 lL H294 7/21/77 0945 - 1130 210 0.080 Hain· Ledge, 4250 Level, 70 Crosscut, Some 
Drilling' •. At.e Lunch. 

0154 IL H414 7/21/77 1155 - 1333 196 1.360 Hain Ledge, 4250 Level, 70 Crosscut, Drilled. 
0154 IL H219 7/21/77 1333 - 1442 138 3.148 Main Ledge, 4250 Level. 70 Crosscut.. Prepared 

fat'" Blasting. 

TWA-0.996 

0155 IA H65 7/13/77 0832 - 0955 166 1.422 9 Ledge, 5750 Level, 68C Stope. SLushing. 
0155 IA H54 7/13/77 0956 - 1130 188 0.397 9 Ledge,. 5750 Level, 68C St.ope, Slushing. 
0155 lA H52 7/13/77 1135 - 1310 190 O. 2::;~ 9 Ledge, 5750 Level, 68C Stope, Eat.ing Lunch 

Some of the Time. 
to> 0155 IA HI22 7/l3/77 1310 - 1455 210 0.178 9 Ledge, 5750 Level, 68C Stope. Set Up , 
~ Ddll 'Equipment. ~ 

TWA-0.521 

0155 IB HIlO 7/13/77 00( ... 4 - 0922 156 0.984 9 Ledges 575f'! Level, 68C Stope .. Puiling Chute. 
0155 IB H62 7/13/77 092:d - 1053 182 0.569 9 Ledg,e, 5750 Level~ 68C Stope, Bart'"ed. 

Ate Lunch. 
0155 IB HIl6 7/13/77 1155 - 1323 176 0.123 9 Ledge. 5750 Level. 68C Stope, Electricity 

Went Off, Workers Not Working at Time of 
Sample. 

0155 IB HI06 7/13/77 1323 - 1503 200 0.421 9 Ledge. 5750 Level, 6SC Stope, Electricity 
Went Off. Workers Not Working a.t Time of 
Sample. 

TWA-D. 508 



Table .0-1 (continued) 

Job Person Sample Sample time Volume Concentration Sample !,nformation 
code number number Date On Off (liters) Hbers/cc (1. e. location l o~erationl actlvit~1 etc. ) 

0155 IF H07 7/12/77 0758 - 0958 240 2.835 Main ,Ledge, 6500 Level. Mucked, Slushed and 
Dumped Ore. 

0155 IF 1125 7/12/77 0958 - 1146 216 0.784 Main Ledge, 6500 Level J Mucked, Slushed. 
0155 IF HIS 7/12/77 1146 - 1408 284 0.986 Main Ledge. 6500 Level. Mucked. Slushed, 

Ate Lunch. 
0155 IF HOI 7112/77 1408 - 1528 160 0.489 Hain Ledge, 6500 Level J Set Up Dri 11 ing 

Equipment. 

TIlA-I.342 

0156 IA H87 7/12/77 0820 - lOIS 230 0.099 lJ Ledge, 6050 Level. 46-47C Stope, 
Some Dri ling. 

0156 IA ~i)9 7/12/77 lOIS - 1200 210 0.086 13 Ledge, 6050 Level, 46-47C Stope, 

b 
Dr! 11 ing. 

-, 0156 IA H75 7/12/77 1205 - 1335 180 0.080 13 Ledge, 6050 Level, 46-47C Stope, - Some Hucking. '" 0156 IA H79 7/12/77 1335 1439 128 0,574 13 Ledge I 6050 Level, 46-47C Stope, 
Pu 11 ing Chute. 

TIlA-0.172 

0156 IA H318 7/22/77 0807 - 0957 220 2.105 9 Ledge, 4700 Level, 37F Stope. Set Up 
Equipment. Dr! 11 ing. 

0156 IA H299 7/22/77 0957 - 1144 -214 0.703 9 Ledge, 4700 Level. 37F Stope. Drilling. 
Ate Lunch. 

0156 IA H202 7/22/77 1144 - 1302 156 0.564 9 Ledge, 4700 Level, 37F Stope. Drilling. 
0156 IA H407 7/22/77 1302 - 1358 112 0.344 9 Ledge, 4700 Level, 37F Stope, Some Drilling. 

TIlA-I.054 



Table 0-1 {continued} 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date On Off (liters) fibers/cc (Le. location! 0E:eratlon~ activitlz etc. ) 

0156 IB H417 7/21/77 0715 - 0859 20B 1.524 9 ~dge. 3950 Level. 24-25B Stope, Loaded 
Cars with Ore. 

0156 'B H90 7/21/77 1046 - 1232 212 0.136 9 Ledge, 3950 Level J 24-258 Stope J Loaded 
Cars. Ate Lunch. 

0156 IB H310 7/21/77 1232 - 1405 186 0.382 9 Ledge. 3950 Level. 24-258 Stope. 
0156 'B H405 7/21/77 1405 - 1449 88 0.246 9 Ledge, 3950 Level, 24-25B Stope. 

TWA-0.632 

0156 IB H312 7/22/77 0807 - 0955 216 ·0.307 9 Ledge. 4700 Level. 3]F ~tope • Slushing. 
0156 IB H465 7/22/77 0955 - 1223 296 0.232 9 Ledge, 4700 Level. 37F Stope. DrilUng, 

Ate Lunch. 
0156 IB H276 7/22/77 1223 - 1356 190 0.296 9 Ledge, 4700 Level, 37F Stope, Orl111ng. 

". TWA-O.273 • :; 
0156 IC H49 7/12/77 0805 - 1055 180 0,335 Main Ledge, 6600 Level, 93-94C Cutting 

Sill, Slushing. 
0156 IC H45 7/12/77 1301 - 1531 180 0.381 Hain Ledge. 6800 Level, 93-94C Cutt.ing 

Sill J Slushing. 

TWA-0.357 

0156 lD H97 7/13/77 920 - 1015 110 1.286 11 Ledge. 5450 Level, 49-51 Stope, Set Up 
Drilling. 

0156 10 H04 7/13/77 1015 - 1250 310 0.105 11 Ledge, 5450 Level, 49-51 Stope. Some 
Drilling, Lunch. 

0156 10 H05 7/13/77 1250 - 1405 150 0.361 11 Ledge, 5450 Level. 49-51 Stope. 
0156 lD H58 7/13/77 1407 - 1443 72 0.368 II Ledge, 5450 Level, 49-51 Stope. 

TWA-0.397 



Table 0-1 (continued) 

Job Person Sample Sample time Volume Concentration Sample information 
code number number DaCe On Off (liters) fibers/cc (i. •. location! 0eeration t activitll etc.) 

0156 IE 1123 7/13/77 922- 1020 116 0.031 11 Ledge, 5450 Level, 49-51 Stope, Wet 
Dr! lUng. 

0156 IE 1113 7/13/77 1020 - 1250 300 0.096 11 Ledge, 5450 Level, 49-51 Stope. Dr! 111ng, 
Lunch. 

TWA-0.078 

0156 lG HI71 7/13/77 0948 - 1028 80 0.135 II Ledge, 5300 Level, 49D Stope. Drilling. 
0156 lG HI61 7/13/77 1028 - llll 86 0.042 II Ledge, 5300 Level, 49D Stope, Dri lUng. 
0156 IG HI63 7/13/77 1111 - 1216 130 0.019 II Ledge, 5300 Level, 49D Stope, Some 

Drilling, Lunch. 
0156 lG HI64 7/13/77 1216 - 1244 56 1.226 11 Ledge, 5300 Level, 49D Stope, Some 

Drilling. 
, 0156 IG HI65 7/13/77 1244 - 1410 172 0.042 11 Ledge, 5300 Level, 490 Stope._ Cleaned 

Area for BlasUng. , 
TWA-O. (77 

0156 IH H29 7/12/77 820 - 1018 236 0.398 i3 Ledge, 6050 Level, Hucking. 
0156 IH H36 7/12/77 1019 - 1216 234 0.812 13 Ledge. 6050 Level, Ate Lunch, Hucking. 
0156 IH mo 7/12/77 1216 - 1355 198 0.122 13 Ledge, 6050 Level, Hucking, Putting in 

Track. 
0156 IH H42 7/12/77 1356 - 1408 24 15.483 13 Ledge, 6050 Level J Putting in Track. 

TWA-0.982 



Table 0-1 (continued) 

Job Person Sample Sample t'ime Volume Concentration Sample information 
code number number Date On Off (liters) fibers/cc (1. e. location! o~eration! activity! etc. ) 

0156 111 11189 7/13/77 OB59 - 0952 106 0~045 11 Ledge, 5300 Level, 490 Stope, Wetted Ore. 
Drilled. 

0156 III 11152 7/l3/77 0952 - 1052 120 0.120 11 Ledge, 5300 Level. 490 Stope. Dei lled. 
0156 III HI79 7/13/77 1052 - 1132 80 0.316 11 Ledge, 5300 Level, 490 Stope, Dd lled. 

Ate Lunch. 
0156 III 1Il77 7/l3/77 1133 - 1220 94 0.256 11 Ledge, 5300 Level, 490 Stope. Drilled. 
0156 IH 11191 7/l3/77 1220 - 1340 160 3.305 11 Ledge, 5300 Level, 49D Stope. Some 

Drilling, Prepared for Blasting. 
0156 IH HI70 7/13/77 1340 - 1410 60 0.723 11 LecJge, 5)00 Level. 490 Stope, Prepared 

for Blast1ng. 

TWA-I. 033 

l' 0156 II H2B 7/12/77 818 - 1015 154 0.555 13 Ledge, 6050 Level, Wetted Ore, Hucked. 
_ 0156 II H32 7/12/77 1016 - 1228 264 0.810 lJ Ledge, 6050 Level, Dumped Ore, Mucked. 
Ol 0156 II fl93 7/12/77 122B - 1356 176 0.144 13 Ledge, 6050 Level. Put in Track, Mucked. 

0156 II u5a 7/12/77 1357 - 140B 22 12.772 13 Ledge, 6050 Level, Put in Track. 

TWA-0.934 

0156 lJ HI8 7/12/77 0815 - 0916 l26 0.048 Main Ledge. 6050 Level, 89£ Stope, Set Up 
Drill Equipment. 

Ol56 lJ H80 7/12/77 0918 - 1145 294 0.258 Hain Ledge, 6050 Level J 89E Stope, Pull ing 
Chute, Lunch. 

0156 lJ H39 7/l2/77 1145 - 1322 194 0.711 Hain Ledge, 6050 Level, 89E Stope, Drilling. 
0156 lJ Hl6 7/12/77 1322 - 1416 112 2.444 Hain Ledge, 6050 Level, 89E Stope, Drilling. 
0156 lJ H37 7/l2/77 1418 - l458 80 1. 785 Naio Ledge, 6050 Level. 69E Stope, Drilling. 

TWA-0.79[ 



Table D-1 (continued) 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date On Off (liters) fibers/cc (1.e. location! oeeration! activitlt etc.) 

0156 lJ HI24 7/13/77 808 - 907 ll8 0.745 9 Ledge, 5750 Level, 67-680 Stope, 
Wetted Ore. 

0156 IJ HI45 7/13/77 907 - 1010 126 0.363 9 Ledge. 5750 Level. 67-68D Stope. Drilled. 
0156 lJ 11133 7/13/77 lOll - 1140 178 0.325 9 Ledge. 5750 Level. 67-680 Stope, Some 

Dril.1ing, Ate Lunch. 
0156 lJ HI46 7/13/77 1140 - 1234· 108 9·335 9 Ledge, 5750 I.evel, 67-680 Stope, Drilled. 
0156 lJ 11131 7/13/77 1235 - 1309 68 0.496 9 Ledge, 5750 Level, 67-680 Stope, Some 

Drill ing. 
0156 lJ HI09 7/13/77 1309 - 1355 92 1.204 9 Ledge. 5750 Level, 67-680 Stope, Prepared 

for Bla~tlng. 
0156 IJ H137 7/13/77 1355 - 1443 96 0.100 9 Ledge, 5750 Level, 67-680 Stope. Prepared 

for BlastIng, Put in Roof Bolts. 

'" 
TIIA-0.486 

I - 0156 H78 7/12/77 0815 - 0918 126 0.363 Main Ledge, 6050 Level, 89E Stope. Set Up for '" IK 

0156 IK H91 7/12/77 0918 - 1025 13. 0;620 
Drilling. Drilling. 
Hain Ledge, 6050 Level, 89E Stope, Dri 11 ing. 

0156 IK H92 7/12/77 1025 - 1207 '204 0.331 Main Ledge, 6050 Level, 89E Stope. Started 
Slushing, Ate Lunch. 

0156 IK H77 7/12/77 1207 - 1321 148 0.651 Main Ledge, 6050' Level, 89E Stope, Dri 11iog. 
0156 IK HI7 7/12/77 1322 - 1418 112 1.064 Main Ledge, 6050 Level " 89E Stope, Dri 11 ing. 
0156 IK H22 7/12/77 1418 - 1459 82 1. 145 Main Ledge, 6050 Level, 89E Stope, Dr~ lUng. 

TIIA-0.627 



Table 0-1 (continued) 

Job Person Sample Sample time Volume Concentration Sample informacion 
code number number Date On Off (liters) fibers/cc ( I.e. location! o~erationl activit1t etc. ) 

0156 IK HU8 7/1)/77 808 - 907 ll8 0.214 9 Ledge, 5750 Level. 67-680 Stope, Set Up for 
Drilling. 

0156 IK 11135 7/13/77 907 - 1010 126 0.134 9 Ledge, 5750 Level~ 67-680 Stope, Dr! lled. 
0156 IK H136 7/13/77 lOll - 1140 178 0.068 9 Ledge, 5750 Level, 67-680 Stope, Some 

Drilling, Ate Lunch. 
0156 IK HI28 7/13/77 1140 - 1234 108 0.290 9 Ledge, 5750 Level, 67-680 Stope~ Dri lled. 
0156 IK }(125 7/1)/77 1235 - 1309 68 1.576 9. Ledge. 5150 Level, 67-68D Stope. Ori lle.d. 
(\ 156 IK H143 7/13/77 1355 - 1444 98 0.184 9 Ledge. 5750 Level. 67-680 Stope, Prepared for 

Blasting. Put in Roof Bolt.s. 

"'A-0.303 

0156 IK H308 7/15/77 945 _ 1)04 398 0.079 21 Ledge. 6200 Lev@l-. 50-52B Stope, Operate 

~ 0156 
Crane. 

IK H303 7/15/77 0757 - 0945 216 0.301 21 Ledge, 6200 Level. 50-52B Stope, DI1lllng. 
°0156 IK H301 7/15/77 1305 - 1450 210 0.528 21 Ledge, 6200 Level. 50-528 Stope, Some 

Drilling, Set Charges for Blast.ing. 

"'A-O.252 

0156 IK H235 7/20/77 0728 - 0848 160 0.188 9 Ledge, 4400 Level, 31-32C/n Stope, Slushing, 
Cable· Repe.iro 

0156 IK H341 7/20/77 1023 - 1139 152 2.010 9 Ledge, 4400 Level, 31-32C/D Stope. Slushing .. 
0156 lK H352 7/20/77 1139 - 1332 226 0.437 9 Ledge J 4400 Level, 31-32C/D Stope .. 
0156 IK H358 7/20/77 1332 - 1428 112 0.376 9 Ledge, 4400 Level, 31-32C/D Stope, Set Up for 

Drilling, Drilling. 

TWA-O.733 



Tab1. 0-1 (continued) 

Job Person Sample Samp Ie t irne Volume Concentration Sample information 
code number number Dste On Off (liters) fiber./cc (1. •• locationz oeeratioo z activitYI etc.~ 

0156 lL H140 7/19/77 0710 - 0845 190 0.146 9 Ledge, 3650 Level, laB Stope, Setting Up 
Equipment. 

0156 IL HI75 7/19/77 1015 '- 1134 158 '0.610 9 Ledge. 3650 Level, 18B Stope, Lunch. 
0156 IL H[76 7/[9/77 [l34 - [300 [72 o. [82 9 Ledge, 3650 Level, IBB Stope. 
0[56 IL HI95 7/19/.77 [JOO - 1433 186 0.065 9 Ledge, 3650 Level. Constructed Chute and 

Hanway-. 

TIIA-O.237 

0156 [H HI55 7/13/77 0806 - 0838 64 U.489 11 Ledge, 5750 Level. 57C Stope. Fixed Slusher 
Blocks. 

0156 [H H1J9 7/13/77 0838 - 0922 88 3.839 11 Ledge, 5750 Level, 51C Stope, Wetted Ore, 
Dri lIed. 

0156 [H HI32 7/13/77 0922 - [[ [6 228 [.007 11 Ledge, 5750 Level. 57C Stope, Set Up Slusher 
'i' and Ate Lun'ch. 
::: 0156 IH H[08 7/13/77 1[[6 - 1258 84 2.485 11 Ledge, 5750 Level, S7C Stope. Repositioned 

Slusher. 
0156 1H HI05 7/13/77 1258 - 1412 148 0.464 11 Ledge J 5750 Level, 57C Stope, Set Up 

Slusher. 
0156 IH HI54 7/13/77 1412 - 1502 100 0;421 11 Ledge, 5750 Level. 57C Stope. Took Break. 

TIlA-I.462 



Table D-l (continued) 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date On Off (liters) f ibers/cc (1 ••• location r oeeratfon l activitll etc.~ 

0156 IN H142. 7/13/77 0806 - 0838 64 0.884 11 Ledge. 5750 Level. 57C Stope, Fixed 
Slusher. 

0156 IN H147 7/13/77 0838 - 0924 92 0.890 11 Ledge, 5750 Level. 57C Stope. 11.< are and 
Drilled. 

0156 IN HlO4 7/13/77 0924 - 1116 224 0.043 11 Ledge. 5750 Level. 57C Stope. Puc in Slusher 
Blocks. Ate Lunch. 

0156 IN H151 7/1J/77 1116 - 1254 196 0.203 11 Ledge, 5750 Level. 57C Stope. Repositioned 
Slusher. 

0156 IN H102 7/13/77 1254 - 1412 156 0.178 11 Ledge, 5750 Level. 57C -Stope. Set Up 
Slusher. 

0156 IN HI13 7/13/77 1412 - 1503 102 0.1l8 11 Ledge, 5750 Level. 57C Stope, Took Break. 

Th'A-0.273 

'i' 0156 IN H438 7/20/77 730 - 914 208 0.278 9 Ledg •• 4250 Level, 36-37B/C ·Stope, Some 
N Drilling. N 

0156* IN H445 7/20/77 914 - ·930 0 0.000 9 Ledge, 4250 Level, 36-37B/C St.ope. Dropped 
Filter. 

0156 IN H439 7/20/77 9Jl - 1058 174 0.076 9 Ledge, 4250 Level, 36-37B/C Stope. S"",e 
Drilling, Ate Lunch. 

0156 IN H432 7/20/77 1125 - 1304 198 0.450 9 Ledge. 4250 Level, 36-37B/C St.ope. 
Some Drilling. 

Th'A-0.276 

* Note: This sample not included 1n the TWA and Statistical Results: 



Table ,0-1 (continued) 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date On Off ~liters) fibers(cc (i.e. location! o~eration! activit!t etc. ) 

0156 10 H440 7/20/77 731 - 915 208 0.573 9 Ledge, 4250 Level, 36-37B/C Stope, Some 
Dri lUng. 

0156 10 H449 7/20/77 915 - 1058 206 0.164 9 Ledge, 4250 Level. 36-37B/C Stope. Some 
Drilling" Ate Lunch. 

0156 10 H451 7/20/77 1127 - 1304 194 0.217 9 Ledge, 4250 Level, J6-37B/C Stope. Drilling. 
0156 10 H434 7/20/77 1304 - 1432 176 0.513 9 Ledge, 4250 Level. 36-37B/C Stope, Drilling. 

TIIA-0.364 

0156 IP H431 7/20/77 916 - 1055 198 0.341 9 Ledge, 4250 Level, 36-37B/C Stope, Some 
Drilling, Ate Lunch. 

TIIA-0.341 

l' 0156 lQ H74 7/15/77 0803 - 0935 184 0.582 19 Ledge, 6200 Level. 21 Cros scut, Cutting and 
~ 

'"' Hoisting Timber for Chute. 
0136 lQ H59 7/15/77 0935 - 1102 174 0.055 19 Ledge, 6200 Level, 27 Crosscut, cutting and 

Hoisting Timber. 
0156 lQ H35 7/15/77 1102 - 1230 176 0.096 19 Ledge, 6200 Level, 27 Crosscut, Ate Lunch. 

Cut and Hoisted .Timber. 
0156 lQ H64 7/15/77 1230 - 1330 120 0.050 19 Ledge, 6200 Level, 27 Crosscut, Hoisted 

Timber. 
0156 lQ H46 7/15/77 1330 - 1440 140 0.499 19 Ledge, 6200 Level J 27 Crosscut, Some 

Drilling on Roof and Wood. 

TIIA-0.264 



r-- . 

Table 0-1 (continued) 

Job Person Sample Sample time Volume Concentration Sample information 

code number number Date On Off (liters) fibers/cc i.e. locat·ion o eratton activit etc. 

0156 lQ H40B 7!l9/77 702 - 0901 238 0.025 9 Ledge, J950 Level, 18G Stope, Set Up 
Equipment. 

0156 lQ 11402 7/l9/77 0901 - !l43 324 0.190 9 Ledge. 3950 Level. 18G Stope. 

0156 lQ 11411 7/l9/77 1143 - lJI2 178 0.636 9 Ledge,' 395D Level. 18G Stope. Drilling. 

0156 lQ H400 7/l9/77 1312 - 1421 138 o. !31 9 Ledge, 3950 Level, 18G Stope, Some Dri lUng. 

""'A-a, 226 

0156 lR HIll 7!l5/77 0804 - 0937 186 0.045 19 Ledge, 6200 Level. 27 Crosscut, Placed 
Timber .into Chute. 

(l156 lR Hil2 7/15/77 0937 - 1102 170 0.064 19 Ledge, 6200 Level. 27 Crosscut, Ate Lunch, 
Placed Timber into· Chute. 

0156 lR H123 7/l5/77 1102 - 1230 176 0.075 19 Ledge, 6200 Level, 27 Crosscut, Cut and 
Placed.,Timber into Chute. 

" 0156 lR· HlOO 7/15/77 1230 - lJ30 120 0.100 19 Ledge, 6200 Level, 27 Crosscut J. Placed 
I 

N Timber into Chute . .,.. 
0156 lR H103 7/l5/77 1330 - 1420 100 0.289 19 Ledge, 6200 Level 27 Crosscut. Some Dr! 11 ing 

on Wood and Roof. 

""'A-0.098 

0156 lR H406 7/l9/77 On8 0935 274 0.105 9 Ledge, 3950 Level, 18G Stope, Set Up 
Equipment. 

0156 IR H404 7/l9/77 0935 - 1144 258 0.075 9 Ledge, J950 Level. 18G Scope. 

0156 lR H409 7/19/77 1144 - 1312 176 0.897 9 Ledge, J950 Level, 18G Stope J .Drilling. 

0156 IR H412 7/!9/77 1312 - 1420 lJ6 0.027 9 Ledge, 3950 Level, IBG Stope, ·Some Drilling. 

WA-0.248 



Table D-l (continued) 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date On Off (liters) fibers/cc (i. •• locatlon~ 0eeration! activitl. etc.) 

0156 IS HI94 7/15/77 BJO - 1000 IBO 0.100 19 Ledge, 6200 Level, 41-42C Stope. Some 
Slushing. 

0156 IS HI7B 7/15/77 1000 - !l46 212 0.IB7 19 Ledge, 6200 Level, 41-42C St.ope, Some 
SluShing, Ace Lunch. 

0156 IS IllB5 7/!5/77 1146 - 1250 128 0.160 19 Ledge, 6200 Level, 41-42C Stope, Drilling. 
0156 IS HI93 7/15/77 1252 - 1423 IB2 0.033 19 Ledge, 6200 Level, 41-42C Stope. Drilling. 

1'IIA-0.120 

0156 IT 11192 7/15/77 . 830 - 1000 IBO 0.027 19 Ledge, 6200 Level, 41-42C Stope. Some 
Slushing. 

0156 IT IlJ39 7/13/77 1000 - !l45 210 0.109 19 Ledge, 6200 Level, 41-42C Stope, Some 
Slushing, Ate Lunch. 

0156 IT 11328 7/!5/77 !l46 - 1251 130 0.102 19 Ledge. 6200 Level. 41.-42C Scope, Drilling_ 
;1' 0156 IT IlIBI 7/15/77 1253 - 1330 74 0.130 19 Ledge., 6200 Level J 41-42C Stope, Some 
N DrilUng. 'r,ll 

TWA-O.OB5 

0156 IV 11306 7/19/77 706 - B50 208 0.666 9 Ledge, 3650 Level, 270 Stope, Set. Up 
Equipment, Some DrilUng. 

0156 IV H274 7/19/77 850 - 110/. 268 0.279 9 Ledge, 3650 Level, 270 Stope, Drilling. 
0156 IV HJ02 7119/77 1315 - 1440 170 0.170 9 Ledge, 3650 Level, 270 Stope, Some oriHing_ 

TIlA-0.375 



Table D-l (continued) 

Job Person Sample Samp Ie time Volume Concentration Sample information 
code number number Date On Off (.liters) fibers/cc (i ~e ~ location! 0eeratioo t activityz etc. ) 

0156 lW HI01 7/19/77 706 - 850 208 0.434 9 Ledge~ )650 Level. 270 Stope, Some Drilling .. 
0156 lw H278 7/19/77 850 - 1104 268 0.431 9 Ledge~ 3650 Level, 27D Stope, Dr! lUng. 
0[56 lW H305 7/19/77 1315 - 1440 [70 0.425 9 Ledge, 3650 Level, 270 Stope~ Some Drilling. 

TIlA-0.430 

0[56 lY H221 7/14/77 0754 - 0950 232 U.296 9 Ledge, 5450 Level ~ 66-67C Stope, Set Up 
EqUipment, Some Slushin&.. 

0156 lY H2[6 7/14/77 0950 - 1143 226 1. 715 9 Ledge, 5450 Level, 66-67C Stope. Some 
Drilling~ Ate Lunch. 

0156 lY H203 7/14/77 1143 - 1313 180 1.216 9 Ledge, 5450 Level, 66-67C Stope," Drilling. 
0156 [Y HI97 7/14/77 1313 - 1457 208 0.156 9 Ledge, 5450 Level., 66-67C St.ope, Drilling. 

TWA-O.836 
'" I 
~ 

~ 0156 15 H259 7/15/77 811 - 859 96 0.050 19 Ledge, 5900 Level, 28-29F Stope. Slushing. 
0156 15 H247 7/1S/77 900 - 10lD 140 0 .• 637 19 Ledge. 5900-L'evel, 28-29F Stope, Slushing. 
0[56 IS H270 7/1S/77 1010 - 1130 160 0.331 19 Ledge J 5900 Level, 2B-29F Stope. Some 

Slushing, Ate Lunch. 
01S6 15 H258 7/!S/77 1130 - 1300 180 0.388 19 'Ledge, 5900 Level-; 28-29F Stope, Repaired 

Slusher, Load Rock. 
. 0156 15 H254 7/15/77 1300 - 1425 170 0.050 19 Ledge, 5900 Level J 28-29F Stope, Prepared 

for Blasting. 

'NA-0.302 

• 



Table D-I (continued) 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date On Off ( l1ters) fibers/cc (i.e. location! oeeration l activitI, etc. ) 

0156 16 H291 7/15/77 810 - 859 98 0.IB4 19 Ledge, 5900 Level, 28-29F Stope. Pull,ing 
Chute. 

0156 16 H252 7/15/77 900 - 10to 140 0.705 19 Ledge, 5900 Level, 2B-29F Stope. Pulling 
Chute. 

0156 16 H260 7/15/77 10to - 1213 246 1.454 19 Ledge, 5900 Level, 2B-29F Stope, Some 
Slushing, Ate Lunch. 

0156 16 H286 7/15/77 1213 - 1305 ).04 0.938 19 Ledge, 5900 Level, 2B-29F Stope, Pulled 
Chute Prepared for Blasting. 

n156~ 16 H279 7/15/77 1305 - 1410 130 0.000 19 Ledge,' 5900 Level, 2B-29F Stope. Prepared 
for Blasting, Uneven particulate distribution. 

"Filter voided for Fiber Count. 

TIIA-0.973 

l' 0157 lD H350 7/211.77 855 - 1055 240 0.226 Main Ledge, 4100 Level, SBE Stope, Timber 
N 

Stope, Ate Lunch. ~ 

0157 ID H41 7/21/77 0723 - OB55 IB4 O.BOB Main Ledge, 4100 Level ~ S8E Stope, Timber 
Stope. 

0157 10 H343 7/21/77 1146 - 1323 194 0.273 Main Ledge, 4100 Level, 5BE Stope. 
0157 10 H162 7/21/77 1324 - 1416 104· 0.197 Hai n Ledge, 4100 Level, 5BE Stope, Bracing. 

TWA-O.JBJ 

* Note: This sample not included In the TWA and Statistical Results. 



Table 0-1 (continued) 

Job Person Sample Sample time Volume Concentration Sample information 
codi! number number Date On Off (liters) fibers/cc _ (Le. Location! o~erationl activitYr etc.) 

0157 10 113BO 7/22/77 0746 - 0940 228 0.058 Hain Ledge, It 100 Leve L, 61 Crosscut, Cut 
Bnd Stand Ti~ber. 

0157 10 1!{I62 7/22/77 0940 - 1149 258 1.111 Main Ledge, 4lQ0 Level, 61 Crosscut, Cut and 
Stand Timber·. 

0157 10 11390 7/22/77 1149 - 1)29 200 0.217 Main Ledge, 4100 Leve 1, 61 Crosscut. 
0157 10 11157 7/22/77 1)29 - 1445 152 0.222 Haln Ledge, 4lQ0 Leve 1 J 61 Crosscut. 

TWA-0.450 

01S7 IE Il22B 7/21/77 0725 - 0855 lBO 0.107 Main Ledge J 4100 Level, 58E Stope. 
0157 IE 11251 7/21/77 1)22 - 1416 108 0.100 Haln Ledge, 4100 Level, 58E Stope. 

TWA-D. 104 

" 0157 IE 11))1 7/22/77 0745 - 0939 228 0.185 Hain Ledge, 4100 Level, 61 Crosscut. I 
Iv 0157 IE 11427 7/22/77 0939 - 1149 260 0.435 Haln Ledge, 4100 Level, 61 Crosscut. Cut 00 

and Stand Timber. 
0157 IE 113B5 7/22/77 1150 - 1445 350 0.206 Hain Ledge, 4100 Le.ve 1, 61 Crosscut. 

TWA-D. 2 71 

0160 IE 1153 7/12/77 0810 - 1050 320 0.117 Main Ledge, 6800 Level, In Pump Room, 
Repaired· Track. 

0160 IE 1148 7/12/77 1050 - 1531 562 0.528 Main Ledge, 6800 Level, Ate Lunch. Repaired 
Track. 

TWA-0.379 



Table D-1 (continued) 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date On Off (liters) fibers}cc (i. •. location! oEeration l activitlz etc. ) 

Ol62 lG HZ3) )/lBI77 B33 - 1007 18B 0.045 9 Ledge, 1700 Level, 24A Stope. 
0[62 lG HlaO 7/lBI77 0700 - DBJ) 186 0.123 9 Ledge, 1700 Level, 24A Stope. Set. Up Drill 

Equipment. 
0'62 Ie H4lO 7/lBI77 1007 - 1210 246 0.078 9 Ledge, 1700 Level, 24A Stope. 
'·,62 [e HlbS 7/18/77 1210 - 1430 280 2.25B 9 Ledge, 1700 Level, 24A Stope. 

'NA-U.759 

Ol63 lL H33) 7 (l8/77 703 - B06 l26 0.191 9 Ledge, 2150 Level, at Motot' Barn, Put: Up 
Door. 

0163 lL US6 7/1B/77 B06 - 909 126 5.018 9_ Ledge, 2150 Level, Some D~i11ing. Put Up 
Door. 

0163 lL H267 7{lB/77 909 - 1010 122 3.085 9 Ledge) 2150 LeveL Put Up Door. 
0163 IL Hl21 7/18/77 LOIO - 1216 252 .- 0.540 9 Ledge_ 2150 Level, .Put Up Door, Ate Lunch. 

'i' 0[63 lL Htl5 7/18177 l216 - l327 ,42 0.483 9 Ledge~ 2150 Level, Worked on Gate .. 
N 

0163 lL H321 711BI77 1327 - 1437 140 1.677 9 L~dge. 2150 Le"el, Worked on Cace .. ." 

'NA-l.621 



Table 0-1 (continued) 

Job Person Samp l~ Sample time Volume Concentratlon SamplC!: information 
code number numoer Date On Off ( liters) fibers/cc ( Le. location~ oeeration! activitYt etc.) 

0166 lA H357 7/21/77 07!4 - OB56 204 0.575 9 Ledge, 3950 Level, 24-258 Stope. Set Up 
Slushing Equipment. 

0166 lA H205 7/2!!77 0856 - 1049 226 0.208 9 Ledge, 3950 Level, 24-25B Stope, Slushing. 
0166 lA H250 7/21/77 1049 - 1236 214 0.657 9 Ledge, 3950 Level, 24-258 Stope, Ate Lunch. 

Slushed. 
0166 lA 11418 7121/7, 1236 - 1'-101 !70 0.120 9 Ledge, 3950 Level. 24-258 Stope. 
0166 lA H387 7/21/77 1401 - 1449 96 O. !O6 9 Ledge. 3950 Level, 24-258 Stope. 

TIIA-0.420 

0166 18 H82 7/!2/77 822 - 1016 228 0.' 10 13 Ledge. 6050 Level, 46-47C Stope, Some 
Drilling. 

0166 18 H96 7/!2/77 lOlB - 1200 204 0.047 13 Ledge, 6050 Level, 46-47C Stope. Drt lHng. 
e> 0166 18 H85 7/! 2/77 1207 - 1330 166 0.232 13 Ledge, 6050 Level, 46-47C Stope. Pull -{ng 
I Chute. 

w 
o DIM IB H86 7/!2/77 1330 - i!,39 138 1.589 13 Ledge, 6050 Level. 46-47C Stope, Pulling 

Chl!te. 

TIIA-0.478 

0166 IL H368 7/20/77 0848 - 1012 168 0 • .151 9 Ledge, 4400 Level, 31-32C/D Stope, Pulled 
Chute, Put Car Back on Track. 

0166 IL H344 7/20/77 1012 - 1153 202 0.060 9 Ledge, 4400 Level, 3l-32CID Stope, Pulled 
Chute. Ate Lunch. 

0166 IL H210 7/20/77 U53 - 13U 156 0.093 9 Ledge, 4400 Level, 3l-32C/O Stope, Some 
Pulling of Chute. 

0166 lL H346 7/20/77 13U - 1427 152 0.452 9 Ledge, ·4400 Level. 3l-32C/D Stope, Set Up 
and Drilled. 

'IWA-O. !78 



Table 0-1 (continued) 

Job Person Sample Samp Ie time Volume Concentration Sample information 
code number number Date On Off (lit.rs) fibers/cc (I. •. Ioeation t oeeracion! aetivic~! etc. ) 

0166 1M H311 7(19/77· 0712 - 0845 186 1.942 9 Ledge, 3650 Level, 18B Stope, Set Up Dr! 11 
Equipment. 

0166 1M H200 7(19(77 0845 - 1014 178 3.229 9 Ledge, 3650 Level. 18B Stope, Drill Sampling. 
0166 1M Ill8) 7(19/77 1014 - 1134 160 3.838 9 Ledge, 3650 Level, 18B Stope, Ate Lunch. 
0166 1M 11281 7(19/77 1134 - 1301 174 6.056 9 Ledge, 3650 Level. 18B Stope. 
0166 1M 11134 7(19/77 1301 - 1433 184 2.247 9 Ledge, 3650 Level, 18B Stope. 

TWA-3.421 

0173 II H246 7/18/77 0810 - 1004 228 0.433 9 Ledge, 2150 Level, 49 Crosscut, Assemble 
Ring Drill. 

0173 II HI86 7(18(77 1004 - 1142 196 0.092 9 Ledge, 2150 Level, 49 Crosscut. Assemble 
Ring Drill. 

0173 1I H232 7(18/77 1142 - 1348 252 0.005 9 Ledge, 2150 Level, 49 Crosscut, Repair 

'" Ring- Drill. I 

~ 0173 II HI82 7(18/77 1348 - 1449 122 0.039 9 Ledge, 2150 Level, 49 Crosscut, Repair 
Ring Dri 11. 

TWA-0.154 

0176 lA H242 7/14/77 634 - 932 116 0.187 9 Ledge, 5450 Level, 64-650 Stope, Set Up 
Slusher. 

0176 lA H224 7/14/77 933 - 1038 130 0.639 9 Ledge. 5450 Level, 64-650 St-ope, Loading 
Ore into Cars • . 

0176 lA H238 7/14/77 1039 - 1154 150 0.698 9 Ledge. 5450 Level, 64-650 Stope, Slushing, 
Ate _Lunch. 

0176 lA H240 7(14/77 1154 - 1252 116 0.602 9 Ledge. 5450 Level. 64-65D Stope, Slushing, 
Drilling. 

0176 IA H230 7/14/77 1252 - 1402 140 0.224 9 Ledge, 5450 Level, 64-650 Stope, Drilling. 
0176 lA H241 7 (14/77 1403 - 1451 96 4.921 9 Ledge, 5450 level, 64-650 Stope, Some 

Drilling. 

'NA-1.047 



Table D-l (continued) 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date On oEE (lite,rs) fibers/cc (Le. loeation l o2erationl activitll etc. ) 

0176 ID 1144 7/12/77 0840 - !O53 266 0.804 Main Ledge, 6800 Level. 93-94C Cut. t. ir.g Sill , 
Slushing. 

0176 10 1143 7/12/77 1053 - 1305 264 0.420 Hain. Ledge. 6800 Level, 93-94C Cutting SiU. 
Ate Lunch. 

0176 lD 1151 7/12/77 1306 - 1531 290 0.514 Main Ledge, 6800 Le'vel, 93-94C Cutt.ing Sill. 
Cleaned Hud from Slusher. 

TWA-0.578 

0176 lJ 11297 7/15/77 0756 - 0935 198 '0.085 21 Ledge, 6200 Level, 50-52B Stope, Hoisted 
Materials into Stope. 

0176 lJ H298 1/15/77 0935 1304 418 0.089 21 Ledge, 6200 Level, 50-528 Stope. Some 
Drilling, At.e Lunch. 

0176 lJ 11296 7/15/77 1305 - 1450 208 0.191 21 Ledge, 6200 Level, 50-52B Stope, Set Charges 
'" I for B.lasting. 
w 
N 

TWA-O.114 

0176 IT H38 1/14/77 0754 - 1015 282 0.821 11 Ledge, 5450 Level, 54B Stope. Loaded 
Lagging. 

0176 IT Ill! 7/14/77 1015 - [[45 180 1.174 11 Ledge, 5450 Level, 54B Stope. Some Drilling, 
Moved Equlpment~ 

0176 IT 1119 7/14/77 1200 - 1327 114' 0.800 11 Ledge, 5450 Level. 54B Stope. SOme Drilling. 
0176 IT 1121 7/14/77 1330 - 1510 200 1.962 11 Ledge, 5450 Level;- 54B Stope. 

TWA-I. 166 



Table 0-1 (continued) 

Job Person Sample Sample time Volume Concentration Samp Ie information 
code number number 'Date On Off p iters) fibers/ee' l!.·· loeationf oeerationz·aettvitl! etca) 

0176 lU 1114 7/14/77 0754 - 915 162 1.018 11 Ledge, 5450 Level, 54B Stope, Washed Down. 
Stope. 

0176 lU H72 7/14/77 0915 - 1050 190 0.222 11 Ledge, 5450 Level, 548 Stope. Some 
Drilling. 

0176 lU HOB· 7/14/77 1050 - 1327 314 0.146 11 Ledge, 5450 Level, 548 Stope, Some 
Drilling, Ale Lunch. 

0176 lU H06 7/14/77 1330 - 1510 200 1.559 11 Ledge, 5450 Level, 548 Stope. Prepared 
for Blasting. 

TIIA-0.652 

0176 IX H215 7/14/77 0754 - 0950 232 0.535 9 Ledge, 5450 Level, 66-67C Stope. Wet Ore, 
Set Up Equipment. 

0176 IX H206 7/14/77 0950 - !l43 226 0.410 9 Ledge I 5450 Level, 66-67e Stope, Some 
l' Drilling. Ate Luncha 
w 0176 IX H214 7/14/77 1143 - 1313 IBO 0.462 9 Ledge, 5450 Level, 66-67e Stope, DrU ling. w 

0176 IX iH98 7/14/77 1313 - 1348 70 0.344 9 Ledge. 5450 Level, 66-67e Stope, Dr! I11ng. 
0176 IX H220 7/14/77 1352 - 1457 130 0:037 9 Ledge. 5450 Level, 66-67e Stope. Some 

Drilling. 

TIIA-0.392 



Table 0-1 (continued) 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date On Off (t i ters) fibers/cc (Le. location ~ 0I!eration z activity! etc.) 

0176 lZ H226 7/14/77 B2B - 932 12B 1.103 9 Ledge. 5450 -Leve I, 64-650 Stope, Removing 
Loose Rock and Wetting Ore. 

0176 lZ 11227 7/14/77 933 - 1026 106 0.534 9 Ledge, 5450 Level, 64-650 Stope, Slushing. 
Wetting Ore. 

0176 lZ 11236 7/14/77 1026 - 1153 174 0.961 9 Ledge, 5450 Level, 64-650 Stope. Slushing. 
Ate Lunch. 

0176 lZ H222 7/14/77 1153 - 1252 liB 1.276 9 Ledge, 5450 Level, 64-650 Stope_. Slushing. 
Drilling. 

0176 lZ H243 7/14/77 1254 - 1402 136 0.195 9 Ledge. 5450 Level, 64-650 Stope, Drilling .. 
0176 lZ H22J 7/14/77 1403 - 1446 B6 0.490 9 Ledge. 5450 Level, 64-65D Stope, Some 

Drill ing. 

TWA-D. 781 

'" 0182 IE 11379 7/1B/77 720 - 90B 216 0.045 9 Ledge. 2000 Level. 45-51G/H BI~st Hole. , 
w Dri 11 ing. ~ 

0lB2 , IE H372 .7/1B/77 908 - 1117 258 0,121 ; Ledge, 2000 Level. 45-51G/H Blast Hole. 
Drilling, Ate Lunch .. 

0lB2 IE n376 7/18/77 1117 - 13 12 .115 0.021 9 Ledge J 2000 Level, 45-51G/H Blast Hole J 

Prepared for Blasting. 
0182 IE H374 7/18/77 1312 - 1433 162 0.134 9 Ledge, 2000 Level, 45-5IG/H Blast Hole. 

Prepared for Blasting. 

NA-0.07B 



Tabl. 0-1 (continued) 

Job Person Sample Sample time Volumo Concentration Sample information 
code number- number Dace On Off (liter s 2 fibers/cc !1. •. location! o~erattonl activitlt etc. ) 

0186 IF H76 7/13/77 920 - 1020 120 0.080 1l Ledge, 5450 Level, 49-51 Stope. Set Up 
Drilling. 

0186 IF HI2 7/13/77 1025 - 1243 D8 0.192. 11 Ledge, 5450 Level J 49-51 Stope. Some 
Drilling. Ate Lunch. 

0186 IF 1103 7/13/77 1243 - 1440 234 0.896 11 Ledge. 5450 Level J 49-51 Stope, Some 
Drilling. 

TIlA-0.432 

0186 IL H83 7/12/77 081S - 0918 126 0.268 Main Ledge, 6050 Level, a9E Stope, Set Up 
and Drilling. 

0186 IL H84 7/12/77 0918 - 1025 134 0.467 Hain Ledge. 6050 Level. 89E: Stope, Drilling. 
0186 IL HI20 7/1'2/77 1025 - 1207 204 0.277 Hain Ledge. 6050 Level J '89E Stope, Slushing, 

Ate Lunch. 
~ 0186 lL 11119 7/12/77 1207 - l322 150 0.602 Hain Ledge, 6050 Level, 89£ Stope. Dril I1ng. 
'" 0186 IL H3J 7/12/77 1321 1418 114 0.549 Hain Ledge, 6050 Level, 89£ Stope, Drilling. 

0186 IL if34 7/12/.77 1418 - 1458 80 0.587 Hain Ledge, 6050 Level, a9E Stope, Dri 11 ing. 
~ 

TIlA-0.437 

0186 IN H212 7/19177 0714 - 0846 184 2.8]6 9 Ledge, 3650 Level~ l8B Stope, Set Up 
Equipment. 

0186 IN HI44 7/19/77 0846 - 1014 176 6.124 9 Led.se, 3650 Level, 18B Stope, Remove Ore, 
Haul Equipment. 

0186 IN H269 7/19/77 1014 - 1135 162 9.812 9 Ledge. 3650 Level. 18B Stope. 
0186 IN H271 7/19/77 1135 - 1302 174 0.923 9 Le"dge, 3650 Level, 18B Stope. 
0186 IN HI99 7/19/77 1302 - 14]4 184 0.977 9 Ledge, 3650 Level, IBE Stope. 

TIlA-4.0 11 



Table D-l (continued) 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date On Off (liters) fibers Icc (Le. location! oEerati-on z activitYt etc. ) 

0186 IP 11444 i /20/77 no - 916 212 0.057 9 Ledge, 4250- Level. 36-37Blc Stope. Some 
Drilling, Took Break. 

0186 IP 11431 7/20/77 916 - 1055 198 0.341 9 Ledge, 4250 Level, 36-37B/C Stope, Some 
Drilling, Ate Lunch. 

0186 IP 11441 7/20177 1125 - U05 200 0.030 9 Ledge, 4250 Level. 36-]7B/C Stope. Drilling. 
0186 IP 11442 7/20/77 DOS - 1430 170 0.184 9 Ledge, 4250 Level, 36-37B/c Stope, Drilling. 

'lWA-0.150 

0186 IP 11217 7/19/77 0705 - 0850 210 1.125 9 Ledge, 3650 Level, 27D Stope, Set Up 
Equi pment. 

0186 IP 11292 7/19/77 0850 - 1100 260 0.056 9 Ledge, 3650 Level, 270 Stope, So"", 
Dr! 111ng. 

0186 IP 11225 7/19/77 1I00 - UI5 270 0.165 9 Ledge. 3650 Level. 27D Scope. Some 
'" Drilling, Ate Lunch. , 
w 

0186 H209 7tl9/77 1315 - 1440 170 0.248 9 Ledge, ]650 level, 270 Stope. Some ~ IP 
Dri lUng. 

'lWA-0.J71 

0190 lH 11421 7/21/77 805 - 930 170 0.071 Main Ledge, 4100-4250 Levels, 'Went to 62 
Crosscut Bnd 71 Pillar West. 

(H90 IH 11413 7/21/77 9]0 - 1058 176 0.212 Main Ledge, 4100-4250 Levels. 'Went to 58C East. 
61 Timber! ine, 7lG Timber and 70 Drift. 

0190 1M 11415 7/21/77 ll57 - 1327 180 1.079 Hain Ledge, 4100-4250 Levels, Went to 
64-65C Stope. 

0190 IH H107 7/21/77 1327 - 1414 94 0.410 Main Ledge, 4100-4250 Levels, Went to 4400 
Level, 7l Crosscut. 

TWA-O.455 



Table 0-2. Airborne sample ~esult5 for fibers >.5 lJm in length for surface 
employees in the crushing mills at the Homestake Gold Mine. 

Job Person Sample Sample time Volume Coneentt"8tion Sample information 
code number number Dace On Off (lieers) fibers/cc (Le. location l o(!eration~ activitYt etc.) 

0201 lH H396 7/19/77 632 - 844 264 2.577 Crushing-Surface. Feeder, Some Feeding. 
Operation S.hut Down.. 

0201 lH H393 7/19/77 844 - 1025 202 1.192 Crushing-Surface, Feeder, 'Some Feeding of Ore 
Switched to Waste, Yates. 

(1201 lH H383 7/19/77 1025 - 1230 250 9·250 Crush ing-Su dace, . Feeder t Some Feeding of Waste 
Ore, Ate Lunch, Yates. 

0201 lH H332 7/19/77 1230 - 1354 168 2.761 Crushlng~Surface, Feeder, Some Feeding of Waste 
Ore. 

TIlA-1.637 

0201 II H371 7/22/77 939 - 1132 226 0.213 Crushing-Surface, Crusher Feeder, Ate Lunch, 

'" Yates .. , 
11401 7/22/77 0713 - 0939 292 1. 718 Crushing-Surface, Crusher Feeder. w 0201 II Waste Ore, -, 

Vetes. 
020! 1I H218 7/22/77 1132 - 1352 280 L;;51 Air Hose for ClogSed Rocks, Yates. 

TIlA-1.233 

0202 IF H466 7/20/77 0634 0845 262 1.017 Crushing-Surface, Ore Crusher Feeder, Ross. 
0202 IF H480 7/20/77 0845 - 1032 214 3.011 Crushing-Surface, Or. Crusher Feeder, Ross. 
0202 IF H470 7/20/77 1032 - 1250 276 1.498 Crushing-Surface, Or. Crusher Feeder, Ross. 
0202 IF H459 7/20/77 1250 - 1405 150 6.061 Crushing-Surface, Or. Crusher Feeder, Ross. 

I TIlA-2.476 
I , ,. 



Table 0-2 (continued) 

Job Person Sample Samp Ie time Volume Concentration Sample information 
code number number Date On Off (liters) fibers/cc (Le. locati~nt °Eeratian J activity! etc.) 

0204 Ie H399 7/19/77 626 - 840 268 2.332 Crushing-Surface. Chip Picking Occasionally, 
Operation Shut Down. Yates. 

0204 Ie 11391 7/19/77 840 - 1030 220 0.257 Crushing-Su,rface, Some Chip Picking Switched 
to Waste, Yates. 

0204 Ie 11394 7/19/77 1030 - 1229 238 1.879 Crushing-Surface, Some Chip Picking, Ate 
Lunch, Waste Ore, Y~tes. 

0204 Ie 11388 7/19/77 1229 - 1354 170 0.595 Crushing-Surface, Some Chip Picking of Waste 
arc, Yates. 

TWA-I. 373 

0204 lG 11481 7/20/77 0639 - 0843 248 1.087 Crush! ng'-Surface, Chip Picker I Inspects Ore on 
Conveyor from 30 Inch, Ross. 

0 (1204 IG H262 7/20/77 0843 - 1029 212 3.948 Crushing-5ur~ace. Chip p:icker, Ross. , 
11475 7/20/77 1029 - 1240 262 1.039 Crushfng-Surface, Chip Picker, Ross. w 0204 IG ro 
11456 7/20/77 1241 - 1405 168 2.571 Crushing-Surface, Chip Picker, 0204 Ie Ross. 

TWA-2.034 

0204 Ie 11253 7/22/77 0709 - 0936 294 0.061 CrushingrSurface, Beltman-Chip Picker Wast.e 
Ore, Yates. 

0204 Ie H293 7/22/77 0936 1213 314 0.403 Crushing-Surface, Beltman-Chip Picker, Yates. 
0204 Ie 11398 7/22/77 1213 - 1351 196 0.252 Crushi ng-Surface' • . Beltman-Chip Picker, Yates. 

TWA-O.241 



Table D-2 (continued) 

Job Person Sample Samp Ie t:!me Volume Concentration Sample inforination 
code number number Date On Off (liters) Eibers/cc (Le. locatIon! °eeration 1 activith etc.) 

0205 IE H430 7/20/77 0627 - 0839 264 4.174 Crushing-Surface, Clean Up, Ore Crushe~ Feeder. 
and Shoveled Spills From Conveyor. Ross. 

0205 IE H468 7/20/77 0839 - 1027 216 1.430 Crushing-Surface. Clean Up, Ross. 
0205 IE H467 7/20/77 1028 - 1248 280 4.279 Crushing-Surface, Clean Up. Ross. 
0205 IE 11359 7/20/77 1248 - 1407 158 1.427 Crushing-Surface, Clean Up. Ross. 

TWA-3.088 " 

0205 IF 11384 7/19/77 622 - 848 292 0.982 Crushing~Surface, Clean Up. Some Chip Picking 
of Ore, Va tes. 

0205 IF H389 7/19/77 848 - 1040 224 2.849 Crushing-Surface, Clean Up-Switch to Waste Ore, 
Yates. 

0205 IF H392 7/19/77 1040 - 1224 208 1.256 Crushing-Surface. Clean Up-Waste Ore, Ate 
Lunch, Yates-. 

0205 IF H382 7/19/77 1224 - 1354 180 1.024 Crushing-Surface, Clean Up-Waste Ore. 

TWA-I. 516 

I 

0205 IH H360 7/22/77 07[2 - 0935 "286 0.147 Crushing-Surface, Clean Up-Waste Ore, Yates. 
0205 IH H420 7/22/77 0935 - ll30 230 0.607 Crushing-Surface, Clean Up. Yates. 
0205 IH H397 7/22/77 1130 - 1351 282 1.452 Crushing-Surface, Clean Up. -Yates. 

TWA-D. 741 



Table 0-2 (continued) 

Job Person Samp Ie Sample time Volume Concentration Sample information 
code number number Date On Off (liters) fibers/cc (Le. location! oeeration! act1vitYE etc. ) 

0206 IH H479 7/20/77 0650 - 0724 6B 16.204 Crushing-Surface, Clean Up, Sweep Floor, Clean 
Off Grate, Ross. 

0206 1H H476 7/20/77 0724 - 0752 56 10.068 Crushing-Surface, Clean Up, Shovels Ore Off 
Floor, Ross. 

0206 III 11453 7/20/77 0752 - 0828 72 15.722 Crushing-Surface, Clean Up, Ross. 
0206 IH H472 7/20/77 OB28 - 0914 92 8 .IB I Crushing-Surface, Clean Up, Ross. 
0206 IH H474 7/20/77 0914 - 1105 222 0.980 Crushing-Surface, Clean Up, Ate Lunch, Ross •. 
0206 IH H437 7/20/77 1159 - 1350 222 1.257 Crushing-Surface. Clean Up, Swept Floor, 

Shoveled Floor, Ross. 
0206 IH H452 7/20/77 1350 - 1405 30 0.723 Crushing-Surface, Clea!1 Up, Ross. 

TIIA-5.339 

l' 
~ 

'" 



Table 0-3. Airborne sample results' for fibers >5 pm In length for underground 
"employees on the 9 Ledge of the Homestake Gold Hine. 

Job Person Sample Sample time Volume Concentration Sample informa~ion 
code number number "Date On off (liters) fibers/cc (!. e. location! 0eeratfon! activit::t! etc. ) 

0914 IK HJ29 7/l8/77 0702 - 0806 248 0.533 9 Ledge, 2150 Level. 49 Crosscut. Putting Up 
Door. 

0914 IK IIUO 7/18/77 0806 - 0909 126 0.851 9 Ledge I 2150 Level, Carpenter. 
0915 IK 11322 7/18/77 0909 - 1010 122 3.872 9 Ledge, 2150 Level. Carpenter. 
0914 IK 11141 7/18/77 1010 - 1153 206 0.286 9 Ledge, 2150 Level, Carpenter. 
0914 IK H99 7/1B/77 1I53 - 1255 124 0.3.s0 9 Ledge. 2150 Leve,l. Carpenter. 

TIlA-I.063 

0932 IC 11239 7/18/77 0730 0905 190 !. 561 9 Ledge, 1700 Level, Motorman. Hauled Ore. 
0932 IC 1195 7/l8/77 0905 - IU8 306 0.437 9 Ledge, 1700 Level, Motorman. Hauled Ore, 

Washed Cars, Dumped Yaste. 
? 09)2 Ie 1127 7/lB/77 1I3B - 1447 378 0.796 9 Ledge. noo Level. Hotorman. 
~ 
~ 

TIlA-0.837 

0952 IB 11211 7/18/77 831 lOla 198 0.693 9 Ledge, 1700 Level. 24A Stope. 
0952 IB HI53 7/18/77 0657 - 0831 188 0.123 9 Ledge, 1700 Level. 24A Stope. Drill.ing. 
0952 IB HI74 7/18/77 1010 - 1210 240 O. laO 9 Ledge. 1700 Level, 24A Stope. 
0952 1B HI60 7/18/77 1210 - 1432 284 0.246 9 Ledge. 1700 Level, 24A Stope. 

TIlA-0.280 



Table D-3 (continued) 

Job Pe rson Sample Sample time Volume Concentration Sample information 

code number number Date On Off ( liters) fibers/cc (i.e. location! o~eratton! activit:tl etc. ) 

0952 IF H378 7il8/77 723 - 907 208 0.151 9 Ledge, 2(100 Level, 45-51G/H Blast Hole, 
Slushing, Dr! 11 ing. 

0952 IF H370 1/18/77 907 - 1117 260 0.634 9 !.;:-::!g~ t 2('00 Leve I , 45-51G/H Blast Hole. 
Slushing, Dr! 11 ing, Ate Lunch. 

0952* IF n373 7/18/77 1117 - 1312 0 0.(\00 9 Ledge, 2l'~(\(\' Leve 1 • 45-51G/H Blast lIole. 
Slushing and Prepared fc.r Blasting 
(Lost Sample). 

0952 IF H349 7/18/77 1312 - 1433 162 0.074 9 Ledge, 2000 Level, 45-51G/H "BI-8st Hole, 
Prepared for Blasting. 

TWA-O.331 

0952 lJ H356 7/18/77 835 - 955 160 0.075 9 Ledge. 20CO Level. 45-51G/H Blast Hole. 

,0 
Slushing. 

, I 
of; [1952 lJ H369 7/18/77 956 - 1016 40 0.151 9 Ledge, 2000 Lf;!vel, 45-51G/H Blast Hole, 

Pu I Hng Chute. 

0952 lJ H364 7/18/77 1018 - f034 16 0;376 9 Ledge, 2000 Level, 45-51G/H Blast Hole, 
Pull ing Chute. 

0952 LJ H345 7/18/77 1035 - 1044 18 0.067 9 Ledge, 2000 Level, 45-51,G/li Blast Hole. 

0952 lJ H353 7/18/77 1044 - 1054 20 0.542 9 tedge, 2000 Leve I, 45-51G/H Blast Hole, 
Loading Ore. 

0952 lJ H367 7/18/77 1055 - 1158 126 0.994 9 Ledge, 2000 Level, 45-5lG/H ,Blast Hole. 
Ate Lunch, Load! og Ore, Blast. 

0952 lJ H361 7/18/7} li58 - 1255 114 (,.465 9 Ledge, 2000 Level, 45-51G/H Blast Hole, 
Loading ,Ore. 

0952 lJ H362 7/18/77 1255 - 1322 54 0.112 9 Ledge, 2000 Level, 45-51G/H Blast Hole. 

0952 LJ H366 7/18/77 1322 - 1406 88 0.151 9 Ledge, 2000 Level, 45-51G/H Blast Hole. 

0952 lJ H355 7/18/77 1406 - 1440 68 6.559 9 Ledge, 2000 Level, 45-51G/H Blast Hole. 

T'JA-0.952 

* Note. This samp Ie not included in the TWA and Statistical Results. 



Table D-3 (continued) 

Job Person Samp Ie Sample time Volume Conc;entration Sample information 
code number number Date On Off (lIter.) fibers/cc (Le. locstion l oeeration! activitlz etc.) 

0953 111 H204 )/18/77 0725 - 0844 158 2.722 9 Ledge, 2150 Level, 49 Crosscut, Ring 
Drilling. 

0953 III H229 7/18/77 0844 - 1(100 152 0.681 9 Ledge, 2150 Level, 49 Crosscut, Haintenance ... 
Work. 

0953 IH 1155 7/18/77 1000 - 1145 210 0.235 9 Ledge, 2150 Level, 49 Crosscut, Ate Lunch. 
0953 llf 11245 7/18/77 1145 - 1315 180 O~O20 9 Ledge, 2150 Level, 49 Crosscut. 
0953 II! 1f73 7/18/77 13 15 - 1428 146 0.330 9 Ledge. 2150 Level, 49 Crosscut. 

TWA-a. 750 

(1953 IH 11324 7/18/77 659 - 816 :':54 0.063 9 Ledge. 2150 Level, 49 Crosscut, Hanging Pipe. 
'0953 1H 11256 7/18/77 816 - 914 116 1.266 9 Ledge, 2150 Level, 49 Crosscut, Hanging Pipe, 

Hucking. 
0953 1H f[333 7/18/77 914 - 1012 116 0.187 9 Ledge, 2150 Level, 49 Crosscut, Some Hucking. 
0953 lH 1{338 7/18/77 1012 - 1033 42 0.143 9 Ledge, 2150 Level, 49 Cro-sscut, -Some Hucking. 
095) 1H 11126 7/18/77 1033 - 1135 124 0.126 9 Ledge, 2150 Level, 49 Crosscut, Some Hucking. 

Ate Lunch. 
0953 II! 1198 7/18/77 1135 - 1211 72 0.569 9 Ledge, 2150 Level, 49 Crosscut, Some Hucking. 
0953 .l1i H342 7/18/77 1211 - 1245 68 1.045 9 Ledge, 2150 Level, 49 Crosscut, Hucking. 
095) IH HI27 7/18/77 1245 - 1325 80 0.647 9 Ledge, Z150 Level. 49 Crosscut, Muc!{ing. 
0953 111 11363 7/18/77 1325 1437 144 0.092 9 Ledge. 2150 Level, 49 Crosscut. Worked 

on Gate. 

TWA-a. 411 



Table 0-3 (continued) 

Job ·Person Sample Sample time Volume Concentrat.ion Sample information 
code number number Dat.e On Off (liters) fibers/cc (I.e. location, oQeraation~ activity! etc. ) 

0954 IA HI87 7/18/77 B50 - 1\35 330 0.401 9 Ledge, 1WO Level. Drift South of 22 
Crosscut. Some Drilling. 

0954 IA 1171 7/18/77 07\5 - 0850 190 0.781 9 Ledge, 1700 Level, Drift South of 22 
Crosscut. Some Hucking and Drilling. 

0954 IA H184 7/1B/77 1135 - 1257 164 0.705 9 Ledge, 1700 Level, Drift South of 22 
Crosscut. Drilling. 

0954 lA HI96 7/18/77 1257 - 1440 206 0.491 9 Ledge. 1700 Level. Drift South of 22 
Cros.scut. Blasting. 

nlA-0.559 

0954 10 H20B 7/18/77 0713 0855 204 1;687 9 Ledge, 1700 Level, Drift South of 22 
Crosscut. Some Mucking and -Dri 11 ing. 

'" , 0954 10 H6) 7/18/77 0855 1135 320 0.166 9 Ledge, 1700 Level, Drift SO\lth of 22: 
". Crosscut, Some Hucking, Loading and Drilling. 
". 

0954 10 H173 7118/77 1135 - 1255 160 0.715 9 Ledge, 1700 Level. Drift South of 22 
Crosscut, Drilling. 

0954 10 lIB8 7/18/77 1255 - 1442 214 0.540 9 Ledge, 1700 Level, Drift South of 22 
Crosscut. Prepare for Blasting. 

nlA-0.698 



Table 0-3 {continued} 

Job Person Sample Sample time Volume Concentration Sampte information 
code number number Date On Off (liters) fibers/cc (Le. tocation E o~eration~ activity! etc.) 

0955 IA H65 7/13/77 0832 - 0955 166 1.422 9 Ledge. 5750 Levet, 6aC Stope, Slushing. 
0955 IA H54 7/13i77 0956 - 1130 188 0.397 9 Ledge, 5750 Level, baC Stope, Slushing. 
0955 IA 1152 7/13/77 1135 - 1310 190 0.235 9 Ledge, 5750 Level. 68e Stope, Eating Lunch 

Some of the Time. 
0955 1A H 122 7/13/77 1310 - 1455 210 0.178 9 Ledge, 5750 Level, 68e St?pe, Set Up Dri 11 

Equipment. 

TIlA-0.521 

0955 1B HIIO 7/13/77 0804 - 0922 156 0.984 9 Ledge, 5750 Level, 68G Stope J Pulling Chute. 
0955 16 H62 7/13-/77 0922 - 1053 182 0.569 .9 Ledge, 5750 Level, 68G -Stope, Barred. Ate 

Lunch. 
0955 16 Hll6 7/13/77 1155 - 1323 176 0.123 9 Ledge, 5750 I.evel. 68G Stope; Electricity 

'" Went Off, Workers Not Work~ng at Time of 
I 

<- Sample. 
'" 0955 IB HI06 7/13/77 1323 - 1503 200 0.421 9 Ledge. ·5750 Level. 68C Stope, Electricity 

Went Off, Workers Not Working. 

TIlA-0.508 

0956 IA H318 7/22/77 0807 - 0957 220 2.105 9 Ledge, 4700 Level, 37F Stope, Set. Up 
Equipment, Drilling. 

0956 IA H299 7/22/77 0957 - 1144 214 0.703 9 Ledge, 4700 Level, 37F Stope, Ori 111ng, 
Ate Lunch. 

0956 IA H202 7/22/77 1144 - 1302 156 0.564 9 Ledge, 4700 Level, 37F Stope, Drilling. 
0956 IA H407 7/22/77 1302 - 1358 112 0.344 9 Ledge, 4700 Level, 37F Stope, Some 

Drill ing. 

TIlA-L054 



Table· 0-3 (continued) 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date On Off (liters) f!bers/cc (1. e. location! o2erationl activitlz etc_ ) 

0956 IB H417 7/21/77 0715 - 0859 208 I. 524 9 Ledge. 3950 Level. 24-25B Stope, Loaderl Cars 
with Ore_ 

0956 IB H90 7/21/77 1046 - 1232 212 0.D6 9 Ledge. 3950 Level. 24-25B Stope" Loaded Cars, 
Ate Lundl. 

0956 IB li310 7/21/77 1232 - 1405 18' 0.382 9 Ledge i 3950 Level, 24-25B Stope. 
0956 IB 11405 7/21/77 1405 - 1449 88 0.246 9 Ledge J 3950 Leve l J 24-25B Stope" 

TWA-0.632 

0956 IB 11312 7/22/77 0807 - 0955 216 0.307 9 Ledge, 4700 Level, 37F Stope, Slushing. 
0956 IB 11465 7/22/77 0955 - 1223 296 0.232 9 Ledge, 4700 Level, 37F Stope, Dr! II ing, 

Ate Lunch. 
~, 

0956 IB 11276 7/22/77 1223 - 1358 190 0.298 9 Ledge, 4700 Level, 37F StOPf; , Dri lUng. :, 
it:.' 
, I 

TWA-0.273 '~ 

'" 
0956 lJ 11124 7/13/77 808 - '907 118 0.745 9 Ledge, 5750 Level, 67-680 Stope, Wetted Ore. 
0956 1J 11145 7/13/77 907 1010 126 0.363 9 Ledge, 5750 Level, 67-68D Stope, Dr! lIed. 
0956 1J 11133 7/13/77 1011 - 1140 '176 0.325 9 Ledge, 5750 Level, 67-6~D Stope, Some 

Drllling, Ate Lunch. 
0956 lJ 11146 7/13/77 1140 - 1234 108 0.335 9 Ledge, 5750 Level, 67-680 Stope, Dri lled. 
0956 IJ 11131 7/13/77 1235 - 1309 68 0.496 9 Ledge, 5750 Level, 67-680 Sr.ope, Some 

Drilling. 
0956 1J 11109 7/13/77 1309 - 1355 92 :.204 9 Ledge, 5750 Level, 67-680 Stope, Prepared for 

Blasting. 
0956 lJ H137 7/13/77 1355 - 1443 96 0.100 9 Ledge. 5750 Level, 67-680 Stope. Prepared for 

BLasting, Put in Roof Bolts. 

TWA-D. 486 



Job Person Sample Sample cime 
code number number Date On Off 

0956 IK HilS 7/ll/77 808 - 907 

0956 IK HilS 1/13/77 907 - 1010 
0956 IK H136 7/1l/77 lOll - 1140 

0956 IK HI2S 7/13/77 1140 - 1234 
0956 IK HI25 7/13/77 1235 - 1309 
0956 IK 11143 7/13/77 Il55 - 1444 

0956 IK H2l5 7/20/77 0726 - 0646 

" I 
<- 0956 IK Hl41 7/20/77 1023 - 1139 .... 

0956 IK H352 7/20/77 1139 - 1332 
0956 IK H358 7/20/77 1332 - 1428 

0956 IL H140 7/19/77 0710 - 0845 

0956 lL HI75 7/19/77 1015 - 1134 
0956 lL HI76 7/19/77 1134 1300 
0956 IL HI95 7/19/77 1300 - 1433 

Table 0-3 (continued) 

Volume Concentracion 
(liters) fibers Icc 

118 0.214 

126 0.134 
178 0.068 

108 0.290 
68 1. 576 
98 0.184 

iWA-O.303 

160 0.16S 

152 2.010 
226 0.437 
112 0;376 

"'A-0.733 

190 0.140 

158 0.610 
172 0.182 
186 n (\"- c: 

Aeploduccd Irom 
hest available copy. 

Sample information 
(Le. location l oeeration, activity! etc. ) 

9 Ledge, 5750 Level J 67-68D Stope, Set Up for 
Drilling. 
9 Ledge, 5750 Level, 67-680 Stope, :Jri lled. 
9 Ledge I 5750 Level, .67-680 Stope, Some 
Drilling, Ate Lunch. 
9 Ledge, ·5750 Level. 67-680 Stope, Drilled. 
9 Ledge, 5750 Level, 67-68D Stope, Dr! lIed. 
9 Ledge, 5750 Level, 67-680 Stope. Pn~·pared for 
Blasting, Put in Roof Bolts. 

9 Ledge, 4400 l.evel, 31-32C/0 Stope, Slushing, 
Cable Repair. 
9 Ledge, 4400 Level, 31-32C/D Stope, Slushing. 
9 Ledge, 4400 Level, 31-32C/D Stope. 
9 Ledge, 4400 Level, 3t-32C/D Stope, Set Up for 
Drilling, Drilling. 

9 Ledge, 3650 Level, 18B Stope:, Setting Up 
Equipment. 
9 Ledge, 3650 Level, 18~ Stope. Lunch. 
9 Ledge. ]650 Level. IR" 0::: ~ ~ __ • - ---. --------



Table 0-3 (continued) 

Job Person Sample Samp Ie time Vo lume Concentration Sample information 
code number number Date On Off (liters) fibers/cc (1.e. location E °eerat.ion! act.ivit.:!! et.c. ) 

0956 IN il438 7/20/77 730 - 914 208 0.278 9 Ledge, 4250 Level, 36-37B/C St.ope, Some 
Drilling. 

0956* IN H445 7/20/77 914 - 930 0 0.000 9 Ledge. 4250 Level, 36-37B/C Stope. Dropped 
Filter. Voided for Fiber Count. 

0956 IN H439 7/20/77 931 1058 174 0.076 9 Ledge, 4250 Level, 36-378/C Stope. Some 
Drilling, Ate Lunch. 

0956 IN H432 7/20/77 1125 - 1304 198 0.450 9 Ledge, 4250 Level. 36-37B/C Stope. Some 
Dr! 11 ing. 

11IA'-0.276 

0956 10 H440 7/20/77 731 915 208 0.573 9 Ledge, 4250 Level, 36-378/C Stope, Some 
Or! 11 inS'. 

t1 0956 10 H449 7/20/77 915 - 1058 206 0.164 9 Ledge. 4250 Level, 36-37B/C Stope, Some , Dr! 11 ing, 
~ 

Ate Lunch. 
co 0956 10 H451 7/20/77 1127 - 1304 194 0.217 9 Ledge, 4250 Level, 36-37B/C Stope, Drilling. 

0956 10 H434 7/20/7] 1304 - 1432 176 0,513 9 Ledge, 4250 Level, 36-37B/C St.ope .• Dr! lUng. 

11IA-0.364 

0956 lP H431 720/77 916 - 1055 198 0.341 9 Ledge, 4250 Level, 36-37B/C Stope, Some 
Drilling, Ate Lunch. 

111"-0.341 

* Not.e: This sample is not included in the TWA and Statistical Results. 



Table D-3 (continued) 

Job Person Samp le Sample time Volume Concentration Sample information 
code number number Date On Off (liters) fibers/cc (i.e. location._ operation, activity, et.c. ) 

0956 lQ 1\408 7/19/77 702 - 0901 238 0.025 9 Ledge, 3950 Level, 18G St.ope. Set. Up 
Equipment.. 

0956 lQ 1\402 7/l9/77 090l - 1143 324 0.190 9 Ledge, 3950 Leyel, 18G Stope. 
0956 lQ H411 7/19/77 1143 _ 1312 178 0.636 9 Ledge. 3950 Level. 18G Stope. Drilling. 
0956 lQ H400 7/19/77 1312 - 1421 138 0.131 9 Ledge. 3950 Level, lBG Stope. Some Drilling. 

'IWA-O.226 

0956 lR H406 7/19/77 0718 - 0935 274 0.105 9 Ledge. 3950 Level, 18G Stope, Set Up 
Equipment. 

0956 lR H404 7/19/77 0935 - 1144 258 0.075 9 Ledge, 3950 Level. 18G Stope. 
0956 " lR H409 7/19/77 1144 - 1312 176 0.897 9 Ledge, 3950 Level, lBG Stope. Drilling. 
0956 lR H4l2 7/19/77 1312 - 1420 136 0.027 9 Ledge. 3950 Level. l8G Stope, Some Drilling. 

'" I TWA-0.248 .. 
~ 

0956 lV H306 7/.l9/77 706 - 850 208 0.666 9 Ledge. 365(1 Level. 27D,Stope. Set Up 
Equipment. Some Dri 11 fng. 

0956 IV H274 7/19/77 850 - 1104 268 0.279 9 Ledge, 3650 Level, 27D Stope, Dr·flling. 
0956 IV H302 7/19/77 1315 - 1440 l70 0.170 9 Ledge, 3650 Level. 270 Stope. Some Dr! 11ing. 

TWA'-0.375 

0956 til HIOI 7/19/77 706 - 850 208 0.434 9 Ledge, 3650.Level, 270 Stope, Some Drilling. 
0956 HI H278 7/19/77 850 -" 1104 268 0.431 9 Ledge. 3650 Level, 270 Stape, Drilling. 
0956 HI H305 7/19/77 1315 - 1440 170 0.425 9 Ledge, 3650 Level, 270 Stope, Some Drilling. 

TWA-0.430 



l\'?" ',_. -:.:,-. 

~, 

Table 

Job Person Sample Samp le time Volume 

code number number Date On Off (lite.rs) 

0956 lY 11221 7/14/77 0745 _ 0950 232 

0956 1Y H216 7/14/77 0950 - 1143 226 

0956 1Y H203 7/14/77 1143 - 1313 180 

0956 1Y 11197 7/14/77 1313 1457 208 

0962 Ie H237 7/13/77 833 - 1007 188 
(ll)6Z 1G HI80 7/1B/77 07(10 - 0833 186 

f, 
~. (1962 Ie H140 7/18/77 1(107 - 12-10 246 , 

0962 Ie BI6B 7/18/77 1210 - 1430 280 
~~ t::1 

t 0. 
i;. 0 

f 
~. 0963 1L H337 7/18/77 703 806 126 
L 
I"" 

7/18/77 806 909 126 ~ 0963 1L H56 -
,'/ 
(. 

0963 1L H267 7/18/77 909 - 1010 l22 
~ 
} 0963 1L H121 7/18/77 10lD - 1216 252 
(., 0963 1L H115 7/18/77 1216 - 1327 142 ... , 0963 1L H321 7/18/77 1327 - 1437 140 
f~ ,. 
f 
iL 
f 
~-
~. 

t 
11' 
~; 

f 
" t < 

0-3 (continued) 

Concentration 
fibers/cc 

0,296 

1.715 

1. 216 
0.156 

TWA-0.836 

0.045 
0.123 

0.078 
2.258 

TWA-D. 759 

0.191 

5.018 

. 3.085 
0.540 
0.483 
1.677 

TIl'A-1.62 1 

, 

Sample informacion 
(t.e. location, operation. activity. etc.) 

9 Ledge, 5450 Level. 66-67C Stope, Se't Up 
Equipment, Some Slushing. 
9 Ledge, 5450 Level, 66-67C Stope, Some 
Dril ling, Ate Lunch. 
9 Ledge, 5450 Level, 66-67C Scope, Dr! Uiog. 
9 Ledge, 5450 Level, 66-67C Stope, Drilling. 

9 Ledge, 17(10 Level, 24A Stope. 

9 Ledge J 1700 Level. 24A Stope, SeC Up Drill 
EqUipment. 
9 Ledge, 17C!C! Level, 24A Stope. 
9 Ledge, 1700 Level, 24A Stope. 

9 Ledge, 2150 Level, at Motor Barn, Puc Up 
Door. 

9 Ledge, 2150 Level, Some Drilling. Puc Up 
Door. 

9 Ledge, 2150 Level, Put Up Door. 
9 Ledge. 2150 Level, Put Up Door, ACe Lunch. 
9 Ledge. 2150 Level, Worked on Gate • 
9 Ledge, 2150 Leve 1, Worked on Gate. 

i 
I 

I 
! 

.! , 



Table 0-3 (continued) 

Job Person Sample Sample time Volume Concentration Sample informBtion 
code number number Dne On Off (liters) fibers/cc (Le. location E oEeration l activit}:! etc. ) 

0966 IA H357 7/21/77 0714 - 0856 204 0.575 9 Ledge. 3950 Level. 24-258 Stope, Set Up 
Slushing Equipment. 

0966 IA H205 7/21/77 0856 - 1049 226 0.208 9 Ledge. 3950 Level J 24-25B Stope, Slushing. 
0966 IA H250 7/21/17 1049 - 1236 214 0.657 9 Ledge, 3950 Level, 24~25B Stope, Ate Lunch, 

Slushed. 
0966 IA H418 7/21/77 1236 - 1401 170 0.120 9 Ledge, 3950 Level, 24-25B Stope. 
0966 IA H387 7/21/77 1""01 - 1449 96 0.106 9 Ledge J 3950 Level, 24-258 Stope. 

TIIA-0.420 

0966 IL H368 7/20/77 0848 - 1012 168 0.151 9 Ledge, 4400 Level, 31-32C/D Stope, Pulled 
Chute, Put Car Back on Track. 

0966 IL H344 7/20/77 1012 - ll53 202 0.060 9 Ledge, 4400 Level) 31-32C/D. ~.tOP2. Pulled 

~ 0966 
Chute, Ate Lunch. 

IL H210 7/20/77 1153 - 1311 156 0.093 9 Ledge. 4400 Level. 31-32C/D Stope, S=e 
Pulling of Chute. 

0966 IL H346 7/20/77 1311 - 1427 152 0 .. 452 9 Ledge, 4400 Leve l, 31-32C/D Stope. Set Up 
and Dd lled. 

TIIA-0.178 

0966 1M M311 7/19/77 0712 - 0845 186 1.942 9 Ledge, 3650 Level, 18B Stope, Set Up Drill 
Equipment. 

0966 1M H200 7/19/77 0845 - 1014 178 3.229 9 Ledge, 3650 Level, IBS Stope, Ori 11 Sampling. 
0966 1M H2B3 7/19/77 1014 - ll34 160 . 3.838 9 Ledge, 3650 Level, 18S Stope, Ate Lunch. 
0966 1M H281 7/19/77 1134 - 1301 174 6.056 9 Ledg~, ]650 Level, IBB Stope. 
0966 1M H134 7/19/77 1301 - 1433 184 2.247 9 Ledge, 3650 Level, ISB Stope. 

TIIA-3.421 



t:": 
ffj 

r Table D-3 (continued) 

r 
f Job Person S amp Ie Samp Ie time Volume Concentration Sample information 
i" code number number C'a t e On off (liters) fibers/cc (Le. location l °eeratioo t aetivitlE etc. ) ~: 

( 

~, ' 

0973 II 1-1246 7/18/77 081(1 [004 228 0.433 9 Ledge. 2150 Level, 49 Crosscut. Assemble 
Ring Drill. 

:~, 0973 1I HI86 7/18/77 1004 1142 196 0.092 9 Ledge, 2150 Level, 49 Crosscut. Assemble ; ,,' Ring Dri U. 
i, (97) II H232 7/18/77 1142 - 1348 252 0.005 9 Ledga, 2150 Level, 49 Crosscut, Repair 
t Ring Dr! 11. 
L: 0973 I I HI82 7/18/77 1348 - 1449 122 0.039 9 Ledge, 2150 Level, 49 Crosscut, Repair 
f. , Ring Drill. 
;. 
;- 'ITlA-0.154 
t· 
£1 ; 0976 IA H242 7/14/77 834 - 932 116 0.187 9 Ledge, 5450 Level, 64-65D Stope, Set Up 

~-: Slusher'. 
.'"' 0976 IA H224 7/14/77 933 1038 130 0.639 9 Ledge, 5450 Level. 64-650 Stope, Loading 
:;:,.0 

5-' I Ore into Cars. 
c~ , ~ 0976 IA H238 7/14/77 1039 - 1154 150 0.698 9 Ledge, 5450 Level, 64-65D Stope, Slushing, 
~ 
" Ate Lunch. f· 

" 0976 IA H240 7/14/77 1154 - 1252 116 0,602 9 Ledge, 5450 Level, 64-65D Stope. Slushing, 
F !-. Drilling. 
;,! 0976 IA H230 7/14/77 1252 1402 :40 0.224 9 Ledge, 5450 Level. 64-65D Stope, Drilling • 
. :'; 0976 IA H241 7/14/77 1403 - 1451 96 4.921 9 Ledge, 5450 Level, 64-65"D Stope, Some 

" 
Drilling. 

:.~ 
',; TWA-1.047 i: , 
" 



Tab.le 0-3 (continued) 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date On Off (lIters) fibers/cc (!. e. location! o~eratton! activitIz etc.) 

0976 IX H215 7/14/77 0745 - 0950 232 0.535 9 Ledge, 5450 Level, 66-67G Stope, Wet Ore. 
Set Up Equipment. 

0976 IX H206 7/14/77 0950 - 1143 226 0.410 9 Ledge~ 5450 Level, 66-67e Stope, Some 
Drilling, Ate Lunch. 

0976 IX H214 7/14/77 1143 - 1313 180 0.462 ~ Ledge,. 5450 Level, 66-67e Stope, Drilling. 
0976 IX !f198 7/14/77 '1313 - 1348 70 0.344 9 Ledge, 5450 Ll!vel. b6-67e Stope, Some 

Drilling. 
0976 IX 11220 ;/14/77 1352 - 1457 [30 0.037 9 Ledge, 5450 Level, 66-67C Stope, Some 

Drilling. 

>WA-0.392 

0976 lZ H226 7/14/77 828 - 932 128 [.103 9 Ledge, 5450 Level, 64-65D Stope, Removing 

l' 
Loose Rock and Wetting Ore. 

0976 II H227 7/14/77 933 - 1026 106 0.534 9 Ledge., 5450 Level, 64-650 Stope, Slushing, 
V> 
w Wetting Or-e. 

0976 lZ H236 7/14/77 1026 - 1ls) 174 0.,~6[ 9 Ledge. 5450 Level. 64-65D Stope,. Slushing, 
Ate Lunch. 

0976 lZ H222 71l4/77 ll53 - 1252 .JI8 [,276 9 Ledge, 5450 Level. 64-65D Stope. Slushing. 
Dr! 11 ing. 

0976 lZ H243 7/14/77 1254 - [402 136 0.195 9 Ledge, 5450 Level. 64-65D Stope% Drilling. 
0976 lZ H223 7/14/77 , 1403 - [446 86 0.490 9 Ledge, 5450 Level, 64-65D Stope, Some 

Drilling. 

TWA-0.781 



Table- 0-3 (com:inued) 

Job Ferson Sample Sample time Volume Concentration Sample information 
code number number Dat.e On Off (liters) fibers/ce (I.e. location, °eeratioo l activlt::it etc .. ) 

(>982 IE H379 7/1B/77 720 ~ 90a· 216 0.045 9 Ledge, 2000 Leve I, 45~51C/H Blast Hole, 
Drilling. 

0982 IE HJ72 7/18/77 90B - 1117 258 0.121 9 Ledge, 2000 Level, 45-5IG/1I Blast Hole. 
Drilling. Ate Lunch. 

0932 IE 11376 7/1B/77 IIll - LJI2 115 0.021 9 Ledge. 2000 Level, 45-5IG/H Blast Hole, 
Prepared for Blasting. 

09B2 IE H374 7/1B/77 1312 - 1433 162 0.134 9 Ledge, 2000 Level, 45-5IG/II Blast. Hole. 
Prepared for Blasting. 

ThlA-O.07B 

0986 IN 11212 7/19/77 0714 - 0846 164 2.636 9 Ledge, 3650 Level, 18B Stope. Set Up 
Equipment.. 

0986 IN 11144 7119/77 0846 - 1014 176 6.124 9 Ledge, 3650 Level, IBB Stope. Remove Ore 
d , and lIau 1 Equipment. 
'" 11269 7/19/77 1014 - 1 US 162 9.812 9 Ledge. 3650 Level, 18B Stope. .f:- 0986 IN 

0986 IN H271 7/19/77 1135 - 1302 174 0.923 9 Ledge, 3650 Level, 188 Stope. 
0986 IN Hl99 7/19/77 1302 - 1434 184 ().977 9 Ledge. 3650 Level, IBB Stope. 

Th'A-tf. (\ 11 

0986 IP . H444 7/20/77 730 - 916 212 0.057 9 Ledge. 4250 Level, 36-37B/C Stope, Some 
Drilling, Took Break. 

0986 IP H431 7/20/77 916 - 1055 198 0.341 9 Ledge, 4250 Level, 36-37B/C Stope, Some 
Drilling; • Ate Lunch. 

0986 IP 11441 7/20/77 1125 - 1305 200 0.030 9 Ledge. 4250 Level. 36-37B/C Stope. Dri lUng. 
0986 IP 11442 7/20/77 1305 - 1430 170 0.IB4 9 Ledge. 4250 Level, 36-37B/C Stope, DrilUng. 

ThlA-0.150 



Table D-3 (continued) 

Job Person Sample Semple time Volume Concentration Sample information 
code number number Date On Off (liters) fibersfcc (1. e. location l 0E!eration t activity, etce') 

0986 IP H217 7/19/77 0705 - 0850 210 1.125 9 Ledge, 425(, Level, 36-37B{C Stope. Set Up 
Equipment. 

0986 IP 11292 7/19/77 0850 - 1100 260 ..).056 9 Ledge, 4250 Level, 36-37B/C Stope, Some 
Drill ing. 

0986 IP 11225 7/19/77 1100 - 1315 270 0.165 9 Ledge, 4250 Level, 36-37B/C Stope, Some 
Dri 11 ing. Ate Lunch. 

0986 IP 11209 7/19/77 1315 - 1440 170 0.248 9 Ledge, 4250 Level. 36-37B/C Stope, Some 
Drilling. 

TWA-0.37I 



Table D-4. Airborne sClmple results for fibers >5 ~m in length for underground 
employees on the Hain Ledge of the Homestake Gold Min~. 

Job Person Samp Ie Sample time Volume Concentration Sample information 
code number number Date On off (liters) fibers/cc ( i.e~ location! 02eratioot activity! ecc.) 

1O10 Ie 11]65 7/21/77 072S - 0916 216 1. 161 Main Ledf;e. 4250 Level, He Stope, Set Timber 
for Track. 

1010 Ie 11446 7/21/77 0916 - 1047 182 0.119 Main Ledge. 4250 Level, 71e Scope, Waited for 
Timber to Arrive. 

lOW Ie 11441 7/21/77 1047 - 1248 242 0.264 Main Ledge, 4250 Level, He Stope, Ate Lunch, 
Blasted and Worked on Timberline. 

1010 lG 11469 7121/77 1248 - 1416 196 0.510 Main Ledge. 4250 Level. 7lC Stope, Worked on 
Timberline. 

TWA-D. 522 

lOlO 111 H443 7/21/77 0728 - 09117 218 l. 741 Hain Ledge, 4250 Level, 7le Stope, Set Timbers 

'" 'l'1no 
for Track. , III H375 7/21/77 0917 - 1055 196 0.221 Hain Ledge, 4250 Level, 7le Stope, Waiting 

~ 
~ for Timber. 

10lQ 111 11435 7/21/77 1055 - 12 l.8 226 0.888 Hain Ledge, 4250 Level, 7le Stope, Ate Lunch, 
Blasted and Worked on Timberline. 

10lD 111 11448 7/21/77 1248 - 1426 196 D.913 .Main Ledge, 4250 Level, 7lC Stope. Worked 
on Timberline. 

1WA"'-O.960 



Table 0-4 (eontinued) 

Job Person Sample Sample time Volume Coneentration Sample informativn 
code number number Date On Off (liters) fibcrs/cc (i.e. location~ oeeratlon, actlvltll etc. ) 

1033 Ie H69 7/12/77 910 - 1145 310 0.144 Main Ledge, 65UO Level, Helped in Slushing, 
Ate Lunch~ 

1033 Ie H61 7/12/77 0810 - 909 136 4.591 Hain Ledge, 6500 Level, Hauling Rock. 
Pulling Raise. 

1033 Ie H70 7/12/77 1145 - 1llO5 520 0.167 H'a in Ledge, 6500 Level. Helped Huck and Slush 
are. 

1033 Ie 1167 7/12/77 1405 - 1525 160 0.602 Hain Ledge, 6500 Level, Helped Huck and Slush, 
Drove Motor Gar. 

!\IA-0.917 

1043 lR 11261 7/14/77 0715 - 0852 194 0.223 Hain Ledge. 6050 Level ~ 90 Pillar. Wet 
Drilling. 

'i' 
1043 IR H265 7/14/77 0852 - 1043 222 2.956 Main Ledge, 6050 Level. 90 Pillar, Bore 

en Machine Drilling. 
-s 1043 IR 1!255 7/14/77 1043 - 1213 160 5.231 Main Ledge, 6050 Level, 90 Pillar. Bore 

Machine Drilling, Ate Lunch. 
1043* IR H268 7/14/77 1213 - 1404 222 0.000 Main Ledge, 6050 Level, 90 Pillar, Bore 

Machine Drilling. Cap Left on Sample. Voided 
For Fiber Count. 

1043 IR H266 7/14/77 1404 - 1446 84 6.647 Main Ledge, 6050 Leve l, 90 Pillar, Bore 
Machine-Drilling. 

!\IA-2.438 

* Note: This sample not included In the TWA and Statistical Result5. 



Table D-4 (continued) 

Job Person Sample Sample eime Volume Concentration Sample information 

code number number Date On off (liters) fibers/cc (Le. location! oEeration! activitYt etc. ) 

to44 IS H248 7/14/77 0717 - 0850 186 3.431 Hain Ledge, 6050 Level, 90 Pillar J Assist in 
Bore Hachine Drilling. 

1044 IS H257 7/14/77 0850 - 1042 224 1.917 Hain Ledge, 6050 Level, 90 Pillar. Bore 
Machine DriUing, At.e Lunch. 

1044 IS H234 7/14/77 1042 1212 180 3.579 Hain Ledge, 6050 Level, 90 Pillar, Bore 
Machine Drilling. 

lQ44 IS H23) 7/14/77 1212 - 1401 218 2.210 Main Ledge, 6050 Level, 90 Pillar. Bore 
Machine Drilling. 

1044 15 H264 7/14/77 1401 - 1446 90 1. 2 71 Main Ledge, 605.0 Leve1 9 90 Pillar. Some 
Drilling. 

TIlA-2.570 

1054 1] H416 7/21/77 748 - 945 234 4.889 Main Ledge, 4250 Level. 70 Crosscut., Some 

" Ddlling 1 Took Break. 
I 

~ 1054 IJ H403 7/21/77 945 - 1152 254 [.831 Hain Ledge, 4250 Level. 70 Crosscut, Drilled. 
t.ce Lunch~ 

1054 1] H307 7/21/77 1152 - 1330 196 0; 172 Jia 1-0 Ledge, 4250 Level, 70 Crosscut, Dri lled. 

1054 1] H316 7/21/77 1330 - 1439 138 4.625 Ha in Ledge, 4250 Level. 70 Crosscut. ,. Prepared 
for Blasting. 

TIlA-2.775 

1054 IL H381 7/21/77 0747 0945 236 0.250 Hain Ledge. 4250 Level, 70 Crosscut, S'et Up 

Equipment, Wet Ori lUng. 

1054 lL H294 7/21/77 0945 - 1130 210 0.080 Hain Ledge, 4250 Level, 7!) Crosscut, Some 

Drilling, Ate Lunch. 

1054 IL H414 7/21/77 1155 - 1333 -196 1.360 Main Ledge, 4250 Level. 70 Crosscut. Drilled. 

1054 IL H219 7/21/77 1333 1442 138 3.148 Hain Ledge, 4250 I;.eve't , 70 Crosscut-, Prepared 
for .Blasting. 

TWA-O.996 



Table 0-4 (continued) 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date- On Off ~liters) Eibers/cc ~Le. location! oeeration z activit~l etc. ) 

1055 IF H07 7/12/77 0758 - 0958 240 2.835 Hain Ledge, 6500 Level, Hucked, Slushed 
and Dumped Ore. 

1055 IF H25 7/12/77 0958 - 1146 216 0.784 Main Ledge, 6500 Level, Hucked, Slush2d. 
lOSS IF HIS 7/12/77 1146 - 1408 284 0.986 Hain Ledge, 6500 Level, Hucked, Slushed. 

Ate Lunch. 
lOSS IF HOI 7/12/77 1408 - 1528 160 0.489 Main Ledge, 6500 Level, Set Up Drilling 

Equipment. 

TWA-1.342 

1056 IC H49 7/12/77 0805 - lOSS 180 0.335 Hain Ledge, 6800 Level, 93-94C Cutting Sill, 
Slushing. 

1056 Ie H45 7/12/17 !j01 - 1531 180 0.381 Main Ledge, 6800 Level. 93-94C Cutting S111. 

T' Slushing. 
~ 

'" TWA-0.357 

1056 IJ III 3 7/12/77 0815 - 0918 126 0.048 Main Ledge, 6050 Level. 89E Stope, Set Up 
Drill Equipment. 

1056 lJ H80 7/12/77 0918 - 1145 294 0.258 Main Ledge, 6050 Level, 89E Stope, Pulling 
Chute, Lunch. 

1056 lJ H39 7/12/77 1145 - 1322 194 0.719 Hain Ledge. 6050 Level J 89E Stope. Dri 11 ing. 
1056 lJ HI6 7/12/77 1322 - 141.8 1I2 2.444 Main Ledge, 6050 Level. 89E Stope, Dri 11 ing. 
1056 IJ H37 7/12/77 1418 - 1458 80 1. 785 Main Ledge, 6050 Level, 89E Stope, Dr! 11 ing. 

TWA-0.791 



Table D-4 (continued) 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date On Off (J Hers) fibers/cc (Le. location z o2erationz activitl! et.c. ) 

10'56 lK 1l7S 7/12/77 0815 - 0918 126 0.363 Main Ledge". "6050 Level, 
for Drilling, Drilling. 

89£ Stope, Set Up 

1056 IK H91 7/12/77 0918 - 1025 134 0.620 Hain Ledge, 6050 Level, 89£ St.ope, Drilling. 
1056 IK 1192 7/12/77 1025 - 1207 204 0.331 Hain Ledge. 6050 Level. 89£ Stope. Star.ted 

Slushing. At.e Lunch. 
1056 lK H77 7/12/77 1207 - 1321 148 0.651 Main Ledg~) 6050 Level. 89E St.ope. Drilling. 
1056 lK HI7 7/12/77 1322 - 1418 112 1.064 Hain Ledge. 6050 Level. 89E Stope, Drilling. 
1056 lK 1122 7/12/77 1418 - 1459 82 1.145 fo' .in Ledge, 6050 Level. 89E Stope. Drilling. 

'!WACO. 627 

1057 10 H350 7/21/77 855 - 1055 240 0.226 Hain Ledge, 4100 Level. S8E Stope, Timber 
Stope. Ate Lunch. 

1057 ID H41 7/21/77 . 0723 - 0855 184 0.808 Hain Ledge, 4100 Level. 5BE Stope, Timber 
? Stope. 
0-

7/21/77 1146 - 1323 194 0.273 Hain Ledge. 4100 Level. 58E Stope. D 1057 10 H343 
1057 10 H162 7/21/77 1324 - 1416 104 0.197 Hain Ledge. 4100 Level, 58£ Stope. Bracing. 

'!WA-0.383 

1057 ID H380 7/22/77 0746 - 0940 228 0.059 Main Ledge, 4100 Level, 61 Crosscut, CU" 
and Stand Timber. 

1057 10 H462 7/22/77 0940 - 1149 258 1.111 Hain Ledge, 4100 Level, 61 Crosscut. Cut and 
Stand Timber. 

1057 10 H390 7/22/77 1149 - 1329 200 0.217 Main Ledge, 4100 Level,. 61 Crosscut. 
1057 ID HIS7 7/22/77 1329 - 1445 152 0.222 Hain Ledge, 4100 Level, 61 Crosscut. 

'!WA-0.450 



Table D-4 (continued) 

Job Person Sample Sample tIme Volume Concentration Sample information 
code number number Date On Off (1 Hers) f1bers/cc (1. e. locatioo r o~eration! activit!z erce) 

1057 IE 11228 7/21/77 0725 - 0855 180 0.107 Hain ledge, 4100 Level, 58E Stope. 
1057 IE 11251 7/21/77 1322 - 1416 108 0.100 Main Ledge, 4100 Level. 58E Stope. 

TIIA-0.I04 

1057 IE 11331 .7/22/77 0745 - 0939 228 0.185 Hain Ledge, 4100 Level J 61 Crosscut_ 
1057 IE 11427 7/22/7} 0939 - 1149 260 0.435 Hain Ledge, 4100 Level. 61 Crosscut, Cut 

and Stand Timber. 
1057 IE 11385 7/22/77 1150 - 1445 350 0.206 Matn Ledge, 4100 Level. 61 Crosscut. 

TIIA-O. 2 71. 

1060 IE 1153 7/12/77 0810 - 1050 320 0.117 Hain Ledge, 6800 Level. in Pump Room. 

l' 
RepaIred Track. 

1060 IE II".~ 7/12l77 1050 - 1531 562 0.528 Main Ledge, 6800 Level. Repaired TrSlck. Ate 
'" Lunch. 

TIIA-0.379 

1076 lD H44 7/12/77 0840 - 1053 266 0.804 Main Ledge, 6800 Level. 93-94G Cutting Sill. 
Slushing. 

1076 lD 1143 7/12/77 1053 - 1305 264 0;420 Hain Ledge, 6800 Level: 93-94C Cutting Sill , 
Ate Lunch. 

1076 ID H51 7/12/77 1306 - 1531 290 0.514 Hain ,Ledge. 6800 Level D 93-94G Cutr.ing Sill J 

Cleaned Mud from Slusher. 

TII'\-O. 578 



Table 0-4 (contInued) 

Job Person Samp Ie Sample time Volume Concentration Sample information 
code number number Date On Off (liters) fibers/cc (i.e. location! o~erationz activit!! etc. ) 

1086 lL H83 7/12/77 0815 - 0918 126 0.268 Main Ledge. 6050 Level~ 89E Stope, Set Up 
and Drilling. 

[086 lL H84 7/l2/77 0918 - 1025 l34 0.467 Main Ledge, 6050 Level. 89E Stope, Dr! II ing. 
[086 lL H120 7/l2/77 1025 - 1207 204 0.277 Main Ledge, 6050 Level. 

Ate Lunch. 
89E Stope. Slushing. 

1086 lL H119 7/l2/77 1207 - 1322 150 0.602 Main Ledge, 6050 Level, 89£ Stope. Drilling. 
1086 lL H33 7/l2/77. 1321 - 1418 114 0.549 Hain Ledge, 6050 Level. 89E Stope, Drilling. 
1086 lL H34 7/12/77 1418 - 1458 SO 0.587 Main Ledge. 6050 Level. 89E Stope. Drilling. 

TIIA-0.437 

1090 IH ii421 7/21/77 B05 - 930 170 0.0][ Main Ledge, 4100-4250 Levels, Went to 
62 Crosscut: and 71 Pillar West. 

" 1090 IH H413 7/21/77 930 - 1058 116 0.212 Main Ledge, 4100-4250 Levels, Went to 58C , 
East. 61 Timberline, 7le Timber and 70 Dr1ft~ ~ 

~ 1090 11{ H415 7/21/77 1157 - 1327 IBO 1.079 Main Ledge. 4~OO-4250 Levels, Went to 
64-65C Stope. 

1090 IH HI07 7/21/77 1327 - 1414 94 0.410 Main Ledge. 4100-4250 Levels. Went to 4400 
Level. 71 Crosscut. 

TIIA-0.455 



Table 0-5. Airborne sample results for fibers >5 urn in length for underground 
employees on the 11 Ledge of the Hornestake Gold Mine. 

Job Person Sample Sample time Volume Concentration Sample information 
cod'e number number Date· On Off (liters) fiberslcc (1.e. location z 0eeration t activltYE etc. ) 

1128 IX H471 7/20/77 0646 - 0821 190 0.771 11 Ledge, 4550 Level, 24-26 Stope, Back Filling 
With Sand, Plugging Holes With Burlap. 

l!28 IX H478 7/20/17 0822 - 1021 238 0.162 II Ledge, 4550 Level, 24-26 Stope, Back Filling 
With Sand. 

1128 IX H491 7/20/77 1022 - 1152 180 0.535 Il Ledge, 4550 Level, 24-26 Stope, Ate Lunch. 
1128 !X H482 7/20/77 1152 - 1410 276 0;345 11 Ledge, 4550 Level, 24-26 Stope. 

Th'A-0.426 

1128 IY H473 7/20/77 0643 - 0835 224 0.226 11 Ledge, 4550 Level, 24-26 Stope. Applied 
Sand and Water. 

ll28 Iv 11489 7/20/77 0835 - 1031 232 0.176 11 Ledge, 4550 Level, 24-26 Stope, Fi lIed 

l' 
Hanway With Sand. 

~ 
1128 Iv 11483 7/20/77 1031 - 1204 186 0.376 11 Ledge, 4550 Level, 24-26 Stope, Fi lied 

w Hanway. 
1128 IY H486 7/20/77 1204 - 14D 262 0,303 11 Ledge, 4550 Level, 24-26 Stope~ 

Th'A-0.266 

1128 12 11471 7/20/77 0645 - 0829 208 0.174 11 Ledge, 4550 Level, 24-26 Stope, Load 
EqUipment. 

1128 12 11487 7120/77 0830 - 1025 230 0.14'1 11 Ledge, 4550 Level. 24-26 Stope, SandHU .. 
1128 12 H485 7/20/77 1026 - 1154 176 0.062 Il Ledge, 4550 Level, 24-26 Stope, Ate Lunch. 
1128 12 11488 7/20/77 1154 - 1317 166 0.036 II Ledge, 4550 Level, 24-26 Stope, SandfiU. 
1128 12 H484 7/20/77 1317 1436 158 0.137 II Ledge. 4550 Level., 24-26 Stope, Lowered 

Equipment. 

Th'A-O.114 

I 
.J 



Table 0-:--5 (continued) 

Job Person Sample Sample time Volume Concentration Sample information 

code number number Date On Off (liters) fibers! cc (Le. location l o~erationz activitl1 etc. ) 

1141 Ie H156 7/14/77 910 - 1030 280 0.009 Il Ledge. 5600 Level. 55 Pillar, S~e Drilling. 

\141 Ie H166 7/14/77 0751 - 908 154 0.242 Il Ledge, 5600 Level, 55 Pillar. SOme Drilling. 

ll41 Ie HI69 7/14/77 1030 - 1125 110 0.011 Il Ledge, 5600 Level. 55 Pillar. SOme Dri lUng, 
Ate Lunch. 

ll41 Ie HI72 7/14/77 1125 - 1259 188 0.032 11 Ledge. 5600 Level. 55 Pillar. Drilling, 
Some Slushing. 

ll41 Ie HI83 7/14/77 1300 - 1420 160 0.000 11 Ledge. 5600 Level. 55 Pillar. Drilling 
and Pulliog Core. 

ThlA-0.060 

1142 10 H150 7/14/77 857 - 1030 186 0.013 11 Ledge. 5600 Leve~, 55 Pillar. Some Drilling. 

ll42 10 H148 7/14/77 0749 - 0854 130 0.120 11 Ledge, 5600 Level. 55 Pillar, Dri 11 ing 
and Pulling Ore. 

" , 1142 lD HI59 7/14/77 1030 - 1125 110 0.022 11 i-edge. 5600 Level, 55 Pillar, Ate Lunch.' 

'" ". /142 10 H149 7/14/77 1125 - 1300 190 0.019 11 Ledge. 5600 Level. 55 Pillar, PUlling Ore. 

1142 10 HI88 7/14/77 1301 - 1420 158 0,030 11 Ledge. 5600 Level, 55 !.'!.llar, Drilling 
and Pulling Core. 

ThlA-0.037 

ll56 lD H97 7/13/77 920 - 1015 110 1.286 11 Ledge. 5450 Level, 49-51 Stope. Set Up 

Drilling. 

ll56 10 H04 7/13/77 1015 - 1250 310 0.105 11 Ledge, 5450 level. 49-51 Stope. Some 
Dri 11 ing, Ate Lunch. 

1156 ID H05 7/13/77 1250 - 1405 150 0.361 11 Ledge, 5450 Level. 49-51 Stope .. 

1156 lD H58 7/13/77 1407 - 1443 72 0.368 11 Ledge. 5450 Level, 49-51 Stope. 

ThlA-0.397 



Table o-S (continued) 

Job Pel'son Sample Sample time Volume Concentration Sample information 
code number number Date On Off (liters) fibers/ec (i ••• loeatfon E o~eratfon. activlt~t etc. ) 

1156 IE 1123 7/lJ/77 922 - 1020 116 0.031 11 Ledge, 5450 Level, 49-51 Stope, lIet 
Drilling. 

1156 IE 1113 7/13/77 lG:'!O - 1250 300 0.096 11 Ledge, 5450 Level, 49-51 Stope, Drilling, 
Ate Lunch. 

TIlA-0.076 

1156 lG 11171 7/13/77 0946 - 1026 80 0.135 11 Ledge, 5300' Level, 49D Stope. Drilling. 
1156 lG H161 7/13/77 1028 - 1111 86 0.042 11 Ledge, 5300 Level. 490 Stope, Dri 11 Ing. 
1156 lG H163 7/13/77 1111 - 1216 130 0.019 11 Ledge, 5300 Level, 49D Stope, Some 

Drilling and Ate Lunch. 
1156 lG Hl64 7/13/77 1216 - 1244 56 1.226 11 Ledge, 5300 Level, 49D Stope, Some Drilling. 
1156 IG Hl65 7/13/77 1244 - 1410 172 0.042 11 Ledge, 5Joo Level, 490 SLope, Cleaned Area 

l' for Blasting. 
a> 
'-" TIlA-O. 177 

1156 III HI89 7/13/77 0859 - 0952 106 0.045 11 Ledge, 5300 Level. 490 Stope, Wetted Ore, 
Drilled. 

1156 IH HI52 7/13/77 0952 - 1052 120 0.120 11 Ledge, 5300 Level. 490 Stope. Drilled. 
1156 III H179 7/13/77 1052 - un 80 0.316 11 Ledge, 5300 Level, 490 Stope, Dri lled, 

Ate Lunch. 
1156 III Hl77 7/13/77 1133 - 1220 94 0.256 II Ledge., 5300 Level, 49D Stope, Drilled. 
1156 lH HI91 7/13/77 1220 - 1340 160 3.305 11 Ledge, 5300 Level, 490 Stope. Some 

Drilling. Prepared for Blasting. 
lI56 lH H170 7/13/77 1340 - 1410 60 0.723 11 Ledge, 5300 Level, 490 Stope,· Prepared 

for Blasting. 

TIlA-1.033 



Table 0-5 (continued) 

Job Person Sample Sample time Volume Concent ra t Ion Sample information 
code number number Date On Off (liters) fibers/cc (1 ••• location l o~eration! activ~-y! etc. ) 

1156 IH HI55 7/13/77 08(16 - 0838 64 0.489 11 Ledge. 5750 Level. 57C Stope. Fixed Slusher 
Blocks. 

1156 IH H139 7/13/77 0838 - 0922 88 3.839 11 Ledge. 5750 "Level. 57C Stope. Yerted are. 
Dr111ed. 

1156 IH H132 7/13/77 0922 - 1116 228 1.007 11 Ledge J 5750 Level. 57C Stope. Set Up 
Slusher and Ate Lunch. 

1156 IH HI08 7/13/77 1116 - 1258 84 2.485 11 Ledge, 5750 Level, 57C Stope. Repositioned 
Slusher. 

1156 IH H105 7/13/77 1258 - 1412 148 0.464 11 Ledge, 5750 Level, 57C Stope. Set Up 
Slusher. 

1156 IH HI54 7/13/77 1412 - 1502 100 0.421 11 Le-dge. 5750 Level. 57C Stope, Took Break. 

TIIA-1.462 

'" &'1156 IN HI42 7/13/77 0806 - 0838 64 0.884 11 Ledge. 5750 Level. 57C Stope, Fixed 

'" Slusher. 
1156 IN HI47 7/13/77 0838 - 0924 92 0.890 11 Ledge. 5750 Level, 57C Stope, lI.t Or. 

and Dr! lled. 
1156 IN H104 7/13/77 0924 - 1116 224 0.043 11 Ledger 5750 Level, 57C Stope, Put in Slusher 

Blocks! Ate Lunch. 
1156 IN HI51 7/13/77 1116 - 1254 196 0.203 11 Ledge, 5750 Level, 

Slusher. 
57C Stu~e, Repositioned 

1156 IN H102 7/13/77 1254 - 1412 156 0,178 11 Ledge, 5750 Level, 57C Stope, Set Up 
Slusher. 

1156 IN HI13 7/13/77 1412 - 1503 102 0.118 11 Ledge, 5750 Level. 57C Stope. Took Break. 

TWA-O.273 



Table 0-5 (continued) 

Job Person Samp Ie Samp Ie time Volume Concentrat.ion Sample information 
code number number Date On Off (llten) fibersJcc (i.e. location, oeerationl activitlE etc. ) 

1176 IT H38 7/14/77 0754 - 1015 282 0.821 11 Ledge, 5450 Level, 548 Stope, Loaded 
Lagging. 

1176 IT HI1 7/14/77 1015 - 1145 180 1.174 11 Ledge, 5450 Level. 548 StoRe, Some 
Drilling, Moved Equipment. 

1176 IT 1119 7/14/77 1200 - 1327 174 0.800 11 Ledge, 5450 Level, 54B Stope, Some 
Dri 11 ing. 

1176 IT H21 7/14/77 1330 - 1510 200 1.962 11 Ledge, 5450 Level, 54B Stope. 

'!1IA-1.166 

1176 lU H14 7/14//77 0754 - 915 162 1.018 11 Ledge, 5450 Level, 548 Stope, Washed Down 
St.ope. 

1176 lU H72 7/14/77 0915 - 1050 190 0.222 11 Ledge, 5450 Level. 54B Stope, Some Dri tl iog_ 

l' 1176 IU H08 7/14/77 1050 - 1327 314 0.146 11 Ledge, 5450 Level, .548 Stope, Some Drilling, 
0- At.e Lunch. 
.... 1176 lU H06 7/14/77 1330 - 1510 200 1. 559 11 Ledge, 5450 Level, 548 Stope, Prepared 

for Blasting. 

'!1IA-0.652 

1186 If H76 7/13/77 920 - 1020 120 0.Q80 11 Ledge, 5450 Level, 49-51 Stope, Set U? 
Drilling. 

1186 IF H12 7/13/77 1025 - 1243 136 0.192 IL Ledge, 5450 Level, 49-51 Stope. Some 
Drilling,. Ate Lunch. 

1186 IF H03 7/13/77 1243 - 1440 234 0.896 11 Ledge, 5450 Level, 49-51 Stope, Some 
Ori 11 ing .. 

'!1IA-o.432 



Table 0-6. Airborne sample results for fibers >5 ~m in length "for underground 
employees on the 13 Ledge of the Homestake Gold Mine. 

J00 Person Sample Sample time Volume Concentration Sample information 
code number number Date On Off (lit.ers) fibers/cc (i.e. Iocation t °Eeration t act ivitlt etc.) 

1356 IA H87 7/12/77 0820 - 1015 230 0.099 13 Ledge, 6050 Level, 46-47C Stope, Some 
Drilling. 

l356 IA HB9 7/12/77 1015 - 1200 210 0.086 13 Ledge, 6050 Level, 46-47C Stope. Drilling. 
1356 IA H75 7/12/77 1205 - 13)5 180 0.080 13 Ledge, 6050 Level, 46-47C Stope, Some 

Hucking. 
l356 IA H79 . 7/12/77 l335 - 1439 12B 0.574 13 Ledge, 6050 Level, 4G-47C Stope, Pullin~ 

Chute. 

TWA':'O.l72 

l35b IH H29 7/12/77 820 - 1018 236 0.398 !3 Ledge, 6050 Level. Hucking. 
1356 IH H36 7/12/77 1019 - 1216 234 " 0.812 13 Ledge, 6050 Level, Ate Lunch, Hucking. 
1356 III H30 7/12/77 1216 - 1355 198 0.122 13 Ledge. 6050 Level, Hucking, Put.ting in 

<' 
I Track. 
'" co 1356 IH 1142 7/12/77 1356 - 140B 24 15.483 13 Ledge, 6050 Level, Put.ting in Track4 

NA-0.982 

l356 II H2B 7/12/77 81B - 1015 154 0.555 13 Ledge, 6050 Level, Wetted Ore, Mucked, 
l356 II H32 7/12/77 1016 - 1228 264 0.810 13 Ledge, 6050 Level, Dumped Ore, Mucked. 
l356 II H93 7/l2/77 1228 - l356 176 0.144 13 Ledge, 6050 Level, Put in Track. Mucked. 
1356 II H50 7/12/77 ·1357 - 140B 22 12.772 13 Ledge, 6050 Level, Put in Tr-ack. 

TWA-0.934 



l' 
'" '" 

Job 
code 

1366 

1366 
1366 

1366 

Person 
number 

IB 

IB 
lB 

IB 

Sample 
number Date 

H82 7/12/77 

1196 7/12/77 
H85 7/12/77 

H86 7/12/77 

Table D-6 

Sample time Volume 
On Off (liters) 

822 - 1016 228 

IOIB - 1200 204 
1207 - 1330 166 

1330 - 1439 13B 

(continued) 

Concentration Sample information 
fibers! cc (t.e.· location! o~eration! activit~! etc. ) 

0.370 13 Ledge, 6050 Level, 46-47C Stope, Some 
Drilling. 

0.047 13 L~dge, 6050 Level, 46-47C Stope, Drt Uing 0 

0.232 13 Ledge, 6050 Level, 46-47C StopeJ Pu 11 ing 
Chute. 

1.589 13 Ledge, 6050 Level. 46-47C Stope~ Pulling 
Chute. 

TWA-0.47B 



Table 0-7. Airborne sample results .for fibers >5 ~m in length for underground 
employees on the 19 Ledge of the Homestake Gold Hine. 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date On Off (liters) fibers/cc (t.e. location! o2erat-ionz activit.If etc. ) 

[9G8 [H H3[4 7/ [5/77 0947 - 1145 236 0.301 19 Ledge, 4650 Level, 46 Crosscut. Installing 
Water Tank. 

1908 IH H280 7/15/77 1145 - 1401 272 0.323 19 Ledge, 4850 Level, 46 Crosscut, Fitting 
Pipes. 

1908 IH H317 7/15/77 1401 - 1502 122 0.168 19 Ledge, 4850 Level. 46 Crosscut. Fitting 
Pipes. 

TWA-0.285 

1932 IP H114 7/15/77 0754 - 949 230 0.063 19 Ledge, 6800 Level. Motorman, Hauled Rock. 
1932 IP HIl7 7/15/77 0949 - ll48 238 O.lll 19 Ledge, 6800 Level»- Motorman. Pulled Raises. 

Dumped Wasre. 

'" 
1932 IP H118 7/15/77 1148 - 1324 192 0.207 19 Ledge, 6800 Level, Motorman. Pulled Raises, 

I Dumped Ore. 
~ 

0 1932 IP H31 7/15/77 1324 - 1435 142 0.127 19 Ledge, 6800 Level, Motorman. Pulled Raises, 
Dumped Ore. 

TWA-0.123 

1954 IG H323 7/15/77 082! - 0917 112 0.624 19 Ledge, 4850 Level, 46 Crosscut, Waited 
for Equipment .. 

1954 IG H272 7/15/77 0917 - 1048 182 0.523 19- Ledge, 4650 Level. 46 Crosscut. Assisted 
in lnstalling Pipe. 

1954 lG H273 7/15/77 1048 - 1401 386 0.162 19 Ledge·, 4650 Level, 46 Crosscut. Installed 
Some Pipe and Ate Lunch .. 

1954 IG H287 7/15/77 1401 - 1502 122 0.454 19 Ledge. 4650 Level. 46 Crosscut. Helped 
Install Water Tank .. 

TWA-0.353 



Table D-7 (continued) 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date On Off (l iters) fibers/cc (i. •• location! o~erationz activityz etc.) 

1956 lQ H74 7/15/77 0803 - 0935 184 0.582 19 Ledge, 6200 Level, 27 Crosscut. Cutting 
and H~isting Timber for Chute. 

1956 lQ H59 7/15/77 0935 - 1102 174 0.055 19 Ledge, 6~OO Level, 27 Crosscut, Cutting 
and Hoisting Timber. 

1956 lQ 1135 7/15/77 1102 - 1230 176 0.096 19 Ledge, 6200 Level, 27 Crosscut. Ate Lunch, 
Cut and Hoisted Timber. 

1956 lQ H64 7/15/77 1230 - 1330 120 0.050 19 Ledge, 6200 Level, 27 Crosscut. Hoisted 
Timber. 

1956 lQ H46 7/15/77 1330 - 1440 140 0.499 19 Ledge, 6200 Level, 27 Crosscut. Some 
Drilling on Wood and Roof. 

TWA-0.264 

'" 1956 lR fill) 7/15/77 0804 - 0937 186 0.045 19 Ledge, 6200 Level ~ 27 Crosscut, Placed 
I Timber into Chute. ~ 
~ 1936 lR HIl2 7/15/77 0937 - 1102 170 0.064 19 Ledge, 6200 Leve l, 27 Crosscut. Ate Lunch. 

Placed Timber into Chute. 
1956 lR H123 7/15/77 1102 - 1230 '176 0.075 19-Ledge, 6200 Level, 27 Crosscut. Cut 

and Placed Timber into Chute. 
1956 lR HI00 7/15/77 1230 - 1330 120 0.100 19 Ledge, 6200 Level, 27 Crosscut, Placed 

Timber into Chute. 
1956 lR HI03 7/15/77 1330 - 1420 100 0.289 19 Ledge, 6200 Level, 27 Crosscut. Some 

Dr! 11 ing on Wood and' Roof. 

TWA-0.098 



Table D-7 (continued) 

Job Pe):"son Sample Sample time Volume Concentration Sample information 
code numbe):" - number Date On Off (liters) fibers! cc (Le. location l oeeratioo z activitI! etc.) 

1956 IS H194 1/15/77 830 - 1000 180 0.100 19 Ledge, 6200 Level, 41-42C Stope, Some 
Slushing. 

1956 IS H178 7/15/77 1000 - 1146 212 0.187 19 Ledge, 6200 Level, 41··42C St.ope, Some 
Slushing, At.e Lunch. 

1956 IS H185 7/15/77 1146 - 1250 12B 0.160 19 Ledge, 6200 Level. 41-42c Stope, Dx:-! 111ng. 
1956 IS H193 7/15/77 1252 - 1423 IB2 0.033 19 Ledge, 6200 Level. 41-42C Stope, Ddlling. 

TWA-0.120 

1956 IT HI92 7/15/77 B30 - 1000 lBO 0.027 19 Ledge. 6200 Level, 41-42C Stope, Some 
Slushing. 

1956 IT H339 7/15/77 1000 - 1145 210 0.109 19 Ledge. 6200 Level:. 4l-42C St.ope, Some 
Sll.o::ihing, Ate Lunch. 

'=' 1956 IT H32B 7/15/77 1146 - 1251 130 0.102 19 Ledge, 6200 Level, 41-42C Stope, Drilling. 
!., 1956 IT H1BI 7/15/77 1253 - 1330 74 0.130 19 Ledge, 6200 Level, 41-42C Stope, Some 
N Drilling. 

TWA-0.085 

1956 15 H2S9 7/15/77 Bll - 859 96 0.050 19 Ledge, 5900 Level, 2B-29f Stope, Slushing. 
1956 15 H247 7/15/77 900 - 10lQ 140 0.637 19 Ledge, 5900 Level, 2B-29F Stope, Slushing. 
1956 15 H270 7/15/77 1010 - IUD 160 0.331 19 Ledge, 5900 Level, 2B-29F St.ope, Some 

Slushing, At.e Lunch. 
1956 15 H25B 7/15/77 1130 - 1300 lBO 0.3B8 19 Ledge, 5900 Level, 2B-29F Stope, Repaired 

Slusher, Load Rock. 
1956 15 H2S4 7/15/77 1300 - 1425 170 0.050 19 Ledge, 5900 Level. 28-29F Stope. Prepared 

for Blasting. 

TWA-0.302 

, 



Table 0-7 (continued) 

Job Person Sample Sample time Volume Concentrat.ion Sample inlo""-1otlon 
code numbe r number Date On Off (lIters) fibers/cc I I.e. loeacion, operation, act IVity, r,c~) 

1956 16 H291 7/15/77 810 - 859 98 0.184 19 Ledge, 5900 Level, 26-29F Stope, Pulling 
Chute. 

1956 16 H252 7/r.5/77 900 - 1010 140 0.705 19 Ledge, 5900 Level, 28-29F Stope, Puiling 
Chute. 

1956 16 H260 7/15/77 1010 - 1213 246 1.454 19 Ledge, 5900 Level. 28-29F Stope. Some 
Slushing, Ate Lunch. 

1956 16 H286 7/15/77 1213 - lJOS 104 0.938 19 Ledge. 5900 Level, 28-29F Stope, Pulled 
Chute, Prepared for Blasting. 

1956* 16 H279 7/15/77 1305 - 1410 130 0.000 19 Ledge. 5900 Level, 28-29F Stope, Prepared 
for Blasting. Uneven particulate distribution. 
Filter voided for Fiber Count. 

TIIA-0.973 

l' 
~ 

w *Note~ This sample not included in the TWA and Statistical Results. 



Table 0-8. A~rbo.ne sample results fQr fibers >5 pm in length for underground 
employees on the 21 Ledge of the Homestake Gold Mine. 

Job Person Sample Sample time Volume Concentration Sample information 
code number number Date On Off (liters) f ibt1rsl cc ( i.e. location! o~eration! activitYl etc.) 

2156 IK H308 7/15/17 945 - 1304 398 0.079 21 Ledge, 6200 Level, 50-528 Stol?e J Operate 
Crane. 

2156 IK Hl03 7/15/77 0757 - 0945 216 0.30l 21 Ledge, 6200 Level, 50-528 Stope. DrilUng. 
2156 IK H301 7/15/77 1305 1450 210 0.528 21 Ledge, 6200 Level. 50-52B Stope. Some 

Drilling. Set Charges for Blasting_ 

TIiA-0.252 

2176 lJ 11297 7/15/77 0756 - 0935 198 '0.085 21 Ledge. 6200 Level. 50-52B Stope. Hoisted 
Materials into Scope. 

2176 lJ H298 il15/77 0935 - 1304 418 0.089 21 Ledge, 6200 Levels, 50-528 S-tope. Some 
Drilling. Ate Lunch. 

2176 lJ H296 7/15/17 1305 - 1450 208 0.191 21 Ledge. 62(10 Level. 50-528 Stope. Set 

T Charges for 81asting. 
~ 

" TIiA-0.1l4 



Table 0-9. Statistical summary of airborne sample result a for fIbers >5 pm In 
length for all underground employees of the Homestake Gold Htne. 

Fibers/cc 
Number of Range f!be-r:&-/cc Standard Standard 

Job code sam2les High - LoW" Mean Median TWA deviation error Job title 

0100· 1 0.03 0.03 0.03 0.03 Electrician 
0101 4 0.17 - 0.04 0.08 0.05 0.08 0.06 0.03 Cager 
0107 12 0.16 - 0.00 0.06 0.04 0.06 0.06 0.02 Hoist Operator-

Underground 
0108 3 0.32 - 0.17 0.26 0.30 0.29 0.08 0.05 Pipeman, Master 
0110 8 l.74-0.12 0.73 0.70 0.74 0.56 0.20 Carpenter, 1st 
0114 5 3.87 - 0.29 1.18 0.53 1.06 1.52 0.68 Carpenter, Master 
0121 7 0.19 - 0.01 0.07 0.05 0.07 0.06 0.02 Shaftman 
0124 4 3.58 - 0.08 1.15 0.48 0.91 1.64 0.82 Skipper Head 
0125 8 0.69 - 0.12 0.33 0.32 0.38 0.17 0.06 Skipper 

'i' 0128 13 0.77 - 0.04 0.27 0.18 0.27 0.21 0.06 Sandman,' Underground 
~ 0131 6 I. 94 - 0.0) 0.42 0.14 0.48 0.75 0.]1 Motorman-Surface 

'" OD2 8 I. 56 - 0.03 0.42 0.17 0.44 0.53 0.19 Motorman, 1st 
0133 4 4.59 - 0.14 1.38 0.39 0 •. 92 2.15 1.08 Motorman, 2nd 
0141 5 0.24 - 0.00 0.06 0.01 0.06 0.10 0.05 Diamond Dri 11 Operator 
0142 5 0.12 - 0.01 0.04 0,02 0.04 0.05 0.02 Diamond Drill Helper 
0143 5 6.65 - 0.00 3.01 2.96 2.44 2.96 1.32 Boring Machine Operator 
0144 5 3.58 - 1.27 2.!fa 2.21 2.57 1.00 0.45 Boring Machine Helper 
0152 18 6.65 - 0.07 0.68 0.15 0.51 1.54 0.37 . Miner', 1st 
0153 14 2.72 - 0.02 0.58 0.28 0.57 0.73 0.19 Miner, !-st 
0154 20 4.89 - 0.08 1.18 0.58 1.07 1.43 0.32 Hiner', 1st 
0155 13 2.84 - 0.12 0.76 0.51 0.81 0.72 0.20 Hiner, 1st 
0156 142 15.48 - 0.02 0.69 0.32 0.49 1.73 0.15 Hiner, 1st 
0157 13 1.11-0.06 0.32 0.22 0.34 0.31 0.09 Hiner, 1st 
0160 2 0.53 - 0.12 0.12 0.32 0.38 0.29 0.20 Hiner, 2nd 



Table 0-9 (continued) 

Fibers/cc 
Number of Range fibers/cc Standard Standard 

Job code samples High - Low Mean Hedian TWA deviation error Job title 

0162 4 2.26 _ 0.05 0.63 0.10 0.76 L09 0.54 Hiner. 2nd 
0163 6 5.02 - 0.19 L83 Lll 1.62 L89 0.77 Hiner, 2nd 
0166 17 6.06 _ 0.05 L25 0.37 1.23 1.72 0.42 Hiner, 2nd 
0173 4 0.43 _ 0.01 0.14 0.07 0.15 0.20 0.10 Hiner, 3rd 
0176 31 4.92 - 0.04 0.76 0.53 0.67 0.90 0.16 Hin'er r 3rd 
0182 4 0.13 _ 0.02 0.08 0.08 0.08 0.06 0.03 Hiner. 4th 
0186 22 9.81 _ 0;03 1.22 0.40 1.15 2.34 0.50 Hiner, 4th 
0190 4 1.08 _ 0.07 0.44 0.31 0.46 0.45 0.22 Mine Shift. Bo:>s 

Area Total 
01 417 15.48 _ 0.00 0.74 0.30 0.63 1.47 0.07 All Underground 

" Employees 
I 
~ 

'" 



Job code 

0201 
0202 
0204 
0205 
0206 

Area 
02 

l' .... .... 

Table D-104 Statistical summary of airborne s8mpl~ results for fibers >5 pm 1n length for 
surface employees in the crushing mills o( the Homestake Gold Mine. 

Fibers£cc 
Number of Range fibers/cc Standard Standard 

same,les High - Low Hean Hedian TWA deviation error Job title 

7 2.76 - 0.21 1.47 1.55 1.45 1.01 0.38 Crusher-Feeder 
4 6.06 - 1.02 2.90 2.26 2.48 2.27 \.14 Mechanic. 3rd 

11 3.95 - 0.06 1.31 1.04 1.25 1.23 0.37 Belt/Chip Picker 
II 4.28 - 0.15 1. 78 1.43 1. 83 1.38 0.42 i.aborer. 2nd 

7 16.20 - 0.72 7.59 8.18 5.34 6.80 2.57 Laborer. 1st 

Total 
40 16.20 - 0.06 2.7J 1.43 1.96 3.7J 0.59 All Surface Emp loyees 

in Crushing Mills 



Table D-11. Statistical summary of the airborne sample results for fibers >5 pm in length for 
underground employees on the 9, Main, ll, 13, 19, and 21 Ledges of the Homestake Gold Mine. 

Fibers/cc 
Number of Range fibers/cc Standard Standard 

Job code saml?:les High - Low Mean Median TWA deviation error Job title 

0914 5 3.87 - 0.29 1.18 0.53 1.06 1.52 0.68 Carpenter, Haster 
0932 3 1. 56 - 0.44 0.93 0.80 0.84 0,57 0.33 Motorman, 1st 
0952 18 6.56 - 0.07 0.68 0.15 0.51 1.54 0.37 Hiner, 1st 
0953 14 2.72 - 0.02 0.58 0.28 0.57 0.7J 0.19 Miner, 1st 
0954 8 1.69 - 0.17 0.69 0.62 0.63 0.45 0.16 Miner, 1st 
0955 8 1. 42 - 0.12 0.54 0.41 .0.52 0.45 0.16 Hiner, 1st 
0956 59 2.1l - 0.03 0.48 0.33 0.46 0.48 0.06 Miner, 1st 
0962 4 2.26 - 0.05 0.63 0.10 0.76 1.09 0.54 Miner, 2nd 
0963 6 5.02 - 0.19 1.83 \. 11 1. 62 1.89 0.77 . Hiner, 2nd 
0966 13 6.06 - 0.06 1.47 0.45 1.48 1. 90 0.53 Hiner, 2nd 

" 0973 4 0.43 - 0.01 0.14 0.07 0.15 0.20 0.10 Miner-, 3rd 
I 0976 17 4.92 - 0.04 0.80 0.53 0.7J I.Il 0.27 Hiner, 3rd 
~ 

~ 0982 4 0.13 - 0.02 0.08 0.08 0.08 0.06 0.03 Hiner." 4th 
0986 13 9.81 - O.OJ \. 76 0.34 1. 55 2.96 0.82 Hiner, 4th 

Area Total 
09 176 9.81 - 0.01 0.78 0.38 0.72 1.31 0.10 Employees on 9 Ledge 

1010 8 \. 74 - 0.12 0.73 0.70 0.74 0.56 0.20 Carpenter, 1st 
1033 4 4.59 - 0.14 1.38 0.39 0.92 2.15 1.08 lio:.:orman, 2nd 
1043 5 6.65 - 0.00 3.01 2.96 2.44 2.96 1.32 Bortng Machine Operator 
1044 5 3.68 - 1.27 2.48 2.21 2.57 1.00 0.45 Boring Machine Helper 
1054 8 4.89 - 0.08 2.04 1.60 1.91 1.97 0.70 Hiner, 1st 
1055 4 2.84 - 0.49 1.27 0.89 1. 34 1.06 0.53 Hiner, 1st 
1056 13 2.44 - 0.05 0.78 0.62 0.61 0.68 0.19 Hiner, 1st 
1057 13 1.1l - 0.06 0.32 0.22 0.34 0.31 0.09 Hiner, 1st 
1060 2 0.53 - 0.12 0.32 0.32 0.38 0.29 0.21 Hiner, 2nd 
1076 3 0.80 - 0.42 0.58 0.51 0.58 0.20 0.12 Hiner, 3t-d" 
1086 6 0.60 - 0.27 0.46 0.51 0.44 0.15 0.06 Hiner, 4th 



Table 0-11 (con~ inued) 

Fibers7cc 
Number of Range fibers/cc Standard Standard 

Job code sameles High - Low Hesn Median TWA deviat ion error Job title 

l090 4 l.08 - 0.07 0.44 o.n 0.46 0.45 O. ZZ Mine Shift Boss 

Area Total 
lo 75 6.65 - 0.00 l.09 0.5l 0.98 l.40 0.l6 Employees on Main Ledge 

, 
ll28 l3 0.77 - 0.04 0.27 0.l8 fl. 2 7 0.21 0.06 Sandman, Underground 
114l 5 O. Z4 - 0.00 0.06 O.Ol 0.06 o.lO 0.05 Diamond Drill Operator 
114Z 5 0.l2 - O.Ol 0:04 O.OZ 0.04 0.05 O.OZ Diamond Dr! It Helper 
ll56 29 3.84 - O.OZ 0.67 0.32 0.64 0.97 0.l8 Hiner, 1st 
l176 8 l.96-0.l5 0.96 0.92 0.90 0.62 0.22 Hiner. 3rd 

'i' ll86 3 0.90 - 0.08 0.39 0.l9 0.43 0.44 0.26 Hiner, 4th 
.., 
'"' At"ea Total 

II 63 .3.84 - 0.00 0.5l 0.20 0.49 0.75 O.lO Employees on 11 Ledge 

1356 lZ l5.48 - 0.08 2.66 0.48 0.68 5.39 l.50 Hiner. lst 
l366 4 l. 59 - 0.05 0.56 0.30 0.48 .0.70 0.35 Hiner, Znd 

Area Total 
13 l6 15.48 - 0.05 2.l4 0.38 0.63 4.7Z I.l8 Employees on 13 Ledge 



Table 0-11 (continued) 

Fibers/cc 
Number of Range fibers/cc Standard Standa .... d 

Job code samEles High Low Mean Median TWA deviation error Job title 

1908 3 0.32 - 0.17 0.26 0.30 0.29 0.08 0.05 Pipeman, Haster 

1932 4 0.21 - 0.06 0.13 0.12 0.12 0.06 0.03 Motorman, 1st 

1954 4 0.62 - 0.16 0.44 0.49 0.35 0.20 0.10 Miner, lSt 

1956 27 1.45 - (i.oJ 0.28 0.11 0..29 0.34 0.07 Miner, 1st 

Area Total 
19 38 1.45 - 0.03 0. 28 0.16 0.28 0.30 0.05 E!1'ployees on 19 Ledge 

2156 3 0.53 - 0.08 0.30 0.30 0.25 0.23 0.13 Hiner, 1st 

2176 3 0.19 - 0.09 0.12 0.09 O.l! 0.06 0.04 Mir,er I 3rd 

"' , 
DO Area Total 
0 

·0.53 - 0.08 0.21 0.14 0.18 0.18 0.07 Employees on 21 21 6 Ledge 

Surface and 
Underground Total 

457 16.20 - 0.00 0.86 0.34 0.73 1.72 0.06 All Employees 



Appendix E. Re!oults of impinger dust" counting at the 
Hom~stake Gold Mine in Lead, South Dakota. 

E-l 



Table E-l. Impinger dust sample results for all underground 
emp loyees at the HomestBke Gold Mine. 

Job Person Sample Sample time Vol~me Concentration SSI:"lP Ie information 
code number number Dste On off (ft ) (meecf) ( I.e. location! °eeratlon z activity! -·etc. ) 

Ot07 lA HIBS 7/20/77 0656 - 0729 3.265 0.303 4550 Level. Hoist Room I in Control Cubic le • 
Ross. 

010 7 lA 11186 7/20/77 0818 - 0848 2.968 0.327 4550 Level, Hoist Room, in Control Cubicle, 
Russ. 

0107 lA 11184 7/20/77 0930 - 1002 3.166 1.313 4550 Level. Hoist Room. not in Cublc Ie but 
in Uoist Room, Ross. 

0107 lA !l188 7/20/77 1049 - ll20 3.067 0.801 4550 Level, lIoist Room, in Control Cubic Ie. 
Ross. 

0107 lA H189 7/20/77 1215 - 1245 2.968 1.050 4550 Level, Hoist Room, in Control Cubicle, 
Ross. 

0107 lA 1I190 7/20/77 1302 - 1332 2.968 1.358 4550 Level, lIoist Room, in Control Cubicle. 
Ross. 

e> 
I TWA-0.B54 
~ 

0107 lP H74 7/14/77 0710 - 0730 1.979 0.679 4850 Level J Hain Ledge, Hoist Room, Operating 
Hoist. 

0to7 lP H13 7/14/77 0850 - 0910 1.979 0.406 4850 Level, Main Ledge, Hoist Room. Operating 
Hoist. 

0107 1P H76 7/14/77 1055 - 1115 !. 979 1.170 -4850 Level, Main Ledge, Hoisc. Room, Eating 
Lunch. 

0107 1P H75 7/14/77 1205 - 1225 1.979 1.137 4850 Level, Main Ledge, Hoist Room, Operating 
lIoist. 

0107 lP 1178 7/14/77 1255 - 1315 1. 979 1.057· 4850 Level, H .. lin Ledge. Hoist Room. Took Break. 
0107 lP 1177 7/14/77 1325 - 1345 1. 979 1.242 4850 Level. Main Ledge, Hoist Room, Operating 

Hoist. 

TWA-O.949 



T.;.ble E-l (continued) 

Job Person Sample Sample time Volu~e Concentration Sample information 
code number number Date On Off (ft ) (meed). (i.e. location~ oeeration z activitXI etc.) 

0110 Ie H226 7/21/77 0738 - 0808 2.968 0.338 Main Ledge, 4250 Level, 71e Stope, Set Timber 
Using Chain Saw. 

0110 Ie H227 7/21/77 1000 - 1030 2.968 0.313 Main Ledge, 4250 Level, 7le Stope, Waiting 
for- Timber. 

0110 Ie H228 7121/77 1144 - 1216 3.166 0.256 Main Ledge, 4250 Le'lel. 7le Stope, Working 
on Timberline. 

0110 Ie H230 7/21/77 1308 - 1438 8.905 0.671 Main Ledge, 4250 Level, 71e Stope, Working 
on Timberline. 

0110 Ie H211 7/21/77 1348 - 1418 1.979 1.369 Hain Ledge, 4250 Level, 7le Stope, Working 
on Timber! ine. 

1WA-0.609 

0114 IK H139 7/18{77 0715 - 0735 1.979 0.506 9 Ledge~ 2150 Level, Carpenter. 
0114 IK HI41 7/18/77 OBI9 - 0849 L.968 0.756 9 Ledge, 2150 Level, Carpenter. 

'" 0114 IK HI43 7/18/77 0924 - 0954 2.968 1.463 9 Ledge, 2150 Level, Carpenter. I ..., 0114 IK HI44 7/18/77 1030 - 1100 2.968 0.426 9 Ledge, 2150 Level, Carpenter. 
0114 IK HI42 7/18/77 1218 - 1248 2.968 0 . .346 9 Ledge, 2150 Level, Carpenter. 

'lWA-O.713 

0124 14 HI05 7/15/77 1002 - 1012 0.707 2.481 6800 Level, Main Ledge J Skippt!r Head, Slushed 
Ore. 

0124 14 HI06 7/15/77 1041 - 1054 1.236 4.758 6800 Level, Main Ledge, Skipper Head. Slushed 
Ore. 

0124 14 HIOB 7/15/77 1115 - 1125 0.989 2.315 6800 Level. Hain Ledge, Skipper Head, Slushed 
Ore. 

0124 14 HI04 7/15{77 1216 - 1226 0.989 2.134 6800 Level, Hain Ledge, Skipper Head. Slushed 
Ore. 

0124 14 Hto7 7/15/77 1306 - 1320 1.385 2.257 6800 Level, Main Ledge, Skipper Head. Fixed 
Chute Door. 

0124 14 HIO) 7/15/77 1354 - 1407 1.286 [.261 6ffOO Level, Hain Ledge, Skipper Head, Some 
Slushing. 

'lWA-2.559 



Table E-I (cont.inued) 

Job Person Sample Sample t.Ime Volu~e Concent.ration Sample information 
code number number Dat.e On Off (f< ) (m~Ecf) (1. e. location. oeerstion! activit1t etc. ) 

0125 IA 11178 7/19/77 0640 - 0710 2.968 0.209 4650 Level, Skip Pocket, Some Load! og of 
Ore, Yat.es. 

0125 IA 11176 7/19/77· 0715 - 0745 2.968 0.161 "850 Level, Skip Pocket.,- Yates. 
0125 IA 11174 7/19/77 0815 - 0845 2.968 0.068 "850 Level. Skip Pocket, Yates. 
0125 IA 11175 7/19/77 09]0 - 1000 2.968 0.277 4850 Level, Skip Pocket, Some Loading of 

Ore, Yates. 
0125 lA IIID 7/19/77 1210 - 1240 2.968 0.076 4850 Level. Skip Pocket.. Yates. 
0125 IA H177 7/19/77 1245 - l] IS 2.968 0.]09 4850 Le,:,el, SkIp Pocket, Yates. 

'NA-0.18] 

0125 II 11191 7/20/77 0640 - 0710 2.968 1.]45 4850 Level. Skip Pocket, Skipped Ore About 
Every 10 Minutes. Ross. 

·0125 II 11192 7/20/77 0825 - 0855 2.968 3.213 4850 Level, Skip Pocket. Ross. 
M 0125 1I 11193 7/20/77 0949 - 1019 2.968 3.269 4850 Level, Skip Pocket, Ross. , 

0125 II HI94 7/20/77 12]2 - 1)02 2.968 3.794 4850 Level, Skip 'Pocket.. Ross. ~ 

0125 II 11195 7/20/77 1)17 - 1342 2.473 1..604 4850 Level. Skip Pocket., Took. Break. Ross. 

'NA-2.681 

0132 IP 1197 7/15/77 0759 - 0814 1.484 l. 174 19 Ledge, 6800 Level, Mo·torman. Hauling Ore. 
0132 IP 1198 7/15/77 0952 - 1002 0.989 0.844 19 Ledge, 6800 Level. Mot.orman, Unloading 

Equipment. 
0132 IP 1199 7/15/77 1025 - 1039 1.385 5.460 19 Ledge, 6800 Level. Pulling Raises. 
0132 IP 11100 7/15/77 1226 - 1236 0.989 1.013 19 Ledge, 6800 Level. Motorman, Dumping Ore. 
(1)2 IP HWI 7/15/77 1320 - 1335 1.484 0.080 19 Ledge, 6800 Level, Motorman, Hauling Ore. 
0132 IP 11102 7/15/77 1"05 - 1420 1."84 0.096 19 Ledge, 6800 Level. Motorman, Dumping Ore. 

'NA-1.459 



Table E-l (continued) 

Job Person Sample Sample time Volu~e Concentration Sample information 
code number number Date On Off (ft ) (mEEcf) (Le. location o~erationl activitYt etc. ) 

0141 Ie 1163 7/14/77 0754 - 0807 1.286 0.928 11 Ledge, 5600 Level, 55 Pillar, Set Up 
Equipment, Some, Drilling. 

0141 Ie H61 7/14/77 0852 - 0908 1. 583 0.522 11 Ledge, -5600 Level, 55 Pillar, Some Drilling. 
0141 Ie H64 7/ 14/77 0955 - 1010 1.484 1.313 11 Ledge, .5600 Level, 55. Pillar,. Dr! lied. 
0141 Ie 1162 7/14/77 1130 - 1145 1.484 0.643 11 Ledge, 5600 Level, 55 Pillar, PUlled Core, 

Dr! lied. 
0141 Ie H65 7/14/77 1250 - 1305 1.484 0.756 11 Ledge-, 5600 Level, 55 Pillar, Pu lIed Core, 

Drilled. 
0141 Ie H66 7/14/77 1358 - 1410 1.187 0.777 11 Ledge, 5600 Level, 55 Pillar, Some Drilling. 

'IWA-0.819 

0143 lR H69 7/14/77 0735 - 0750 1.484 0.525 Hain Ledge, 6050 Level, 90 Pillar, Set Up 

'" Bore Dr! 11. 
~ 014) lR H72 7/14/77 0830 - 0845 1.484 4.067 Main Ledge, 6050 Level, 90 Pillar, Bore 

Hachine Drilling. 
0143 lR H71 7/14/77 0932 - 0942 0.989 2.-7.17 Hain Ledge, 6050 Level, 90 Pillar J Bore 

Machine Drilling. 
0143 lR H70 7/14/77 1047 - 1059 I. 187 2.257 Main Ledge, 6050 Level, 90 Pillar, Bore 

Machine Drilling. 
0143 lR H67 7/14/77 1302 - 1317 1.484 1.945 Main' Ledge, 6050 Level, 90 Pillar, Bore 

Machine Drill ing. 
014) lR H68 7114/77 1408 - 1418 0.989 4.212 Hain Ledge, 6050 Level, 90 Pillar, Bore 

Hachine Drilling. 

'IWA-2.525 



Table E-I (continued) 

Job Per~on Sample Samp Ie time Volu:ve Concentration Sample information 

code pumber number Date On Off (ft ) (mQEcf) (I.e. location! o~erationl activitYI etc. ) 

0152 IF 11145 7/l8/77 0743 - 0753 0.989 7.138 9 Ledge. 2000 Level. 45-51C/R Blast Hole. 
Slushing. 

0152 IF 11146 7/l8/77 0913 - 0923 0.989 0.567 9 Ledge, 2000 Level, 45-51G/II Blast. Hole. 
Drilling. 

0152 IF 11147 7/l8/77 1030 - 1040 0.989 8.139 9 Ledge, 2000 Level. 45-51G/H Blast Hole. 
Slushing. 

0152 IF 11148 7/18/77 1210 - 1220 0.989 3.967 9 Ledge, 2000 Level, 45-51G/H Blast. Hole, 
Slushing. 

0152 IF 11149 7 !l8/77 1253 - 1303 0.989 0.555 9 Ledge, 2000 Level. 45-51G/H Blast Hole. 
Ate Lunch •. 

0152 IF 11150 7 !l8/77 1400 - 1415 1.484 0.289 9 Ledge, 2000 Level, 45-51G/H Blast Hole, 
Took Break. 

TWA-J.200 

'" , 
~ 

0152 HI27 7/18/77 0-728 - 0743 1.484 4.051 9 Ledge, 2000 Level, 45-5IG/H Blast. Hole, 
IJ Building Wall. 

0152 IJ H[28 7/18/77 0845 0900 1.484 0.587 9 Ledge, 2000 Level. 45-51G/H Blast. Hole. 
Pulling Chute. 

0152 IJ HI29 7 !l8/77 0952 - 1007 1.484 0.973 9 Ledge, 2000 Level. 45-51G/H Blast Hole, 
Loading Ore. 

0152 IJ H130 7/18/77 1035 - 1050 1.484 - 1.415 9 Ledge, 2000 Level. 45-51G/H .Blast Hole. 
Loading Ore. 

0152 lJ HI31 7/l8/77 1147 - 1202 1.484 1.479 9 Ledge. 2000 Level, 45--5IG/H Blast. Hole. 
Loading Ore. 

0.152 IJ HI32 7!l8/77 1330 - 1345 1.484 0.683 9 Ledge. 2000, Level, 4S-5IG/H Blast Hole, 
Shovel ing Ore. 

'NA-1. 531 



Table E-1 (continued) 

Job Person Sample Sample time Volu~e Concentration Sample information 
code number number nate On Off ( fo ) (ropE-cO ( i. •• locat'ion, operation, activity, etc. ) 

0153 1H HI33 7/18/77 0724- 0754 2.,58 2.617 9 Ledge, 2150 Level, 49 Crosscut, Ring 
Drilling. 

0153 1H HD4 7/18/17 0838 - 0908 2.968 1.326 9 Ledge, 2150 Level, 49 Crosscut. Ring 
Drilling. 

0153 1H 11l3S 7/18/77 1002 - 1032 2.968 1.017 9 Ledge, 2150 Level, 49 Crosscut. Ring 
Drilling. 

0153 1H HD6 7/18/17 1143 - 1213 2.968 0.20S 9 Ledge. 2150 Level. 49 Crosscut, Ring 
Drilling. 

0153 1H H137 7/18/77 1247 - 1317 2.968 0.261 9 Ledge, 2150 Level, 49 Crosscut. Drilling. 
0153 1H H138 7/18/17 13S0 - 1420 2.968 ~.599 9 Ledge I. 21S0 Level, 49 Crosscut. Drilling. 

'NA-1.004 

01S4 IA Hr'3 7/18/77 0731 - 0758 2.671 1.049 9 Ledge, 1700 Level. Drift South 22 Crosscut. 

'" High-Balling. 
I 
~ 01S4 ·IA HI22 7/18/77 0900 - 0930 2.968 1.117 9 Ledge, 1700 Level, Drift South 22 Crosscut. 

0lS4 IA H 126 7/18/17 1057 - lt28 3.067 0.249 9 .Ledge I 1700 Level. Drift South 22 Cro·sscut. 
0154 IA HI21 7/18/77 1250 - 1321 3.067 1. 797 9 Ledge., ·1700 Level, Drift South· 22 Crosscut, 

Blasting. 
0154 IA HI25 7/18/77 1410 1430 1. 979 0.953 9 Ledge, 1700 Level, Drift South 22: Crosscut, 

Hucking. 

TWA-I. 038 

.. '. 



Table E-l (continued) 

Job Person Sample Sample time Volu~e ConCentration Sample information 
code number number Date On Off ( f t ) (m2Ecf) (1. e. lo_cation! °eeration. .activit~t etc. ) 

0154 IG u94 7/15/77 0839 - 0906 2.671 0.058 19 Ledge, 4850 Level. , 46 Crosscut J Took Br-eak. 
0154 IG 0195 1/15/77 1142 - 1226 4.353 0.049 19 Ledge, 4850 Level. 46 Crosscut. Installing 

Water Pipes. 
0154 Ie H96 7/15/11 1414 - 1444 2.968 0.092 19 Ledge, 4850 Level. 46 Crosscut, Installing 

Water Pipes. 

nlA-U.064 

0154 lL H2J6 7/~1/11 0159 - 0829 2.96R 0.251 Hain Ledge, 4250 Level. 10 Crosscut. Dri.lling. 
0154 lL 01233 1/21/11 1025 - 1055 2.96(; 0.149 Hain Ledge, 4250 Leve I, 70 Crosscut. Some 

Drilling. 
0154 lL H234 1/21/77 1216 - 1246 2.968 0.318 Hain Ledge, 4250 Level, 10 Crosscut. Dri lUng. 
0154 lL H232 1/21/77 1345 - 1415 2.968 1.342 Hal-n L-edge, 4250 Level, 10 Crosscut, Prepare 

for Blasting. 
M 
1 

NA-0.511 ~ 

0155 lB H45 1/13/11 0832 - 0843 1.088 1.834 9 Ledge. 5750 Level, 68G Stope. in Hanway 
whi Ie Slushing. 

0155 IB H44 1/13/11 0922 - 0932 0.989 0.434 9 Ledge. 5750 Level • 68G Stope. 
0155 lB H43 1/13/71 0924 - 0941 1.682 0.919 9 Ledge, 5750 level, 68G Stope, Barring Down. 
0155 IB H41 1/13/11 1245 - 1255 0.989 0.289 9 Ledge, 5750 Level J 68G Stope, Not \larking 

at Time of Sample. 
0155 IB H46 1/13/71 1328 - 1345 1.682 0.402 9 Ledge, 5750 Level, 68G Stope, in Hain Drift 

not Working. 
0155 IB 1/48 1/13/77 1426 - 1442 1.583 0.306 9 Ledge, 5150 Level. 68G Stope, in Hain Drift 

not Working. 

TWA-O.689 



Table £-1 (continued) 

Job Person Samp Ie Samp Ie t!rne VoluS'" Concentration Sample information 
code· number number Date On Off (ft ) (mEEcq (1 ••• location! oeeration, activitI I etc. ) 

0155 IF III I 7/12/77 0808 - 0828 1.979 16.599 Hain Ledge, 6500 Level, Dumped Waste. 
0155 If H09 7/12/77 0942 - 0957 1.484 1.39) Hain tedge. 6500 Level, Fixed Slusher. 
0155 If Hl0 7/12/77 1152 - 1207 1.484 4.828 Hain Ledge, 6500 Level, Some Mucking. 
0155 IF H07 7/12/77 lJ 10 - 1325 1.484 ).594 Hain Ledge t 6500 Level. Hucking. 
0155 IF HI2 7/12/77 1414 - 1429 1.484 ).666 Hain Ledge, 6500 Level, Unloaded Equipment. 
0155 IF H08 7/12/77 1458 - 15lJ 1.484 2.583 Main Ledge, 6500 Level. on Train. 

TIlA-6.0)I 

0156 IA H2O 7/12/77 0828 - 0848 1.979 0.)66 13 Ledge. 6050 Level, 46-47C Stope, Some 
Drilling. 

0156 IA H22 7/12/77 0920 - 0940 1.979 1.025 L3 Ledge, 6050 level, 46-47C Stope, Drilling, 
Hucking. 

'" 0156 IA I{ 21 7/12/77 1102 - 1122 1. 979 ).730 13 Ledge I 6050 Level, 46-47C Scope, Lunch. 
I 0156 IA HI9 7/12/77 1220 - 12)5 1.48.4 1.570 13 Ledge, 6050 Level, 46-47C Stope, Dri lling. ~ 

0156 IA H2) 7/12/77 lJ40 - lJ55 1.484 1.061 13 Ledge, 6050 Level, 46-47C Stope, Pulling 
Chute. 

0156 IA H24 7/12/77 1412 - 1427 1.484 5.171 13 Ledge, 6050 Level, 46-47C Stope, Pulling 
Chute. 

TIlA-2.090 

0156 IB Hn) 7/21/77 0710 - 0740 2.968 0.100 9 Ledge, 3950 Level, 24-25B Stope, Operated 
Hoist in Chute. 

0156 IB H220 7/21/71 0846 - 0917 3.067 13.217 9 Ledge, 3950 Level. 24-25B Stope, Filling 
Ore Cars. 

0156 IB H225 7/21/77 1007 - 104) ).562 0.961 9 Ledge, 3950 Level~ 24-25B Stope, Using 
Camby to Fill Cars. 

0156 18 H224 7/21/77 1200 - 12.10 2.968 0.949 9 Ledge. 3950 Level, 24-258 Stope, Camby 
Loading Area. 

0156 IB H221 7/21/77 1))5 - 1353 1. 781 0.409 9 Ledge, )950 ·Level, 24-258 Stope. 
0156 18 H222 7/21/77 1415 - 1442 2.671 0.143 9 Ledge, 3950 Level, 24-258 Stope. 

TIlA_2. B) 1 



Table E-l (continued) 

Job Person Samp Ie Sample time Volu~e Concentration Sample information 
code number number Date On off (ft ) (mppcf) (i. •. location. operation, activity. etc.) 

0156 Ie H!3 7/12/17 0931 - 0946 1.484 o. B09 Main Ledge. 6800 Level, 93-94C Cutting S11 L. 
Slushing. 

0156 Ie H17 7/12/77 1152 1207 1.484 0.906 Hain Ledge, 6800 Level, 93-94C Cutting Sill. 
Slushing. 

0156 Ie 1116 7/12/77 1400 - 1415 1.484 1.270 Main Ledge, 6800 Level, 93-94C Cutting Sill. 
Slushing. 

TWA-0.995 

0156 ID H58 7/13/77 0930 - 0940 0.9B9 0.635 11 Ledge, 5450 Level, 49-51 Stope, Drt 11iog. 
0156 10 H59 7/13/17 1155 - 1205 0.989 0.410 11 Ledge, 5450 Level. 49-51 Stope l Ore Sample 

Drilling. 
0156 10 H60 7/13/77 1235 - 1245 0.989 0.434 11 Ledge, 5450 Level, 49-51 Stope. Ore Sample 

'" Drilling. 
I 

0156 10 H57 7/13/77 1335 - 1350 1.484 0.273 11 Ledge, 5450 Level, 49-51 Stope, Drilling. ~ 

0 
0156 10 H55 7/13/77 1434 - 1444 0.9B9 0.434 11 Ledge, 5450 Level, 49-51 Stope, Took Break. 

TWA-0.422 

0156 IG H37 7/13/17 0910 - 0922 I.IB7 !. 728 11 Ledge, 5300 Level, 490 Stope, Prying Off 
Loose Rock. 

0156 Ie H41 7/13/17 0927 - 0932 0.495 1.350 11 Ledge, 5300 Level, 490 StoP!!!, Wetting Oce, 
Drilling. 

0156 Ie H40 7/13/77 1028 - 1038 0.989 3.537 11 Ledge. 5300 Level, 490 St.ope, Drilling. 
0156 IG H38 7/13/77 1142 - 1152 0.989 0.675 11 Ledge. 5300 Level, 490 Stope, Wetting Ore. 
0156 .- IG H42 7/13/77 !302 - 1317 1.484 1.093 11 Ledge, 5300 Level, 490 Stope, Some Drt 11ing. 
0156 Ie H39 7/13/77 1340 - 1350 0.989 2.653 11 Ledge. 5300 Level. 49D Stope. Cleaning 

Up. 

TWA-!.815 



Table E-! (continued) 

Job Person Sample Sample time volu~e Concentration Sample information 
code number number Date On Off ( f t ) (m~2cf) (I.e. location l 02eratlonz activit!z etc.) 

0156 IH H26 7/12/77 0832 - 0851 1.880 1.400 13 Ledge, 6050 Level. 
0156 IH H25 7/12/77 0928 - 0947 1.880 1.214 13 Ledge, 6050 Level. Not Working at Time 

of Sample. 
0156 IH HZ7 7/12/77 1057 - 1117 I. 979 1.298 13 Ledge, 60S0 Level, Ate Lunch J Some 

Hucking. 
0156 Ih H29 7/12/77 1155 - 1214 1.880 1.202 13 Ledge. 60S0 Level, .Hucking. 
0156 IH H28 7/12/77 1329 - 1348 I. 880 I.S40 13 Ledge. 6050 Level. Putting in Track. 
0156 IH H30 7/12/77 142S - 1439 1.385 12.471 13 Ledge. 6050 Level, Putting in Track. 

nlA-~. 748 

0156 lJ HSI 7/13/77 0815 - 0830 1.484 0.434 9 Ledge, 5750 Level, 61-68D Stope. Prying 
Of f Loose Ro·ck. 

0156 IJ H49 7/13/17 0934 - 0947 1.286 0.278 9 Ledge, 5750 Level. 67-680 Stope, Wet 

'" Drilling. 
~ 0156 IJ H54 7/13/77 1150 - 1206 . 1.583 0.638 9 Ledge, 5750 Level, 67-680 Stop., Drilling. 

0156 IJ H53 7/13/77 1243 - 1258 1.484 0.402 9 Ledge, 5750 Level, 67-680 Stope, Wet 
Drilling. 

0156 lJ H50 7/13/77 133i - 1347 1.484 0.536 9 Ledge) 5750 Level. 67-680 Stope. 
0136 IJ HS2 7/13/77 1412 - 1427 1.484 0.482 9 Ledge, 5750 Level J 67-680 Stope, Loading 

Explosives. 

TWA-O.468 



Table E-l (continued) 

Job Person Sample Samp Ie time Volu~e Concentration Sample information 
code number number Date On Off (ft ) (mEec f) ( Le. location! o~erat ion t. activity 2 et.c. ) 

0156 lK III 7/12/77 0826 - 0841 1.484 0.954 Hain Ledge. 6050 Level, a9E St.ope. Not Working 
at Time of Sample. 

0156 lK 112 7/12/77 0955 - 1015 1.979 1.439 Hain Ledge. 6050 Level, a9E St.ope, Some 
Slushing. 

0156 lK 113 7/12/77 1210 - 1225 1.484 3.928 Hain Ledge. 6050 Level. 89E St.ope, Wet. Ore, 
Slushing. 

0156 lK 114 7/12/77 1305 - 1315 0.989 6.423 Hain Ledge, 6050 Level, a9E Stope. ori 11 i ng. 
0156 lK 115 7/12/77 1405 - 1415 0.989 1.021 Hain Ledge, 6050 Level, 89E St.ope. Drilling. 
0156 lK 116 7/12/77 1430 - 1440 0.989 1.214 Hain Ledge, 6050 Level. a9E Stope, Ori II ing. 

nlA-2.114 

0156 lK 11204 7/20/77 0748 - 0815 2.671 0.994 9 Ledge. 4400 Level. 31-32C/D. Stope, Sec Up 

'" 
for Slushing. 

I 0156 lK 11202 7/20/77 0924 - 0953 2.869 2.240 9 Ledge, 4400 Level, 3l-32C/O'Stope, Sec Up -~ for Slushing. 
0156 lK 11206 7/20/77 1020 - 1050 2.968 2.\06 9 Ledge, 4400 Level. 31-32C/D Stope. Slushing. 
0156 lK H207 7/20/77 1230 - 1300 2.968 2.192 9 Ledge, 4400 Level, 31-32C/D Stope. Slushing. 
0156 lK H205 7/20/77 1337 - 1402 2.473 4.756 9 Ledge. 4400 Level, 31-32C/D Stope. Slushing, 

Drilling. 

nlA-2.409 



Table E-l (continued) 

Job Person Sample· Sample time VoluS'c .Concentration SampLe information 
code number number Date On Off (ft ) ~m1~cO (i.e. locationl o~erationl actlvitll ·etc.) 

0156 lL 11161 7/l9/77 0717 - 0747 2.968 O. )84 9 Ledge, 3650 Level, 18B Stope. First Aid 
Station, Set Up Equipment in Stope. 

0156 lL Hl60 7/l9/77 0848 - 0918 2.968 0.040 9 Ledge. 365Q Level. 18B Stope. Some 
Drilling, Repaired Equipment. 

0156 IL HI59 7119/77 0935 - 1005 2.968 0.088 9 Ledge. 3650 Level. 18B Stope, Dri lled 
an Ore Sample. 

0156 IL HI56 7/l9/77 1255 - 1325 2.968 0.217 9 Ledge. )650 Level. 18B Stope. Some Dr! 11 ing. 
. Set Up Slusher. 

0156 lL H158 7/19/77 1348 - 1418 2.968 0.028 9 Ledge. )650 Level J ISB Stope. Helped 
Construct Hanway and Chute. 

T>1A-O. 23 1 

~ 0156 IN HJ3 7/l3/77 0825 _ 083.5 0.989 0.820 II Ledge. 5750 Level, S7C Stope, Dri 1 led. 
::;0156 IN H32 7/13/77 0910 ,- 0920 0.989 0.563 II Ledge. 5750 Level. 57C Stope. Drilled. 

0156 IN H31 7/13/77 1007 - 1017 0.989 4.116 11 Ledge. 5750 Level, 57C Stope, Put Up Slusher 
Blocks. 

0156 IN H36 7/lJ/77 1300 - 1315 1.484 0.000 11 Ledge, 5750 Level. 57C Stope, Repositioned 
Slusher. 

0156 IN H35 7/13/77 ' 1417 - 1432 1.484 1. 200 Il Ledge, 5750 Level. 57C Stope, Took Break. 

T>1A-l.217 



Table E-I (continued) 

Job Person Samp Ie Sample time Volu~e Concentration Samp Ie informac.ion 
code number number Date' On Off (ft ) (m~Ecf) (1. •• location! oEeration 2 activitY2 etc. ) 

0156 IN H196 7 {20/17 0734 - 08(14 2.966 0.667 9 Ledge, 4250 Level, 36-37B{C Stope, Drilling. 
0156 IN H199 7 {20{71 0613 - 0643 2.968 0.561 9 Ledge, 4250 Level, 36-378{C Stope. Some 

Orilling~ 

0156 IN 11197 7/20/17 0904 - 0935 3.067 0.493 9 Ledge. 4250 Level, 36-37B{C Stope. Drilling. 
0156 IN H201 7 {20/17 1001 - 1031 2.966 0.940 9 Ledge, 4250 Level, 36-37B{C Stope, Drilling. 
0156 IN H200 7 {20{77 1223 - 1253 2.966 0.633 9 Ledge. 4250 Level. 36-37B{C Stope, Drilling. 
0156 IN 11167 7 {20{77 1336 - 1406 2.966 0.571 9 Ledge, 4250 Leve 1, 36-37B/C Stope. 

TWA-0.660 

0156 IQ HI24 7/19/77 0727 - 0756 2.669 0.661 9 Ledge, 3950 Level, 18G Stope, Highball 
Ori 111ng. 

0156 lQ H151 7/19/77 0940 - 1007 2.671 0.152 9 Ledge, 3950 Level J 18G Stope, Not Dri 11 ing 

'" 
at Time of Samp,le. 

I 0156 IQ H152 7/19/71 1155 - 1227 
~ 

3.166 0.452 9 Ledge, 3950 Level, 16G Stope, Some Ori 11 ing. 
~ 0156 IQ H153 7{19{77 1240- 1310 2.966 0.OB4 9 Ledge, 3950 Level. IBG Stope~ Repaired Drill. 

(1156 IQ HI54 7/19/17 1321 - 1351 2.968 0.060 9 Ledge, 3950 Level, IBG Stope. Some Dri 11 ing. 
0156 lQ H155 7/19{77 1400 - 1420 1.979 0.295 9 Ledge, 3950 Level, IBG Stope. this sampl~ 

was, taken as a general area sample within 
the stope. 

'['\."A-0.2B5 



Table E-l (continued) 

Job Person Sample Sarr,ple time Vo1u~e Concentration Sample information 
code number number Date On Off (ft ) (meed) (I.e. location l 02erationt activi~IE et.c. ) 

0156 IS H II) 7/15/77 0831 - 0847 L 583 0.151 19 Ledge, 6200 Level. 41-42C St.ope. Moving 
Some Hose. 

0156 IS 1I114 7/15/77 0945 - 1000 L484 0.153 19 Ledge, 6200 Level, 41-42C Stope, Sp lie ing 
Cable. 

0156 IS 1I112 7/l5/77 1040 - lOSS L484 0.370 19 Ledge, 6200 Level, 41-42C Stope. Wetting 
Ore. 

0156 IS Hill 7/l5/77 1159 - 1213 L385 0;086 19 Ledge., 6200 Level, 41-42C Stope, Some 
Drilling. 

0156 IS H liD 7/15/77 1310 - 1327 L682 0.043 19 Ledge, 6200 Level. 41-42C Stope. Took Break. 
0156 IS HI09 7/15/77 1356 - 1410 1.385 0.396 19 Ledge, 6200 Level, 41-42C Stope, Dri 11ing. 

TWA-D. 195 

0156 lY H79 7/14/77 0801 - 0816 \.484 1.109 9 Ledge. 5450 Level, 66_67C Stope. Set Up 
!t;' Equipment • 
. -. v- 0156 lY H80 7/14/77 0919 _ 0929 0.989 L013 9 Ledge, 5450 Level, 66-67C Stope. Some 

Drilling. 
0156 lY H81 7/14/77 1021 - 1031 0.989 10.667 9 Ledge, 5450 Level, 66-67C Stope. Dri 11 ing. 
0156 lY H82 7/14/77 1202 - 1212 0.989 8.770 9 Ledge, 5450 Level, 66-t;;7C Stope, Dri 11 ing. 
0156 lY H83 7/l4/77 1250 - 1300 0.989 2.219 9 Ledge, 5450 level. 66-6iC Stope. Some 

Dri 11 ing. 
0156 lY H84 7/14/77 lJ48 - 1358 0.989 2.074 9 Ledge, 5450 Level, 66-67C Stope, Some 

Dri II ing. 

TWA-4.063 

0157 10 H214 7/21/77 0730 - 0832 6.134 0.035 Hain ledge. 4100 Level, 58E Stope. 
0157 10 H215 7/21/77 0803 - 0832 2.869 0.058 Hain Ledge, 4100 Level, 58E St._ope. 
0157 ID H216 7/21/77 0833 - 0903 2.968 0.237 Hain Ledge. 4100 Level, SSE Stope. 
0157 10 H217 7/21/77 1007 - 1037 2.968 0;338 Hain Ledge, 4100 Level. SSE Stope. 
0157 lD H218 7/21/77 1150 - 1220 2 . .968 . 0.414 Main Ledge, 4100 Level, 58E'Stope, Bracing. 
0157 . 10 H219 7/21/77 1220 - 1250 2.%8 0.908 Main Ledge. 4100 Level. 58E Stope. 

TWA-Q.288 



Table E-I (cont..'_nued) 

Job Person Sample Sample time Volujle Concentration Sample information 
code number number Date On Off (ft ) (m~~cf) {Le. locationt o~erationt activity~ etc .. } 

0160 lE HIB 7/12/77 0820 - 0840 1. 979 0.293 Hain Ledge~ 6800 Level~ Near Loading Shaft.. 

TWA-0.293 

0176 lJ HI19 7/.1 5 /77 0805 - 0816 1.088 0.132 21 Ledge, 6200 Level, 50-52B Stope, Loading 
Equipment. 

0176 lJ HI20 7/15/77 0919 - 0929 0.989 0.760 21 Ledge, 6200 Level, 50-52B Stope, Took Break .. 
(1176 lJ H1l8 7/15/77 1015 - 1030 1.484 0.394 21 Ledge. 6200 Level, 50-52B Stope J Some 

Drilling. 
0176 lJ HIl7 7/15/77 !l50 - 1200 0.9B9 0.350 21 Ledge, 6200 Level., 50-52B Stope. 
0176 lJ H115 7/15/77 1315 - 1330 1.484 1.632 21 Ledge, 6200 Level, 50-528 Stope. Drilling. 
0176 lJ H1l6 7/15/77 1415 - 1430 1.484 0.932 21 Ledge. 6200 Level, 50-52B Stope. Prepared 

f01:" Blasting_ 

'" TWA-0.749 , -~ 
0176 12 H90 7/14/77 0831 - 0846 1.484 1.211 9 Ledge, 5450 Level, 64-65D Stope, Set Up 

Equipment .. 
0176 12 H89 7/14/77 0939 - 0954 1.484 0.788 9 Ledge, 5450 Level. 64-65D Stope, Took Break .. 
0176 12 H88 7/14/77 1015 - 1030 1.484 2 .• 213 9 Ledge, 5450 Level. 64-65D Stope, Slushing. 
0176 12 H87 7/14/77 1154 - 1210 1.583 I. 397 9 Ledge, 5450 Level, 64-65D S~ope, Slushing. 
0176 12 H85 7/14/77 1304 - !319 1.484 4.293 9 Ledge. 5450 Level. 64-65D Stope. DrHI ing. 
0176 12 H86 7/14/77 1412 - 1427 1.484 2.765 9 Ledge, 5450 Level, 64-65D Stope, Drilling. 

TWA-2.103 



Table £-1 (continued) 

Job Per~on Samp Ie Sample time Volu~. Concentration Sample information 
code number number Date On Off (ft ) (mEEcf) (1. •• location, oeeration, activitl, etc.) 

0186 IX H162 7/19/77 0714 - 0744 2.968 0.084 9 Ledge, 3650 Level, 270 Stope, Set Up 
Equlpmsnt. 

0186 IX H163 7/19/77 0850 - 0920 2.968 0.032 9 Ledge, 3650 Level, 270 Stope, Some Wet 
Dri 11'ing. 

0186 IX HI64 7/19/77 1155 - 1225 2.968 0.084 9 Ledge, 3650 Level, 27D Stope, lI.t Drilling. 
0186 IX Hi65 7/19/77 1303 - 1333 2.968 0.104 9 Ledge. 3650 Level, 270 Stope, lIet Drilling. 
0186 IX HI66 7/19/77 1400 - 1430 2.968 0.277 9 Ledge, 3650 Level, 270 Stope. Wet Drilling. 

TIIA-C.116 



Table E-2. Impinger duse sample resules for surface 
workers at the Homestake Gold Mine. 

Job Person Sample Samp le time Volu~e Concentration Sample information 
code number number Date On Off (fc ) (m2EcE) {i .(lo. location! oE:eration z activitYl etc. ) 

0204 1G H167 7/19/77 0639 - O-i09 2.968 0.615 Crushing-Surface, Ghip Picking Ore, Ya tes. 
0204 1G H168 7/19/77 0808 - 0838 2.968 0.297 Crushing-Surface, Chip Picking Oecas ionally, 

Yates. 
0204 tG H169 7/19/77 1046 1106 1. 979 0.223 Crushing-Surface, Ghip Picking liaste Ore, Ate 

Lunch, Yates. 
0204 1G 11170 7/19/77 1232 - 1302 2.968 0.109 Crushing-Surface, Chip Picking Occasionally, 

Waste Ore, Yates. 
0204 1G Hl71 7/19/77 1326 - 1354 2.770 0.073 Crushing-Surface, Chip Picking Waste, Yates. 

TIlA-0.269 

0206 1H H182 7/20/77 074B - OtlZ2 3.364 4.011 Crushing-Surface, Cleanup, Swept Floor, Ross. 
02c6 1H HIS3 7/20/77 0918 - 0950 3.166 2.005 Crushing-Surface, Cleanup, Some Sweeping, Ate 

"' Lunch, Ross. I 
~ 

0> 0206 1H H180 7/20/77 1035 - 1105 2.968 5.956 Crushing-Surf~ce, Clean~p. Ross. 
0206 1H H179 7/20/77 1300 - 1238 2.770 3.655 Crushing-Surface. Cleanup, Ross. 
0206 1H H181 7/20/77 1332 - 1350 1. 78t 3.363 Crushing-Surface, Cleanup, Ross. 

TIlA-3.819 



Table E-3. Implngar dust.sample relules for underground 
employees on the 9 Ledge at the Homestake Gold Mine. 

Job Person Sample Sample time Volu~e Concentration Sample information 
code number number Date ·On off (ft ) (m~Ecf) (Le. location! o~eratlont activltYt etc. ) 

0914 IK 11139 7/18/77 0715 - 0735 1.979 0.506 9 Ledge, 2150 Level. Carpenter. 
0914 IK 11141 7/18/77 0819 - (\849 2.968 0.756 9 Ledge I 2150 Level. Carpenter. 
0914 IK H14) 7/18/77 0924 - 0954 2.966 1.46) 9 Ledge, 2150 Level. Carpenter. 
0914 IK HI44 7/18/77 10)0 - IlOO 2.968 0.426 9 Ledge, 2150 Level, Carpenter. 
0914 IK HI42 7/18/77 1218 - 1248 2.968 0.346 9 Ledge, 2150 Level. Carpenter. 

T<lA-O.71) 

0952 IF HI45 7/18/77 0743 - 0753 0.989 ·'.138 9 Ledge I 2000 Level. 45-51~/H Blast Hole J 

Slushing. 
0952 IF HI46 7/18/77 091) - 092) 0.989 0.567 9 Ledge, 2000 Level. 45-51G/H Blast lIole, 

Dril11ng. 

to> 0952 IF HI47 7/18/77 1030 - 1040 0.969 8.139 9 Ledge, 2000 Level, 45-51G/H Blast Hole. 
I Slushing_ 
~ 

'" 0952 IF HI48 7/18/77 1210 - 1220 0.969 3.967 9 Ledge, 2000 Level. 45-51G/H Blast Hole. 
Slushing. 

0952 IF H149 7/18/77 125) - 1303 0.969 0.555 9 Ledge, 2000 Level. 45-51G/H Blast. Hole, 
Ate Lunch. 

0952 IF H150 7/18/77 1400 - 1415 1.484 0.269 9 Ledge J 2000 level. 45-51G/H Blast Hole. 
Took Break. 

T<lA-).200 



Table E-3 (continued) 

Job Person Sample Sample time voiu~e Concentration Sample information 
code number number Date On Off (ft ) (m22~f) (1. •• location! o~eration! activityz etc.) . 

0952 lJ H127 7/18/77 0728 - 0743 1.484 4.051 9 Ledge, 2000 Le've~, 45-51G/H Blast Hole, 
Building Wall. 

0952 lJ H120 7/18/77 0845 - 0900 1.484 0.587 9 Ledge, 2000 Level J 45-51G/H Blast 'Hole, 
Pulling Chute. 

0952 IJ H129 7/18/77 0952 - 1007 1.484 0.973 9 Ledge, 2000 Level, 45-51G/H Blast Hole, 
Loading Ore. 

0952 IJ H130 7/18/77 1035 - 1050 1.484 1.415 9 Ledge, 2000 Level, 45-51G/H Blast Hole, 

0952 ·lJ H131 7/18/77 !l47 - 1202 1.484 1.479 
Loading Ore.· 
9 Ledge, 2000 Le've 1, 45-5lG/H Blast Hole, 
Loading Ore. 

0952 lJ Hl32 7/18/77 1330 ~ 1345 1.484 0.583 9 Ledge, 2000 Level, 
Shov"eI1ng Ore. 

45-5lG/H Blast Hole, 

'" 
TIIA-1. 531 , 

N 
7/18/77 0724 - 0754 2.968 2.617 00953 IH H133 9 Ledge, 2150 Level, 49 Crosscut, Ring Dri 11ing. 

0953 IH H134 7/l8/n 0838 - 0908 2.968 1.326 9 Ledge, 2150 Level, 49 Crosscut; Ring Drilling. 
0953 IH HI35 7/l8/77 1002 - 1032 2.968 1.017 9 Ledge, 2150 J..E;vel, 49 Cro'sscut, Ring Drilling. 
0953 IH H136 7/18/77 !l43 - 1213 2.968 0.205 9 Ledge, 21,0 ~evel, 49 Crosscut, Ring Drilling. 
0953 IH H137 7/18/77 1247 - 1317 2.968 0.261. 9 Ledge, 2150 revel, 49 Crosscut, Drilling. 
0953 IH H138 7/18/77 1350 - 1420 . 2.968 0.599 9 Ledge, 2150 Level, 49 Crosscut, Dri 11ing •. 

TIIA-1.004 

.~ . 



Table E-3 (continued) 

Job Pet"son Sample Sample time Volu~e Concentration Sample information 
code number number Date On Off (Ce ) (m~~cf) (I.e. location t oeeratioo z activitlt etc.) 

0954 IA HI23 7/18/77 073 I - 0758 2.671 1.049 9 Ledge, 1700 Level, Drift So'uth 22 Crosscut, 
Highballing. 

0954 IA Hln 7/18/77 0900 - 0930 2.966 l.ll7 9 Ledge I 1700 Level, Drift South 22 Crosscut. 
0954 IA HI26 7/1B/77 1057 - 1128 3.067 0.249 9 Ledge I 1700 Level, Drift South 22 Crosscut. 
0954 IA HI21 7/lB/77 1250 - 1321 3.067 1. 797 9 Ledge, 1700 Level, Drift South 22 Crosscut, 

Blasting. 
0954 IA 11125 7/l6/77 1410 - 1430 1.979 0;953 9 Ledge, 1700 Level, Drift South 22 Crosscut, 

Hucking. 

'NA-1.0J8 

0955 IS H45 7/l3/7J. 0832 - 0643 1.068 1.634 9 Ledge, 5750 Level, 68C Stope, in Hanway While 
Slushing. 

'" 0955 IB H44 7/13/77 0922 - 0932 0.989 0.434 9 Ledge, 5750 Level, 6BC Stope, Spilled Sample. 
I 

0955 10 114) 7/lJ/77 0924 - 0941 1.682 0.979 9 Ledge, 5750 Level, 68C Stope. Barrin-g Down. ~ 

~ 

0955 IB H47 7/13/77 1245 - 1255 0.989 0.289 9 Ledge, 5750 Level, 68C StC?pe, Not Working 
at Time of Sample. 

0955 IB H46 7/l3/77 1326 - 1345 1.682 0.402 9 Ledge, 5750 Level, 68C Stope, in Hain Drift 
Not Working. 

0955 IB H48 7/13/77 1426 - 1442 1.583 0.306 9 Ledge, 5750 Level, 68C Stope, in Hain Ddft 
Not Working. 

'NA-0.689 



r-
~ Table E-3 (continued) 

I Job Person Sample "Sample time Volu:!'. Concentration Sample information 

~ code number number Date On Off (Et ) (';ppcE) (i. •. location, operation! activity. etc.~ 

i 0956 18 H223· 7/21/77 0710 - 0740 2.968 0.100 9 Ledge, 3950 Level. 24-25B Stope, Operated 
Hoist. in Chute. 

! 0956 IB H220 7/21/77 0846 - 0917 3.067 13.217 9 Ledge, 3950 Level, 24-25B St.ope, Filling Ore 

i Cars. 

t 0956 IB H225 7/21/77 1007 - 1043 3.562 . 0.961 9 Ledge, 3950 Level, 24-258 Stope, U.slng Gamby , to Fill Cars. ; 0956 IB H224 7/21/77 1200 - 1230 2.968 0.949 9 ledge r 3950 Level, 24-25B Sto'pe, Camby Loading 
Area. 

I 0956 IB H221 7/21/77 1335 - 1353 1. 781 0.409 9 Ledge, 3950 Level, 24-25B Stope. 
I 0956 IB H222 7/21/77 1415 - 1442 2.611 0 •. 143 9 Ledgt:, 3950 Level, 24-25B Stope. 

TIIA-2.831 

, 0956 IJ H51 7/13/77 0815 - 0830 1.484 0.434 9 Ledge, 3950 Level, 67-680 Stope. Prying Off 
: I Loose Rock. 

r 0956 IJ H49 7/13/77 0934 - 0947 1.236 0.278 9 Ledge, 3950 Level, 67-680 Stope. Wet Dril Ung. 
0956 IJ H54 7/13/77 1150 - 1206 1.583 0.638 9 Ledge, 3950 Level, 6i-68D S-tope, Drilling. 
0956 IJ H53 7/13/77 1243 - 1258 1.484 0.402 9 Ledge, 3950 Level, 67-680 Stope. Wet Drilling. 
0956 IJ H5D 7/13.177 1332 - 1347 1.484 0.536 9 Ledge, 3950 Level, 67-680 Stope. 

1 095'6 IJ H52 7/13/77 1412 - 1427 1.484 0.482 9 Le"dge, 3950 Level, 67-680 Stope, .Loading 
I Explosives. 
; , 

TIIA-0.468 

r 



Table E-3 (continued) 

Job 'Plrl~ri Sample: Sample time Vol~e Concentration Sample information 
code number number Date On Off (ft 1 (meecf) ~i.e. location z oeeration, activity! etc. ) 

0956 IK H204. 7/20/77 0748 - 0810 2.671 0.994 9 Ledge J '4400 Level, 31-32C/n Stope, Set Up 
for·Slushing. 

0956 lK H202 7/20/77 0924 - 0953 ~.869 2.240 9 Ledge, 4400 Level, 31-32C/O Stope, Set Up 
. for Slushing • . ,. 0956 IK H206 7/20/77 1020 - 1050 2.968 2.106 9 Ledge, "4400 Level, 31-32C/D S.tope, Slushing. 

0956 IK H207 7/20/77 1230 - 1300 2.968 2.192 9 L~dge, 4400 Level, 31-32D Stope, Slushing.' 
0956 IK H205 7/20/77 1337 - 1402 2.473 4.756 9 Ledge •. ~400 ~evel J 31-32D Stope, Slushing, , Drilling.-

NA-2.409 

• 
0936 IL HI61 7/19/77 0717 ~ 0747 2.968 0.784 9 Ledge,_ 3650, Level, 18B Stope, First Aid 

0956 IL· . H160 7119/77 0848 
Station, and Set Up Equipment in Stope. 

0918 2.968 0.040 9 Ledge, 3650 Level, ISB Stope, Some Drilling, 
Repaired Eq~lpment • 

0956 IL H159 . 7/19/77 0935 - 1005 2.968 0.088 9 L~dge, 3650 Le'vel, laB Stope, Drilled Ore 
Sample. 

0956. IL HI56 7/19/77 1255 1325 2.968 0.217 9 Ledge, 3650 Le'vel, ISB Stope, Some Drilling, 

0956 11 H158 7/19/77 1348 - 1418 2.96B 0.028 
Set Up Slushi:!r. 
9 Ledge, 3650 Level, 18B Stope, Helped Construc.t 
Hanway and Chute. 

:, , NA-0.231 

,'" 
y 

~ . . , 
'1 .. 



~ --

Table E-J (continued) 

Job Person Sample S"ample time Volu~e Concentration SalDpl~ information 
code number number Date On Off (ft ) ~m~12cf) ! i. •. location! 0Eerat!on! activit!z etc. .-2 

0956 IN HI98 ' 7/20/77 0734 - 0804 2.968 0.667 9 Ledge, 4250 Layel J 36-37B/C Stope. Drilling. 
0956 :N H199 7/20/77 0813 - 0843 2.968 0.581 9 Ledge, 4250 Level, 36-37B/C Stope, Some 

Drilling. 
0956 IN H197 7/20/77 0904 - 0935 3.067 0.493 9 Ledge, 4250 level, 36-37B/C Stope. Drilling. 
0956 IN H201 7/20/77 1001 1031 2.968 0.940 9 Ledge, 4250 Level, 36-37B/C Stope. .prilling. 
0956 IN H200 7/20/77 1223 - 1253 2.968 0.833 9 Ledge, 4250 Level, 36-37B/C Stope. Drilling. 
0956 IN HI87 7/20/77 1336 - 1406 2.968 0.571 9 Ledge, 4250 Level, 36-37B/C Stope. Drilling. 

TWA-0.680 

0956 IQ HI24 7/19/77 0727 -~ 0756 2.869 0.661 9 Ledge, 3950 Level, laG Stope, Highball 
Drilling. 

0956 lQ H151 7/19/77 0940 - 1007 2.671 0.152 9 Ledge, 395~ Level, 18G Stope, Not Drilling 
at Time of Sample_ 

-0956 IQ H152 7/19/77 1155 - 1227 3.166 0.452 9 Ledge, 3950 Lev~lJ 18G Stope " Some Drilling. 
0956 IQ H153 7/19/77 1240 - 1310 2.968 0.084 9 Ledge, 3950 Level, IBG Stope, Repaired Drill. 
0956 lQ H154 7/19/77 1321 - 1351 2.968 0.060 9 Ledge, 3950 Level, laG StC?pe, Some Dr11ling. 
0956 . lQ H155 7/19/77 1400 - 1420 1.979 0.295 9 Ledge, 3950 Level • laG Stope, This Sample 

Was Taken as a General Area Sample Within the 
Stope. 

TWA-0.2a5 

.. , 



/ 

Table £-3 (continued) 

Job Ferlo!'1 Sam~18 Samp18 time 
Sample information . , 

code numher num er Date On Off i.e. location o eration activit ·"etc. 

0956 LY H79 7/14/77 0801" - 0816 1.484 1.109 9 Ledge, 5450 Level, 66-67C Stope, Set Up· 

0919 - 0929 

Equipment .. 

0956 1'( H80 7/14/77 0.989 1.013 ~ Ledge, 5450 ~evel, 66-67C Stope, Some Dr~ 111ng. 

0956 1'( HSI 7/14/77 1021 - 1031 0.989 10.667 9 Ledge, ~450 Level, 66-67C Stope, Drilling. 

0956 lY H82 7/14/77 1202 - 1212 0.989 8.770 9 Ledge, 5450 Level, 66-67C Stope. Drilling. 

0956 1'( HSJ 7/14/77 1250 - lJOO 0.989 2.219 9 Ledge, 5450 Level, 66-67C Stope, Some Drilling. 

0956 1'1' H84 7/1 4/ 77 lJ48 - 1358 0.989 2.074 9 Ledge. 5450 Level, 66-67C Stope, Some Drilling .. 

TIIA-4.063 

0976 lZ H90 7/14/77 0831 ~ 0846 1.484 1.211 9 Ledge. 5450 Level, 64-650 Stope, Set Up 
Equipme-nt. 

0976 lz HS9 7/14/77 0939 - 0954 1.484 0.788 9 Ledge, 5450 Level, 64-650 Stope, Took Break. 

'" 
0976 lZ H88 7/14/77 1015 - 1030 1.484 2.213 9 Ledge', 5450 Level, 64-650 Stope, Slushing. 

0 0976 lZ H87 7/14/77 1154 - 1210 1.583 1.397 9 Ledge. 5450 Level. 64-650 Stope, Slushing_ 

t:;: 0976 Iz HS5 7/14/77 1304 - 1319 1.484 4.293 9 Ledge, 5450 Level, 64-650 5 tQpe, Drilling. 

0976 IZ H86 7/14/77 1412 - 1427 1.484 2.765 9 Ledge, 5450 Level, 64-650 Stope, Drilling. 

nlA-2.103 

0986 IX HI62 7/19/77 0714 - 0744 2.968 0.084 9 Ledge, 3650 Level, 270 Stope, Set Up 
Equipment. 

0986 IX H16J 7/19/77 0850 - 0920 2.968 0.032 9 Ledge, 3650 Level, 270 Stope, Some Wet 
Drilling. 

0986 IX H164 7/19/77 IPS - 122' 2.968 0.084 9 Ledge, J650.Level, 270 Stope, Wet Drilling. 

0956 IX H165 7/19/77 1303 - 1333 2.968 0.104 9 Ledge, 3650 Level, 270 Stope, Wet Drilling. 

0986 IX H166 7/19/77 1400 - 1430 2.968 0.277 9 Ledge, 3650 Level, 270 S'tope, Wet Drilling. 

TIIA-0.116 

,~ . 



Table E-4. Impinger dust sample results for underground 
employees' an the Main Ledge at'the Homestake Cold Hine. 

Job Person- Sample Sample time Vol":!," Concentration Sample information 
code number n'umber Da'te On Off (ft ) (meecf ) (Le. loca~iont o2eration! activitlt etc.} 

1010 IG H226 7/21/77 0138 - 08G8 2.968 0.338 Main Ledge, 4250 Level. 7le Stope, Set Up 
Timber Using Chain Saw. 

1010 IG H227 7/21/77 IGOO - 1030 2.968 0.313 Main Ledge,: 4250 Level. 7le Stope, Waiting for 
Timber_ 

1010 IG. H228 7/'(.1/77 1144 - 1216 3.166 0.256 Main Ledge, 4250 Level, 7le Stope, Working on· 
Timberline. 

1010 IG H230 7/21/77 1308 - 1438 8.905 0.671 Main Ledge, 4250 Level, 7le Stope, Working on 
Timberline. 

1010 IG H231 7/21/77 1348 -,1418 1. 979 1.369 Main Ledge, 4250 Level, 7le Stope, Yorking on 
Timberline. , 

TIIA-0.609 

Z lO4~ lR H69 7/14/77 0735 - 0750 1.484 0.525 Main Ledge, 6050 Level, 90 Pillar, Set Up Bore 
c- Drill. 

1043 lR H72 7/14/77 0830 - 0845 1.484 4.067 Main Ledge, 6050 Level, 90 Pillar, Bore Machine 

1043 lR H71 7/14/77 0932 - 0942 0.989 2.717 
Drilling. 
Hain Ledge, 6050 Level, 90 Pillar, Bore Machine 
Drilling. 

1043 lR H70 7/14/77 1047 - 1059 1.187 2.257 Main Ledge, 6050 Level~ 90 Pillar, Bore Mach.ine 
Drilling. 

1043 lR H67 7/14/77 1302 - 1317 1.484 1.945 Main Ledge, 6050 Level p 90 Pillar, Bore Machine 
Drilling. 

1043 lR H68 7/14i77 1408' - 1418 0.989 4.212 Main Ledge, 6050 Level, 90 Pillar, Bore Machine 
Drilling. 

TIIA-2.525 

,-



~. : 
Table E-4 (continued) c: 

~: Job Person Sample 'Sample time Volu:!'e Concentration Sample information 

'" cadEt number number Date On Off Cft ) (mppcfJ (i.e. location, operation, activity, etc.) 
t' ,.', 

7/21/77 0759 - 0829 2.968 0.257 4250 level, ~1 1054 IL H236 Main Ledge, 70 Crosscut, Drilling. 

~ 1054 IL H233 7/21/77 1025 - 1055 2.968 0.149 Main Ledge, 4250 Level, 70 Crosscut, Some 

ri' 
Dri lIing. 

1054 lL H234 7/21/77 1216 '- 1246 2.968 0.318 Hain Ledge, 4250 Level, 70 Crosscut, Drilling. 
,~'. 

1054 lL H232 7/21/77 1345 - 14i5 2.960, 1.342 MBin Ledge, 4250 Level, 70 -Crosscut '. Prepare (i 
for Blasting. 

"-' 
I' TWA-0.517 " , 

t 1055 IF Hll 7/12/77 0808,.- 0828 1.979 16,599 Main Ledge, 6500 Level, Dumped Waste. 
1 1055 IF H09 7/12/77 0942 '- 0957 1.484 1.393 Main Ledge, 6500 Level, -Fixed Slusher. 
1 1055 IF Hl0 7/12/77 1152 ~ 1207 1.484 4.828 Main Ledge, 6500 Level, Some Mucking. ;; , 

1055 IF H07 7/12/77 1310 - 1325 1.484 3.596 Main Ledge, ,6500 Level J Hucking. 

'., 1055 IF H12 7/12/77 1414 - 1429 1.484 3.666 Main Ledge, 6500 Level, Unloaded Equipment. 

r 1055 IF HOB 7/12/77 1458 - 1513 1.484 2.583 Main Ledge, 6500 Level, on Train. 

TWA-6.031 

1056 Ie H13 7/12/77 0931 - 0946 1.484 0.80g Main Ledge, 6800 Level, 93-94e Cutting Sill. 
'I Slushing. 
~ 1056 Ie H17 7/12/77 1152 - '1207 1.484 0.906 Main Ledge, 6800 Level, 93-94e Cutting Sil1-, 

Slushing. 
1056 Ie HI6 7/12/77 1400 - 1415 1.484 1.270 Main Ledge, 6800 Level. 93-94e Cutting Sill;--~' Slushing. , 

TWA-0.995 

-, 

., . 



Table E-4 (continued) 

Job Person Sample Sample ti{Ile Vol"j'e Concentl"ation Sample information 
code number number Dat"e On Off (ft ) (mppef) (i.e. location, operationr activity, "e~c.) 

1056 lK HI 7/12/77 0826 - 0841 [,484 0.954 Main ledge, 6050 Level, 89E St.ope. Not Workin"g 
at Time of Sample. 

1056 IK HZ 7/12/77 0955 - 1015 [,979 [,4)9 Hain ledge, 6050 Level, 89E St.ope) Some Slushing. 
1056 lK H] 7/12/77 1210 - 1225 [,484 3.928 Main Ledge, 6050 Level, 89E Stope. Wet Ore, 

Slushing. 
1056 lK H4 7/12/77 1305 - 1315 0.989 6.423 Main Ledger 6050 Level, a9E Stope, Drilling_ 
1056 lK H5 7/12/77 1405 - 1415 0.989· L021 Main Ledge, 6050 Level, 89E Stope, Drilling. 
1056 lK H6 7/12/77 1430 - 1440 0.989 1.214 Main Ledge, 6050 Level, 89E Stope, Dr! 1110g. 

TIIA-2.174 

1057 ID H214 1/21/77 0730 -3 0832 6.134 0.035 Main Ledge, 4100 Level, 58£ Stope. 
lQ57 lD H215 1/21/77 0803 - Og32 2.869 0.058 Main Ledge; 4100 Level, 58£ Stope. 

'", 1057 10 H216 7/21/77 0833 - 0903 . 2.968 0.237 Main Ledge, 4100 Level, 58E St.ope. , 
10.51 1D H217 1/21/77 1007 - 1031 2.968 0.338 Main Ledge, 410~ Level. 58E Stope. ~ 

" !O51 lD H218 1/21/77 1150 - 1220 2.968 0.414 Main Ledge, 4100 Level, 58E. Stope, Bracing. 
1057 10 H219 7/21/77 1220 - .1250 2.968 0.908 Main Ledge, 410P Level, 58E Stope. 

TWA-0.288 

1060 IE H18 1/12/77 08Z0 - 0840 [. 919. 0.293 Main Ledge, 6800 Level, Near Loading Shaft. 

TIIA-0.293 

. ,. 
,- . 



"I [ Tabl. E-5. Impinger dust sample results for underground 
~; 

I. employees on the 11 Ledge at the Homestake Gold Mine. ,. , 
I· 

Job PersoI1 Sample Sample time Volu'!. Concentration Sample information , 
~. 

code number number Date On Off (ft ) (mppcf) (L •• location, operation, activity, etc. ) 
~ 
f. 
~. 1141 Ie H63 7/14/77 0754 - 0807 1.286 0.928 11 Ledge, 5600 Level, 5S Pillar, Set Up 
~ Equipm~nt, Some Drilling. 

1141 IC H61 7/14/77 0852 - 0908 1.583 0.522 11 Ledge, 5600 Level, 55 Pillar, Some Drilling. 
~, 1141 Ie H64 7/14/77 0955 - 1010 1.484 1.313 11 Ledge, 5600 Level, 55 Pillar, Drilled. 

~ 1141 IC H62 7/14/77 {l30 - 1145 1.484 0.643 11 Ledge, 5600 Level, 55 Pillar, Pulled Core, ,. Ddll.d. it· 
i 1141 Ie H65 7/14/7 7 1250 - 1305 1.484 0.756 11 Ledge, 5600 Level, 55 Pillar, Pulled Core •. 
! Drilled. , 

1141 Ie H66 7/14/77 1358 - 1410 1.187 0.777 II Ledge, 5600 ,Level, 55 Pillar, Some Dr! 11 lng. 

TWA-0.BI9 

1156 10 H53 7/13/77 0930 - 0940 0.989 0.635 II Ledge, 5450 Level, 49-51 Stope, Drilling. 

'" 1156 10 H59 7/13/77 1155 - 1205 0.989 0.410 11 Ledge. 5450 Level, 49-51 Stope, Or. Sample I .., 
Drilling • .., 

1156 10 H60 7/13/77 1235 - 1245 0.989 0.434 Ii Ledge, 5450 Level, 49-51 Stope, Ore Sample 
Dr! 11ing. 

1156 10 H57 7/13/77 1335 - 1350 1.484 0.273 11 Ledge, 5450 Level, 49-51 Stope, Drilling. 
11.56 10 H55 7/13/77 1434 - 1444 0.989 0.434. 11 Ledge, 5450 Level, 49-51 Stope, Tou·k Break. 

TWA-0.422 

.' . 



Table E-5 (continued) 

Job Person Sample Sample time Volu'!'e Concentration Sample information 
code number number Date On Off (ft ) (meEcf) (Le. location~ 0Eeration z activity, etc.) 

1156 Ie H37 7(13/77 0910 - 0922 1.187 1. 728 11 Ledge, 5300 Level J 490 Stope, Prying Off 
Loose Rock. 

1156 Ie H41 7 (13(77 0927 - 0932 0.495 1.350 11 Ledge, 5300 Level J 490 Stope, Wetting Ore, 
Drilling.· 

1156 Ie H40 7(13/77 1028 - 1038 0.989 3.537 11 Ledge, 5300 Level, 49D Stope, Or! lling. 
1156 Ie H38 7 (13(77 1142 - 1152 0.9B9 0.675 11 Ledge, 5300 Level, 490 Stope, Wetting. Ore. 
1156 Ie H42 7(13/77 1302 - 1317 1.4B4 .1.093 11 Ledge, 5300 Level, 490 Stope, Some Drilli~g. 
1156 lG H39 7 (13/77 1340 - 1350 0.989 2.653 11 Ledge, 5300 Level, 490 Stope, Cleaning Up.·' 

.. 
TWA-L815 

1156 IN H33 7/13/77 0825;- 0835 0.989 0.B20 11 Ledge, 5750 Level, 57C Stope, Dri !led. 
1156 IN H32 7/13/77 0910 - 0920 0.989 0.563 11 Ledge, 5750 Level, 57C Stope, Dr! lied. 

" 
1156 IN H3I 7(13/77 1007 - 1017 0.989 4.116 11 Ledge, 5750 Level, 57C Stope, Putti~g in 

I Slusher Blocks. 
'" ::> 1156 IN H36 7/13/77 1300 - 1315 1.484 0.000 11 Ledge, 57~O Level, 57C Stope, Repositioned 

Slusher. 
1156 IN H35 7/13/77 1417 - 1432 1.484 1.200 11 Ledge, 5750 Level, 57C Stope, Took Break.· 

TWA-I. 217 



Table E-6. Imp1nger dust sample results for underground 
employees on the 13 Ledge at the Homestake Gold Mine. 

Job Person Sample Sample time Volu~e Concentration Sample information 
code number number Dace On Off (ft ) (m~Ecf) (i.e. location l oEeration! activitYI etc.) 

1356 IA H2O 7/12/77 0828 - 0848 1.979 0.366 13 Ledge, 6050 Level, 46-47:C Stope, Some 
Dr! 11 ing. 

1356 lA HZ2 7/12/77 0920 - 0940 1.979 1.025 13 Ledge, 6050 Level, 46-47C Stope, Ori 11ing, 
Hucking. 

1356 IA HZl 7/12/7} U02 - lln 1.979 3.730 13 Ledge, 6050 Level, 46-47C Stope, Ate Lunch. 
1356 lA HI9 7/1Z/77 IZZO - 1235 1.484 1.570 13 Ledge. 6050 Level, 46-47C Stope. Ori 11 iog. 
1356 lA HZ3 7/12/77 1340 - 1355 1.484 1.061 13 Ledge. 6050 Level, 46·-47C Stope, Pulling 

Chute. 
1356 lA H24 7/1Z/77 141Z - 14Z7 1.484 5.171 13 Ledge, 6050 Level. 46-/~7C Stope, Pulling 

Chute. 

TWA-Z.090 

t< 
I 1356 IH H26 7(12/77 0832 0851 1.880 1.400 13 Ledge, 6050 Level. e> 

1356 IH IIZ5 7/1Zi77 0928 - 0947 1. 880 I.Z14 13 Ledge, 6050 Level p Not Working at Time of 

1.298 
Sample. 

1356 IH HZ7 7/1Z/77 1057 - llll 1.979 13 Ledge, 6050. Level, Ate Lunch, Some ~ucking. 
1356 IH H29 7/12/77 ll55 - 1214 1.880 1.202 13 Ledge, 6050 Level, Hucking. 
1356 IH flZ8 7/12/77 1329 - 1348 1.880 !. 540 13 Ledge, 6050 Level, Putting in Track. 
1356 IH H30 7/12/77 1425 - 1439 1.385 12. 471 13 Ledge, 6050 Leve I, Putting in Track. 

TWA-2.748 



Table £-7. lmpinger dust 'sample results for underground 
employees on the 19 Ledge at the Homestake Gold Mine. 

Job Person Sample Samp Ie time Volu~e Concentration Sample infonnation 
code number numb~r Date On off (ft ) ( rn22c f) (Le. location! °eeratlon t activitYt etc. ) 

1932 ]P H97 7/15/77 0759 - 0814 1.484 I.] 74 19 Ledge) 6800 Level) Motorman, Hau lIng Ore. 
]932 ]P fl98 7/15/77 0952 - 1002 0.989 0.844 19 Ledge. 6800. Level. Motorman, Unloading 

Equipment. 
]932 ]P H99 7/15/77 1025 - ]039 1.385 5.460 19 Ledge, 6800 Level, Pulling Raises. 
.]9)2 ]P HlC'O 7/15/77 ]226 - 1236 0.989 1.0]3 19 Ledge, 6800 Level, Hotorman, Dumping Ore. 
1932 IP H101 7/15/77 1320 - JJ35 I. 484 0.080 19 Ledge, 6800 Level. Motorman, Hauling Ore. 
1932 IP HID2 7/15/77 1405 - 1420 1.484 .0.096 19 Ledge. 6800 Level, Hotorman. Dumping Ore. 

TWA-I. 459 

1954 IG H94 7/15/77 0839 - 0906 2.671 0.058 19 Ledge. 4850 Level, 46 Crosscut. Took Break. 
1954 IG H95 7/15/77 1142 - 1226 4.353 0.049 19 Ledge, 4850 Level. 46 Crosscut J Installing 

'" Water Pipes. 
I 

w 1954 IG H96 7/15/77 1414 - 1444 2.968 0.092 19 Ledge, 4850 Level, 46 Crosscut, Installing 
~ 

Water Pipes. 

TWA-O.064 

1956 ]S HI I) 7/15/77 0831 - 0847 I. 583 0.151 19 Ledge, 62(10 Level. 41-42G Stope. Hoving 
Some Hose. 

1956 . IS HII4 7/15/77 0945 - 1000 1.484 0.153 19 Ledge. 6200 Level. 41-42G ~topeJ Splicing 
Cable. 

1956 IS H1I2 7/15/77 1040 - 1055 1.484 0.370 19 Ledge. 6200 Level. 41-42.G Stope. Wetting 
Ore. 

1956 IS HIli 7/15/77 1159 - 1213 1.385 0.086 19 Ledge, 6200 Level, 41-42G Stope, Some 
Drilling. 

1956 IS H110 7/15/77 IJID - 1327 1.682 0.043 19 Ledge, 6200 Level, 41-42G Stope, Took Break. 
1956 IS HI09 7/15/77 IJ56 - 1410 1.385 0.396 19 Ledge, 6200 Level, 41-42C Stope. Dr! 11iog. 

TWA-O.195 



Table E-8. Impinger dust sample results for underground 
employees on the 21 Ledge at the Homestake Gold Hine. 

Job Person Sample Sample time Volu~e Concentration Sample information 
code number number Date On Off (ft ) (mE!ecf) (!. e. location, oeeration z activitll etc. ) 

2176 lJ 11119 7/15/77 0805 - 0816 1.088 0.132 21 Ledge, 6200 Level, 50-52B Stope, Loading 
Equipment. 

2176 lJ H120 J /15/77 0919 - 0929 0.989 0.760 21 Ledge, 6200 Level. 50-52B Stope. Took Break. 
2176 lJ H118 7/15/77 1015 - 1030 1.484 0.394 21 Ledge, 6200 Level, 50-52B Stope, Some 

Dri 11 ing. 
2176 IJ 11117 7/15/77 lI50 - 1200 0.989 0.350 21 ledge, 6200 Level. 50-52B Stope~ 
2176 lJ 11115 7/15/77 1315 - 1330 1.484 1.632 21 Ledge, 6200 Level. 50-52B Stope, Drilling. 
2176 lJ 11116 7/15/77 1415 - 1430 1.484 .0.932 21 Ledge, 6200 Level. 50-52B Stope. Prepared 

for Blasting. 

"NA-0.749 



Table E-9. Statistical summary of implnger dust sample results 
for all underground emp loyees at the Homestake Gold Mine. 

MPPCF 
Number of Range mppcf Standard Standard 

Job code sameles High - Low Mean Median TYA deviation error Job title 

01(17 12 [.358 - 0.303 0.904 [,054 0.891 0.389 O. 112 Hoist Operator-Underground 
0110 5 [.369 - 0.256 0.589 0.338 0.609 0.465 0.208 Carpenter, 1st 
0114 5 [.463 - 0.346 0.699 0.506 0 .. 713 0.454 0.203 Carpenter. Master 
0124 6 4.758 - [. 261 2.534 2.286 2.559 [,171 0.478 Skipper Head 
0125 11 ).794 - 0.068 [.302 0.J09 1.298 [,462 0.441 Skipper 
0132 6 5.460 - 0.080 1.445 0.929 [.459 2.021 0.825 Mctorman, 1st 
0141 6 [.)13 - 0.522 0.823 0.767 0.819 0.276 0.1l) Diamond Drill Operator 
0143 6 4.212 - 0.525 2.621 2.487 2.525 1.387 0.566 Bore Machine Operator 
0152 12 8. l)9 - 0.289 2.487 [,194 2.231 2.272 0.787 Hiner, 1st 
015) 6 2.617 - 0.205 1.004 o. B08 1.004 0.901 0.368 Hiner, 1st 

'" 0154 12 1.797 - 0.049 0.619 0.288 0.591 0.599 0.173 Hiner, 1st 
I 

0155 11 16.599 - 0.289 ).)16 1. 834 3.761 4.664 1.406 Hiner, 1st w ... 0156 84 13.217 - 0.000 1.622 0.870 1.473 2.516 0.275 Hiner, 1st 
0157 6 0.908 - 0.0)5' 0.3)2 0.288 0;288 0.320 0.130 Hiner, 1st 
0160 I 0.29) - 0.29) 0.293 0.29) 0.293 0.000 0.000 Hiner, 1st 
0176 12 4.293 - 0.132 1.423 1. 211 1.499 [,146 0.J18 Hiner, 3ed 
0186 5 0.277 - 0.032 0.116 0.084 0.116 0.094 0.042 Hiner, 4th 

Area 01 Total 206 16.599 - 0.000 [.514 0.906 1.287 2.224 0.155 All Underground Employees 



Number of 
Job code sameles 

0204 5 
0206 5 

Area 02 Total 10 

Table E~lO. Statistical summary of impinger dust sample results for surface 
employees in the crushing mills at the Homestake Gold Mine. 

HPPCF 
. Range mppcf Standard Standard 

High - Low Hean Median TWA dev ht ion error Job title 

0.615 - 0.073 0.263 0.223 0.269 0.116 0.097 Belt/Chip Picker 
5.956 - 2.005 3:799 3.655 3.819 1.426 0.638 Laborer. 1st 

5.956 - 0.073 2.031 1.310 2.069 2.097 0.663 Surface Employees 
Crushing Hllt s 

in the 



Table E-ll. Statistical summary of impinger dust:. sample- results for underground 
employees on the 9, Hain, II, 19, and 21 Ledges at. t.he Homest.ake Gold H1ne~ 

HPPCF 
Number of Range mppcf Standard Standard 

Job code sam~les High - Low Hean Median WA devillt ion error Job title 

0914 5 1.463 - 0.346 0.699 0.506 0.713 0.454 0.203 Carpenter, Master 
0952 12 8.139 - 0.289 2.487 1.194 2.231 2.272 0.787 Hiner, 1st 
0953 6 2.617 - 0.205 1.004 0.80B 1.004 0.901 0.368 Hiner, 1st 
(1954 5 1. 797 - 0.249 1.003 1.049 1.038 0.550 0.246 Hiner, 1st 
0955 6 I.B34 - 0.289 (I,7Q7 0.418 0.689 0.60B. 0.24B Hiner, 1st 
0956 40 13.217 - 0.028 1. 591 0.610 1.385 2.B70 0.454 Hiner, 1st 
0976 6 4.293 - 0.78B 2. III I. 805 2.103 I. 286 0.525 Hiner. 3rd 
0986 5 0.277 0.032 0.116 0.084 0.116 0.094 0.042 Hiner, 4th 

Area 09 Total 85 13.217 - 0.028 1.478 0.667 1.248 2.321 0.252 All Employees on 9 Ledge 

'" I 
w 
~ 

1010 5 0.912 - 0.256 0.498 0.338 6.545 0.283 0.126 Carpenter, 1st 
1043 6 4.212 - 0.525 2.621 2.487 2.525 1.387 0.566 Boring Machine Operat.or 
1054 4 1.342 - 0.149 0.517 0.28B 0.517 0.555 0.277 Miner, 1st 
1Q55 6 16.599 - 1.393 5.444 3.631 6.031 5.585 2.280 Hiner, 1st 
1056 9 6.423 - 0.809 1.940 1.242 1.808 1-.BI6 0.574 Hiner, 1st 
1057 6 0.908 - 0.035 0.332 0.288 - 0.288 0.320 0.130 Hiner, 1st 
1(160 0.293 - 0.293 0.293 0.293 0.293 0.000 0.000 Hiner, 2nd 

Area 10 Tot.al 37 16.599 - 0.035 1.990 1. 214 2.930 0.482 All Employees on Hain Ledge 

1141 6 1.313 - 0.225 0.735 0.710 0.726 0.371 0.151 Diamond Dr! 11 C?peraeor 
1156 16 4.116 - 0.000 1. 245 0.748 1.179 1.200 0.300 HIner, 1st 

Area II Toeal 22 4.116 - 0.000 1.130 0.798 1.340 0.2B6 All Employees on 11 Ledge 



Table E-ll (continued) 

MPPCF 
Number of Range mppcf Standard Standard 

Job code samEles High - Low Mean Median TI/A deviation error Job title 

1356 12 12.471 - 0.366 2.671 1.349 2.427 3.362 0.970 Miner) 1st 

Area 13 Total 12 12.471 - 0.366 2.671 '1.349 2.427 3.362 0.970 All Employees on 13 Ledge 

1932 6 5.460 - 0.080 1.445 0.929 1.459 2.021 0.825 Motorman, 1st 
1954 3 0.092 - 0.049 0.066 0.058 0.064 0.023 0.013 Miner, 1st 
1956 6 0.396 - 0.043 0.200 0.152 0.195 0.148 0.060 Miner, 1st 

Area 19 Total 15 5.460 - 0.043 0.671 0.151 0.515 1.377 0.356 All Employees on 19 Ledge 

'" I 2176 6 1.632 - 0 .132 0.700 0.577 0.749 0.541 0.225 Miner, 3rd w 
~ 

Area 21 Total 6 1. 632 - 0.132 0.700 0.577 0.749 0.541 0.225 All Employees on 21 Ledge 

c 




