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ABSTRACT

We report measurements of radon gas concentration in

wwo deep gold mines in Ghana, viz Tarkwa Goldfields

and Prestea Goldfields. .

Radon concentrations measured ypderground at
Tarkwa were in the range 56 Bg m-3 1t 268 Bq m-3,
Corrcsgdnding values for Prestea were 43 By m20878
Bqm™

These results represent the first published data on
underground radon concentration in decp gold mines in
Ghana.

Measurement of the radon gas was done by means 3F
the solid state nuclear track lechnique, with CR-39
plastic as a recording medium for the alpha panicles
from radon decay.

The study is part of a nation-wide radon monitoring
programme,

Keywords: Radon monitoring, gold nures, nuclear
track

INTRODUCTION

In underground mining, one ol the imporiant as-
pects of Lhe environment requiring control is the alnas-
phere of the working places.

Records have shown that uranium and un ming
workers have a highrisk of cancer, asaresult of expasure.
toradon gas[1], However, very littlc dala exist on radon
kevels in deep gold mines, particularty in Ghana, where
the mining sector is a mainsiay of the economy,

We report measurements ef tadon gas concentration
in twe deep gold mines in Ghana, viz Tarkwa Goldhelds
and Prestea Goldfields, These are the first published data
on underground radon levels in deep gold mines in
{Ghana, The study is part of a nation-wide radon monitor-
ing programme.,

Environmental control objectives require that the
air in an underground nine be conditioned to mect
quality and quantity levels near 10 surface values, Al-
though threshold limits are based on human safety and
tolerance, increasing concerm is being cxpressed for
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standards of human comfort as well.

The main health risks associated with radon stem
from its short-lived radioactive daughters, since most of
the radon gas itself will be quickly exhaled by a iormal
healthy person.

In the deep mine atmosphere, and particularly one
that is almost stagnant or quiescent, stratification of
gaseous impuritics may occur. A heavy gas, such as
radon, will stratily against the floor, and a lighter one
near the roofl. Ventilation therefore tends to be of high
importance in the control of the environmental condi-
tions of a deep mine. :

The radon emanating properties of rocks dependson
geologic type, although there may be large variation in
radon emanation within a geologic type.

Weiffenback [2] identified geological regions for
ihe siate of Maine in Uniled States and compared rock
types with the results of a survey of radon concentration
in welts, He found that the radon concentration in areas
of granitic bedrock were greatest,

Ghana geologically lies within Lhe Pre-Cambrian
Guinea shield of West Africa. The oidestrocks belong lo
the Birrimian system, which is mainty argilianeons scdi-
ment, metamorphosed lavas and intrusive igneous rocks
[3]. The rocks of the Birrimian age are of high economic
importance, consisting of slates, phyilites and schists.
The Presiea Goldfield lies on a belt of Birrimian sediments
and lavas.

The Tarkwaiantock system is arenaceous in charac-
ter, and made up of quarizites and phyllites, green dike
and gabbro. Most of the gangway in Tarkwa Goldfieids
have quarizite as the base rock formation, with a few
being ofcombinations of quanzile, green dike and gabbre.

EXPERIMENTAL PROCEDURE

Underground Measurement

Measuremen! of the radon gas underground was
done by 1he closed can technigue of solid state nuclear
detection [4). Thin-sheet z2luminium cans, cut into Sem.
x 6cm cylinders with a volume of 150cm-3, were cov-
ercd with perspex lids and sealed 1o leave a hole of
approximately 3cm diameter in the perspex lid. This hole
was covered wilh filer paper, and to the side of the filter
paper facing the interior of the can, a 2cm z 2cm piece of
CR-39 plastic was fixed.
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Fig. 1: Quline of the central shaft of Prestea with varicus “Levels”

Journal of the University of Science and Technology, Kumasi,

Volumea 14.

Fig. 2

Number 2. Jung 1594

2017 GANGWAY

SCALE 1 INCH TO 80 FT.

97



The CR-39 plastic was used to registet the tracks of
alpha particles from the decaying radon gas, The filter

paper, as a filiering membrane, cuts out thoron (Rn-220,

half life 56s) 1o cnsure that the alpha tracks registered are
due to radon gas (Rn-222, haif-life 3.82) and its plateout
alpha-emittcr daughters, polonium-218 (half-life 3.1 min}
and poloniem-214 (half life 1.6 x 10-6s).

In the underground mine, there 1s a verlical shafl as-
¢ntry into the decp mine, and horizontal drives known as
the “levels” (Fig.1). Each level is scparaled by aninterval
of 45 mcires from the next nearest level. The drives can
be up to three kilometres distance away from the shaft
station orshafigangway . Inthe drivesalong the sidewalls,

at 22.5 metres intervais, are the cross culs sometimes

-used to link other drives in sitiations where there are

many shafts. _

Radon measurements were made along the main
dentral shafis and drives in Prestea and Tarkwa Gold-
fields. The cans were moun:=d, one at the shaft gangway
and another along the drives or cross-cuts in the drives.
The location of the mounted cans, and the geological
information on the two deep mines are listed in Tables 1
and 2, :

Figures 2 - 4 show the sectional plan of a typical
underground- location where the cans were mounted. .
Figure 5 is a photograph of a can mounied in a drive,

LOCATION OF CAMS IH THE GEOLOGLUAL
DRIVLES INFORMATION
10 L Gangway Quartzite ¢
E
¥
E Teamming drive | Quartzita
L {Bin} -
-
12 L Gangway ‘Quartzite
E
Y
E Lovel GQuartzite
L. cross-cut
*
14 L Gangway Quartzite/Dike
E Transformer 5'tn and GABBRO
v . —
W E Level Quartzite, Green Dika
L cross-cut and GADBRO
17 L Cangwey Quartzite, Green Dihke
E and GABBRO
W
E Winder Quartzite
L housa
13 L Gang#ay Quartzite
E
v .
E Leval Quartzite Reaf
L drive
20 L Gangway Qartzite
E
v
. E ¥inder Rartzita
L house
24 24186 Quartzite .
LEVEL inolina
25 [ 2825 subdrive 2 QGuartz Resef{Conglomerata}
E narth Pike {Green)Quartz
L
£ 2525 subdrive 1 Guartz Raeel
L south

Table 1. Location of the mounted can and the geological information

at Tarkwa Goldfields.
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LOCATION GF CAMS IN THE GEQLOGI CAL
DREYES INFORMATIOM
6 L Gangway Carkon Phyllite and
E Quartz .
L]
E 258 sauth
L Crogs-cut
3 L Gangway Carbon Phyllite and
E . ‘Smoky Quartz
v !
E - 252 smouth Carbon Phyllite and
L erass-cut Metaveleanic Rock
4
12 L Gangway Carbon & Silicecus
E Phyllite and Quartz
¥
E 224 south Carbopacaous Phyllite
L cross-cut apd Siliceous Phyllite
15 L Gangway Carbonaceaus Phyllite &
E | Schiztose {Metmsadiments)
L
E 235 south - Sulphidic, Carbonated
L crofz-cut Phyllites & Quartz Reaf
e3 L Gangwoy Phyllite and RQuartz
E Hetavolcanic
v
E 224 south Arsenopyrite, Carbonated
L cross-cut Metavolcanic & Phyllites
30 L Gangway Quartz and Phyllite
E
: "
) E Nusmber 4 Quartz and Phyllite -
i shaft

Table 2. Location of the mounted cans and the geclogical information
at Prestea Goldfields.

at Tarkwa and fifteen locations at Prestea were moni-
tored for the ground Jevel mdon measurements.

Measurement of Physical Parameters

In any measurement location, the can with CR-39
plastic was left for a period of three and half menths.
Over this peried, a good number of alpha-particle racks
-wete registered to ensure good counting statistics for the In the.deep mine. the . ters that
radon gas which diffuses into the can. Data collection likely r.:l:.t"feslp I::E: 'gas cl:)hci:ncfrlaul‘ on include !.heﬁ
was spread over lwo exposure periods, a iotal of seven flow rate, tempesature, and humidity,
months. The vane anemometer was used 1o measure the air

velocity. Tovo methods were used, viz. the fixed - point

Surface Measurements

Measurement of radon gas a1 ground level was made
in the offices, labaratories and workshops of the two
mines. By the closed can techniques of solid siate
nuclear track detection [4], CR-39 plastic was exposed in
these occupational environments for iwo periods, cach
of three and half month duration. In ail, cleven locations

traversing method and the continuous traversing method,
In the fixed - point traversing method, the air way cross -
section is first divided into 2 number of imaginary equal
arcas. This is followed by the measwement of the air-
velocily al the centre of each area, and oslimation of
average velocity. In the continuous traversing method,
the entire airway is traversed slowly at a uniform speed.

dournal of the Unwersity of Science and Technalogy, Kumasi: Volume 14 Number 2. sune 1904 100



Location of cans in the|Track density|Radon concn. (qu_gl
3

Driwves {Bam ) { [Hevel’s mean
10L _:aGandway 2178.62105. 4 t124‘9"_-'6‘01 |
E
v 97.3+ 7.5
E |Tramming drive [1214.3% 78.7 69.6%4.5
L| (Bin)
12L Gangway 1816.3% 96.3 |[104.2%5.6
E
v 122.3% 8.4
-E |Level's 2449.0+111.7 }140.4%6.4
L} cross-cut s ' : ]
14L Gangway 1673.5+ 92.4 96.0+5.2
E T'former s'tion
Y . 145.4+ 9.3
E jLevel's 3398.0%131.7 [194.8t7.6
L| cross-cut . -
17L Gangway 3428.6£122.1 196.6*7.6
E
Y 157.9% 9.6
E jiWinder house 2076.5£102.9 |119.1%5.9
L
18L Gangway 2173.5+108.6 124.7%6 .2
E
' 127.3+ 8.9
E |Level's 2265.3%110.9 129.9+6.4
L] cross-cut ~
20L Gangway 1658.2% 92.0 95.1%5.3
E
v 5.7+ 7.5
E |¥inder house 1678.6* 92.6 96-°3+5.3
L
24 2416 1617.4% 90.8 92 .7+5.,2 92.715.2
LEVEL incline
28L 2525 subdrive 2|3806.1%139.4 218.2+8.0
E north
. ' 217.9%11.0
E |2525 subdrive 1]3794.1+132.7 (217.6%7.86
L| south

2 RESULTS FROM THE RANDCM MEASUREMENTS AT TARKWA GOLDFIELDS
Table 3. Track density and radon conc., a¢ Tarkwa Goldfieids, (underground) the
first period, with exposure time of 3 15 months
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The average velocity will then be estimated from the
indicated rcading on the anemometer. The airflow rate,

Q, is calculated from the average velocity, V, and the |

cross-sectional area of the airway, A, us
Q=VA m-3 g1

An average of four measurements was taken.

The temperature was recorded by an ordinary ther-
mometer, while the humidity measurements were made
with a whirling hygrometer.

Chemical Etching and Track

Counting

At the end of the exposure period, the CR-39 plastic
were etched in 6M Na-OH at 70°C for 3.5 hours. Count-
ing of the alpha particle tracks was done on an optical
microscope at 400x magnification,

Results and Discusssion
The track density on each exposed piece of CR-39,

Location of cans in the|Track l.|l?r'|sil_y[RAdDI'x CONC . (Bqn‘s;‘ ]I
Drives {trncks}cmz} flavel's nennu
10L Gengway 1476.6 82.8 | 87.3%5.01 I
E
¥ e 73.4% 6.4
E |Tramming drive |1006.5t G68.3 59.4%4 .0
L: (Bin)
121 Gangway 1316.3% 82.0 | 75.5%4.7
E
v —— i 105.5% 7.9
E jLevel 2295.9+108.2 |135.4%6.4
.| eross-cut ' |
14l  |Gangway 964 3% 70.1 | 56.9%4.1
E T'former S'tion
| Y - 118.7% 8.5
| E |Lavel #3061.24125.0 |180.5%7.4
i L| eross-cut
= 117L Gangway 34368.8%120.3 |202.827.1
o} ' )
V — 157.8% 9.2
E {¥inder house 1913,3+ 99.0 [(112,B:5.8 3
L
138L Gengway 1903.1* 98.5 (112.215.8
[
| Voo ! 125.0t 8.6
| E {Level 2336.7+108.2 |137.816.4
Li eross-cut
20L Gangway 1821.4% 96.4 [107.4%5.7
E
v - - 107.6% 8.0
E |Winder house 1828B.5% 86.6 |107.715.6
L
24 2416 1673.5+ 92 .4 98.7+5.6 98.7+5.5
LEVEL| incline
- 255 2525 subdrive 2(3403,.0%t 132.0|200.7%7.8
E north
v 234.5%11.9
E |2525 subdrive 1|4551.0%152.6 |268.319.9
L| south

Table 3b. Track density and Radon concn. at Tarkwa Goldfields
(underground) the second period with exposure time of

3 14’2 months
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was converied to radon concentration on the basis of a

calibration Factor of 150 Bq m-3 h/Aracks/cm?2. This.

calibration facior was obtained from CR-139 plastics
which sere exposed to radon gas of known concentra-
tion.[5].

Resalis of the radon measurements at the two gold-
fields are listed in Tables 3-6. Underground radon
concentrations were found to be in the range (56.9+£4.1)
Bg m-3 10 (268.3 + 9.0) Bq m*3 at Tarkwa and (42.6 +
36) Bqm-3 o (877.7+ 16.3) Bq m™3 at Prestea. Radon
concentrations in the surface environments were (30.3 +
24) Bqm™3 10 (49.1 + 4.0) Bq m~3 at Tarkwa and (31.6
+2.9)Bqm-310(76.2+4.8) , Bqm-3 a1 Prestea. Figures
6 & 9 show the variation of radon concentraion with
depth below ground surface, and temperature, humidity
and air flow rate.

Various environmental conditions have been found
to affect the rate of radon exhalation. Stranden er af
measwred increased radon ex hatation from concrete with
increase in lemperature [6]. However, Auxier et gl
found thal within the temperature range 23°C 1o 439C,
the iemperature of concrete has very littleeffecton radon
exhaladion rate [7].

Fig. $a. Mriatione of Radon concn. Lhe
cross-cuta with below surface ac
{Jor vuen differear mesturements),

Radon -conon. (Bam™

A A A ViR 4t 4
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Temperature values measured underground at
Tarkwa were between (26.9+0.8)°Cand (32.0+ 1.5)°C.
At Prestea, values ranging from (27.0 + 0.3)°C o (34.0
+ 1.4)9C were recorded. Corresponding values of hu-
midity were in the range (88.1 £ 3,1)% 10 (98.022.3)%
for Tarkwa, and (88.5 + 2.6)% to (98.6 + 3.0)% for
Prestea. Over the same period, the air flow rates under-
ground were between (0.82 £ l.’}.27’):11|3s'l and (37.8 £
2.1) m3 s*1 at Tarkwa. At Presten, underground air flow
rates were in the range (0.39 £ 0.1} m3s™ ! ta (5.86 £ 0.77)
m3sl. In both Tarkwa and Prestica deep mines the
lowest values of air flow ratcs were recorded at cross-
cuts, and the highest values in the gangway. Fig. 10
shows a typical ventlation duct from the 17 Level
gangway 1o an active working area at Tarkwa, Thesc
ducts, and similar human intervention measures such as
electric fans, wogether ensure a bearable underground
environment.

The variation of radon concentration with physical
parameters does not fit into simple mathematical model-
ling. However, Figs, 6bandc; 7o & d; 8b& cand Fig9b -
& ¢ point 0 the fact that higher levels of airflow rates
contribute to reduction of radon concentrations. This
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Fig. 10. Ventilation duct from 17 Level gangway to an active

working area at Tarkwa

may be due to some amount of dilution by air sucked
through the ventilation ducts, as well as good air circu-
lation through the use of the electric fans.

Down the gangway at Tarkwa, the radon concentra-
tion shows a maximum at approximately 765 metres (ie.
the 17 levels) below surface. Most Levels of the gang-
way have quartzite as the base formation, but at the 17
Level it is quartzite, green dike and gabbro,

In the drives at Tarkwa, two peaks are observed in
the radon concentration variation with depth; one at 630
metres (14 Level)) and another at 1125 metres (25
Level), as the rock formation changes from a combina-
tion of quartzite and green dike conglomerate.

At Preslea, the radon concentration down the gang-
way shows a slight increase at a depth of 405 metres (9
Level) and drops to lower values further down the shaft.

The rock formation does not change much along the
shaft, except at the 15 Level where the vertical shaft
intercepts a fault line or a fissure one running from the
north-west to south east of the Goldfield. The increase of
airflow rate down the shaft, together with the
carbonaceous nature of the rocks might account for the
low radon concentration, '

The radon concentrations measured in the gangway
at Prestea, and in both the gangway and drivesat Tarkwa
are below the recommended valuc of 110 Bg m-3 set by
the National Radiological Protection Board (NRPB) of
UK fora supervised area [8]. In the drives at Prestea, the
radon concentration was_highest at 540 metres below
surface (the 12 Level 224 south cross-cut). The recorded
value of 652.5 Bq m-3 was well above the 370 By m-3

respmmended by NRPB for a controlled area of a mine
[8]. The other cross-cuts at Prestea have radon concen-
tratidns above the .110 Bq m-3 tecommended for a
supcrvised are [8]. Very lowairflor rates were recordgd
in’ the cross-cuts at Prestea. ‘The direction of the air is
from the gangway into the drives. Theglirection of the
cross-cuts openings allows for little exchange of air
between the drive and the cross-cuts.

At both Prestea and Tarkwa, the radon concentra-
tion measured in the occupational area at surface were
lower than in the underground environment. Place like
the crusher house, the mill house and the assay depart-
ment where the main processing of the ore is catricd out,
have radon concentration below the 110 Bq m™ recom-
mended by NRPB for supervised areas [8]. Most of the
working arcas have been sited on hill tops and are well
ventilated.

CONCLUSIONS

Previous work done on the exhalation rates of Lail-
ings from the two Goldfields indicate that Tarkwa Lail-
ings have higher radon concentration than Prestea Lail-
ings(9]. However, our results show that Tarkwa under-
ground environment has lower radon concentration than
that of Prestea. The Tarkwaian rock system is strong and
well compacted elastic sediment compared 1o the loose
Birrimian sediment which Prestea is mining. Therefore.
the compactness of the Tarkwa rock will be a tactor in
curtailing the release of radon into the environment. In
addition, Tarkwa has a better ventilation system than
Presiea.
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Seuting standards for remedial icuon to protect mine
workers from exposure to radon requires judgement
-based on scientific data_ This work has set the scene for
systematic documentation of information on the under-
ground environment of deep mines in Ghana,
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