CHAPTER IV

RESULTS AND DISCUSSION

Selection Zones fcr Chemical Analysis

From the cross-section of the five drill holes in Figure 1.6
reveals that the rock salt layer begi;; approximately from the depth
200 feet to 1,000 feet. Base on the mining method, the selection
zone for chemical analysis in this work was chosen from the depth
between 300 feet to 700 feet. Since from the study of relevant
geologicel, technical and economical factors, the Room and Pillar
Method of underground mining was selected to be the most appropriate
method for mining of rock salt at Bamnet Narong area. There are
certain factors that must be considered for underground mining of
rock salt. Firstly,‘the salt Lorizon must be as closed as possible
to the surface but at the same time it must retain salt in order to
support the overlying strata and also prevent the seepage of water
from water bearing formatioﬁ to the minable zone. As the case, the
selection of salt for chemical analysis beginning- at the depth of
300 feet is therefore suitable. The chemical analysis was carried.
out tc 700 feet due to availability of core log and for the economical

reason that the more depth of mining zone would be the more cost in

investment.
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The results of chemical amalysis of five drill holes for
percentage of calcium, magnesium, potassium, chloricie.s sulfate,
water insolubles and moisture content are shown in Table 4.1, 4.2,
4.3, 4.4 and 4.5 respectively with corresponding presentation of
graph in Figure 4.1(a), 4.1(b), 4.2(a2), 4.2(b), 4.3(a), 4.3(b),

4.4(a), 4.4(b), 4.5(2), 4.5(b), and 4.6
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The mean valves of each constituents in each drill hcle are
calculated and appeared in Table 4.6. The distribution cf each

constituent 1is shown in Figure 4.7(2) to 4.7(4)



14871 C¢90°0 8L LE £2°96 LY __ €s5°8%| \©10%0 =£70°0 65°0 X
190°1 €50°0 B1°8E G0°L6 ¢8°0 60°6§ TI0°0 61070 E7°0 6°¢
8Iv°1 $120°0 ZE°6E VAVAY 12°T 22°6S§ 800°0 %€0°0 8%7°0 6*Z
2es°C 650°0 9L°9¢ svte 19°1 ~82¢°L§ /0T0°0 820°0 26°0 ¢°C
106°1 %900 LLLE tC°96 PE'T G%°8S 0700 %T0°0 65°0 91
L78°0 €v0°0 v8°LE 99°96 18°0 %S°86 800°0 %2T0°0 LE*O €:1
WI% 0 HZ BNy TO®BNZ qomN 102 A% 3Ny ©Dy |‘ou STOH TITAG

soToy TTIAP 2ATJ woij STSATRUE TEJTWAYD JO SINTBA UBSW YL o'y 21qBl




(¥
o

4
30
- number of ___'A_F
samples
254
- LA
20 =A
SR
VY
r ] l e o
154 | i i
b
i i
- |
| =
101 : l }
| L
e | i
i |
" 5. ' i {
LR aln
O N P i
et * 25,0 4 m_{ ‘ I I 453
0 At i | ST T g T I T

.2 23 b o5 28 7 8 0N T1 b2 1304 1.5 © 1.8

% calcium

Figure 4.7 (a) Distribution of % calcuim in rock salt samples.



603" Teost

number of

samples

50

40

30

20

1 i | L}

I
B0 e b ! l l b v
X 3253 Nl 8 oB ST 8 ST L IR .2 ). 304

% magnesium

Figure 4.7 (b) Distribution of % magnesium in rock salt samples.




101

A e

100

number of 90

samples 80

P D S S T

70
60|
501
40 |

30.

20.

=

Figure 4.7 (c) Distribution of

e S o A

2:22.3

% potassium

% potassium ir rock salt samples




nuniber of

samples

601

50

40

30

20

10

102

i

o

56 57 58 59 60 61

% chloride

Figure 4.7 (d) Distribution of % chloride in rock salt samples




103

o M 1 o UM P T 3 e M S W)
H
B
ﬁ_
[
_ _
i
[ | _ =
: £8 g TR o O |
_ | & T
_ =
# e

55 147

]. 1n3 .1.\9. 2.1 2-3 2.5

i
iw

)

% sulfate

Figure 4.7 (e) Distribution of % sulfate in rock salt samples



104

60

50 o
number of

samples
40

30 |

29

10 ’

-——

; 5 | i
o |

i sl . | {
0! :\/\z S !
V50 91 92 93 94 9596 97 98 99 100

% scdium chloride

Figure 4.7 (f) Distritution of % sodium chloride in rock salt samples




105

80 . s

50
number of

samples
40 -

30 -

20 -

10,

1
I

'____,__..
i

35, 3637738 39

% sodium

Figure 4.7 (g) Distribution of % sodium in rock salt samples



106

50
number of

samples
o 40

30/

201

10.

) | —

5. 1.0 135 2.0 2.5 .3.0 3.5 4.0 5.5 5.0

% water insoluble matters

Figure 4.7 (h) Distribvution of % water ineoluble matters in rocksalt

samples



50

40

30

20 |

10

107

| =]

[ H

5 18 1.5 2.0 2.5 3.0

%4 moisture content

Figure 4.7 (i) Distribution of 7 moisture content in rock salt samples



108

Selection of Better Grade Zone

The better grade zone is selected based on the quantity of
impurity in salt. Since the specification of the proposad soda ash
plant is dcfined that the quality of salt for a raw material must be
comparable to the Australian Salt or the Mexican Salt. The matter
in the quality of salt is not only its purity but also the kinds and
contents of the impurities present (27,28). The chemical impurities
that will effect the processing of scda ash plant are calcium,
magnesiun and sulfate. Comparing the mean values of the impurities
with typical Australian and Mexican Salt, magnesium content is
competable but calcium and sulfate content of Thai rock salt are
higher. Since the amount of calcium in the rock salt sample is
correlated to sulfate, it is thereforc the quantity of calcium is
chosen as a base for selection of better grade zone. The calcium
content in salt samples lower than 0.55% which ig the mean values of
calcium content of Thail rock salt in this specific area is selected

to be the suitable grade salt.

Bore flole no. RS 1.3 contains the highest purity of salt among
five drill holes. Calcium content occured in this hole is in the
range of 0.C5 to 0.86%Z and sulfate content is from .30 to 1.43%.
There are five layers of salt with the thickness of 20-80 feet that
have the better grade salt than others as shown in Table 4.7 and
corresponding F?éure 4.8. Drill hole no RS 1.6 has one layers of

better grade salt in the thickness of 100 feet as appear in
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Table 4.8 with the corresponding Figure 4.9. <Calcium and sulfate
content in this drill hole are in range of 0.13-0.97% and 0.25-2.51%
respectively. Bore hole no RS 2.2 contains lowest purity of sait
among five drill holes with the percentage of calcium in the range

of 0.56-1.71% and 1.13-2.25% of sulfate. At the depth above 400 feet,
the calcium and magnesium are higher (more than 1% Ca and 2% 504)

than that below 400 feet as illustrated in Table 4.9 with the ¢
corresponding Figure 4.10Q. Bore hole no RS 2.5 has five layers of
better grade salt as shown in Table 4.10 and corresponding Figure 4.11.
Calcium and sulfate content are 0.22-1.14% and 0.62-2.327 respectively.
Bore hole no RS 2.9 has only one layer of salt that has better grade
salt with the thickness of 16-50 feet as illustrated in Table 4.11

and Figure 4.12. Calcium content is in the range of §.20-0.71%

and sulfate is 0.41-1.52%.
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Figure 4.9 Selected zone of better grade salt in drill hole no. RS 1.6
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Sa2lection of Minable Zone

The selected better grade zones of five drill holes are
illustrated in Figure 4.13. It is clearly seen that the favourable
grade salt zone are not in the range between 300 - 400 feet which
it would not obviously be the minable zone. This is contradicted
to the Report on the Feasibility of Rock Salt Soda Ash Froject in
Thailand (21) which rccommends the depth of 300 - 350 feet for being
the minable zone. In the range of 400 --450 feet, only three bore
holes have better grade zomes. It may be concluded that the possible
minable zone should be in the range of 480 feet to 580 feet, Since
the regional area is slightly relief difference in the order of 23
feet, it is therefore necessary to reset the levels of all five holes.

The corrected levels of these heles are appeared in table 4.12,

- In order to assign areas o:i iafluence to drill holes samplas,
the geometric pattern is then constructed. The triangular method
of estinating the grade of ore is as approximation (51,52) because
it assumes an exact linear change of grade of ore in direct propor-
tion to the distance between drili holes., From the geometric pattern
of possible minable zone in the range cf 480 to 580 feet as in Figure
4,14 (a) to 4.14 (1), it is clear that the corrected range between
110 to” 170(depth betweeﬂ 500 to 5€0 approximately) covered nearly

most area of five drill holes, would be the potential minable zomne.



Table 4.12 Corrected level of Drill Holes
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Drill Hole no-[Depth above sea

Range of poseible

Corrected Depth%

level minable zone (feet)
! (feet)
RS 1.3 665.43 565-475 100.43-190.43
RS 1.6 665.77 565475 103.77-193.77
RS 2.2 663.63 560-470 103.63-193.63
RS 2.5 674.10 576=486 %8.10 -1885.10
RS 2.9 669. 32 561-491 108.32-188.32
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Table %4.13 % Calcium in rangz of possible minable zone used

in constructecd geometric pattern

Ccrrected Depth | RS 1.3 RS 1.6 RS 2.2 RS 2.5 RS 2.9
{feet) j

100 - 110 0.83 0.4 0.90 0.30 ®
115 - 120 0.23 0.67 0.93 G.24 0.43
120 - 130 0.40 0.37 G.57 0.41 0.61
130 - 140 0.41 0.58 0.72 0.60 0.30
140 - 150 0.16 0.45 0.71 C.39 0.39
150 - 160 0.19 0.59 0.73 0.25 0.53
160 - 170 0.21 0.63 0.72 0.31 0,60
170 - 180 0.66 0.70 0.56 0,42 0.45
180 - 190 0.8¢ 0.81 0.81 0.33 0.44

¥ The data are not available
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RS 2.9
o}

Figure 4.14 (a)

Geometric Pattern showing percentage of calcium in
rock salt beds at the depth between 100-110 feet related
to the sea level. (actual depth 570-560 feet)
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Figure 4.14 (b) Geometric Pattern showing percentage of calcium in

rock salt beds at the depth between 110-120 feet
related to the sea level. (actual depth 560-550 feet)
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Figure 4.14 (c) Geometric Pattern showing percentage of calcium in

rock salt beds at the depth between 120~130 feet

related to the sea level. (actual depth 550-540 feet)
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Figire 4.14 (d) Geometric Pattern showing percentage of calcium in
rock salt beds at the depth between 130-140 feet
related to the sea level. (actual depth 540-530 feet)
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Figure 4.14 (e) Geometric Pattern showing percentage of calcium in

rock salt beds at the depth between 140-150 feet

related to the sea level. (actual depth 530-520 feet)
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-

Figure 4.14 (f) Geometric Pattern showing percentage of calcium in

rock salt beds at the depth between 150-160 feet
related to the sea level. (actual depth 520-510 feet)
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Figure 4.14 (g) Geometric Pattern showing percentage of calcium in

rock salt beds at the depth between 160-170 feet
related to the sea level. (actual depth 510-500 feet)
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Figure 4.14 (h) Geometric Pattern showing percentage of calcium in

rock salt beds at the depth between 170-180 feet
related to the sea level. (actual depth 500-490 feet)
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Figure 4.14 (i) Geometric Pattern showing percentage of calcium in

rock salt beds at the depth between 180-190 feet
related to the sea level. (actual depth490-480 feet)
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The average of all constituents in rock salt sample in
minable zone are in Table 4.15 with the comparison of Thai rock szalt

with typical Australian and Mexican Salt.
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Calculation of Reserved Area

From the geometric pattern, it is seen that the contour
line of percent calcium lower than 0.55 % covered four arezs of drill
holes Nos. RS 1.3, RS 1.6 RS 2.5 and RS 2.9. Thus, the potential
mninable area should be in the area of four drill holes as mentioned
above. Since the area extended from arca of these four drill hloes
to RS 2.2 has calcium content higher than (.55 %, so it should not be

involved in calculation of the rescrved area.

The detailed reserve aree calculation appears in Figure

4.15 in which the area is equal to 2.743,237 square meters.

The total area covered by four drill holes is 2,743,237
square meters. The depth of minable zcne is from 500 to 560 feet
or about 18.29 meters. (1€ meters is used in the calculation) The
specific gravity of rock salt is Z.18, These data give the basic

information for the calculation of reserves as shown in Table 4.14

Table 4.15 Reserves Calculation

l !
Area Minable zone Volume l Specific Reserves
(sq.m) (m) (cu.m) , Gravity metric ton !
T i
|
a b axhb | c axbxe

2,740,000 13 ! 44,320,000 2.18 167,517,600
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RS 2.9
ssom, RS1.6
2270m.
' 2060m, \
B)
RS1.3
Area - 1/2 x 1915 x 940 + 1/2 x 1915 x 1925
®
RS2.2
= 2743237 Square meters
[ s |
0 100 200 j000m.

Figure 4.15 Calculation of reserve area
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The production capacity of rock salt for the proposed
Rock Salt-Soda #Ash FProiect is estimated tc be about 1.8 million ton
per year. From the reserves calculation ibove, the wmining can therz-

fore be operated comntinuously at least nore than fifty years.

Crade of Thai Rock Salt in minable zone

The average perczntage of all constituents in rock salt
sample in iinable zone are shown in Teble 4.15. From the compariédn
of Thai Rock Salt with Typical Australian and Mexican Salt in Table
4.15, it iec seen that ip the aspect of the purity of salt and the
percentage of sodium chlioride is quite competable with the grade of
96 %Z NaCl. In case of the impurities in rock salt, magnesium and
potassium contont are comparable, but calcium,SUIfate and water
insoluble matter content of Thai Rock Salt are higher thar those
typical salts. However, for the utilization of rock salt in a soda
ash plant, the salt should be purified. before entering other manu-
facturing units.In the purification process the calcium content and
sulfate content can be effectively removed by the addition of sodium
carborate and barium chloride. The chemical reactions may be written
as follows,.

24 +
AL — ey
Ca NaZCO3 Cal,a.3 + 2Na

soz“ + BaCl, 2SO, + 201
=



137

The contents of calcium and sulfate are somewhat high but
they can be removed in the process and therefore do not give an
influence on the quality of the products. However their high
content causes scales in the equipment and accordingly bring about

increased maintenance cost.

Conclusion and Suggestion for Further -Work

The result abtained from this research work shows that
within the depth fﬁﬁge from 500 to 560 feet, the rock salt found
in the vicinity of the interested area is of high quality grade of
which is suitable for being a raw material for a proposed soda ash

plant and also comparable for exporting to the Asean Market.

To the author point of view, it is advisable to carry out
the additional drill at the half of the distance between the original
drill since these would give more representative samples. Further-
more, it might be interesting to perform the chemical analysis of
the rock salt sample within the depth range between 500 and 560
feet, It is consequently hoped that results obtained from this

study would be beneficial in the mine design.
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