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TABLE 1.2 Percentage Organic Matter, Ratio of Ferrous
to Total Iron (Mole Fraction) and Munsell

Colour in the Mudrocks.

8R1
8R2

8S10c¢c
8F1

2R1
D211

2F1

YR3
YR2
YR1
Ydb2
Y2 |
Ydbi
YF2 |
YF1
0 20 40 60 0 10

SSR1
SSR2

SSR3
SSF1

20

éGC mFe?”
mFeZs mFe3’

Munsell Colour (streak)
Medium light grey N6
Black N1

Light brownish grey 5YR 6/1

Brownish black 5YR 2/1
Light brownish grey SYR 6/1

Pale brown 5YR 5/2

Pinkish grey 5YR 8/1
Medium light grey N6

Black N1l

Brownish black S5YR 2/1
Brownish black 5YR 2/1
Brownish black SYR 2/1

Medium light grey NG

Medium light grey NG
Medium light grey N6

Brownish Grey 5YR 4/1
Brownish Grey 5YR 4/1
Brownish Grey 5YR 4/1

L.ight brownish grey S5YR 6/1
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TABLE 2.1

Classification of the Coal Measures

- MAJOR  |'pL ANT ‘CLASSIFICATIONS |. NON-MARINE IMPORTANT
DIVISIONS . ,
Stubbl&ﬁcld éloecrlcn Kidston and LAMELLIBRANCH MA
an Nngress
Trotter 1957 1927 Crookall ZONES BANDS
Anthraconaia
Radstock Group prolifera
UPPER Westphalian | of Radstockian and
D |~ceccecae Anthraconauta
COAL Farrington Group tenuis
of Radstockian
MEASURES |m e e cr e rmrecrrdeccvanrccce -
Staffordian Anthraconauta
phillipsii Anthracoceras
o N e M Westphalian M—eM M——M cambriense
C Upper (Bay)
Anthracosia similis
' and Anthracoceras hindi
MIDDLE Anthraconaia pulchra or A. aegiranum
M———M— MM (Gin Mine=Charles=
COAL ' a Lower - Chance Pennystone
Westphalian Yorkian i A, similis = Eymore Farm=e
MEASURES B and Nuneaton=0versecal)
A. pulchra .
Upper . Anthracoceras
Anthraconaia ~ vanderbeckel
‘ modiolaris (7-Ft Banbury ==
M-—M Stinking=Pennye-
Lower A. modiolaris | stonessSeven Fectss
-------- - - Molyneux==Bag-
Carbonicola worth)
-------- communis
Lanarkian Anthraconaia
(=Pre-Yorkian) lenisulcata
down to ‘plant- M M Gastrioceras sub-
. break® of crenatum
MILLSTONE Scotland
GRIT Namurian
SERIES

(Hains & Horton, 1969)
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TABLE 3.2: Run-of-Mine lLea Hall Shallow Seam Coal
Water-Soluble Elements % (Whole Rock)

Sample Sample Sample

Number Time Coarse Time Fine
Cations Na+
1 1 minute 0.05 1 minute 0.07
2 10 minutes 0.08 10 minutes 0.1l0
3 50 minutes 0.10 50 minutes 0.12
4 112 minutes 0.12 100 minutes 0.13
5 340 minutes 0.13 340 minutes 0.13
6 1400 minutes 0.15 1400 minutes 0.14
Cas
1 1 minute 0.03
2 10 minutes 0.04
3 50 minutes 0.06
4 100 minutes 0.07
S 340 minutes 0.08
6 1400 minutes 0.09
e
Mg%
1 1 minute 0.003 1 minute 0.001
2 10 minutes 0.005 10 minutes 0.005
3 50 minutes 0.006 50 minutes 0.005
4 112 minutes 0.006 100 minutes 0.005
S5 340 minutes 0.006 340 minutes 0.007
6 1400 minutes 0.007 1400 minutes 0.007
—_—
K%
— e
1 1 minute 0.002 1 minute 0.002
2 10 minutes 0.006 10 minutes 0.003
3 50 minutes 0.003 50 minutes  0.002
4 112 minutes 0.008 100 minutes 0.004
S 340 minutes 0.004 340 minutes 0.004
6 1400 minutes 0.003 1400 minutes 0.004

—_'—-—_-——___—____________—__———_-—_—-___——_——_-

If Total Chlorine = 0.66% (C.E.R.L.), therefore % Water=-

Soluble Chlorine
S —

Il

1 1 minute 7.8% 1 minute 18.5%

2 10 minutes 14.8% 10 minutes 26.7%

3 50 minutes 22.2% 50 minutes 28.4%

4 112 minutes 21.6% 100 minutes 33.5%

> 340 minutes 36.1% 340 minutes 35.5%

6 1400 minutes - 36.6% 1400 minutes 38.6%
C.E.R.L. 38.0%

—_——



TABLE 3.3:

('as received' 30-72 mesh B.S.S. Coal)

c1” s Na' s ca-t

8s5 1 813 14.5 413 31.8 78
2 1163 20.7 644 49.5 121

3 1290 23.0 757 58.2 140

4 1350 24.0 842 64.8 155

5 1550 27.6 942 72.5 174

6 1735 30.9 1110 85.4 223

5622 1300 800

856 1 513 10.1 283 28.2 45
2 745 14.6 430 42.8 79

3 988 19.4 643 64.0 108

4 1140 22.4 758 75.4 122

5 1200 23.5 805 80.1 150

6 1343 26.3 874 87.0 168

5008 1005 505

8512 1 144 2.2 68 11.0 16
2 380 5.9 137 22.1 35

3 605 9.3 239 38.6 71

4 847 13.0 320 51.6 137

5 975 15.0 356 57.4 215

6495 620 1410

8s13 1 185 2.8 95  13.1 16
2 350 5.4 190 20.2 28

3 750 11.5 340 46.9 43

4 960 14.7 488  67.3 63

5 1020 15.6 605 83.5 71

6524 725 275

9.8
15.1
17.5
19.4
21.8
27.9

8.9
15.6
21.4
24,2
29.7
33.3

l.1
2.5
5.0
9.7
15.3

5.8
10.2
15.6
22.9
25.8

23
36
41
44
49
62
150

12
20
28
33
36
41

105

13
34
72
141
235
380

14
27
47
65

12
76

% Water-Soluble C1 and Major Cations with Time

15,3

24,0

27.3
29,3
32.7
4]1.3

11.4
19.1
20,7
31.4
34,3
39.1

3.4
9.0
19.0
37.1

6l.8

18.4
33495
6l.8
85.5
94,7

Leaching
Extraction
Time Mins.

3
10
50

100
350

1500

10
50
100
350

1500

30
100
350

1500
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TABLE 5.1: Sample Colour (L.T.A.) and Percentage Ash

Sample Colour Sample Colour

_!...;:‘ L e At e -:1- ;._'_-,:#

<+ Increasing Pyrite

- ]:.;TA% LTA%
Eight Feet Seam Yard Seam
851 Y 13.0 Y9 / 36.9
852 Y 6.3 Y8 / 5.6
8s3 4 3.0 Y7 Y/ 26.6
854 / 2.8 Y6 / 8.9
8S5 Y 2.2 Y5 Y 6.0
856 Y 2.2 Y4 / 4.0
8S7 4.3 Y3 / 8.4
858 / 4.0 Y2 / 55,7
859 / 14.1 Yl / 55.8
8S10 / 143
8511 / 5 1
8512 / 7.0
8513 Y 7 4
- e
Park Seam Shallow Seam
— roxkSeam o chasowmesm
2.1 / 14.8 SS1 / 10.5
2.2 / 9.3 SS2 4 8.5
2.3 Y 10.1 8S3 4 13.4
2.4 Y 8.9 5S4 / 4.1
2.5 / 6.3 SS5 / 6.0
2.6 9.6 SS6 / 6.1
2.7 4 21.1 SS7 / 5.7
2.8 / 4.6 SS8 4 5.5
2.9 Y 3.0 SS9 / 11.6
¢.10 / 19.9 SS10 / 9.8
2.12 / 15.2 SsS1l / 12.8
3 & > 3
5 s 3 O - LY G i Q =
s K P 8 & 3 g % 8 & a0
A © 3 £ & 2A § A & a
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TABLE 6.06:

8R1

8510c¢

8F1l

2R1

2F1

YR3

Ydb2

YF1

SSR3

53.90
59.30
53.50
51.50
65.50
55.70
36.70
48.50

38.80

l] - Air Dried

2 - 300°C

Relative % Illite plus M.L.C.,
Air Dried and 300°C

46.04
44.02
48.40
44,86

59.80
49 .56
29,58
38.38

39.89




IIe° 3TUun asd a3 A
£O0 O3 UOTINQFIFUOD BSEIRUR IOF MOTTe O3 paTiTpouw Juybiay xpad PpPaSTITPOW

(puodas xad sjunod ut 3ybray xead) A3Tsuajur I

96°€ = (9L6T) SUTTTICD I0F Sbeiaay
TOOTI

G6°'f = > 001 abeIxaAy
69°¢€ 991 AN LOZ 0°6 9¢£°9 6¥%C LITI- S°8F <Z9°¢c+ 89°'C 6S°T ¢€8°0 TE£°0 86 <9 OLT 0§ Sv 148
OF°t B8tc 8G9 1 €0z S6°8 9L°L S9¥Z 9l1- O'6¥h 9S5°C+ 19°C O6°T 66’0 8L°0 vT 96 S¥C OL O/ 20158
GeE*¢ Std LS°T (8T ¢€°L 1vr°8 1€ TCT1—- §°ES GC° 2+ LC°C V6*T ¢CO°'T SpP°0O LT LET SSC SL 00T 148
¢9°¢ <¢C9¢ G6°T 922 S9'8 99°8 ¥¥C ¥CI- 0O°CS 9t°c+ €€ 1TI1°¢ GO°'T Ssv°O €ELT LET O0OE 08 OO0T Tdz
¢0*gs ¢Sy BI°C £9¢C ¢l L2°8 662 ¥ii—- 025 ©vE "+ og*¢ L¥v°'C¢ 66’0 ¢t¥°0 LEC €CT OIy OL O6 TJdX
88°8 ¥vr 91°¢  GSE ¢CT 80°9 o6LE ¢&€C1— 9°¢S ¢S ¢+t 66°¢C <Z¢I°C ¢£€8°0 ¢t°0 9LT 69 SO0f 0§ oS CdA
go*g toOZ ov°*T 29C ¢T 6G°G 00f 6Z21- 6°9% 08°C+ 98°C¢ 89T ¢€8°0 6C°0 OTT S O6elT OS oY TIA
99°¢ ©oI¢ €8°T O6T S°L 29°6 St ©¥CI- 0O°¢S SE°Z+ 9¢€°*¢ 9¢°¢ 81T 0S°0 66l V9T SGPE OOT OCI gdx
Os*¥y GTI¢ ¢8°T OFC S°TT 09°L 8LZ GCI— 005 05°C+ 19°¢ TIi°¢€ 6670 8£°0 €ELT O6 0O0f OL OL €4Ss
£€6°¢ 0CC ¢S'T VLT 9 9L°'8 6T¢ OLI- S°¥¢F G672+ gO"f€ ¢6°T BI'T 6£°0 vvT EOT OS2 OOT 9L 2dss
GE'T ¢€0C ov°'T 091 S 1T6°6 LOZ B8IT—- G795 OT1°¢+ It°¢ 88°T BIT'T 9570 gET 90¢ Ok OOT OST TUSS

! pajeThored P3TITPONW
(9L61 ‘SUITTOD I233e PITITPOW)
S3IUbToH jead Tesed SAT3IE[SY WOXF UOTITSOodwo) SIFIOTYD JO UOTFIRINOIRD :.°9 TISUVL



TABLE 6.8: 1Illite Peak Positions Glycolated and Air Dried

(two-thirds peak height)

Brindley and Brown (1980)

dﬁl dﬁz p.290

_

Tllite ak
8R1 10.050 10.026 100% 10.163
8R2 Not determined  10.103 90% 10.008
8S10c 10.071 10.014 80% 9.83%
SF1 10.038 10.050
2R1 10.003 10.026
ID.2.11 10.106 10.342
2F1 10.049 10.105
YR2 9.995 10.049
YR2 10.104 10.049
YR1 10.104 10.105
vab2 10.071 10.003
y2 10.164 10.003
Ydbl 9,981 10.049
YF2 10.026 9.981
YF1 9.990 9.990
SSR1 10.991 9.990
SSR2 10.014 9.990
SSR3 9.971 9.990
SSR1 9,990 9.947

l - Glycolated
2 - Alr Dried
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TABLE 6.13: Table of Ionic Radiiiﬁ

N2t 0.69 %
Co3+/Co4+ 0.73/0.63
Mn" 0.60
v3+/v4+/v5+ - 0.72/0.67/0.62
Cr3+ 0.63
zn*? 0.74
Cu+ 0.96
Rb 1.47
Sr2+ 1.12
Yali 0.98
5 4

0.80
pp2t 1.20
Ba2+ 1.34

l. Rutley's Element
s of Miner
(Read, 1970); alooy

2. Krauskopf, (1979)



TABLE 6.14: N.C.B. Cone Indenter Number for
Weak Rocks

W

C.I. No. vs.

1

Standard Deviation

= X

-0.61

C.I. No. Standard Uniaxi?l
(Weak Rocks) Deviation Coggzi:gel
————————
8R1 0.82 0.025 13.5
8R2 1.12 0.020 20.0
8S10c 0.66 0.067 10.9
8F1l 0.66 0.085 10.9
2R1 0.88 0.035 14.5
1D.2.11 0.52 0.116 8.6
YR3 0.74 0.046 12.2
YR2 0.61 0.079 10.1
YR1 0.72 0.067 11.9
SSR1 0.82 0.041 13.5
SSR2 2.09/0.74 0.026/0.052 12.2
SSR3 0.79 0.050 13.0
SSF1 1.05 0.057 17.3

-_-———__—-_—'_——'—'—_——-'_——_——_———.____—_—_

(95% significance)

Uniaxial Compressive Strength in Mpa

fo =
fc -

lw -

16.5 1lw MPa

cone indenter No. for weak rocks

uniaxial compressive strength in Mpa



TABLE 6.15: Cone Indenter No. vs. Quartz and Organic

Matter

C.I. No. Quartz % giiﬁ-i
8R1 0.82 20.34 ~1.38
(8R2 1.21 4.21 36.80)
8510c 0.66 14.16 8.54
8F1 0.66 27 .94 9.70
2R1 0.88 17.30 1.05
ID.2.11 0.52 n.d. 17.77
YR3 0.74 26.59 4.49
YR2 0.61 11.31 43.91
YR1 0.72 14.29 31.50
SSR1 0.82 22.03 11.64
SSR2 0.74 20.32 10.28
SSR2 0.79 19,32 7.42
SSF1 1.05 47.40 S.32

n.d. - not detected

C.I. No. vs.Quartz r = +0.80
(99% significance)

C.I. No. vs. Organic Matter r = -0,52
(90% significance)



TABLE 6.16: Correlation between Cone Indenter

Number and Quartz Content for South
Wales Coalfield Rocks.

e
Cone Indenter No.

Quartz %
Al-Jalili Caswell
—_—

2F 1.44 1.14 28.11
3F 0.95 0.93 18.10
11F 0.95 0.77 | -

12F 0.55 0.81 29.51
13F 1.00 0.73 -

14F 1.53 0.69 25.27
3R 1.00 0.96 20.51
4R 1.17 1.36 31.93
6R 0.71 3.12/0.86 30.10
8R 0.96 1.35 30.96
11R 1.12 1.21 28.57
12R 7.70 4,85 80.36
14R 1.43 0.90 12.00
15R 6.00 4.47 76.67
17R 6.00 3.77 30.00

—__—_—_————_—Iﬂ_-—_—-————————_—________—___.—

cc. Al-Jalili wvs. Caswell + 0.98

(99.9% significance)

Cone Indenter No. (Caswell) vs. Quartz = 0.62

i

(99% significance)
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XRD Mineral abundance Based on Grouped L.T.A. Samples

(for XRF back-up)
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TABLE 8.8:

(Water-Soluble)

Water-Soluble Sodium and L.T.A. Sodium in the

Coal Samples

Na20

0.29
0.28

0.31

0.33
0.62
0.26
0.19
0.1l6
0.15
0.16
O.17
0.14
0.10
0.09

0.09

Na»O

(Whole Coal)

0.36

0.27

0.33

0.16

0.33

0.15

0.80
0.23
0.12
0.46
0.20
0.02
0.02
0.13

0.22

Excess in Coal

0.07

0.02

0.14

0.22

0.07

0.30

0.03

0.04

0.13
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Coal Mineral Matter Analysis (XRD)

TABLE 9.2:

o3 T3edy

93 TOTED
OTITGATRYD

93 TO1®D

231 TWOTOJ °oJd

93 TISPTS

93 TI&d

931 TSeOIel

93 TIXaTRYdS

RUD TR

Zaaend

osejeuy

93 T1I[1I

93 TIOTYD

93 TUTTORY

unsdAo

Eight Feet Seam

+++++ +

~

S S ~ =

SNBSS
S S S
-

+ + + + + + +

+ +
+ + + +
+

SRS ™S

OCO0OQ0Q0000CO0O0

O~ N M
~N O~~~
nmuunumunnuninn i
QO O OO®OOWOEO

S

e S ST S

W
vy | ™ S
LY.
54
a
VI + + + +
+ + + +
+ +
R N N

OO0 00O0O0 O

O N
~ N PSSO~
9 ¥ [ $ L .

» L
N NN NANANNN

~>
~>

S S

Q

0

(e

Y

(

Ml TSSS +
+ +
g
S SN S
O 0O
Oy O >
>

Shallow Seam

i S

+ + +

S S

O O O0O0

SS1
SS4
SS5
SS9

Mineral Source:

by-product
y diagenetic

+ - Detrital or earl

0 — L-T-A-
Y = Cleat



8R1
8R2
8S1
852
853
854
8S5
8S6
8S7
858
8S9
8510

8510c

8S11
8512
8513
8F1l

Z2R1
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10

1D2.11

2.12
2F1

TABLE 9.3:

Cleat

1.14

1.15, 1.07
1.20
1.07, 1.15
1.18

1.13, 1.16

1.27

1.13

1.26

1.13, 1.14

LITIAI

1.85
1.45
1.18
1.09
1.11
1.11
1.15
1.12
1.12
1.20
1.28
1.32
2.04
1.16
1.15
1.19
1.75

2.05
1.31
1.21
1.09
1.13
1.06

1.29
1.25
1.23
1.48
2.24
1.43
1.71

Kaolinite Crystallinity

YR3
YRZ
YR1
Y9
Y8
Y7
Y6
Y5
Y4
Y3
Ydb2
Y2
Ydbl
Y1l
YFP2
YF1

SSR1
SSR2
SSR3
SS1
SS2
SS3
SS4
SS5
SSo
SS7
SS8
SS9
SS10
SS1l
SSF1

Cleat

1.19

1.07, 1.13
1.17, 1.24

1.11

1.14
1.12

L.T.A.

1.66
1.60
l1.63
1.53
1.08
1.05
1.12
1.12
1.10
1.27
1.72
1.91
2.20
1.96
2.07
2.09

2.01
2,21
2.24
l1.12
1.08
1.19
1.12
l1.14
1.19

l1.12
1.13
1.09
1.13
l.12
1.77
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Cas Mg% Fe% - Mn$%

8S1 58.23 19.18 21.65 0.94
8S6 55.73 20.04 23.06 1.17
8512 57.58 19.74 21.50 1.18
8513 56.94 20.24 21.63 1.19
2.1 54.99 21.07 22.97 0.98
2.4 61.98 7.67 29.81 0.55
2.5 55.49 19.70 23.86 1.12
2.6 55.31 20. 39 23.24 1.06
2.7 84.84 5.95 8.67 0.54
2.8 63.18 15.06 20.91 0.86
2.9 95.69 3.87 - 0.44
Y7 97.87 0.32 1.47 0. 34
Y6 55.54 18.91 24,60 0.95
Y5 55.36 20.21 23.40 1.03
Y4 95.77 1.33 2.70 0.20
Yl 59.63 5.40 34.97 -

SS2 98.66 0.22 0.61 0.51
SS4 97.29 0.18 1.81 0.73
SS5 71.25 15.22 12.52 1.0l
SS6 86.60 5.88 6.87 0.64
SS7 71.92 13.75 13.47 0.86
SS8 64.55 16.42 18.07 0.96
SS9 96.62 1.21 1.67 0.50
SS10 713.47 13.42 12.39 0.72
SS11 72.74 15.89 10.41 0.96

TABLE 9.5:

Cleat Carbonate Analysis
(Atomic Absorption)
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FIGURE 1.1 The Cannock and North Staffordshire Coalfields
"~ in relation to the 'Park' project.
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FIGURE 1.2 Seam Profiles Lea Hall Colliery.
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FIGURE 1.2A Seam Profiles Littleton Colliery,.
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FIGURE 1.3 Relationship between quartz content and TiO /A1203
ratio for the 'mudrock' samples (organic ma%ter free).
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FIGURE 2.1 A Generalised Geological Map of the South
Staffordshire Coalfield.
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FIGURE 2.2 The Geological Succession through the Staffordshire
Coalfields (Hains and Horton, 1969).
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FIGURE 2.3 The Coal Measures Succession at Lea Hall Colliery.
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FIGURE 3.3 Water-soluble Na versus Cl from the Eijht
Feet Seam (30-72) mesh B.S.S.).
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Wwater-soluble C1 from different size

FIGURE 3.5
fractions from the Eight Feet Sean.
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FIGURE 3.12 Water-soluble Na+ cl_ -
4 r tOtal Cl 1 :
(tema qround). and moisture profiles
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FIGURE 3.12A Water-soluble Na , Cl , total C1 and moisture profiles

(tema ground).
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FIGURE 3.13 Water-soluble Ca
(tema ground).
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FIGURE 3.13A Water-soluble Ca , Mg
( tema ground).
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FICURE 4.1 Schematic model of coal structure.
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Schematic model of coal structure. (From Hirsch, 1954.)

FIGURE 4.2 " Variation of_N2 and CO2 surface areas of coals with carbon
content (in Karr, 1978).
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FIGURE 4.3 Organic matter versus Chlorine.
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FIGURE 4.4 Total Cl % versus Moisture % (reduced major axis regression
for coals only).
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FIGURE 4.5 Total Cl percentage in the Park Seam section on a dry.
and dry mineral matter free basis. .
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FIGURE 4.6 Total Cl percentage in the Shallow Seam section on a

drv mineral matter free basis.
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