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300. 127  209.567 56-1 .002 7.159 8.232 --300. 1 27 2 1 7.026 572 .23-1 -3 1 1 .997 307.098 55 1 .897 3 1 2 .5S7 i2'1.22i 6 16 . 1 03 329.5-fS 108.299 6J8.35i 3 1 8 .693 373.095 688.771 3%.6W -17-1.5'>1 872 .7 �� -171 .9S 1 33 'i . l,2/l 771 . 875 5 1 5 . 282 26fd88 i8l .952 5 1 0. 733 269.531 785.596 
-16s . .i9s 283.631 757.663 520. 1 9b 283 .6 12  805.3 1 1  6 1 i . 50S 1 98.909 8 1 1 .8 1 - 1  601 .931 196.725 78-1..'175 -1 5-1 .585 1 5 7. 1 80 61 1 . 765 399.063 1 58 .763 557.826 233.858 1 -1 9.62·1 363.-179 

.. .. 
� .. Il ,:=  .g o _ a ... -e � --

1 "' 
·; :c 

( ➔ )  ( i )  (-1 ) 
1 .-1 68 810 23 .059 ( -1 l 1 0.068 ( 1 )  -

-· -

Producllon • PrnJuktk 
., .: �  n " t  - -;;  e e s P. ... � !! 

ê:3  � 
... .., " a  !- �  < < t!lë /\ 

J99. 8 1 7  38.211 -138.061 
389.➔67 36.155 ➔25 .922 -139. 102 -10.83 1  -1;9,9J3 i(,1 .2-16 12.926 501 . 1 72 192.076 15.152 537.529 555 .9 1-1  l l i .953 670.8b7 '163.060 1 1 0 20S 59J.267 503.-11-t 100.930 601.075 i9i.007 1 09.853 603. 590 

-161 .970 1 1 8 . 1 ➔ 5  580. 1 1 5 ➔85. 1 78 1 3 1 .291 6 1 6.429 502.323 1 2•1 .770 627.093 -192.676 1 1 3. 1 95 605.871 373.·188 95 .6 19  ➔69,107 - - 366.5➔3 - - 293.583 

C O K E  - C O  K C S  (t)  .. ;; � Drbll • Afat :;.� 5 "  e P. 0 C. : . . 5 1l ";:j I'.! I'.! ... .., � C l: !: .,, f i:: � � -- _; -a. � �  f t " 0  " . t ., n � i'.I ]  l'.l ,, -C. ,. e .. f � :::- B - .u:  -� t, 8 > 
ë B °t :;; g. r., ";:j f t  •,1 1J 

- 0 8 5 :, "' � a . � � �j b: ., !3 > " "  .; � .é  � g .!! • l: . 
fll � 

.. .. t� � ·e � l -� r: ."" 8.:3 .; •- 8 .� C 1l f � � t  ,., � t311J  .. > � � '"a  ::, 'ij "' ;;; :; ·a i-:: .,  !l -0 " :.J j  vi " :c :,.  S· ., u 0 :, C IIJ =- ,i: < 

ZAl --7�; --- � m�---=---=- 11.9 1 (, ,9. 79/l 
m �!J- 993 35 1 .,11� --.::::- 291 9 109 � 
1 (,0 l ll l  •120 380.20(, - 253 7.900 67:91 ·106 5 1 8  7.729 3911. JJ/, - 1 (, 1  (,.1-.22 57.6'/ 395 1 91 1 . 1 16 •156.380 - 1 1 5 'l 221 70 1 &a 22 1 .099 •1 .1!}4 606. 1 97 l'I 1 •1 3 zo' 1 55 '8.705 1 % 7 .l!Jll 6 1 (,2 ·186.0M J9 1 . 1 7(, 1 1 :r,n 50:362 367 3.066 9.0ij•I 5 I J .1W, 7 1  901 39 1/!0 10 1.50 2a2 J. 397 1 1  . .J 1 s  •1? J &2 1  29 1 . 1 s,. -10 53r, 55·8w 

I . J06 5 . 1 ·! 2  1 .759 5 .640 7.803 5 .0·1 /l  7 .228 5 . 1 54 

( 2 )  ( 3 ) ' • 1 1 .59·; 1 342 ·H2 . l,�0 1 1 7 1 .0 1  1 3 . 562 1 . 133 1 183.551 /j j  I .Z() 1 2 .561 2.9i'J •l(,8.791  1, 1 2 1 7 H  1 5 .538 5 .o:n f l .l. î l O  1 9 1 ,  2 2()(J 

;; ";:j - ,, 
0 . . 1- �  

- -------
.,_ 

I .., .. � i 
-0 (! -a .. -1-'= & .. -. .., ..,..,  " .. 
C, �;; 

<ÎÏ 

• 2  lq,j 1 l t . 1 12 
li'J,, . 7]', 1 ,; 1  5 3 1 ]f,'))-,77 �7 . 0� 

..,; 
i� " n 

� �  
t i  ·c "' .. ...  " .. 0 �  

i: 

7.5 1  

3. l 65 
3 571 3.?9� l �2 1  4. 1 37 1 •j(, j 4 1 2  ➔ 22 

N .B. - (,1 ) En hl • ln h l .  ( 2 )  Secteur domcsliquc c i  .ir11s.in;11 • H uisbrand en  k lc inbcdri j ! .  - ( 3 )  Adm infsr r.itfons publiq ue• • Opcnburc d icnstcu .  -- (1 ) Ch, ffre, rnd,spon,blcs • Onbc .chfkb.,rp c 1 1 fcrs. 
BELGIQUE 
BELGIE 

GENRE 
PERIODE 

AARD 
PERIODE 

Ga: de fours - Hoogovengas Autres • Andere 
Le Royaume - Het Rijk 
1 980 Septembre • Scptcmbcr Août • Augustus 
19i9 Octobre • Oktobcr 
19i9 M .M. 1 97"1 M.M. 1 970 M.M. 1 969 M.M.  1 968 M.M. 1 966 M . M. 196-t M.M. 1 960 M.M. 1 956 M.M. 19i8 M.M. 1 938 M.M. 

COKERIES 
COKESFABRIEKEN 

Ga: • Gn, 1 .000 m3, -t.250 kc.il, 0° C, 760 mm Hg 

a " o --� �  :, 0 
.., -0 0 .. 
à: c.. 

1 8 1 .936 
1 8 1 .936 
1 7-1 .➔06 1 96.070 2 1 3 .S-16 224 .033 275 . 1 38 26-t . 1 56 266.093 273.366 262 . 398 282.8 1 5  283.038 267.439 1 05 .33'1 75.334 

.. '" -"  "--0 :, .. ..  c..o .. . ., e ,. E a 0 ., .. "' c -

t311J  
90.6 1 9  6 .'193 
97. 1 1 2 
92 .331  1 03.050 1,1 5 .370 1 20.9-19 1 5 1 .001 1 32.455 1 3 1 .627 1 3 1 .861 1 24 .3 1 7  132.949 1 33.43'1 1 32 .241 

Débit � Af:ct 
.. ..0 ., .. ., ... ,.., ..c • - a � � 

1 V) 8 < 

.., ..c ·- .. .,, ..,  .. > e ... ... ï3 .., -
ëi5 Ë 

- 52 .7 18  
- 52. 7 1 8  
- 50.➔90 - 59.-1 1 4  - 57.538 8 62.7-10 1 2 .0-13 98.876 1 9.397 80.926 22.652 83.604 32 .096 8 1 .33 1 47 .994 71 .338 75.7'18 69.988 80.6-45 6-1. 1 1 6 78.7CH 56.854 

.; ..; ,, ..,  -0 ., .� .a 
., .. ., .. l: �  
:, C 

< < 

. ., u r., ., _ - " .., .. 
: B  

;; u .. .  - ..:  5 ..!!  
u w  

6.052 32.  563 
6.052 32 .563 
9.8S9 29.-1 5 1  1 3.046 3 1 .031 1 1 . -13➔ H .526 1 0 .9 10 ·H . 255 7.9 1 9  53.85➔ 

OCTOBRE 1 980 
OKTOBER 1 980 

Sous-produits Bijproduktcn ( t )  

1'! .. .0 .,  -= -e ., .., � :, :, 
<3 P::  

., " -"  t1' "  " 'a 'Q 0 
0 

� 

� <  < 1 

ô 
::l 

i:Q 

1 4 .04S 2 .652 3.6➔2 
1 3 . 5 1 4  2. 379 3.466 l➔ -833 2. 73➔ 3.606 1 5.S3 1  3.062 4 . 1 1 9  1 6.9-16 3 .  HO ➔ •➔53 23. 7 1 4  4 .379 4. 769 19 .47 1  3.995 4 . 586 20.527 5. 1 4 1  5.366 2 1 .R'I I  5.874 5 .567 2 1 . 297 6 .4 1 5  5.053 23 .552 6.764 5.470 22.833 7.CH3 5 .870 20.628 7.064 5 .569 16 .053 5.621 1 .978 1 4 .  1 72 5 . 1 86 4 .636 

FABRIQUES D 'AGGLOMERES 
AGGLOMERATENFABRIEKEN 

PERIODE 
PERIODE 

1 980 Oct. • 0kt. Sept. - Sept .  Août - Aug. 1 979 Oct . - 0kt . 1 979 M . M. 1 974 M . M. 1 970 M . M. 1 969 M . M .  1 96S M . M  1 966 M . M .  1 96-l M . M .  1 960 M . M .  1 956 M .M . 19➔8 M . M . 1 938 M . M .  1 9 1 3  M .M . 

Production - Produktic (t)  

C .. .., 
Ü ô  =� 0 ., r:l:l ·-w 

5.020 9.➔95 5.361 1 4 . 702 1 2 .201 
33. 7ï5 59. 1 78 62.95-! 6➔ 766 75. 3 1 5  1 09.081 
ï7.2➔0 1 1 6.258 27.0H 39.7➔2 

g �  u ­:, ..,  t:1'-" ·c ·c i:,:i r:l:l 

4➔0 230 900 ➔70 506 9-10 2 .920 3 1 65 3.820 5 .645 1 0.337 
l 7 .0i9 35.99➔ 53.364 102.948 

- ci  ,., " O o  f:-< !-

5.160 9.725 6.26 1 1 5 . 1 72 1 2 .707 3·1 . 7 1 5  6 2  098 66. 1 1 9 68.5S6 80 950 1 1 9 .➔ 1 8  9➔ . 3 1 9  1 52 .252 80.848 1 4 2 .690 2 1 7.387 

., .. 
C. e �  "' e  a .o  
0 .. .... u ­- > ­.. -
8 5 
8 "' 
o -a Ill 0 u 

85 3 1 5  1➔9  384 343 603 2 . 1 0 1  2 . 3 1 1! 3.36➔ 2 . 3 1 6  2 . ➔25  2 .2S2 3.66, 

( 1 )  Chiffres ind isponibles - Onbcsch ikbarc cijfers. 

� ëj  g � 0 0 
Il) .. .. .. ü u 
C. C. 

:, ü ­d � .::, C a "  
0 .. 

-a � � ;,.  - ., 1-l i-l  
85 75 65 1 .982 3.067 1 2 . ➔ 1 8  , 1 6.990 1 5 . 1 32 l ➔ .78➔ 16 . 1 9 1  1 7.827 1 2. 1 9 1  1 2.35➔ 

Mnt. prcm . Grondstoffen ( t )  

c ô  
0 0 

.O ..:î,  
._ C 
" c.,  

.L! c., U ciî  

4 . 1 29 8.5 1 8  4 . 58➔ 1 2 .72 1 2 .14 1 32.016 58.556 5�.289 65.901 78.302 85. 1 38 84 .➔6➔ l -i2 . 1 2 1  7; . 702 1 29.797 197. 27➔ 

"ë � .. ,., al o. 

448 797 5 1 2  1 .292 1 .056 2.872 4 .75 1 5 .56➔ 5 .➔04 6. 329 7. 1 2➔ 7.060 1 2.353 6.625 1 2 . 9 1 8  

C e "' e  c -0 "'  ·- c., 
"' en ., _  
(.; t: u c, ,::­êj r.J ._, ., -�-a 
C 0 " -"  
> ::;  

5 .563 9 .236 5 .943 1 3. 1 69 9 .309 22. 1 1 7 43.469 ➔9.335 5 1 .061  65.59 70.57, ïï. 1 03 1 33.5-i2 

OCTOBRE 1 980 
OKTOBER 1 980 

-0 
C 

in C: 
·- C: e e e ,, 
.g -g _  c: ü .:::,  ,z -0 -5 g 
0 t: - 0 en o 

672 961 863 1 5 7  
797 3. l l 2  24 95 1  2 1  9ïl  30. 29 1  48.275 3i.623 

32.910 4.68➔ 

� "ü "' ..0  
C. .. :, e u u � �  
., c., .. -.., ., 1 ·c � :. -"  = t 0 � � 

1 5  24 22 27 27 1 2 3  230 26 31 ➔8l 17 473 64 563 
8i3 1 .9 !  1 



BELGIQUE 
BELGIE 

IMPORTATIONS-EXPORTATIONS 
IN- EN UITVOER 

OCTO B R E  1 980 
O KTOBER 1 980 

l mporlal ions • lnvocr ( t )  Bxportallona , Ultvoc.r (t) 

Pays <l'origine 
Land vnn herkomst 

Période 
Pcrio<le 

Réparlition 
Vercleling 

C.E.C.A. - E .G .K . S. 
Al lem.  0cc.  - W. Duilsl . 
France - fra n kri jk 
Pays-Bas • Nederl nd 
Roy. Uni  - Veren. Koninkri /k  

Toini  - Toraal  

PAYS TIERS DERDE 
LANDEN 

E . U .A.  - Y.S.A.  
U RSS - USSR 
Pologne - Polen 
Afrique du Sud • Zuicl-Afrika 
Divers • Allerlei 

Total - Tot:rnl  

Ens.  0cc. 1 980 Sarnen 0kt.  

1 980 Sept.:m bre - September 
Aoû t - J\ugustus . 

1 979 Octobre - Oktober . 
1 979 M . M .  

Rcpartit!oo - V crdeliog : 
1 )  Sect.  dom. - Huise!. sektor 
2) Scct .  iod. - ijverheidssckt .  
Rêexporlatioo - \Vcclcruitvocr 
Mouv. stocks - Schomm. voorr. 

l,1JZER- EN STAALNIJVERHEID 

f>RODUCTIE t 

188.336 
2 .635 

1 9 .226 
1 3 .284 

22) .481  

257. 757 
1 5 .990 
3 .920 

266.095 
4 .957 

54 . 7 1 9  

772.200 

1 .030. 336 
77 . '146 

1 .0 1 7.242 
80 1 .86 1 

1 03. 103 
659. 27 

3.6 1 7  
-11 1 

Produits finis •· Afgcwerktc produ.ktcn 

66.51 1 
46.795 
3 1 .00 1  
65,1 73 
66.573 
67.5'10 
63.481 
72 .736 
80.861 
77. 1 33 
72. 1 7 1  
53.567 

10.874 

28.979 
1 1 . 852 
10 .603 

148.800 
1 55 .828 
1 1 3.424 
1 63. 1 7-.1 
- 114,1 93 
1 63.093 
90.348 
97,658 
78.996 
68.572 
17.996 
1, 1 .501 

53.456 

28.786 
16.160 
19 .672 

'17.286 
65.926 
30.822 
76.3 13  
83.679 
50.228 
50.535 
59.223 
37.5 1 1  
25. 289 
1 9.976 
7.593 

10.21 1 

1 2 . ( 40 
9.081 

39 
2 

55 
2.500 
2.430 
2 , 105 
2.169 
2 .073 
2.693 
2 .536 

2 .718 

2.8 1 8  
2 .00! 

300.6-12 
296.485 
270.6-H 
383.306 
370.818 
338.357 
212.951 
258. 1 7 1  
227,85 1  
1 49.5 1 1 
145.0!7 
90.752 

6 1 .94 1 

1 8. 1 94 
1 4 . 7 1 5  
9.AA3 

., ., " "  
.:.,: � 
0 0 u u  

29.229 
1 . 3 1  7 

1 9  0 1 
·1 . 7 1 1  

54 . 3'11 

54.344 

63. 296 
1 1 2 .9 3 
1 25 .  03 
1 1 7 .351 

507 
53.837 

2.305 
1 .5 1 5  
2.272 
3.604 
3.059 

1 7 . 1 1 8 
30.486 
32.621 
30. 1 50 
32.753 
3 1 .346 
29.323 

27.959 

30.0 17  
1 3.958 

C ., " "" -
J; e 
8 " 
o 8 - o  en­c:n en 

< en < 

4 . 307 
357 

4 (,64 

4 .664 

5. 983 
9.223 
8.9 2 

1 0 .-i 3 

4 .664 

10.096 
10.351 
8 .097 
6. 1 74 
5.286 

1 0.784 
5 .5. 1 5 
5 .377 
3.990 
1.409 
1 . 18 1  
1 .83-1 

3.577 

3 . 577 

3 .577 

2 . 288 
2 .929 
2 .806 
2 .703 

3.57i 

1 .501 
2 .05-1 
1 .821 
1 . 729 
1 .389 
2.58 1 
2 .03-1 
1 .9 1 9  
2 . 1 38 
1 .636 
1 .997 
2 199 

5.717 

3.589 
1 .121  
3.530 

Dutinatlon 
Laod IVao be�temmlog 

C. E.C. A. - E .G.K .S .  
Al lemagne 0cc. - W .  Ouitsl . 
France - Frankrijk 
Luxembourg - Luxemburg 
Pays-Bas - Nederland 

Total - Totaa l . 

PAYS TIERS OERDE 
LANDEN 

E.U.A. - V.S .A.  
Espagne - Spanje 
Roumanie - Rocmenië 
Suède - Zweden 
Divers - Allerlei 

Total - Totaal . 

Ens. 0cc .  1 980 Samen 0kt .  

1 980 Septembre, - Septcmbcr 
Août - Augustus 

1 979 Octobre - Oktober 
1 979 M . M .  

o, C 
C: � 
C O  ... ...  
.. C . ., .c ., 
u -Cf.l 

32.000 
J.271 

1 75 

35.'146 

6 . 1 02 

6. 102 

4 1 .  548 

32.28 1  
2 1 . 2 10  
25.994 
24. 253 

1 0.423 
1 1 .129 

62 
2 . 22)  

24 . 1 37 

1 5 .661 

1 5 .661 

39.798 

37. 1 1 3  
67.945 
57.695 
70 . 1 88 

:: 1  � e  
B .,  o B - o  oo­
OI OI ,< OI 

,< 

1 .835 

1 .835 

200 

200 

2 .035 

2.369 
1 .865 
4 . 577 
4 . 57 1  

Cl> Dont 33 t d'agglomtrb d e  houille fmporttu. - Waarvan 33 t lng e­
voerde agglomeraten. 

725.624 
708.688 
%9.4 1 3  
936.022 
863.665 

1 .0 1 3 .530 
771 .818 
819. 1 09  
722.i75 
572.301 
535.810 
396.105 

388.853 

25S.725 
H6.852 
1 51. 822 

OCTOBRE-OKTOBER 1 980 

Produits finals 
Vcrdcr bew. prod. 

8 1 .995 
92.7-18 
75.091 

109.39 1  
103.576 

89.051 
60.660 
60. l i l  
5 1 .339 
i6.9 l 6  
19. 268 
26.i9i 

23.758 

1 0.992 

10.952 
1 5 .559 
1 1 .955 
29.879 
21.568 
23.126 
23.082 
23.391 
20. 1 99 
22 .462 
22.010 
1 5.524 

(2) 

1.110 

( 1 ) 
37.7 1 1 
38.039 
39.052 
39.075 
52.653 
50.663 
18. 3 1 3  
17.941 
i9.65 1 
5J.60i 
11.8 10  

17. IOt 

38.131 
33.02-t 
35.300 



BELGIQUE 
BELGIE 

ProJ11ction PTodakric 
Porphyre • Por6u : M Jlt-ns - B:cul:stccn Coocau s • Pu,o Petit graDlt - Hardstu.o : Exuait • Ruw Sei� - Gc:aagd . Façono� - Bcwcrkt Sous-prod. - Bijprodukten 
Marbre • Marmu , Blou tqui>rris - Bloklc.�o Tranc!:ics- Pl,uen (ZO mm) Moilloos et co::icassês • B:rulH�-:n � n  pt:1:,, Bimbclotcrie - Sodster!je::, Grb • Zandstccn : Moëllo:is bruu • Brtuks t .  Co:icauh • Puin Pavts et mosaïques Stuatstceo en mc,:aick Divers taillh • Dive rs" . Sable • Zand 1 pr. oHall . •  ,·r. metaaln. pr. verre.rie - vr. glosfobr. pr. constr. • vr. bou ·b,dr. Dfnrs • Allcrl,i Prod,lita de dragage • Prod. Y. baggcrmolc:n.s 1 Grni•r - Grind Sable • Zand 

CARR IERES ET INDUSTRIES CON N EXES 
GROEVEN EN AANVERWANTE N IJVERHEDEN 

.., .: 
5 1 l:l 

ii. 
..;_ 

l '1 .9.H 1 (IJ 1 • �.; 
t 1 1 

1 \ 1 1 t 1 :, i ; 9 
I {  2 -➔; 1 
1 1 

::, 
< 

c < 

$1 o;; : t>2l' o i :; 
Il.} . 2 3  

5 c:..�2 l ('o ➔:­... 0-:ï 1 56 ! St• 

3; 

9 '  
76.55i . 5:: : 16 09\1.5:� l +i .Î 

·3 
:- .  - �Q �J l - �;Q 

2.6" 1 
5ï. 71 JoO. 0 922.2i 1 1 0.ïfi6 

1 -l52. i 1 2  391 . l ï2 1 1 ➔.72, 652. 9 t 1 3 ;  1 9/J. ;, ,ï .-l66 7.i63 

Production Produktic 
Calcoir�- - Knlkstcc.n 

3rbon te noturds 
;1tuurcnrbonnnt D lamie - Dolomict , 
cru!! - ruwc fritt c - witgcg locidc Plâtre'°' - Plci t crkalk gglom�rës ùc. plôtrc Pkistc.rkalkagglomcrntcn Silu - Vuurstcc.n : Quart: et Quart.:itcs warts en K,vnrtsict Argiles - Klc.i 

P<!rsoonc.l - Pcrsoned : Ouv riers occupês Tewerkg teldc arbeidcrs . 

1 

SEPT E M B R E  1 9 80 
SE PTE M B E R  1 980 

o. ,., 
. �  
o. 

Vl 

,::, 
0 
< 

a. ,., 
V) 

2 .9 . 3 1 '  __ 42�.406 2 . 2  .➔59 2 . 720. 0 1  16·1 .·l 1 1 60. 9 1  206.720 2 1 6 . 8·10 
·I 1 . 3 1 7  23 .703 JJ .370 ·1 0. 869 

29 . 1 99 255.035 2i9 . " 22  297. 758 l ·l . 2 1 6  9 . 1 1 9 1 3 .6-H 1 4 . 7➔2 .·I O 1 9 . 4 1  1 6.07 1 7 .271\ 
. '26 2 .33 1 . 334 1 .556.993 1 . 9 1  R .6S1 1 0. 79 9.6S5 

32.4i7 20. 59 6.626 8 . 1 07 
6 . 1 70 6 . 1 95 

1 87 
34 . 7·1 2 5 . 391  

6. 2 1 5  

2(,. 
32 ï97 8 . 1 22 i 



F i fth I n te rn at io na l Co nfe re n ce 

o n  Coa l Resea rch  

Düsseldorf, Sep tember 1 s t- 5 th, 1 980 

The Fifth Interna tional Con ference o n  Coal Research was h eld in Düsseldorf, on Sep tem ­
ber I s t- 5 th, 1 980. lt was organized by the Interna tional Committee for Coal Research (ICCR). 
T/1/s Committee was set  up in 1 9  7 3 by the coal mining indus tries o f  Wes tern Europe and o f  the 
United Sta tes of America ; la ter on, A us tralia, Canada, Japan and South A frica join e d  ICCR. 

The programme of th e Conference is given belo w. This issue o f  o ur Journal reproduc es th e 
papers presented by the General-Rapporteurs, by kin d  perm ission o f  the organizers. 

The Proceedings of the Conference may b e  ob tained short/y. Th e a ddress is as follo ws : 
Dr. H. D. 3chilling, Bergbau- Forschung GmbH, Pos tfa ch 1 3  0 1  4 0, 4 300 Essen 1 3. 

OPE.� i .  G Of L, E CO N F E R E N C E  

Chairman : Dr. E. Anderheggen, Chairman o f  th e In tern a tional Com ­
mittee for Coal Research (ICCR). 

Welcome address : Bergassessor F . C .  E rasmus, Cha i rman of the  Boa rd of .the  S te in ­
koh len berg bauvere in  ; M e m ber of the  Boa rd o f  R u h rkoh le  AG . 
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R .  S pecks ( R u h rkoh le  Ô I  u n d  Gas  G m b H )  : Gas i f icat ion a n d  h yd rogenat ion  of coal  -
Status a n d  prospects . 
S .  Sato (The Coa l M i n i ng Resea rch Centre) : R esea rch a n d  d eve l o p m en t  of f lu i d i zed 
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H .  Whaley, I . C . G . Ogle ,  D . A .  Reeve (Department of E n ergy,  M i nes a n d  R eso u rces, 
Canada) and C . E .  Ca pes (Nat iona l  Resea rch Cou nc i l  of Canada) : Coa l -o i l  m i xt u re 
research a n d  deve lopment in Canad a .  
W. P . Beth e (R u h rkoh le A G )  : I m pact o f  chan g i n g  raw coa l p ropert ies a n d  m a rket 
trends or.  cor. l  prepa rat i on .  
J .  l<ato ( f'./l i tsu i  Coa l M i n i n g  Co . ,  Ltd . ,  J a pan)  : App l i cat ion o f  p ressu re f lo ta t ion  fo r 
waste water treatment at M i tsu i  Ash i betsu coa l m i n e .  
P .J . F .  Four ie (Fue l  R esearch l nst i tute of South Afr ica) : Dense m ed i u m  benef ic ia t ion  
of  m inus  0 . 5  m m  coal i n  the  Repub l ic of  South Africa . 
P .  Ca m mack (N at iona l  Coa l Board) : A pol icy fo r resea rch a n d  d eve l o p m e n t  i n  the  
preparat ion o f  coa l fo r the  new ut i l i zat ion p rocesses . 
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Chairman : Mr. S. Hozumi, Director, The Coal Mining Research 
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L . J . Ga rner a n d  L.J . Packer (Victo ria n  B rown Coal Cou n c i l ,  A ustra l i a )  : H ig h  g ra d e  
gra n u la r  a ct ivated carbons from Victor ian brown coa l .  
M .  Ternan ,  L . P .  Mysak ,  D . K .  Fau rschou and D . A .  Reeve (Depart m e n t  of E n e rgy,  
M i nes and Resources, Canada)  : Coa l as  a n  en ergy sou rce in  recove ry a n d  u p g ra d i n g  
o f  Ca nad ian  heavy o i l s  a n d  t a r  sa nds .  
K .  Both e (Saarberg Fernwarme G m b H )  : P resent status and d eve lopm e n t  of  d istr ict  
heat ing  i n  the Federal Repub l i c  of  G erm any with part icu l a r  e m p h as is  on the use of  p i t  
coa l . 
R .  Chauv in  (Cercha r, F rance) : The F rench cement-man ufactu ri n g  i n d ust ry ' s  ret u rn 
to coa l .  
T .  K im u ra ,  T .  N a ka bayash i  a n d  K .  Mo u ri ( E lectr ic Power Deve lopm ent  C o . ,  Ltd . )  : 
Overa l l  f lue gas t reatm ent tech nology from coa l-fi red power p l an ts i n  J a pa n .  
W. G .  Kaye (Coal  R esearch Esta bl ish ment, N at iona l  Coa l Boa rd) : Com m erc i a l  ex­
ploitat ion of f l u id i zed combustion  on the i n dustri a l  m a rket . 
R . E .  Balzh iser a n d  R .  Loth (E lectr ic Power Research l nst i tute U S A) : E P R I  resea rch 
and deve lopment  on coa l based power gen eration .  
G .  Voe lker  a n d  S .  F reedman ( U S  Departm ent  of E nergy) : Status rep o rt o n  coa l-o i l  
mixtu res a n d  f lu id ized bed reséarch,  deve lopment  a n d  demo nstra t io n .  
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Deve l o p me n t  t re n d s  , n  m i n i n g  tech n i q u es 

Wilhe!m BRA D * 

·1 . MINING TECHNOLOG Y 
INFL UENT/A L  PA RA ME TER 

ON THE A VA ILA BIL / TY OF COA L 

Today nobody wi l l  have any se r ious dou bts a bout  
the  necess i ty of  go ing back  to coal as an  energy 
sou rce and energy raw m ater ia l  in o rder to ensu re 
futu re wor ld  er.flrgy  supp l ies .  Therefore, experts a re 
a l l  the 1110;-e cnncemed with the quest ion wh ere and 
to \ hat cc. �· ,e � coa l is ava i l a b le at accepta b le produc­
t ion co�t and wh ich are t h e  most pro m is in g conver­
s ion methods in view of the increas ing  sca rcity of 
m i nera i  oi l a n d  natu ra l  gas .  

One  has  to bear  i n  m i nci ,  howeve r, tha t  the ava i la­
b i l i ty of coa l i s  not  a static factor depend i ng  on the 
qua nt ity of rese rves o r  the q ua l ity of a deposit  a lone,  
i . e .  on natu ra l  a n d unvar ia b le facto rs . There is rather  a 
n u m ber of dyna m i c  fa ctors to be ta ken in to accoun t  
which can be i nf l ue nced . The  most im porta nt in ­
f l uent ia l factors a re 
1 )  The infrastructure, i . e .  the cond it io n i n g  of t rans­
port fac i l i t ies for  coa l sales,  but  a l so of the mea n s  of 
su pp ly a n d  d i sposa i for a m i ne,  
2) The labour situa tion, i . e .  ava i l ab i l ity or  recru it­
ment  as  we l l  as the profess iona l  educat ion of m i n e rs 
and m i n i n g  eng ineers,  a p rob lem p reva i l i n g  specif i­
ca l l y  in the deve lop ing coun tries, 
3) State and potentials of improvemen t of mining 
technology, espec ia l l y  of m in in g  process technology .  
Th ese are in  m y  op in ion the most i m portant  i nf l uen­
t ia l  factors bea r i ng  on the ava i l ab i l i ty of coa l .  

Some examples : poor deposits o r  depos its h igh  in  
su l p h u r  may become economic  tha n ks ta nove! p re­
pa rat ion tech n i ques with im proved cutt i n g  poin ts and  
better y ie lds .  Or  coa l deposits i n  extremely unfa ­
vourable geologica l  condit ions,  such a s  very t h i n  o r  
t h i c k  or  cons iderab ly  d i pp ing seams,  sea ms a t  g reat 

• Assessor des Bergfachs, Geschaftsführer, Steinkohlen­
bergbauverein, Franz-Fischer-Weg 6 1 ,  D-4300 Essen - Kra y. 
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depths a n d  h ig h  roc k  tem perature,  m a y  beco m e  re­
covera b le th a n ks ta i m proved process tec h n iq ues .  

F in a l ly,  the ava i l a b i l ity o f  coa l a lso  i m p l i es a t i m e 
com ponent, for  the  q uest ion  i s  n ot o n ly h o w  m u ch 
coa l wi l l  be ava i l ab le ,  but  a l so when a n d  h ow soon 
add i t iona l  coa l wi l l  becom e  ava i l a ble .  H ig he r  speeds 
when s i n k i n g  shafts or  d riv ing  roa dways m a y  e . g .  
cr i t i ca l l y  bear o n  the  t i m e  factor. 

l t  has a l so to be recog n i zed that the fu rt h e r  i m p ro­
vement  of m i n i n g  tech no logy a s  wel l  a s  the o utco m e  
of resea rch a n d  develo p ment  act iv i t ies w i l l  cr i t ica l ly 
i nf luence the pro po rt ion u p  to wh ich  coa l ca n contr i ­
bute to cover futu re energy d e m a n d .  U n less m in i n g  
tech no lo g ies a re developed rath e r  soon ,  o n e  c a n not 
expect that suffic i en t  coa l vo l u m es w i l l  b e  p ro d u ced 
to meet the world coa l consu m pt ion of 6 to 7 b i l l io n  
tee (Wor ld Coa l Study WOCO L o f  M a y  1 9 80)  fo recast 
for the yea r 2000.  

2. DEVELOPMENT TRENDS 
IN THE COA L MINING INDUS TR Y  

l n  v iew of th e i m porta nce of t h e  su bject it  i s  a n  
hono u r  to m e  h av i n g  been a ppo in ted ,  a s  g e n e ra l  
ra pporteu r, t o  g i ve a c o m p re hens ive v iew o n  t h e  d e­
velop ment trends in  m i n i ng tech no logy .  W it h o u t  
prejud ice t o  t h e  papers s u b m itted by  t h e  a u t h o rs,  l ' d  
l i ke t o  beg in  with som e  rem a rks o n  opencast m i n i n g  
and  b o rehole m i n in g . 

2 .  1 .  Opencast  Mining 

P resent ly,  more than  9 0  % of wor ld b rown coa l 
producti o n  stems fro m o pe n ca st m i n es ; the  re l eva n t  
proport ion  for h a rd coa l i s  b etween 2 0  a n d  3 0  % . 
Today b rown coa l o penca st m i nes wi th  l o os e  roc k  
overb u rden  reac h  depths down t o  5 5 0 m .  H a rd coa l 
produc ing  opencast m in es,  o n  the  other  h a n d ,  do  not 
reac h  f u rther  down tha n some 1 00 m, due to the 
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m stly much thin ner s ams and more sol id ove rbur­
d n .  

l n  the cou rse of further techn ica l i m p rovement 
op ncast min ing wil l  be able to go down to g reater 
depths than were h i therto atta inab le .  The production 
e u i pment for d iscont in uous operation, such as 

u ket elevators or drags in  conjunction with tra in  or 
ruck transport . are cont inuously being improved and 

en larged . Specif ic potentials are seen in an extended 
app l ication of continuously operating tech·n iq ues, 
such as by bucket wheel or bucket cha in excavators 
\ • i th e lt  conveying systems. The trend a lso goes 
to ards a concentrat ion of production on very b ig  
opencast m in i ng complexes, a l lowing reduction of 
cos1s . O pt im ization of eq u ipment systems v i l l  be 
another means of economical improvement . The p re­
sent system is able to yield 240 000 m3 / day,  a 
oerlormance rate which however ,  wi l l  rema i n  the ' ' 

upper ! im i t  fo r the t ime being .  

2 .  2 .  Drill-Ho le Mining 

For extracting coa l from deposits wh ich with p re­
sent conventional methods are sti l l  in access ib le ,  the 
min ing  industry is working on the development and 
tria l  o f  dri l l-hole techniques. As to the p resent state of 
the a rt .  one may say that, in genera l ,  the gasif icat ion 
of thick near to the su rface seams conta i n i ng  s pecif i ­
ca l ly  reactive coa l has proven feas ib le .  Th ere is ,  how­
ever, no practical experience so fa r as to the gas i f ica­
tion of hard coal seams at greater depths .  

Consideration in  respect o f  extract ing  coal  by 
micro-organ isms or in situ l i quefaction by adeq uate 
solvents, are sti l l  in  an in it ia l  state. There a re so far n o  
footholds for a n  implementation o f  these tec h n i q ues, 
so that they cannot be considered in the nearer fu ture .  

2 . 3 . Underground Mining 

As fa r as the development trends  i n  deep m in i ng 
are concerned, 1 can b ase  o n  the seven papers wh ich 
were submitted on the subject.  

Even though.  for reasons of easier accessib i l ity a nd 
lower cost. the p ro po rt ion of coa l coming  from 
open-cast m ines wil l  contin u e  to i ncrease worldwide 
in a near futu re,  it  i s  to be expected n everthe less that  
due to the locat ion of coa l reserves, the  p roduction 
wi l l ,  in the longer  run, sh ift more and more to u n­
derground  m i n i n g .  According  to the pub l icat ion 
« coa l  resou rces » on the 1 0th World Energy Confe­
rence i n  Istanbu l  in  1 9 7 7 ,  on ly 20  % of the 6 6 3  
b i l l ion  t recoverable a t  the p resent state of the a rt can  
be extracted from open-cast m ines. whereas  a bo u t  
80 % sha l l  have t o  b e  extracted b y  u nd ergroun d  
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min in g .  l mprov i ng un derg ro u n d  m i n i n g  tec h n i q ues, 
therefore. is cons idered to be of c r i t i ca l i m po rta nce . 
Th is is  adeq uately ref lected by the tact that  a l l  the 
papers subm itted fo r th is  confere nce exc l u s ive ly deal 
with underg round m i n i n g . 

2 . 3 . 1 .  Research and Developm e n t  Programs of lm ­
portant  Coal Produc ing Coun tries 

The programs  esta b l i shed by the top coa l p roduc­
ing cou ntr ies p rovide the  b roadest docu m entat ion on 
the very d ivers i f ied f i e ld  of d eve l o p m en t  act iv i t ies in 
m i n ing tech no logy .  Two papers have been s u b m itted 
which reflect the present state of resea rch a n d  deve­
lopment work in  U n i ted K i n g d o m  a n d  i n  the  U n ited 
States of Amer ica ; the  R + D p rog ra m  of the  U n ited 
K ingdom is centere d  on  short - a n d  m ed i u rn -term 
longwa l l  m i n i n g ,  whereas i n  the  U SA sta l !  work­
ing or board a n d  p i l l a r  work i n g  a re st i l l  p redo inant 
and longwa l l  m i n i ng becom es i nc reasi n g ly i m po rtant 
a long with g reater depths .  

2 .  3 .  1 . 1 . Research and De velopmen t in the  United 
Kingdom 

M r .  P .  T rege l les, d i rector of the M i n i n g  Research 
and  Developm ent  Estab l i shment  (M R D  E) , s u b m itted 
a report on the R + D p rogra m  of h is i nst i tu te .  lt is 
known that i n  Brit ish deep m i nes the no rma l  w i n n ing 
method is  by advanc ing longwa l l  faces eq u i pped with 
shearer loaders .  Short-term work on performance 
i m p rovement means here work on the d e g ree of ut i l­
izat ion of coa l w inn ing  mach inery wh ich at p resent i s  
o f  approximately 50 % .  

The R + D activit ies w i th i n  the short-te rm p rogram 
concentrate on increased fu nct iona l  re l i a b i l i ty and 
com puterizat io n .  A soph i st icated measu ri n g  and ad­
justi ng  tech nology backed by m icro-processo rs w i l l  
enable better contrai of operat ions . V ia  a n  eva l u at ion 
of opera tional  data , the mine manag ement  w i l l  be 
supp l ied with the necessa ry decis ion-m a k i n g  a ids ; 
th is  is a ise the transit ional  state to a later a utomat ion . 
The short-term goal is a rel iab le  and  a u to mized sys­
tem tech nology . Th ere is a lso a c lose cooperat ion i n  
th is  f iel d with t h e  Federal Repub l i c o f  G erm a n y .  

The medium-term research a n d  develo p m e n t p ro­
jects of M R D E  deal  with p rob lems s u pposed to be­
corne key problems as soon as face outputs w i l l  be 
increased consi derab ly .  The m ed i u m -term p rog ra m  
incl udes 5 mai n f ie lds o f  act iv i ty 

1 )  Novel-type automatic vert ica l  a n d  h o rizonta l  
steeri ng o f  wi nn ing  mach ines ; 

2) Explorat ion ahead of coal  faces, both by  seismic  
methods êover ing d istances of 300 m and m o re as 
wel l  as by longhole d ri l l i n g  for the locat ion of geolo­
g ical fau l ts ; 

3) Test ing of tunne l ing  machi n es ; 
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4) l m p rovement  of underg ro u n d  transport by 
trackless ve h ic les as  we l l  as  by speed i n g  up a n d  
enhanc ing  t h e  sa fety of tra i n  syste ms 

5)  E nvi ronment .  
At  th is  jun ctu re, depth p rob lems e . g .  increas ing  

rock p ress u re, h i g he r  tem peratu res and  i n c reased fi re 
d a m p  e m issions a re dea l t  wit h .  Second ly,  depth­
independent  p rob lems such as du st and no ise in un ­
derground m i nes a re be ing  stu d ied . 

The long-term M R D E  p rog ra m cover ing  a per iod of 
20 to 3 0  yea rs, dea ls  with possi b l e  a l ternat ives to 
p resent-day longwa l l  m in ing . To the effect, stud ies on 
the feas i b i l ity and  the econom ics of in s i tu coa l con­
vers ion have a l ready been sta rted . Su bjects of these 
stud ies a re the in  situ gasif icat ion of coa l deposits 
u ndcï the sea as  we l l  as  feas ib i l i ty of m ic ro-b io log i ca l  
der; radat ion of coa l .  

u 11e of the  work ing tea m s  has invest igated the so­
ca l ' ed « Te lech i ri c  » concept, i . e .  a syste m of mob i l e  
pieces of mach i nery eq u i p ped w i th  « h a nds » and 
« eyes » operated from the su rface . A f i rst d es ign  
target is to  deve lop  to  dem onstrat ion matu r i ty a 
sim p le « Te(ech i ri c  » system wh ich is to be put to 
wo rk i t ;'CS � underg rou nd a reas where act ion would 
be toc, hm'.i-, :-do, ;s  fo r h u mans .  

2 . 3 . 1 . 2 .  Research a n d  De velopmen t in th e United 
States of A merica 

The p redom inant  m in ing method in the  U S A  is sta l l  
or  boa rd and p i l l a r  m i n ing wh ich  is  econom ica l  down 
to depths of a pprox i m ately 400 m .  M o re than 90 % 
of the coal from deep m ines is p roduced by th is 
method . Thus ,  opt im izat ion of co nt inuous m i n in g as 
the m ost i m porta nt  winn ing method in sta l l  or  boa rd 
and p i l l a r  m i n ing as we l l  as the fu l l  u t i l izat ion of the 
deve lopment  potent ia l  of the cont inuous m iner  as 
w inn ing  eq u i p ment,  a re the main development ta r­
gets . l n  a paper  jo int ly  p repared by M r . M a rovel l i ,  M r .  
Sch m idt  a n d  D r .  Yanc i k ,  exa m p les of th ese act iv i t ies 
a re g iven , e . g .  the  developm ent of a com b i ned conti­
nuous m i n e r /  powered support-sett ing / roof bo l t ing 
system as wel l  as  the i m p rovem ent of  ca b ins  and 
ca nopy des igns for  the cont in uous m i ner .  

S pec ia l  a ttent ion is  g iven to the f u rther  i m p rove­
ment of longwa l l  m i n i n g ,  and t h is a lso fo r reasons of 
safety . P resent ly th ere a re a pproxi mately 1 00 act ive 
longwa l l  faces in  the U S A .  R esea rch and develop­
ment work is  centered on the ada ptat ion o r  develop­
ment of com ponents to su i t  the  cond i t ions p reva i l i n g  
i n  the  U SA .  Tr ia ls  are in  p rog ress fo r m in i ng by 
longwa l l  methods sea ms of 3 m th ickness, sea m s  less 
than 1 m th ick,  inc l ined sea ms and  sea ms m o re than 
6 m th ick a t  depths down to 300 m.  These activ i t ies 
a re backed by the  M i n ing Process Center near  P i tts-
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b u rg h ,  Pen nsy lvan i a ,  recent ly esta b l i shed  b y  the  De­
pa rtment  of Energy and where t r ia ls  a re r u n  spec if i ­
ca l ly  on w i n n i n g  m ach inery and convey i n g  m ea n s  
a n d  wh ere a test r i g  for m i n e  s u p po rt w a s  i n sta l l e d .  l t  
wi l l  certa in ly b e  inte resting  to com pa re t h e  resu l ts  
obta i ned in  these d iff icu l t  geolog ica l con d i t ions  w i th  
the  exper ience ga i ned i n  the Western E u ro pean  h a rd 
coa l m i n i n g  i n dustry. 

The research a n d  developm ent  work on an i m p ro­
vem ent  of longwa l l  m i n ing  dep loyed by t h e  D e pa rt­
ment  of E n e rgy i s  backed up by the  m i n i ng i n d us t ry .  
Th e B i tu m i nous  Coa l R esearch I nc .  ( B C R ) ,  spo nsored 
by the N at iona l  Coa l Associa t ion  (NCA) ,  h a s  a . o .  c a r­
r ied out  a study on the  e q u i pment  a n d  o p e ra t ion  of 
any and a l l  longwa l l  faces in  the U S A .  F u rth er  p o i n ts 
of e m phas is  of the  R + D work by B C R  a re t h e  d eve­
lopment  of m i ne m o n ito r ing  a n d  com m u n ica t ion  sys­
tems as wel l as  the i m p rovement  of d ust  su p p ress i o n  
tech nolog ies .  M in ing com pa n ies a re p la n n i n g  a n  ex­
pans ion of the i r  R + D act iv i t ies . 

Let me st i l l  ment ion  another  i m po rta n t  R + D p ro­
ject with i n  the D O E  p rog ra m ,  i . e .  test i n g  of t h e  R ab­
b ins  shaft bor ing m ach i ne des i g ned  fo r b o ri n g  shaft 
d iameters of u p  to 7 . 0  m at a rate of 1 0  to 1 5  m / day.  
The ta rget of the  p roje ct is  to  accele rate a n d  i m p rove 
sh aft s i nk i ng  operat ions .  D u ri n g  t h e  t r i a l s  the  
mechan ical  syste m s  of d ebr is  d ry c l e a ra n c e  t u rned  
out  to  be  u n re l i a b l e  so that  fo r fu rth e r  t r i a l s  a 
hyd ra u l ic f l ush i n g  system is  sch e d u led  to b e  used . 

The  paper  s u b m i tted by t h e  U n ited States o f  A m e­
r ica reports furtherm o re o n  i n c reased effo rts i n  t h e  
f ie ld of acc ident  p revent ion ,  m i ne d i saster p revent ion  
and on h ea l th  p rotect ion  fo r m i n e rs .  T h e  H ea lt h  a n d  
Safety Depa rtment  of B u rea u o f  M i nes i s  i n  c h a rg e  of 
these act iv i t ies .  T h i s  d e pa rt ment  is  a l so res p o n s i b le 
fo r the  « envi ro n m enta l research » p ro g ra m w h ic h  
deals with m i n i m iz ing  s ubseq u e n t  m i n i n g  d a m a ges ,  
e . g .  l and reclamat ion ,  a f ie ld  of a ct iv i t ies  of  w o rl d w i d e  
increas ing  s i g n if ica nce . 

2 . 3 . 1 . 3 . Financial Expenditures 

The a m ou n t  of resea rch a n d  d evel o p ment  expen­
d i t u res i n  the  f i e lds  of  m i n in g  tech no logy a n d  safety 
a re often cons idered to be an i n d icator  for t h e  i n ­
tensity o f  d evelop ment  effo rts ; t h ey c l ea r ly show a 
r is i n g  tende n cy .  

T h e  resea rch and  d evelop ment  expend i tu res for 
m i n i n g  technology and  safety i n  Br i t i sh  h a rd coa l 
m i n i n g  e . g .  have i ncreased f rom 1 1  O m i l l i o n  D M  i n  
1 9 7 9  to 1 2 0 m il l i o n  D M  i n  1 98 0  w h i c h  corresponds 
to  a n  i n vestment  of DM 1 per  ton of sa lea b l e  ou tpu t . 
S h a rp ly 2 0  % of t h i s  a m ou n t  g oes in to  safety a n d  
8 0  % i n to m i n in g  techno logy.  

As fa r a s  the G erma n  h a rd coa l m m m g  i s  con­
cerned,  the rel eva n t  expend i tu res rose from 3 1 O m i l -
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l ion DM in 1 9 78  to 3 2 4  rn i l l i on  D M  i n  1 9 8 0 .  Th i s  is  
n e ·pend itu re of D M  '"' .  70 per  ton of sa le<tb le  
u tput . The safety in rnin  s ace unts f r bout ne 

th ; rd .  whereas two th i r  go i n  o m in ing  techno l  gy .  
ne has to bear in mir  d ,  h wever, that the e f ig ­

u res annot be  compared u e  t di fferi ng methods f 
,eterm inat ion.  Noneth less  there i s  a clea r tenden y 

towards r is i ng fi nancia l  i estment in  the Fe eral 
eoub l ic of Gerrnan'y as wel l  as in  the U nited St tes of 

An�erica . Furthermore, it  ecornes ob ious that both 
�merican and Germar resear h and de e lopment ef­
forts are increas ing ly and considerably sub id ized by 
the State. This reflects he recogn it ion that coa l w i l l  in 
the future play a key rote in na ional econ m ie  growth 
·a tes .  

2 3 . 2 .  Novel Winning Techniques aiming a t  Minimi­
zing Mining Lasses 

One of the crucial  problems of the future wi l l  be 
how to improve the rate of extraction of coa l deposits . 
When compar ing longwal l  m in ing to sta l l  or board 
and p i l la r  min ing ,  longwal l  m in ing appears to be 
more econom ic s ince it  enables to extract approxi ­
mately 7 0  to 85 % of the recovera b le deposi t ,  
against 40 to 60 % for sta l l  or board and p i l l a r  m i­
n ing . Nevertheless, somet imes h igh m i n ing losses 
have to be coped with even i n  longwal l  m in i ng ,  spe­
cif ical ly i n  fau l ted condit ions, due to the advanced 
state of mechanization . Moreover ,  the h igh ly  m echa­
nized but  not very adaptable equ ip ment  only adm its 
min ing favourable portions of the deposit . 

To increase the production yie ld from u nderground 
deposits which a t  present may average a worldwi d e  
5 0  % o f  recoverable reserves, in future a l so those 
portions of deposits have to be considered , and i f  
possib le to  be com pletely extracted,  wh ich a re d i ff i ­
cult to recover. l n  the past these portions were often 
enough sacrif ied to « negative rat iona l i zat ion » due 
to the tough competit ion i n  the energy market .  Three 
papers deal with the development of new wi nn ing  
methods for diff icult geolog ica l cond it ions .  

2 . 3 . 2 . 1 .  Winning Methods for Extreme Seam Con­
ditions 

The report submitted by Dr .  F .  Benthaus,  executive 
board member of Stein koh lenbergbauvere i n ,  d ea l s  
with t h e  efforts of t h e  G erman h a rd coal m i n i ng to 
develop eff ic ient wi n ni n g  tech n i ques for d i ffi cu l t  
seam condit ions as p reva i l i ng  i n  case of  
th in  seams, 
thick seams, 
strongly inc l ined seams and 
fau l ty seams.  
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« T h i n  seams » a re def ined i n  pres e n t-day G e rman 
ha rd coal m i n in g  as sea m s  of  1 . 3  m t h i c k n es s  or less .  
The th in nest seam worked at p resent  i s  a p pro x .  0 . 8  
th ick .  W h e n  m i n i n g  th i n  sea m s ,  p rev i o u s  e m phasis 
was la id on i m p roved eff ic iency a n d  r e l i a b i l i ty of 
p lough systems ,  f u rthe rmore o n  the  a d a ptat ion  of 
sh ie ld support to th in  sea m s  a n d  o n  the  d ev e l o p m ent 
of low-prof i l e  sh earer loade rs . T h e  ta rg ets set  fo r the 
futu re are the deve lopment  of eff ic i en t  m ac h i n e s  for 
cutti n g  r i se h ead i n g s  in th i n  seams ,  e s pec ia l l y in 
those diff icu lt to wo rk, as we l l  as a m a n less  w i n n i ng 
method . 

The deve lopment  of sh i e ld  su p p o rt syste m s  ena­
b led rel i ab le  roof contra i  a l so i n  h i g h  faces . A system 
com b in ing sh ie ld  s u p po rt,  heavy-d u ty scra per  con­
veyo r and 300 kW sh eare r  loaders is p :-e se:, t-day 
standard eq u i pment  for  m i n i ng sea m s  u p  to  t . 5 m 
thickness . F u rther  progress was ach ieved i ,-, pa ,  : i cu lar 
by cutt i ng  gateroa d s  in l i n e  with the  face \f i g . 1 )  as 
wel l as  by a nave l  pneu mat ic  stow ing  ter: I  1 n i c; , ie  in­
teg rated i n to the powered s u pport .  

l m proved roof and  coa l  face contra i  e . g .  by 
ea r ly-bear i n g  so l id  stow ing  and the  use  of c u tt i n g -di sc 
sheare r- loaders (fig . 2 )  wh ich by means  of  c u tt ing 
with d iagona l l y  pos i t ioned d rum avo id  a n y  un­
control led coa l  fa l l  f rom the face,  a re g iven p ri o r i ty for 
the futu re .  

When deve lop ing  w i n n i n g  tech n iq u es  fo r steep 
seams,  best resu l ts were obta i n ed to the p re s e n t  by 
adapt ing w inn i ng  methods ori g i na l l y  des ig ned f o r  f iat  
sea m s  to seam s  inc l i n ed by as  m uch as  60 d e g rees .  
H ere aga in ,  mostly heavy-du ty sheare r- loade rs a n d a 
modif ied sh ie ld su pport system are u sed . l n  add i t ion ,  
prop-free win n i n g  methods,  i n  pa rt w i th  so l id  s tow­
ing ,  a re u nder  deve lopment .  The  i n c reased 
performance of coal win n in g  m ach i n ery e n a b l e s  ea­
s ier  cu tt i ng  through  g eo log ical  fa u l ts than in the  past .  
The f l ex ib i l i ty of sh ie ld  suppo rt syste m s  and coa l 
winn ing  mach i n ery, however, needs s ti l l  to b e  i m p rov­
ed. Special  eq u ipment for  cutt i ng  th ro u g h  fa u l ts i s  
therefore su pposed to be  deve loped . 

As shown by these exa m ples ,  G erman h a rd coa l  
m in ing  made cons iderab le  efforts for  rec over i n g  a lso 
coa l reserves i n  extre m e  seam co ndi t ion s .  A cost­
effective extract ion of these  rese rves cou l d ,  a m on g  
oth er means ,  delay t o  som e exten t  t h e  eco n o m ica l l y  
disadvantageous  i ncrease of depths - present ly  at  a 
rate of approx imate ly 1 0  m per yea r - and t h u s  
enable better u t i l i zat ion o f  the ca pita l s  i nvested i n  
underground operat ion s .  

2 . 3 . 2 . 2 .  Novel Method o f  Mining Thick Coal Seams 

The paper subm itted by  M r .  O .  R ichards ,  h ead of 
the M i n ing  R esearch l n st i tute with Coa l l n d u stry Re­
sea rch La boratories,  Austra l i a ,  a lso dea l s  with the  
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F,c, 1 - Cutt ing the gate section with a drum shearer-loader 

F ig . 2 - Cutt ing disk loader 

prob lems of m i n i n g  a coa l sea m d iff icu l t  to be work­
ed. O n e subject of h i s  paper  is the deve lopment of an 
u nderg round  m i n ing method fo r the a l most com plete 
extract ion of a 5 . 4 m th ick  coal sea m .  

9 4  % of the prod uct ion fro m Austra l i an  deep 
m i n es is m i ned by means of cont i n uo':JS m in ers , 
aga inst 6 % by shearer loaders from longwa l l  faces. 
The recovery factor with presen t  m i n ing  tech n i q ues 
reads genera l l y less than 50 % for th ick  sea ms .  Due 
to the  wide-spread use of the cont inuous m iner, th is 
wi n n ing  m ach ine  was selected for the new method . 
The seam located a t  a depth of 1 50 m i s  subd ivided 
in to three s l i ces of 1 . 8  m th ickness each and m i ned i n  
fo l l owi n g  phases (fig .  3)  

1 )  D rivage of two access roa dways in  the top sl ice of 
1 .8 m th ickness by cont in uous m i ner, 300 m apart 
from each other .  The cross section  of the roa dways is 
of 5 . 4 X 1 .8  m. A m i n i n g  panel  is then form ed by 
driv in g  roa dway sp l its every 60 m to g ive a pa ne l  of 
300 X 6 0  m .  
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F ig .  3 - Plan of development and extraction of  top of  coa l seam 
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1 Development of Top of Seam 

2 Extraction of Top of Seam 
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3 Development in  Bottom of Seam 

4 Extract ion in Bottom of Seam 
F ig . 4 - Sections of d evelopment and extraction seq uence 

2) l n  a second ste p the  top  s l i ce  i s  m i n e d  over  t h e  
whole width o f  3 0 0  m a n d  l e n gth  o f  6 0  m (fig .  4 ) . T h e  
roof support consists of W steel  p rof i les secu red b y  a t  
l east fou r  res i n -set roof b o l ts .  

3)  ln  a th i rd step the bottom s l i ce  i s  d eve loped a c­
cord i n g  to the  sa m e  pattern as the  top s l i ce .  

4 )  The  1 . 8  m th i ck  bottom s l i ce  is  t h e n  m in e d  d i ­
rect ly u n derneath the  u p per  pa rt .  The  b e n c h  i n  
betwee n  is f i n a l l y m i ned  by t h e  retrea t i n g  cont in uo u s  
m i n er, the  b o o m  o f  w h i c h  reac h es u p  to a h e i g h t  o f  
3 . 60 m .  

Accord i n g  t o  the  p resen t  tri a l  state t h e  c o m p lete 
recovery of the  top sl i ce  i s  p rovi d ed by t h e  rem otely 
contro l led  t ravel  of the con t i n uous  m in e r .  F u r­
thermore ,  t h e  i nt rod uct ion of resi n-set wooden do­
we l s  i n to the f loor for  stab i l i za t ion  of the m id d le bench 
turned out  to  be tec h n ica l ly  feasi b l e .  
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2 . 3 . 2 . 3 .  Longwa/1 Mining ins tead o f  Room and Pi/far 
Mining 

l ncreased coal consump ion necessitated a rev is ion 
f min ing tech niques a l  o in  he Repub l ic  of  South 

Africa for assu ring the best ossible ut i l i zat ion of coal  
r se rves . On this backgrou nd it was consi dered to 
introduce longwa l l  m in i? 1g for obta in ing  a h igher re-
overy factor of the reserves than with roon and  p i l la r  

min ing which previously was exclusive pract ice .  

l n  the cou rse of the gone-by decade the South 
African coal m i n ing industry faced considerably 
changing demands. Among the many facto rs contr i ­
buting to these changes the most importan t  ones 
were the rapid increase of electric ity demand and the 
intention to reduce dependency on i m po rted oi l .  For 
coa l l i quefaction alone, 2 7 m i l l ion tons of coal per 
annum wil l  be req u i red in the near futu re. 

More than 95 % of the assu red coa l  reserves in 
South Africa a re found in depths down to 200 m .  
Approx imately 50 % of the seams exh ib i t  th icknesses 
of less than 4 m .  These geological condit ions mean 
that open-cast min ing as wel l  as room and p i l l a r  
min ing are compet ing a l ternatives to  longwa l l  mi ­
ning . The main app l ication field fo r longwa l l  m i n ing 
wi l l  be the work ing of moderately th ick seams more 
than 1 00 m deep as wel l as of seams the roof strata of 
wh ich do not permit any room and p i l l a r  m i n i ng (f i g .  
5) . 

l t  is expected that during the next  decade the coal  
produced by longwa l l  min ing wil l stand for a p rod uc­
tion volume of 3 5  mi l l ion tons per year aga inst the 
present 2 . 5  mi l l ion tons. 

The contribution by M r. H .  Wagner, d i rector of the 
M i n ing Technology Department with the Cham ber of 
M ines i n  South Africa, deals with the i nt rod uct ion of 
longwa l l  mining for sha l low seams of mod erate 
thickness. 

l t  was found out that, i n  order to reach a deg ree of 
eff iciency comparable to the one of room a n d  p i l la r  
min ing,  a S outh African longwa l l  face of 200 m 
length i n  a 2 . 5  to 3 .0 m th ick seam,  should yield a 
production of 3 5 , 000 tons per week . Th is means  a 
dai ly face advance of approximately 8 m wh ich can be 
ach ieved most re l ia bly by retreat min ing .  

l n  South Africa the  panel  length for longwa l l  faces 
ranges between 1 000 and 2 500 m .  Between the 
worked-out panels 30 to 1 00 m wide p i l l a rs are left 
for protecti ng the gateroads (fig .  6) . 

Face length and p i l l a r  width are d eterm ined  by 
rock-mechan ical criter ia .  Experience up to presen t  
has shown that a p i l l a r  width of 30 m i s  suffic i en t  for . 
longwal l  min ing at sha l l ow depths whereas with 
longwa l l  m in ing at 200 m depth p i l l a rs of at  least 50 
m width are requ i red .  This means.  however, a redue-
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ed recovery facto r fo r the depos i t  so tha t  cons i dera­
t ions a re underway to leave n o  m o re p i l l a rs a t  a i l .  

The stren gth of the coal a n d  l ack i n g  c leavage  make 
coa l w inn i ng  d iff icu l t .  For  th i s  reason d o u b le-d rum 
shearer loaders with a rated capa c ity of  u p  to  7 50 kW 
were requ i red (fig . 7 ) . 

Such h ig h  ra t ing is a l so necessa ry beca use of lack­
i ng strata p ressu re a n d  h as led to a su bsta n t i a l  in­
crease of the week ly coa l  p roduct i o n .  

The fo l low ing  p rob lems a re enco u n te re d  w h e n  in­
trod uci ng longwa l l  m i n i n g  
1 )  By leav ing p i l l a rs f o r  t h e  p rotect ion  o f  ga teroa ds, 
su rface subsidence is i rreg u l a r  wh ich ofte n resu lts in 
the loss of va luab le  ag r icu l t u ra l  l and . 
2 )  D i stu rbance of the g round  water ta bl e occu rs as 
we l l  as 
3) water i n rush es i n to the u n derg ro u n d  v · ,_ rk i ··. gs .  

l n  sp ite o f  these d i ff i cu l t  co nd i t io r, s lo :1gwal l  
m i n i n g u p  to the p rese nt  p roved to be :i teGh n ical 
success i n  moderately th ick sea m s .  Ba::�"d ,1n the 
enco u ra g i ng resu lts th is  method w i l l  g a i n  i n c r  ,as ing 
i mportance in  South Afr ica . Ca p ita l - i n tensive 
longwa l l  m i n i ng ,  however ,  requ i res h i g h  face outputs 
of more than 1 00 000 tons per month i n  o rder  to 
com pete with room and p i l l a r  m i n i n g  i n  S o uth Afr ican 
geo log ica l  cond i t ions .  Due to the afore m e nt ioned 
h igh  capita l- i ntens ity w i l l  a ri se the eco n o m ica l ne­
cessity a lso i n  S o u th Afr ica - s i m i l a rly  to the  West 
E u ropean ha rd coal m in ing - to concentrate the 
p roductio n  on a few faces. 

2 . 3 . 3 .  Mine Sa fe ty in Spite o f  Difficult Conditions 

N otwithsta nd ing  the efforts to m ake fu tu re m i n ing 
eff ic ient and  economica l ,  the safety aspect  m u st not 
be neglected . 

M r .  T. Nakata submi tted a paper  o n  the  safety 
measu res taken at the S u mitomo-A ka b i ra co l l i e ry si­
tuated in the center of H okka ido Is le ,  J a pa n .  

The particu la r  problems p reva i l i n g  a t  S u m itomo­
Aka b i ra col l iery were f req uent m ine f i res ca used by 
spontaneous combustion as  we l l  as gas  o u t b u rsts 
which repeatedly  const i tuted a ser ious haza rd to fu r­
ther p roductio n .  

l n  the recent yea rs, i n tensive resea rch a n d  d eve­
lopment work enabled deve lopment  a n d  tr ia l of ef-. 
fective cou nter-measu res which resu lted in  a cons i­
derab ly  reduced n u m be r  of m i n e  t i res caused by 
spontaneous ign it io n  a n d  of gas o u tb u rsts, even 
though m in ing depth has been i nc reas ing  ever s ince . 

The fol lowing measu res were ta ken fo r  f i gh t i ng  
t i res caused by spontaneous i g n i t ion  
1 )  l m p rovement of layouts, m in  mg tech n i q ues 
(com plete recovery) and  vent i la t ion .  
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... Basic resea rch on spontaneous combustion and 
inv tigations on gases and odeurs p roduced i n  the 
c u rse of a developing m ine  f i re .  
3 )  I nstal lation of a mon itoring ystem fo r the detec­
ti , f spontaneo s com bustion t i res in an ear ly 

h3se . Detection and monito, ing of the n1 a in i nd ica-
r gases CO and BT / benzene,  toluene .  xy lo l )  is  

a sur d by the tu e bund le  system . 
-+) Cou nter-measu res in an  earl phase of sp nta­
ne us combustion .  e . g . stowing by fly-ash � Judge ,  
d3mming ,  and exti nct ion.  

l so in West German hard coa l min ing t i re ca used 
by spontaneous ign it ion a re a recu rring phenome, on . 
They do, however, no longer represent any cr i t ica l 
�, ' for carrying on ith min ing operations e e r  s ince . 
German mines are equ ipped for apply ing the n itrogen 
:nertization process . 

F igure 8 shows an arran gement of the inert izat ion 
plant components used in  our country .  

44 cases are known up  to present where the f i re 
cou ld be confined by the use of n i trogen in a way that 
operations cou ld  be carried on .  ln some cases even 
open ti res cou ld  be ext ingu ished . l nertiza t ion is par­
t icular ly economical in those cases where, after iso la­
t ion of a mine area at t i re ,  the workings i n  question a re 
to be recommissioned with i n  short .  l n  so me cases 
rapid t i re f ight ing by means of n i trogen enables the 
prompt recommissioning of  enti re mine pa ne ls .  

Th e following cou nter-measu res agai nst gas 
outbursts are taken at Sumitomo-Aka bira co l l i e ry 
1 )  Destressi ng d ri l l i ng i n  seam ; one borehole of 50 
mm or 70 mm diameter per square meter .  
2) Large diameter borings of d iameters between  1 50 
and 400 mm in road head ings.  
3) Destressing blasting in zones prone to gas 
outbursts . 

To this example of successfu l  f ight ing of gas 
outbu rsts I wou ld l i ke to add another one f rom the 
German hard coal min ing ind ustry .  l t  has  to be ad­
mitted, however, that in th is  case , i . e .  at the  
l bbenbüren col l iery, there was a possib i l i ty o f  m i n ing  
a seam located approxi mately 2 5  m undern eath a 
seam wh ich was highly prone to gas outbu rsts . The 
latter seam was mined  as  a p rotect ion m easu re in  
order to reduce the  gas content and,  consequently ,  
the gas outburst risk of the roof sea m .  The la t ter  one 
meanwhi le  was mined successful ly and it was found  
that undermin ing was effective i n  that gas  outburst 
did not recu r. 

1 04 cases of spontaneous ign it ion and 2 4 9  gas 
outbursts were recorded up to present at 
Sumitomo-Akabira col l i e ry .  The success of the 
above-described m easures is  especial ly under l i ned by 
the fact that i n  spite of m in ing  penetrat ing i n to g reater 
depths, the number of spontaneous com bustion ti res 
and gas outbursts is clearly decreasin g . 

20 

Apart from cou nte r-m easu res a g a i n st de pth­
dependent  r isks a n d  aga i nst d ust,  i nc re a s e d  at tent ion 
wi l l  need to be g iven in the fu tu re to  m a k i n g  jobs 
more attractive i n  order to e n a b l e  recru i t m e n t  of a 
labou r requ i re d  for prod uct ion i ncrease . l n  pa r t icu la r, 
a i r-cond i t ion i ng  creat i n g  accepta b l e  work c o n d it ions 
underg round wi l l  p lay a ma jor ra i e .  

2 . 3 . 4 .  Developmen t o f  Ne w Mining Comp o unds 

A pa rt icu lar ly attract ive ,  b u t ,  u n fo rt u na te l y ,  ra ther 
unfrequent task for a m i n i n g e n g i n ee r  is t h e  p l a n n i ng 
and construction  of a new m i n e .  Th is  is ,  i n d ee d ,  an 
opport u n ity of tak ing  i n to acco u n t  the  ri 1 ost rccent 
f ind ings of m i n i ng techno logy a n d  f i tt i n ç' th e : ,1 i n to 
the genera l  des ign  and layout  of the  n ev•.r rr. : r"' e . l n  
such cases, p la n n i n g  i s  possi b l e  wi th ou t ha , , ;  g to 
consider  a ny e xist i n g  works . 

M r .  W .  Eato n ,  a rea  d i rector of t h e  r· · C B  o rth 
Yorksh i re a rea ,  descri bes  in h is repo rt the  d eve lop­
ment of a new in tegrated m i n e  i n  S e l by ,  G rea t  B r ita in . 
Here, a m i n e  for a n  a n  n u a i  pro duct ion  capac i ty of 1 0  
m i l l i on tons of h a rd coa l  i s  c reated fro m  scratch . O n  
com plet ion o f  the  m i n e ,  4000 m i n e rs w i l l  f ind 
emp loyment  the re . The d es igned  o u t p u t  is  1 2 .  5 
tons / mansh i f t . 

The to be d eveloped a rea is  s i tuated i n  t h e  n o rth of 
the Yorksh i re coal f i e ld  a n d  com p rises 1 5 k m 2 . The 
relevant coal reserves a re assessed to 2 b i l l i on  tons.  
The B a rn ley seam which is to b e  worked f i rst a n d  the 
th ickness of which ra nges between 2 . 0 a n d  3 . 3  m ,  
conta ins  600 m i l l i on  tons,  approx i m ate l y  4 0  % of 
wh ich ,  i . e .  2 50 m i l l i on  tons, a re d ee m e d  to be 
economica l l y  recoverab l e . 

Access to the  seams wi l l  be  assu red by  f ive p a i rs of 
sh afts each provid ing  for th e respective pane l s  ven ti­
la t ion ,  manri d ing ,  a n d  mater i a l  su pp l i es .  T h e  total 
production wi l l  be  fed via 1 1  vert ical b u n ke rs of 1 000 
tons capac i ty each to the be l t  conveyo r of o n e  of the  
two main  hau lage  d rifts. 

The main hau lage d ri fts i nc l i ned by 1 4° w i l l  reach 
approximate ly down to 70 m be low t h e  B a rns ley 
seam .  The be l t  conveyor system of e a ch d ri f t  w i l l  
eventua l ly  be 1 5  000 m long  a n d  extend over a d epth 
range of 1 000 m .  Each of the  f ive pa i rs of sha ft w i l l .  
o n  com p let ion,  supply f ive retreat ing longwa l l  faces.  
Product ion per face is rated to 2 000 tons / da y  in two 
prod uction shifts. 

The mine  wi l l  be  equ i pped with the  most recen t 
el ectronic instruments d es igned especi a l l y  for  t h e  re­
mote contrai and mon i tor ing in  coa l  m i nes . For t h is 
pu rpose, Nat ional  Coal Board d eveloped  t h e  sta n d a rd 
computer  system M i nos which performs t h e  fo l low­
ing tasks 
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m o n i tor i n g  of the  p roduct ion stream ,  
tra n s m issio n  of a la rm s igna is ,  
b u n ker contro l  and b u n ker a d m i n istrat ion ,  
mon itor in g  of coal win n i n g ,  
m o n i tori n g  of env i ron menta l  fa ctors (e . g .  du st) , 
mon itor i n g  of vent i l a t ion  a n d  
management  i n format io n .  

P l a n n i n g  work for t h e  Sel by p roject sta rted i n  
1 9 7 4 .  l n  1 9 8 3 ,  i . e .  1 0  yea rs la ter, p roduct ion is 
schedu led to start .  The fu l l  p roduct ion of 1 0  m i l l i on 
tons per year is schedu led  to be ach ieved i n  1 9 8 8 ,  
i . e .  1 4  yea rs aher  the p la n n i n g  wo rk was in i t ia ted .  
Th ese a re the  normal  t ime spans to be expected when 
deve lop ing  new m i nes in geolog ica l cond i t ions  as 
p reva i l i n g  in  E u rope . 

l n  cases where i t  is possi ble (e . g .  i n  West G e rm a n  
h r d  coa l m i n ing )  to deve lop new pane ls  b y  ex­
tei":s ions to exist i ng col l i e ries ,  the const ruct ion t i m e  
rcq u i red u n t i l  f u l l  prod uct ion is  ach ieved m a y  be 
s!-,Jrte r, i . e .  som e  1 0  yea rs, depend ing  on the geolo­
gica l condi t ions .  

3 .  CONCL USIONS 

Fo l !,:•;m· si che energy fo recasts estab l ished for the 
ye: : r  .!.000,  coal has to fu l f i l l  a very a m bit ious,  

1 / 1 9 8 1  

perha ps a too a mbit ious,  task ,  i . e .  a t ri p l ica t ion  of coa l  
p roduction with in  as  l i tt le as  20 years .  

l t  is  a fact that  the  ava i l a bi l ity o f  th ese e no r m o u s  
coa l quant i t ies wi l l  d epend,  a m o n g  o th e rs ,  o n  a ra p i d  
progress of m i n i n g  tech no logy.  A m o n g  tec h n o l og ica l  
concepts, t hose u nd erg ro u n d  m i n i n g  tech n i q u es 
have to be g iven p reference wh ich  e n a bl e  ra p i d  a c­
cess to deposits a n d  extractio n  o f  t h e  coa l  even i n  
d i ff icu l t  g eolog ica l  cond i t ions ,  i n  o rd e r  to u t i l ize ex ist­
ing reserves as m uch as possib l e .  J ud g i n g  f rom the  
papers s u b m i tted o n  t h e  s u bject ,  i t  m ay b e  con c l u d ed 
that th i s  a pproach is bei n g  p u rsued  very a g g ressive ly  
and  that  m aj o r  p rog ress has a l ready been a c h i eved . 

There is ,  h owever,  n o  d o u bt that  resea rch a n d  d e­
velopment  act iv i t ies w i l l  h ave  to be  st i l l  exten d ed a n d  
backed by st i l l  h i g h er f i n a n c ia l  i nvestm ents .  T h e  n e­
cessa ry funds  p rov ided for  t h i s  p u rpose,  i f  need  be by 
mak ing use of govern m e nta l  s u bs i d ies,  a re a usef u l  
contr i but ion t o  secu rin g  fu tu re e n e rg y  s u p p l i es .  By 
the same toke n ,  the e ffect iveness of researc h  a n d  
deve lopment  m a y  s ti l l  b e  e n h a nced  b y  f u rt h e r  i n ­
tensify i n g  o f  i n ternat iona l  coopera t i o n  a n d  exch a n g e  
o f  k n owled g e  accross t h e  borders ,  w h i c h  i s  o n e  of  the  
targ ets of  the  I nterna t iona l  Com mi ttee  for  Coa l  Re­
sea rc h .  
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R es u l ts O bta i ned f ro m  th e A p p l i ca t i on  

o f  N ew Coa l M i n i n g  Tech n i ques 

D r. J oseph J . VA C I K  • 

INTRODUCTION 

, h e  focus of th is  secon d  sess ion on coa l  m i n i n g  i s  
a i m e d  at t h e  i dent i f icat ion  of resu l ts ach ieved with th e 
i n t roduct ion of i m proved or new tech no log ies i n to 
rou t inP. ;- , Jd uct ion  o pera t ions .  Also inc l uded a re re­
-u l  ,;:; fr:xn the f i e ld  test i ng  of com m e rc i a l  p rototypes 
u :-•dC'i 1�1 1 r.e  o pera t i ng  co nd i t ions .  

T 1e ,·e a re e igh t  pa pers i n  th i s  sess ion with contr i ­
but ions from Au stra l i a ,  Be lg i u m ,  U n ited K i ngdom , 
the U n ited States a n d  two each from the Federal  
R e p u b l i c  of  Germany and F rance .  The contr i but ions 
which th ese pa pers make i n  the a dvancement of coa l  
m i n i n g  tech n o logy a re a reflect ion  of the extensive 
exper ience and expert ise of the a u thors a n d  the insti­
tut ions they rep resen t .  

These e ight  pa pers c a n  b e  c l ass i f ied genera l ly  i n to 
two categor ies .  S i x  of the papers p resent resul ts 
ach ieved with the a p p l icat ion of new tech nolog ies i n  
coa l m i n i n g  o perat ions . These i nc l ude  t h e  use o f  new 
or specia l i zed eq u i pment  a n d  tech n iq ues  involv ing 
d i esel -powe red veh icu la r t ransportat io n ,  p re d ra i nage 
of coa l  seam gas ,  m etha n e  e m iss ion contra i  tech n i­
ques, com pu terized m i n e-wide  mon itor ing  a n d  con­
tra i  syste ms,  electro-opt ica l  su rveying  and  pho­
tog rammetry, and hydra u l ic  t ra nsportat ion of raw 
coa l from face to su rface .  Two pa pers d i scuss the 
benef i ts a n d  a ssociated cons idera t ions  rea l i zed when 
new tèch no log ies a n d  tec h n iques have been a d opted . 
O n e  paper  d escri bes the  m ethod ology fo r com puter  
sto ra g e  a n d  a n a lysis of geotech n ica l  d a ta a n d  the  use 
of th ese d ata for  rea l t ime (next p rod uct ion sh ift) m ine 
p la n n i n g  a n d  p ro d uct ion sched u l i n g .  The other  paper  

• Vice President - Research, Nat ional Coal Assoc iation, 1 1 3 0  
Seventeeth Street, N .W . ,  Washington D .C .  200 3 6 .  
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a n a l yzes the effects tha t  h i g h  p ro d u ct i o n  face system s  
have o n  t h e  econ o m ic v i a b i l ity o f  coa l m i n i n g  o p e ra ­
t ions .  

T h e  format  used in  my rep o rt c o n s ists o f  a b ri e f  
s u m m a ry of  each pa per ,  fo l l owed by  p e rs o n a !  c o m ­
m en ts o n  t h e  m ost  re leva n t  a sp e ct o f  t h e  tech n o logy  
p rog ress d escr ibed i n  the  p a p e r .  My rem a rks  a re of­
fered as a means  for the c o n fe re n c e  d e lega te s  to 
com p a re my views with t h e i r  own a ss es s m e n t  o f  t h e  
tec h n ica l  p rog ress m a d e  a n d  to  s ti m u la te  t h e  d is c u s­
s ions  with the  a u th o rs .  

HARGRA VES A . J. ,  
« SEAM GAS PROBLEMS A ND DRA INA GE 

IN A US TRA L/A cc 

H a rg raves·  pa per  i s  a n  excel l e nt s u m m a ry o f  t h e  
p resent  prob lems encou ntere d  i n  A u stra l i a  by  e xces­
s ive gas  in  coa l sea m s .  T hese p ro b l e m s  a re e x p e cted 
to  i ncrease i n  seve r ity as  m i n i n g  e xt e n d s  to the  d ee p e r  
seams i n  t h e  Syd n ey a n d  Bowen b a s i n s .  T hese  c oa l  
bas ins  i n  eastern Austra l i a ,  u n l i ke m o st m a j o r  c o a l  
bas i n s  i n  t h e  worl d ,  h a ve exten sive con c e n tra t i o n s  o f  
carbon d iox ide  g a s  coexist i n g  wi th  m et h a n e  g a s .  Th is  
gas  combinat ion  req u i res s pec ia l sa fety a nd o p e ra t i n g  
preca ut ions  a n d  c o m pl icates t h e  d eve lop m e n t  o f  c o a l 
bed d ra i n a g e  tech n iq ues  before ,  d u ri n g  a n d  a fte r  
m i n i n g .  

A l though re lat ive ly  s u cc essfu l meth a n e / ca rbon  
d ioxid e  cont ro l  tech n iq u es h ave  been d eve loped  by  
the  Poles f o r  the lower S i l es i an  coa l  f i e lds ,  a n d  by the  
F rench fo r  the  Ceve n n es f i e l d ,  the stra i g h tforward 
a d o pt i o n  o f  these tec h n i q u es i n  the two Aust ra l i a n  
bas ins h a s  n o t  b e e n  t o o  s uccessf u l . U SA tech n i qu es 
have a l so been t r i ed  with o n ly l i m ited s u cc ess even 
thou g h  there a re some s i m i l a r i t ies  to c on d i t ions  fou n d  
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in the U SA.  For instance, the gas content is a fu nction 
of d pth of cover. and face em iss ion rates a re de­
termined by in-seam gas p ressu re ,  rate of adva nce 
and d i rect ion of extra t ion r la tive to the dom inant  
...,feat fractu re system . However,  H a rgraves points out 
t l  at before a re l ia le pred ict ive formu la  can be 

r i  ed for gas emis ions and outbu rsts, a c learer 
understand ing of the sorption and permeab i l ity of 
c a l  under in-situ stres cond itions must be obta ined . 
This u nderstanding is paramou nt, according to 
Hargraves, to the development of effective sea , 1 gas 
dra i nage contrai technolo ies ta i l ored to the m in ing 
methods used i n  Austra l ia . 

To i l l u  trate the g rowing coa l seam gas proble 1  .1 
3�d  he evolving measures used to resolve these pr  -
blems, Ha rg raves p rovides brief case h istories fo r four  
mines. F rom these case studies, it is ev iden , as  one 

ould p redict, that the most serious p roblem� occu r  
during  development . l n  this regard ,  he  men ions  he 
possib i l ity for  degasify ing the seam ahead of  .he  de­
velopment entries by vertical hales hydrau l i ca l ly  st i­
mu lated to increase gas f low rates . Worth particu l a r  
mention a re the au thor 's  comments that degasif ica­
tion by vertical boreholes does not look prom ising 
because of the depths involved (3 50 to 5 50 meters) , 
and the possib i l ity of damage to the roof ca used by 
hydrau l ic  st i m u lation .  ln the U SA,  si m i la r  concerns 
have been voiced. As a resu lt of these concerns, the 
Nat ional  Coal Association is making an assessment  of 
the potenti a l  u nsafe min ing condit ions or loss of 
m ineable reserves that cou ld occur from excessive or 
uncontrol led hydrau l ic fracturing of coa l seams as a 
means to increase gas recovery ra tes . 

D igressing for just a moment from my review of 
H argraves' paper, 1 would l i ke to com ment  on the 
NCA study which is j ust now gett ing sta rted . l t  is  
a l ready a pparent that insutf ic ient data i s  ava i lab le  on 
the etfects of hydrau l ic stimu lat ion s ince only a l im it­
ed number of fraced hales have been m ined th rough 
in the  USA. To date, on ly 1 4  hales h ave been m ined 
through out of a tota l 63 that have been hydra u l ica l l y  
st imu lated . Fou r  of the 1 4  showed fractu res exte nd­
ing into the roof . l t  is i mportant  to keep in  m ind  that 
the observed resu lts are based on frac ing tech n iques 
designed specif ica l ly  to m i n i m ize fract u ri ng  of the  
immediate roof and f loor strata . U ncontro l led or  ex­
tensive zone fracturing to ca pture the gas in the im­
mediate coa l bed strata (esti mated to represent about 
50 percent of  the total gas i n  many a reas i n  the 
Appalach ian coal fields) wou ld p roduce ent i re ly d if­
ferent resu lts and undoubtedly g reater potent ia l  fo r 
creating unsafe min ing condit ions. 1 offe r these com ­
ments o n  U SA experiences as  a re inforce ment  to 
Hargraves· view that m ore resea rch is needed befo re 
hydraul ic  stimulation tech n iques be widely e m ployed 
as a degasification techn ique .  

24 

l n  su m m a ry ,  th is  paper  by H a rg raves p rov i d es an 
interest ing perspective on futu re coa l p ro d u ct ion  in 
Austra l i a . Althou g h  extens ive su rface m i n e a b l e  coa l 
deposits exist ,  so me of the bette r q u a l i ty coa l ex ists in 
the deeper sea ms in the two esta b l i shed  coa l p rod uc­
ing basi ns .  These sea m s  w i l l  have to be e x p lo ited to 
rneet the inc reased wo r ld  dema n d  fo r coa l .  Conse­
q uent ly ,  d i ff i cu l t  m i n i n g  con d it i ons  w i l l  b e  en cou nter­
ed,  which means  tech no logy m ust b e  d eve loped to 
make the recovery of these coa l  rese rves eco nom ica l .  
Austra l i a  i s  genera l l y  perce ived a s  a « y ou n g  » coal 
prod uc ing coun t ry, but  it is a l ready  faced w i th some 
d i ff icu l t  m i n ing  p rob lems .  T h is p a pe r  by H a rg raves 
provides ev idence that  A u stra l i a  i n ten d s  to salve their 
m in i ng tech nology p rob l ems .  

LIEGEOIS R. , 
« THE LA TES T RESUL TS OF COA l 
MINING RESEARCH IN BEL G/;..//Vl · ·  

This paper by R .  L iégeois is an overvi e vv of th e coal 
m in ing resea rch work performed by I N  I E ,� a n d  a brief 
summary of some of the la test resu l ts a c h  ieve d . S i nce 
ove r  90 percent of Be lg i u m ' s coa l p rod uct ion  cornes 
f rom the Cam p i ne coa l f ie l d ,  the rese a rch effo rts 
descr ibed can be construed to rep resent t h e  p ri nc i pal 
m in i ng  problems which m u st be solved if B e l g i u m  is 
to ma in ta i n  the i r p resent coa l p roduct ion o u t p u t .  

L iégeois descri bes 1 0  p rog ra m a reas wh ich  I N I EX 
is p resent ly p u rsu ing . l n  the f i e ld  of m in i n g  p rob le ms, 
he ment ions the  successfu l  deve l o p m e n t  a n d  use of 
concrete-steel sandwich pane ls  for  l i n i n g  m a i n  t u n ne l 
entries wh ich a re su bject to h igh stresses, pu m p  pack 
support systems for face ends,  the patented 
I N I E X-De logne rad io  comm u n icat ions system,  and 
the perfect ion of tech niq ues to c h a racter ize m ethane 
em iss ions and m ethane  contrai measu res for  p re- and 
post-d ra i nage .  O ne in teresti ng po int  L iégeo is  m a kes 
in h i s  pa per is that  water infus ion has  o n ly l i m ited 
a p pl icabi l i ty as  a means to reduce meth a n e  e m iss ions 
since the coa l sea m itself contr ibutes o n ly 1 0 to 20 
percent of the  tota l em issi ons with the  re m a i n der  of 
the gas em itted i nto the m ine wo rk ings  com i n g  f rom 
the i m mediate stra ta .  S i m i l a r  resu l ts were a lso 
observed in  the U SA A p pa lach i a n  coa l f i e lds  wh ere 
strata condit ions a re such that a p p roxi m ate ly  50 per­
cent of the gas i s  p resen t  i n  the  coa l seam with the 
rema inder in the i m m ediate stra ta . 

St i l l  i n  the deve lopm ent  stage  a re exper im ental 
com puter-contro l led vent i la tor  reg u la tors .  These 
vent i l ator regu la tors a re located u nderg rou n d  a n d  a re 
contro l led from the  su rface . 

The safety resea rch efforts descri bed a re the  deve­
lopment of a water tu be-explos ive d ispersed exp lo­
sion barrie r  and the  deve lopment  of a s m a l l  sa m ple  
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test fo r m easu ri n g  the i n f l a m m a b i l i ty of conveyo r 
be l t i n g . N e i ther  of these deve lopments has  prog ress­
ed to t h e  po in t  wh ere they a re ready fo r dep loym ent .  

l n  the a rea o f  mach i nery develo pment ,  two a reas 
a re u n der  i nvest ig at i o n .  O ne is  a sea rch fo r t u n ne l l i n g  
mach i n es w h i c h  c a n  hand le  1 5 0 0  kg / cm 2 com p res­
sive strength rock ,  be econom ica l  to operate fo r short 
ru ns of 500 to 1 000 m eters, a n d  be capab le  of c u t­
t ing wi thout  req u i ri n g  rad ia l  jacks to provide th rust 
s ince t h e  steel  sandwich t u n ne l  supports a re not so­
l i d ly  b l ocked i n  p lace .  The other deve lopment  covers 
hyd ra u l i c  tra nsportat ion of 2 5 mm ( m i n u s  one i n ch) 
of coa l .  A test loop has been set up to determ ine 
deg rada t i on  of  the coa l .  

1 n the  category of longer ra nge  deve lopm ents ,  
Liégeo is  b r ief ly reviewed the Be lgo-G erm a n  u n­
derg rr• .. 1 n d  gas i f icat ion project which i s  a i m ed at the 
recO\: ,ry of very deep coa l sea ms by i n -s i tu coa l gas i ­
f icat ' ,,; n . The prog ress of t h i s  work wi l l  u n dou bted ly 
be c tosely fo l lowed by many countr ies that a l so have 
vJry la rge rese rves at depths wh ich ca n not be reco­
vered with p resent m i n i n g techno logy .  

L iégeois concl ud es h i s pa per w i th  a remark  that 
nv, ; ,_ , ._, · . .vE: 1 1  be the cr i t i ca l  po in t  that determ in es the 
f t,., of the co8 ! m i n i n g  i n d u stry in Be lg i um . 1 q u ote, 
« Wc ,,, . a, cunv i n ced that o n ly i n tens ive resea rch ,  with 
adeq uate f inanc ia l  means,  w i l l  make i t  poss ib le  to 
overcome the d iff i cu l t ies of the (ou r) coal m in i n g i n ­
dustry » .  Perhaps th i s  thought  may  we l l  ap ply to 
ma ny other coal  produc ing  nat ions in th i s  world that 
a re explo i t i ng  deep seam s  i n  coal bas i n s  wh ich have 
been exte nsively m ined i n  the past . 

BA SS/ER, F. K. , 

« VIA BILITY AND RISK ASSESSMENT 
PROBLEMS WITH /NCREASING WINNING 

CONCENTRA TIONS IN COAL MINING » 

U pon com p leti n g  my rev iew of the  pa per by F . K .  
Bassie r, 1 had two d ist i nct i m press ions .  F i rst ,  i t  ap­
pears to m e  that  th i s  pa per is  a n  exce l lent  research 
paper beca use i t  provi des many varitage poi nts from 
which we can look with some c la r i ty in to the future to 
visua l i ze what tech no log ies a re needed to advance 
coa l m i n i ng techn iques a n d  profi ta b i l i ty . Second ly, 1 
was i m p ressed with the c la r i ty of h i s p resentat ion and 
the  ava i l a bi l ity of excel lent  data to  ana lyze a n d  
descri be the  com plex i n te rdependences wh ich exist 
between e n g i neeri ng des i g n  opt ions a n d  economic  
pa ra m eters that  determ i n e  the u l t i mate profi ta b i l i ty of 
a coa l m i ne .  1 bel ieve both of my i m press ions  wa rrant  
further  com m en t  a nd I hope that these remarks w i l l  
serve a s  the  bas is  fo r  an appro p riate assessment of 
the paper .  
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With regard to m y  f i rst i m p ress i o n ,  Bass i e r  c h a ra c­
terizes re l i a ble a n d  p red icta b le coa l p rod u ct i o n  f rom 
a n  u n derg round coa l m ine  a s  a ba la n c i n g  act  a mo n g  
in terdependent a n d  t o  a certa i n  d e g ree ,  conf l i ct i n g  
factors broa d ly ident i f ied a s  ( 1 ) v ia b i l i ty ,  ( 2 )  con­
centrat ion ,  and  (3)  r isk . Viability i s  rep resen te d  as  t h e  
net product from t h e  i n teg ra t i on  of a l l  t he  d e p e n d e n t  
and  i ndependent syste m s  a n d  s u bsyste m s  t h a t  b e­
g i ns with de l i neat i n g  the  reserve, to  extra ct i n g  coa l  
from the so l i d  sea m ,  and f i n a l l y  e n d i n g  w i th  p l a c i n g  
the coa l i n  a tra n sport for  s h i p m e n t  to t h e  use r .  T h e  
author  provides a m p le  p roof by  t h e  d ata i n  h i s 
pa per  that  the  Wa l s u m  Co l l i e ry was s uccessfu l l y  
« eng i neered » t o  a c h ieve a rea l  1 8 . 7 p e rc e n t  
decrease i n  tota l l abo r  a n d  m ater ia l costs over  a 
n i n e-yea r spa n ( 1 9 7 0- 1 9 7 9) by i n c reased mecha n i­
za t ion a n d  a red u ct i o n  i n  n u m be r  of work i n g  faces by  
opera t i ng  fewe r but  h ig h er p rod uct ion  faces . He  c re­
d i ts m uch of the  success to the  red u ct i o n  i n  n u m ber  of  
work i n g  faces wh ich  i l l u st rates the  c r i t i ca l i ty o f  the  
second factor - that  of concentration . 

Concentrat ion  i s  def ined  a s  the  co l l ect ive a ct i o n s  
a n d  req u i re m ents  necessa ry for m a tc h i n g  t h e  d es i re d  
d a i l y  output  o f  a m i n e w i th t h e  opt i m a l  n u m be r  o f  
product ion faces . Severa l exce l l e n t  exa m p les  a re 
presen ted to show the  c h a racter is t ic  effects of t h e  
ra t io  o f  ava i la b le  work i n g  t i m e  t o  a ct u a l  c o a l  cu tt i n g  
t ime ,  sea m q ua l i ty a n d  t h i c k n ess ,  re la t ive  m a c h i n e  
product ivi ty (tech no logy) a n d  t h e  rat i o  b etween f i xed 
and va r iab le costs . Th ese l a tter  p a ra meters c o u p l ed 
with the  geo log ic  co nd i t i ons  a n d  other  m i n e  spec i f i c  
e lements, i nc l u d i n g  m a na ge m en t ,  w i l l  affect the  
choice o f  the  opt i m u m  n u m be r  of  p roduct ion  faces  b y  
in trod uci n g  t h e  th i rd i n terdependen t  factor  - risk. 

Risk, as Bass ier  c h a racter izes i t ,  i s  t h e  d iv i s o r  o f  
concen tration, the  d iv id e n d ,  and  viability i s  t h e  
resu l t i ng  q uoti e n t .  T h e  fewer t h e  n u m be r  o f  p ro d u c­
t ion faces the  g reater i m pact  o n  tota l p rod u ct i o n  
when t h e  r isks a re h ig h  a n d  t h e  to n na g e  f ro m  a n y  o n e  
face i s  lost . Ouant i fy i n g  m a n y  of  t h e  r i s k s  i n vo lved i s  
acknowled g ed as  be i n g  d iffi c u l t ,  b u t  nevert h e less ,  
som e  quant if i ca t ion  is  nec essa ry.  1 b e l i eve the a u th o r  
proper ly a n d  adeq uate ly po i n ts o u t  t h a t  the r isk « d i­
visor » can  be red uced by  pay i n g  carefu l  a n d  d eta i l ed  
attent ion  i n  the  p la n n i n g phase  coveri n g  m i n e  d es i g n  
( lay-out) ,  p rod uct ion sched u l i n g ,  a n d  e q u i p m e n t  se­
lect io n .  

l n  s um m a ry,  m y  f i rst i m p ress i o n ,  a s  I stated ea r l i e r, 
i s  that  the  paper  i s  a n  excel l e n t  resea rc h  p la n n i n g  
paper,  a s  t h e  cr i t ica l  o perati o n a l  factors a ffect i n g  the  
fut u re lon g-term v i ab i l i ty o f  a coa l m i n e  a re we l l  i l l u ­
strated for  d eta i led  a na l ys i s .  Research and  d eve lop­
ment  p la n n i n g  from such a so l i d  base of  p ract ica l  
understa n d i n g  may we l l  be  the  m ost p rod u ct ive ave­
nue ta i nc reas i n g  the  v i ab i l i ty  of u n d erg ro u n d  coa l 
m i n i n g  opera t ions .  
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1\ second i mpression i no le s irn portant than the 
ïrst .  Throughout the pa er .  Ba sier touches on the 

e d for e tend ing the . st te of th art » to rea l ize 
he f I l l  potential  b ne'lt frorn r ater concentrat ion 
f production fac witho 1t in  rens i ng  the risk .  The  

' ta presented and  ana l  !.ed b th author i an e. -
c ! lent means for chara t riz 1ng h c nomic bene­
fits t be ga ined b extend inq the cap b i l i t i  of su -
s ,sten and systems tr t make u p  a m i n i r  g op , a­
tio . 

NEHRI, G H. , 
<: MODERN OPEN CAST MINE S RVE Y/f'i1G 

B Y  USE OF PHOTOGRA MMETH / > 

This ir.teresting paper by ehr ing su r.a rizes the 
experiences since 1 9 60 of Rhein ische B rau , , '· h len­
-.· erke in  meet ing thei r mine survey ing  eeds 
throughout the l ife cycle  of their  lar  e o en cast 
mines .  M i ne surveying req u i rements a re ou . ! i ned and 
these req u i rements are discussed ith respec· to the 
performance ca pabi l it ies of ground survey ing 
methods versus aerial photog ra mmetry Ccm pared 
are the advantages and disadvantages of the eq u i p­
ment ut i l ized by each of the two methods and  the i r  
specific operating characte ristics as  re lated to the  
surveying tasks and f inal  product req u i red . Conc lu ­
sions reached were that with the  d eve lopment  of a d­
vanced electro-optical auto record i n g  tach eometers ,  
g round surveying is  more economical than  aer ia l  
photog raphy i f  the survey covers less than 50 hecta­
res ( 1 23 acres) . However, i t  was noted that the two 
basic methods, ground survey ing  and aer ia l  p h o­
tography have d isti nct unique capab i l i t ies wh ich ca n 
be uti l ized to great advantage by m ine  management  
to  meet unusual or specia l ized needs .  

Sorne of Rheinbraun ' s  specif ic experiences a s  re­
ported by Nehring a re worth repeati n g .  As compared 
to the tradit ional rod-read ing d ista nce measu r ing  a n d  
manual data record i n g  su rvey proce d u res. the m o­
dern electro-optical tacheometry i nstru ments have 
resulted in a 40 percent d ecrease i n  su rvey i n g  costs 
and have considerably i n creased the usefu l ness of 
ground survey techn iques.  A combined capa b i l ity of 
ground surveyi ng and aer ia l  photog raphy rep resents 
an excel lent combination  that has met a i l  the rout ine 
and specia l ized needs of  o r  demands p laced u pon 
Rhein i sche Braunkoh lenwerke .  H owever, the costs of 
mainta in ing a com plete and self-suff ic ient  aer ia l  pho­
togrammetric department includ ing computer data 
processing .  are qu i te expensive even fo r a l a rge  ope­
ration such as Rhe inbraun because fu l l  ut i l i zat ion has  
not been requ i red .  Accord ing ly ,  management  has 
opted to make their  photogrammetry services ava i t ­
ab le  for h i re to he lp  defray the costs and mai nta i n  th is  
department as an i n-house service . 
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Rhe in ische B ra u n k o h lenwerk e ' s  e x p e r i e nces with 
a specia l ized serv ice req u i re m e n t  a re c e r ta i n ly not 
u n ique  in the m i n i n g  i n d u stry a n d  it w i l l  be i n terest ing 
to fo l low th e cou rse of events over t h e  n e xt several 
y ars .  As po in ted out by N e h ri n g ,  th e u n i q u e  poten­
t ial a p p l icat ions of aer ia l  su rveys e m p l o y i n g  « envi­
ron mental  a ssessment  senso rs » may  w e l l  be the ad­
ded capa b i l i ty wh ich w i l l  j ust ify m a i n ta i n i n g  th is as an 
in-house service .  l n  a n y  case , th i s  a d d ed capab i l ity 
shou ld  p rov ide the w h e rewi tha l  for  attract i n g  outside 
cl i ents a n d  h e l p  d efray the  costs  of  t h e  a e r ia l  pho­
tog ra m metry department .  

DA RET J. , 
« TIRE- M O UN TED TRA NSPOR l ; ys TEMS 

A T  THE HO UIL L ERES DE PRO \ :·N .. ·= » 

l n  h i s  paper ,  Da ret d i scu sses 1;  ..: e , · u i pment 
selected a n d  a d d ed safety-hea l th  p r�,;a u :o ns  re­
q u i red i n  the convers ion  of the H o u i l lè res d e ;:: rovence 
m ine ,  from i ts t rad i t i ona l  d esi g n ed ra i l  h a u la g e  trans­
portat ion system to conveyor b e lts a n d  d iese l  powe­
red ti re-mou nted veh icl es for t ra n s p o rt of m e n  and 
mater ia ls  from shaft bottoms to wo rk i n g  sect ions .  

A l tho u g h  m i n e  operat ions and  g eo l o g i c  cond it ions 
such as  a h a rd l i m estone f loor  a p peared to  be q u i te 
favora b le  for conve rs ion  to track less eq u i p m e nt ,  M r . 
Daret po in ts out  that the convers ion  even t u a l l y re­
q u i red a major overh a u l  of the  m i n es '  i n f ra structure 
i nc l u d i n g  roadway layout a n d  geom etry to con trai 
g rades and  veh icu la r  traff ic ,  spec ia l  p rov i s ions  for 
rout ine  mai ntenance a n d  repa i r  work o n  e q u i pme nt, 
add i t iona l  vent i l a t ion  req u i re m ents ,  n ew contrai 
meas u res for cont i nuous  and  com p re h e n s ive mon i­
to ri n g  of the m ine  envi ro n ment ,  a n d  spec if i c  t i re pre­
vent ion measu res ,  f i re f i gh t i ng  con trai a n d  emer­
gency prov is ions .  The  develo p m e nt a n d  s u ccessful 
i ncorporat ion of the  necessa ry add i t io na l  m anage­
ment contra is , i nc l ud i n g  spec ia l  safety a n d  hea l th 
protect ion m easures enab led  H o u i l l è res  d e  P rovence 
m ine  to em ploy d iese ls  u nd erg ro u n d  a n d  to rea l i ze a 
1 5  percent reduct ion i n  t h e  n u m be r  of m an-sh ifts 
supporti ng face p rod uct io n .  S pec i f ic  i m p rove m ents 
which have been documented a re based o n  a com­
pa riso n between the p reconvers ion  base p e ri od  of 
1 9 69-70 ,  and  the  year 1 9 7 8-7 9 ,  which  re p resents 
the fifth year of complete convers ion  to d iese l ized 
t ire-mou nted veh ic les for  t ransportat i o n  of  m e n  and 
mater ia ls .  

The achievemen ts are 

• Reduction i n  the n u m be r  of men  req u i red for 
roadway mai ntenance b ecause of the  b etter i n i t ia l  
construct ions requ i re d .  
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• R ed uct ion in  amount  of l a bo r  i nvo lved i n  face 
prod uct ion se t -up a n d  d isma nt l i n g  beca use of ease of 
mater ia l  de l ivery and  mech a n izat ion in hand l i ng  
com po nents . 

• Red uct ion in  n u m ber of men in vo lved d i rect l y  i n  
hau l i n g  supp l ies and  materia ls beca use o f  more effi­
c ient  e q u i p me n t  h a n d l i n g  and  t ra nsport compat ib i ­
l i ty . 

• N o  change in  m a i n tenance force an  
unex pected benef i t .  

• 1 ncrease i n  n u m ber of personne l  ass igned to sa-
fety du t ies to hand le  vent i lat ion and  dust contra i  re­
q u i remen ts. 

M ost of the t i re-mou nted d iesel e q u i p m ent  se lected 
by H o u i l l ères de P rovence a re un its co m m on ly  fou nd 
in  m '.3 1  mi nes, or a re modif ied designs of such un its .  
Thes:-' i nc lude g raders, LH D ' s ,  f latbed trucks,  per­
s n n  I Scout-type vehic les,  and specia l ized veh ic les 
f r :1 re f ig h t ing ,  t ransport and  ma i ntenance .  For  
roauway dr iv ing ,  e lectric motor driven mach ines, 
c:uch as co nt in uous m i ne rs , sh utt le ca rs, pay loaders,  

nd d i nt i ng mach i n es, are used . ln add i t ion ,  a num­
her  .., f s ,Lc1a l ized veh 1c les a re used for c lean-up and 
road Nay pav ing  and m a intenance . A cont in uous 
prog :- i :-n of exper i mentat ion  is underway to f ind mo­
bi le , 1 i ts su i ta ble for mecha n izat ion of rout ine ser­
v ices a n d  to i m p rove on the capab i l i t ies and reduce 
opera t i ng  costs of the t ran sport equ i pment used in 
the m i n e .  

T h i s  pa per quant if ies t h e  ben efits that were ob­
ta i ned with d iese l i zed t rack less t ra nsportat ion and 
hau lage  systems a n d the necessary add i t iona l  sa fety 
and hea l th  precaut ions which had to be taken to in ­
sure the  safe use of  D iese ls i n  coal m i nes. A l though 
not ment ioned by M r . Daret, i t  wou l d  seem that suc­
cess was not on ly  the resu l t  of management '  s com­
mi tment to make whatever changes were req u i red i n  
t h e  m i ne ' s  in frastructu re, b u t  a lso the resu lt o f  the 
cooperat ion of the m i n e  workers .  S uch cooperat ion is 
essent ia l  for successfu l  conversion of any m ine to a 
new system .  

DEJEAN M. AND RAFFOUX J. F. , 

« PLA NNING AND DA TA PROCESSING 
IN COLLIER/ES OPERA TIONS » 

The authors,  M essrs. Dejean and  R affoux,  trace the 
use of com p u ters in  the F rench m i n in g industry, in 
so lvi ng strata contra i prob lems .  They poi n ted out that 
s ince 1 9 6 8 ,  the evo lu t ionary development of 

• geotech n ical  strata contrai models cont inued to ad-
·vance the i r a p p l ica b i l i ty to F rench m in ing condit ions .  
,And the use of th ese models has been poss ib le  be­
icause l a rg e-sca le  com pu ters were developed with the 
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capa b i l i t y  to perform eco no m ica l l y  t h e  m i l l i o n s  o f  
ca lcu lat ions req u i red by  t h e  i ncrea si n g ly co m p lex  
geotech n ica l models usi ng  n u m eric a l g o ri th m s  to  
describe strata condi t ions .  P resent ly ,  t h e  d i rect ion 
taken for improv ing  the p red ict ion of  strata b e h a v i o r  
b y  geotechn ical  models  i s  by  incorpora t i n g  i n to t h e  
models non-elast ic responses to s t resses t h a t  occu r a t  
stra ta p lanes a n d  jo in ts a n d  t h e  b o u n da r ies a ro u n d  
mine open ings .  The a uthors a ck nowled g e  t h a t  t h ese 
very com plex e last ic-p last ic behav ior  mode l s  m a y  n ot 
prove p ract ica l to use beca use of  the i r  h ig h  costs o f  
app l icat ion .  

1 m ig h t  a lso add that the  f i na l  p ro d u c t  f rom c o m ­
p lex e la st ic-p last ic m ode ls  m a y  no t  b e  m uch m ore 
usa ble than the  res u l ts f ro m  t h e  s i m p le r  two / th ree  
d ime ns iona l  models based o n  e last ic  behav io r. 
Perhaps the more f ru i t fu l  a p p roach  fo r t h e  m in i n g  
ind ustry i n  genera l  i s  t o  take op t i m u m  advan tage  o f  
com pu ters for m i n e  desi g n  a n d  p la n n i n g  p u rposes b y  
deve lop ing  e m p i rica l  mode ls  based o n  i n-s i t u  
meas u re ments . l n  fact,  t h e  a u th o rs t h e m se lves sug­
gest th is  p rospect by  prese n t i n g  i n  d eta i l ,  t h e  m et h o­
do log y  a nd resu l ts obta ined f ro m  com p re h e n s ive i n ­
situ converg ence m easureme nts o f  roa dways a n d  
faces that  a re then used t o  def i n e  t h e  g e o m e c h a n ica l 
response of the  strata to m i n in g  o p e ra t i on s .  

A good exa m ple  re ported b y  t h e  a u t h o rs o f  t h e  
pract ica l  use a n d  va l ue o f  i n -s i t u  converg ence  
measurements on longwa l l  faces i s  t h e  d eve lo p m e n t  
of a n  emp i rica l m ode l  wh ich  rela tes t h e  convergence 
of  the  face to the load capac i ty  req u i red b y  roof  s u p­
ports . A m i n e  e n g i neer  us i n g  com puter  ass isted 
calcu lat ions i s  t h e n  a b l e  to  d eve lop  a ra n g e  o f  roof 
support req u i re ments for  a specif ic fa c e .  F ro m  t h es e  
roof su ppo rt p ressu re f ig u res,  a p ro p e r  se lec t ion  o f  
specif ic hydra u l i c  s u pports c o u l d  b e  m a d e .  As  m en­
t ioned ear l i er ,  1 bel ieve i t  i s  t h i s  k i n d  o f  a p p l ica t i o n  o f  
the princ ipl es o f  rock mech a n ics t h a t  w i l l e n a b l e  m in e  
engi neers a nd m a n a g ers t o  g a i n  conf idence i n  t h e  use  
of  more theo ret ica l l y-based geotec h n ica l  mode ls  i n  
m ine  des ig n .  

The a u thors concl u d e  t h e i r  pa per  b y  p red ict i n g  t h a t  
the recent d evel o p m ent  o f  m ic ro-process com p u te rs 
wi l l  have a profo u n d  in f luence  o n  t h e  d i rect ion  t aken  
by  the  m in i ng  i n d u st ry i n  t h e  use  of  com p u te rs for  
m ine  design a n d  p roduct ion p la n n i n g . 1 s h a re t h is 
view with t h e  a u th o rs fo r t h e  sa m e  reasons  advanced 
in the i r  pa per, but  I wou l d  s u g g es t  m o re e m ph as is  be  
g iven a t  th is  sta g e  of d evelop m e n t  to s i m p l i fy i n g  t h e  
data col lect ion a nd data p rocess i n g  (mod els) t o  m a ke 
the i r  use pract ica l  for sma l t  m in i n g  o rg a n izat ions .  
Even l i m i ted a p pl i cat ions wou l d  have va l u e ,  in  tha t  
eng ineers wou ld  beco m e  acq u a i nted with m in i-com­
puters and  deve lop conf idence i n  u t i l iz i ng  these as 
operat ing  and  m a n a g e m e n t  too ls .  
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THOMAS V. M. ,  
« COLLIER Y APPL I A TIONS OF MINOS : 

A S TANDARD COMPUTER SYS TEM » 

The M i nos system des r ibed i n  the paper by Tho­
m s rnay ery \ve l l  be 3:s the au thor c ntends ,  the 
te �hnological a h i  vem nt wh ich wi l l  prov ide  the 
,1e ns for the Br i  i h coal r1 i n i ng  industry to ar rest i 
1 ,ears of s agn n product1vity and i ncr .ase i ts 
da i i  o 1 tput pe fac o a ne p l  teau .  The opt i  ism 
exp,essed by Thon as is a�ed on the c pab i l it ies of 
r � i nos to ably serve two key p r i nc 1p les ani u lated y 
NCB as cr it ical  to the succe sfu l  manager 1ent  of he 
omplex process of mi t  i 1  g oa ! .  

he  f i rst pr incip le i s  that eff ic ie 1  t coa l m i n e  opera­
• ions are dependent on i n formation  and a sy~ tem that 
col lects, transmrts, stores and processes da ,a in r a l  
tir.ie and presen s i t  to management i n  log ica l  form 
for imel l i gent decrs ion-mak ing . The second p r inc 1p le  
! S  that only when comp lete and accu rate rea l  t ime 
i n formation i s  ava i lab :e  can a « con· ci ioop , be 
uti l i zed . Accord ing to Thomas.  the contrai loops are 
the cr i t ical  precu rso rs lead ing to automa• ion  of m ine 
ope rations . 

Accord ing to th i s  status repo rt by Thomas.  the 
M i nos system was designed with these data co l lec­
tion and management pr inc ip les in m ind and in i ts 
cont inu ing development, these objectives have been 
kept clearly as the number one priority.  N C B  bel ieves , 
based on actual co l l i ery app l icat ions,  that the r ight  
path has been taken for explo it ing the wonderfu l 
promise of computer tech nolog ies i n  coal m in i ng  
operations. 

The rapid introd uction of M inos i n  prod uct ion ope­
rat ions certai n ly provides v isib le  proof of the Nat iona l  
Coal Board ' s  commitment to take fu l l  advantage of 
computer tech nology. As reported in th is  paper ,  2 2  
unit appl ication systems are o n  l i ne and 4 7 more a re 
on order. Cost-benefit assessments have been made 
only for the coal transport un it operat ion of  wh ich 1 7 
are i n  use and 1 7  ordered . Based on a four  co l l i e ry 
study, NCB reported a payback was ach ieved wi th in  
one year in three mines and with i n  2 . 5  yea rs i n  the 
fourth mine.  « Cost sav ings » or ca pita l recoveries 
were accumulated in  three a reas : man power sav­
ings, reduced stoppage t ime and i ncreased produc­
tion. Cred it shou ld probably a lso be g iven for  these 
early payout f igures to the meticu lous attent ion pa id 
to the software component of these systems to i n su re 
that no interna i f laws exist .  Appa rent ly,  an  excel l en t  
job was done i n  debugging the  systems p rier  to  i n ­
stal lat ion. Other u n it operation  systems w i l l  a lso  b e  
analyzed i n  turn after they have g o n e  th roug h  the i r  
break-in period . 

The thought occu rred to me that payout fo r u n i t 
systems other tha n  the coal transport u n it may wel l  be 
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a better measu re of the econom ic cost-bene f i ts of the 
M i nos co ncept .  1 say th i s  w i th refe rence  s pe c i f i ca l ly  to 
un i ts such as prod uct ion a n d  e n v i ro n m e n ta l  mon itor­
ing even though th ese may b e  m o re d i ff i c u l t  to assess 
and to o bta i n  exact f i g u res  on th e i r  p ro ra t e d  share of 
the tota l cost of p rod uct i o n .  

Thomas conc ludes  h i s  p a p e r  by st ress i n g  the im­
portance attached to the F i d o  m o d u l e  w h ich is  the 
u n i t des igned  to mon itor key o p e ra t i o n s  on th e face. 
The very a m b i t ious  p rogra m  ca l l s  fo r i n sta l la t ion of 
2 8  faces before the end  of t h is yea r .  Th i s  p rog ram is 
further evidence that the N C B  b e l i eves  m a j o r  g a i n s  in 
face product ion w i l l  fo l low i n  d u e  cou rse . C o n s i stent 
with the pr inc ip les  ment ioned  e a rl i e r  as req u i red for 
ef f ic ient m i ne opera t ion ,  m a n a g e m en t w i l l  now be 
g iven the  i nformat i o n  u po n  wh ich  it cs n base its de­
c is ion to debott l eneck face p ro d uct io n sys: r. m s . The 
M i nos program has  certa i n ly a tt racted ; !  e 8 L l '"n t ion of 
coa l producers aro u n d  t h e  wor ld  a n ci  ._ ; 1e  :?su l ts to 
date j u st i fy a cl ose watch of the p rog rt: :.: a . , i eved in 
the marr iage of com puter tech no lc�y <• :,d coal  
m i n i n g . The p ro m i se is  the re for a pe2:::efu 1 a nd  pro­
ductive marr ia g e .  

SA MPLES R. E. , 
« H YDRA UL IC TRA NSPOR TA TION S YS TEM 

A T  THE L O VERIDGE MINE » 

Conso l i d at ion Coal  Com pa n y · s  (Conso l )  coa rse coa l 
hyd ra u l i c  transportat ion system has  two u n i q u e  d i s­
t inct ions : ( 1 ) i t  i s  the o n ly k nown hydra u l i c tra n spor­
tation system ever i nt roduced i n  a U SA u n d erg round 
b i tumi nous coa l m i n e ,  and (2)  i t  has taken o n ly 1 0  
yea rs to go from the research l a bo rato ry to a com­
mercia l  i nsta l l a tion . T h i s  la tter  fact i s  q u i te s i g n i f icant 
when one cons id e rs that  the present no rma l  tech no­
logy deve lopment  ti mel i ne i s  m o re l i ke 20 to 25 
years . The deve lopmen t  of  Conso l ' s  system repre­
sents a n  i m portant  ach ievement  a n d  obv io u s l y  is the 
prod uct of a steadfast com m itment  by the  com pany ' s  
management to  p roceed i n  an  order ly  b u t  con sistent ly 
fast pace to conc lude  the p roject with the i n sta l lat ion 
of a m i n e-worthy system . As ev ident  f rom t h i s  paper 
authored by R . E . Sam ples ,  managemen ts '  com m it­
ment to an « i ntegrated » a p p roach was the  d riv ing  
force that  g u ided the  d eve lopment  towa rds  the  g oa l 
of a practical cont i nuous  h a u l a g e  syste m .  T h i s  system 
not on ly  e l i m i nates a very l a rg e  constra i n t  to t h e  effi­
cient use of conti nuous m i ners ,  w h ich a re w i d e ly used 
i n  the USA,  b u t  i t  can a l so b e  mod i f ied  f o r  u s e  wi th 
longwa l l s  and reduce the serious  tra n sp o rtat io n bot­
t lenecks which occu r when h ig h  ton na g e  l o n gwa l l  
faces operate i n  a m u l ti sect ion ni i n e .  

T h e  coarse coa l hyd rau l ic t ranspo rtat ion  system . 
descri bed by Samp les,  has  many  interest i n g  a nd in­
novative featu res which Consol  expects to f u rther 
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mod ify, i m p rove a n d  e m ploy i n  other  hyd ra u l i c  
tra n sporta t ion  system conf i g u ra t ions .  O ne pa rt icu­
lar ly i m porta nt adva n cement  wou l d  be th e develop­
ment of a m o re versa t i le and effic ient  
i nject io n /  p u m p i n g syste m .  With  such en ha nced ca­
pa b i l i ty,  hydrau l i c transporta t ion systems cou ld be 
ta i l ored to m eet a w ide  vari ety of specia l  cond i t ions ,  
som e  of which a re spec i f ica l l y  ment ioned by 
Sam ples .  There seems l i t t le doubt  that  hydra u l ic 
transporta t ion  of coa l from u nderg round  to su rface 
wi l l  pave the way for in nova tive m i n e  des igns  as we l l  
a s  t h e  des ign  o f  su rface fa c i l i t ies s o  that max i m u m  
advantage ca n b e  taken of the f lex i b i l i ty wh ich 
hyd ra u l i c systems possess . 

A l thou�h Sa m p les' paper d i scusses the a dva n ta­
ges and  benef its of hyd rau l ic tra nsporta t ion  systems,  
these c' ï-J suffic ient ly notewo rthy to j ustify my s u m ­
m a ,  i z i . ;�  them once aga i n .  B rief ly ,  th ese are 

o r-· .:, ent ia l l y lower ca p i ta l  costs . 
i n tegrated a n d u n it ized face syste ms that m in i ­

m ,ze the  req u i rements for a u x i l i a ry un i ts wh ich com­
p l ica te eq u i pment  movements and com prom ise 
m i n i n g  seq '.-Iences .  

<'> Ked t : c t io:1 i n  seco ndary du st generat ion sources 
and ( ! · 'ï1 1 m;t ion of potent ia l  f i re ign i t ion sou rces such 
as be l t /  1..ar  trnnsfer po i n ts and t ro l ley l i n es .  

• A n  « em erg ency » fi re f i gh t i ng  capa b i l i ty .  
• S i m p ler, more eff ic ient  m i n e  en try systems be­

cause of reduced need for be l t / veh icu la r  t raff ic . 
• Potent i a l  fo r overa l l  i m p roved sa fety cond i t ions 

i n  the m i n e .  
l n  look i ng  a t  the futu re of u n derg rou nd coa l m i n i n g  

i n  t h e  U SA f o r  t h e  next 2 0  t o  3 0  years, most experts 
pred ict that  present techno logy l i m i tat ions w i l l  be 
suff ic ient ly  constra i n i n g to l i m it the u n derg round 
m i n i n g  g rowth ra te to a bout  one-ha l f  that  of  su rface 
m i n i n g .  Perhaps these p red ict ions should be reexa­
m ined in l i g ht of the p rom is ing future for hyd rau l i c 
tra nsportat ion systems and thei r a bi l i ty to offer m in e  
operators a n  opportu n i ty t o  adopt - i n nova tive ap­
proaches to m i n i n g .  Th is  paper by Sam ples strong ly 

:suggests that Consol  has a l ready made that  reassess-
1 ment  a n d  is rea dy to p ract ice what they bel ieve . 
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CONCL UDING REMARKS 

To conc lude m y  report o n  the papers i n  S ess i o n  I l ,  1 
offer the fol lowi n g  observat ions rega rd i n g  the  g e ne ra l  
t rends i n  coa l m i n i n g  resea rch . 

l n  the past 1 0  to 20 years, the e m phas i s  i n  R & D 
was pr imar i ly  p la ced on  evo l u ti o n a ry o r  i n c re m en ta l  
techno logy adva ncements tha t  cou ld  be  i m m ed ia te ly  
cou p led wi th  p rese nt m in i n g  p ract ices a n d  e q u i p­
ment a n d  p roduce opt i ma l  resu l ts .  Exa m ples  of R & D 
programs  a n d  resu lts that  f i t  th i s  c h a racter' iza t i o n  a n d  
which were reported upon i n  th is  sess io n ,  a re coa l 
bed gas contra i tec h n i q ues, a p p l i ca t ion  of  c o m p u te rs 
to p roduct ion operat ions and  a d a pta t i o n  of  eq u i p­
ment  deve loped for other  i n d ustri a l  uses such  as 
d iesel-powered t ransport ve h ic les a n d  ae r i a l  p h o­
tog ra phy .  Th i s  em phas is  o n  short o r  i n te r m ed iate 
term object ives has p rod uced a pay-off in  i m p roved 
m i n ing  tech n o log ies, a s  evidenced by  the resu l ts  re­
ported i n  th i s  sessio n ' s  pa pers , a n d  u n d o u bted ly  h a s  
enab led m i nes with d iffi c u l t  m in i n g  c o n d i t i o n s  to  re­
ma i n  i n  operat ion  a n d  be com pet i t ive .  

l t  seems, h owever, that  now is  the t i m e  for  g rea te r  
emphas is  to  be  p laced o n  m o re revo l u t i o n a ry R & D 
goa ls .  Two factors wh ich I bel i eve s u pport m y  v iews 
a re : ( 1 ) the m o re favora b l e  c o m pet i t ive p os i t i on  of  
coa l as  com pared to o ther  e nergy s u p p l i es ,  and  (2 )  
the rea l izat io n  tha t  the coa l  sea m s  to b e  e x p l o i te d  i n  
the futu re w i l l  p resent m o re d iff i c u l t  m i n i n g  co n d i­
t ions .  For  these reasons,  1 wou l d l i ke  t o  see m o re R & 
D of the  cha racter re p rese nted,  fo r exa m p le ,  by  two 
developments re ported o n  in  th is  sess i o n .  1 refe r to  
the  c losed system hydra u l ic t ra n s po rta t i o n  o f  coa l 
from the face to the  su rface a n d  i n -s i tu  coa l  g a s i f i ca ­
t io n .  Both of  t h ese tech no log ies ,  and  m a n y  o the rs n o t  
reported on  h ere h ave t h e  capa b i l i ty  t o  s i g n i f ica n tly 
adva nce the tech n ology for  extract i o n  of  coa l .  

Perhaps some of you w i l l  d i sag re e  wi th  m e  o n  m y  
choice of exa m p les that  c h a racter ize evol u t i o n a ry 
versus revo lu t ionary tech no log ies  a s  I h ave d efi n e d  
them . I f  so, then I be l i eve w e  w i l l  have a n  i n te rest i n g  
di scussion  per iod a n d  some c h a l l e n g i n g  q u es t ions  fo r  
the  authors .  
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Coa l g a s i f icat i o n  a n d  l i q u efact i o n  

Dr. Andries B R I  K • 

Th ere a re no doubts anymore about  the i n ­
creas i ng l y im portant ra ie that coa l w i l l  have in our  
fut u re f ._. e l supp l i es .  Fo r  many app l icat ions thoug h ,  
coa i i s  ;, n i nconven ient fuel  because 
a) i t  i s  d so l id  and therefo re d i f f icu l t  to hand le ,  espe­
c ia ! iy when it  cornes to meteri ng f lows accurate ly 
b)  i t  i s  a d i r ty fuel . l ts ash and su lphur  contents are 
especia l l y  obnoxious 
c) i t  bu rn in8 q ual i t ies a re poo r .  Th is is m a i n ly due to 
i ts iow h1d roç_ien content . 

l t  is � iüt ::-.u rp ris i ng then that much deve lopment 
work has gone in to f i rst ,  coal gasif icat ion ,  and ,  more 
or less from the beg in n ing  of th is centu ry, the l i ­
quefact ion of coa l .  To-day there a re three gasif icat ion 
processes and one l i q uefact ion process that ca n be 
accepted as com mercia l l y  p roven . There is  a bewi l ­
der ing m u lt i tude of  gasif icat ion and l i quefaction pro­
cesses in var ious stag es of deve lopment,  thoug h .  One  
forecast ing f i rm foresees as many as 3 1  p rocesses fo r 
coa l gas if icat ion a n d  2 5 for l iq uefact ion [ 1 ] . l t  is  one 
of the reasons for ho ld ing  conferences such as th is 
that i t  enab les one to take stock of the s i tuat ion and to 
obta i n  some so rt of perspective on what the future is 
l i ke ly to offe r .  

GA S/FICA T/ON 

We a re g reat ly indebted to the authors of two pa­
pers in th is  session which afford us an overv iew of the 
status of gas if ier  deve lopment in  the Federal Repu b l ic 
of Ge rmany and  the U n ited States of America 
respect ive ly .  S pecks f i rst d iscusses the e ight pi lot 
pla nts which a re in o perat ion or  under construction in 
the Federa l  Repub l i c .  The prod ucts from these p i lot 
p lants span the whole spectru m of heat contents from 
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subst itute natura l  gas to low h eat conten t  g a s  
intended for powe r p l a n t  o perat io n .  Of  speci a l i n ter­
est a re i m p rovements to ex ist i n g  com merc i a l  gas i­
f iers 
- The h igh-pressu re Lu rg i gas i f ier  
- The pressu rized Wink le r  gas i f ier  
- The Texaco gas i f ier  w ith coa l s l u rry a s  feed 
- The pressu re Koppers-Totzek ,  n ow usua l ly refe rred 
to as the She l l -Koppe rs .  

Mr S pecks then g oes on to descr i b e  var ious  l a rg e­
sca le vers ions of these gas i f ier  p rojects w h ich a re 
under study.  l t  shou ld be n oted that  the  ex pected 
investment  costs cou ld  a m o u nt to a sta g ge ri n g  1 3 
b i l l i on  D M .  

l n  thei r paper F u m ich a n d  P e rry cata l o g u e  t h e  ga­
sif icat ion projects be ing  pa rt ly  s p onsore d  by  the  U S  
Depa rtment of Energ y .  The  two p ro jects c losest to 
poss ib le  commerc ia l izat ion (on ly o n e  w i l l  be se lected) 
a re the Br i t ish Gas / Lu rg i  s la g g i n g  g as i f ie r  a n d  t h e  
COGAS pyro lys i s /  gas if icat ion p roject . l n  b o t h  cases 
the pr imary g as if ier  prod uct wi l l  b e  u p g ra d ed to h i g h  
heat  content p i pel i ne  gas .  Other  gas i f icat ion  p rojects 
under deve lopment a re the B I G AS a n d  I G T ' s  « U » 
Gas and H YGAS p rocesses. a l l  a i m ed at eventua l l y  
produc ing h ig h  h eat content p i p e l i n e  g a s ,  t h e  Wes­
t inghouse pressu rized fl u id ized-bed gas if i e r, w h ic h  
can produce l o w  or  m ed i u m  h eat content g a s  d e p end­
ing  on whether a i r  o r  oxygen i s  e m p loyed , and  the  
Com bustion E n g i neer ing low h eat conte n t  gas  p ro­
ducer wh ich has the potent ia l  of b e i n g  a nea r-te r m  
replacement f o r  o i l  b u rn in g  i n  the  e lectr ic power i n ­
dustry . F u rther dow n  the  p i pe l i ne ,  i t  seem s ,  a re the  
Exxon cata lytic gas i ficat ion a n d  the  R ockwel l  hyd ro­
gasif ication processes . 

1 wou ld  now l i ke to d i scuss the  th ree papers w h ich  
deal with i nd iv idua l  gasif icatio n  p rojects . Ad l h oc h  
a n d  Theis  report on  t h e  p ro g ress m a d e  i n  convert ing  
the  atmosph eric Wink le r  to  a h ig h er  p ress u re g as i f ier  
capa ble of p rod uc ing  synthes is  gas  of  accepta b l e  
qual i ty for a m ethano l  p l ant  o r  for u s e  as a redu ctan t  
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in the meta l lu rg ica l  i ndustry . S ig n if icant p rog ress has 
ind  ed · been made ; one a lso hope that it may be 
p s ib le  to i ncrease th p res u re capab i l i ty of th is 

sif ier to at lea t 3 or e "'" 50 bar .  
The aper by Sat d i s  u�ses prog re s on the 5 

ton ; day p i lot p la  t t the Coal M in ing Research 
er  tre ; the objecli e being to pr duce a low heat 
ontent gas su itab le  f r combined cycle operat ion . 

Sign ificant prog re s has been made with the so lut ion 
f the prob lem of c l inker fo rmation . The spe if ic 

throughput is qu i te satisfactor I but coa l convers ion is 
� I l not suff icient to produce a carbon-f ree ash,  
desoite a wo-s age ga i f icat ion ystem .  ln  the case f 
the NCB gasif icat ion syste 1 1 ,  which is repo rted on 
here by Robson,  the objecti e is  ver rnuch the sam.,, _ 
ln  the NCB case th ey have c i rcumvented the problem 
of IO\i carbon u i l izat ion typical of f lu id i zed bed pro­
cesses by del i berate ly opting fo r a low percen tage 
conversion in  the gasif icat ion stage and fe ed i n g th e 
char to a f lu id ized bed combustor .  l t  is a lso possi b le to 
gasify cak ing coa ls  owing to the ra p id  i n  erna l  c i rcu­
lat ion in  the gasif ie r .  These two gas i fir:at ion systems 
st i l l  have a long way to go but both show great p ro­
mise of be ing worthy add i t ions to the array of gasi ­
f iers wh ich should be at our d isposai i n  say f ive to ten 
years· t ime.  

ln general one has the d i st inct impress ion that in  
the near  futu re i t  shou ld be poss ib le to gasify any type 
of coa l from brown coal  to anthracite ( inc lud ing ch ar) 
in any size, from coarse to f ine .  to p roduce gas of 
various com posit ions and heat contents varying from 
say 5 to 35 MJ / m3 , at pressu res rang ing  f rom 
atmospheric to 50 bar or even h igher .  

LIQUEFACTION OF COAL 
Indirect liquefaction 

The F ischer-Tropsch synthesis was d iscovered and 
developed in  pre-wa r Germany. After the  2 nd World 
War the scene sh ifted to South Africa where Sasol 
bu i l t  one plant in the fifties which i ncorporated both 
f ixed-bed and entra ined bed reactors . When the o i l  
crisis came in  1 9 73  i t  was decided to expand the 
oi l-from-coal operations and a much la rger  entra ined 
bed {or Synthol) p lant was bui l t  at  Secunda . T h is i s  
now coming i nto operation.  When t h e  o i l  cr is is  
deepened it was decided to bu i ld  Sasol  T h ree wh ich is  
practical ly  identical to Sasol  Two . 

The Fischer-Tropsch reaction a t  th is  stage of d eve­
lopment is not a selective reaction and  the p rod uct 
spectrum spans a wide range of carbon atoms. lt is 
possible though to sh ift the spectrum over a con side­
rable range and fu rther, seco ndary changes i n  se lec­
tivity can be brought about by su itable choice of p ro-
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cesses for  the work-u p of  the  p r i m a ry p ro d u cts . Most 
importa nt a re o l i gomerhat io n  of t h e  l i g h t  o l e f i ns  and 
hydrocrack i n g  of the heavy,  wa x-ra n g e  m o lecu les. 
From the Syntho l  synthes i s  p rod uct i t  is poss i ble to 
derive as  m uch as 7 5  % petro l  o r  u p  to a bo u t  50 % 
diesel . 

Research p rojects be ing  act ive ly p u rs u e d  by Sasol 
a re 
a) The fu rther refi nement  of t h e  Syn tho l  reactor sys­
tem and work- u p  of the p ro ducts . At the  s am e  t ime 
serious attent ion i s  g iven to the  f i xed f l u i d ized -bed 
reactor a s  a l ternat ive to the c i rcu l a t i ng  fl u i d i zed or 
entra i ned bed reactor .  
b) l mprovements in  the spec i f ic  ou tpu t  of f i xed -bed 
reacto rs . One  poss i b i l i ty he re is the  Ko l b e l  o r  s lu rry­
bed type reactor .  

l t  has  been demonstrated that  th rirng h e lective 
hyd rocrack ing  of the waxy po rt ion  " '  a f i xed -bed 
reactor prod uct an overa l l  d i esel  se lec t i ·� l ty o .- 7 0  % is 
poss ib l e .  Th i s  i s  d iese l  of cetane  va l ue  8 ro tr1d 7 0 .  lt 
may be ment ioned h ere that  H a rd en bArg 0f Da im ­
ler- Benz i n  a recent a rt ic le cam e  to  the co nc l us ion that 
just such a product from a f i xed bed reacto r wo u ld  be 
the idea l  d i esel fue l  [ 2 ] .  

The relat ive ly  poor se lect iv i ty of the 
F i scher-Tropsch react ion  h a s  p ro m pted i n vest igators 
to look for more se lect ive rou tes f rom syn thes i s  gas to 
fuels . One  such a p p roach is  the  M ob i l  pe t ro l-f rom­
methano l  route . l t  i s  possi b le  to obta in  h ig h  se lect ivity 
to a h ig h-qua l i ty petrol v ia  th i s  route . At the  m o ment it 
is not poss ib le  to make d iesel  from m eth a n ol .  S ince 
the econom ies a n d  therma l  e ff i c i enc ies  of the 
M ob i l -M a n d  F i sch er-Tropsch routes s h o u l d  be com­
parab le ,  the choice between the  two w i l l  b e  d i ctated 
by the m a rketi ng  s i tuat io n .  ln a reas w h e re co-pro­
ducts of the F i scher-Tropsch route such a s  methane ,  
ethy lene ,  a lcohols  and ketones,  etc . ca n be p rof i ta b ly 
d isposed of and wh ere a ba lanced fue l  s l a te i s  desi­
red , it shou ld have the edge over the  m et h a n ol route. 

Direct liquefaction 

The di rect l i quefact ion route was com m e rc i a l i zed 
before the  i nd i rect o r  F isch er-Tropsch rou t e .  Afte r the 
seco nd world war it  fe l l  i n to d isfavo u r  b u t  i n te rest in 
this route was re-kind led  in the s i xt ies .  Resea rch and 
deve lopment  gath ered momentum i n  the seventies 
and the beg i n n i n g  of the e igh ties sees the  com pl et ion 
and com mission ing  of two la rge  p i lot  p l a n ts (H -coa l 
and E D S) ,  a n other  one  of s i m i l a r  s ize sched u l ed for 
sta rt-up next .yea r {Bottrop p l a n t) a n d  two 6 000 
ton / d ay p lants in the des ign  sta g e  (S R C  I a n d  I l ) .  We 
are aga in  i ndebted to M r . S pecks a n d  M essrs F u m ich 
and  Perry for the i r reports o n  the  sta tus  of d eve lop­
ment of d i rect coal l i quefact ion p rocesses i n  the  Fe­
dera l  Repub l i c  and the  U n ited States of A m er ica . 
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Th ere a re st i l l  some form idable hurd l es to be 
cleared before the  second generation of d i rect l i ­
quefact ion p rocesses can be reg arded as techn ica l ly 
acce pta b l e .  M ost i m portan t  among these are 
- p repa ra t ion  a n d  preh eat i ng of the s lurry 
- opti m izat io n of the  f l u i d  dynam ics of the reactor 
- heat recovery f rom the reactor effl uent 
- pressu re let -down of the  l i qu id effl uent .  

l n  a d d i t ion  ref i n i n g  of the  pr imary l i qu id  prod ucts 
to prod uce t ra n s po rt fuels of acce ptable qua l ity has 
received very l i t t ie at ten t ion un t i l  now. Whi le  there is 
l i t t le  d o u bt that  fue l  o i l s  of low enough N & S contents 
and sat isfacto ry b u rn i ng qua l i t ies can be produced , 
the de eper re f i n i n g  to y ie ld transport fuels needs 
greater research effort : l n  view of the aromat ic nature 
of l i q uef ied coa l a n d  ta k ing  i n to account the cost of 
a d d i n g  tu rth er hyd rogen , the hyd rocracking of the 
pri m a r '>• r i rod uc �s  to y ie ld  ma i n ly petrol seems to be 
the m os: 2 tt rac. � 1ve ref i n i n g  ro ute .  Sorne work has 
been done i n  . L , �  d i rect ion [ 3 ]  and I th i nk  we can 
accept that a h i �· h ly a romat ic  petrol blend stock ca n 
be prod uced '.Jy two-stage hyd rof in ing / hydro­
crack ing  of the  p ri m a ry l i qu id  prod uct, fo l l owed by 
cata lyt ic refo r i n g  of the nap htha . Cata lyt ic crack ing 
of  a deep ly  hyd rotreated fract ion a lso seems to be 
attract ive [ 4 ] .  I f  accepta ble d iesel fuels are to be made 
a l most comp lete satu rat ion  of the aromatic structu res 
wi l l h ave to be d o ne in  order to reach a cetane nu mber 
of 4 5 .  From l i m ited work done at Saso l th is seems to 
be a ta rget that  may be d i fficu l t  to reach, but not 
imposs i b l e .  The  ra n k  of the  coal used fo r l iq uefaction 
probably p l ays an i m portant  ro le in determ in ing how 
eas i ly  th i s  target is reached,  the lower ran k  coa ls 
be ing  bette r i n  t h i s  respect . 

1 wou l d  l i ke to retu rn br iefly to the matter of com­
merc ia l izat ion .  Th ere a re at least f ive front-runners 
with a nother two or th ree somewhat further back . A l i  
these processes h ave a lo t  in  com mon as  regards the 
techn ical  as pects tha t  need to be stud ied before they 
are ready for com m erc ia l izat ion .  l n  my view only one 
or two demonstrat ion p lants wi l l  have to be bui lt and 
the k n owled ge thus  ga i ned should be d i rectly trans­
fera b le  to the other processes wh ich are to a very 
large extent  bu t  va r iat ions on the same theme. 

PYROL YSIS 

Th ere is  much  to be sa id for a process that creams 
off the l i g hter  and  hyd rogen-rich f ractions o f  the coa l ,  
leav ing beh i n d  a char  wh ich ca n be  gas if ied or  used 
for power generat ion .  At th is  session we have a paper 
by two Austra l i an  au thors, Sm ith and  Bradshaw, de­
ta i l i n g  the i r  resu l ts with f lash pyrolysis of some Aus­
tra l ian coa ls .  They f i rst present some very usefu l  data 
on the effect of tem peratu re on y ie ld a n d  qua l ity of 
ta r. lt is  fortu nate i ndeed that the maxi mum yield of 
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tar at a round  6 0 0°C, occurs when  t h e  a l i p h a t i c  H to 
aromatic H ra t io i n  the tar is st i l l  at or near  i ts  max i ­
mum va lue .  Th is  shou ld  faci l i tate t h e  refi n i n g  o f  the  
tar to  fuels,  especia l l y  d iese l . T h ese two a u th ors then  
go  on  to  show that pyrolysis i s  c o m p a ra b l e  to  con ­
ven t ional  d i rect l i q uefact ion  a s  fa r  a s  costs a re con­
cerned . 

l n  the i r  review paper o n  coa l resea rch i n  S o u th 
Africa Sander a n d  Dekke r  make  b ri ef re fere n ce to 
low-tem peratu re f l u i d ized-bed pyro lys is  o f  S o u th 
African coa ls .  The tar y ie lds  were d i sa p p o i n t i n g ly l o w  
which is  d i ffi cu l t  t o  u n de rs ta n d  s i nce A ustra l i a n  a n d  
South African coa ls  a re both of G o n d w a n a  l a n d  o rig i n .  

There may be cons idera bl e  scope i n  f u t u re o i l­
from-coa l p lants for f lash pyro l ys i s  c o u p l e d  w i t h  
either gas i fica t ion of  t h e  c h a r  to  p ro d u ce synth esis 
gas for i n d i rect l i q uefact ion  or u t i l i zat i o n  of t h e  c h a r  to 
produce e lectric power. ln e i ther  case o n e  w o u l d  l i k e  
to see work done o n  t h e  i n tegra t i o n  o f  the  t w o  stag es ,  
the pyro lys is  and gas i f icat i o n  stag es,  for  i n sta n ce .  
The char exists from the pyro lyser a t  a h i g h  te m pe ra­
ture and i t  wi l l  be necessa ry to conserve t h is h ea t  i n  
the feed to the gas i f ier .  T h i s  pres u pposes o f  cou rse 
that a su ita ble pressu re gas i f ie r  ca p a b l e  o f  t a k i n g  i n  
f ine,  hot char  w i l l  be ava i l a b l e .  At  t h e  sa m e  t i m e  t h e  
idea o f  quench i n g  the  pyro lyser eff l u e n t  w i t h  a H ­
donor solvent ,  a s  p ro posed by  the  O c c i d enta l  Com­
pany, shou l d  be  worth fo l l ow i n g  up .  l n  t h is w a y  a 
much l i ghter ta r i s  obta i n e d .  T h i s  s h o u l d  b e  a m uc h  
more accepta b le  feedstock t o  a s u bseq u e n t  h y d rog e­
nation fac i l i ty.  

Supercr it ical  so lve n t  extra ct ion  has m uc h  i n  corn­
mon with pyro lys is .  l t  i s  a p rocess that  i s  b e i n g  d eve­
loped by the N at iona l  Coa l Boa rd i n  t h e  U n i ted K i n g ­
dom a n d  the report b y  S a n d er a n d  D e k k e r  b rie f ly  
refers to  si m i l a r  work a t  the  Fue l  R esea rch l nst i tute  i n  
South Africa . Here aga i n  o n e  w o u l d  l i ke to s e e  (a) 
su percrit ical  solvent extrac t ion  i n te g rated  w i t h  g a s if i ­
cat ion or f l u i d ized-bed com bu st ion  a n d  (b)  a tec h n ica l 
and  economic  comparison of  the  extra cti o n  a n d  py­
ro lysis routes . 

H YDROPYROL YSIS 

As the name i m pl ies hydropyrolysis i s  pyro lys is  
carried out  i n  a hyd rogen  atmosph ere . P ro f .  Cyp res 
has a bly summarized ex isti n g  know ledge  o n  t h is p ro­
cess . Of speci a l  i m po rtance a re h yd ro g e n  p ress u re 
and rate of h eat i n g .  T h e  com bi n e d  y ie ld  of  l i q u i d  a n d  
gas can b e  more than  5 0  % ,  the  l i q u i d  cons ist i n g  
ma i n ly o f  benzene, tol uene  a n d  xy len e  o r  BTX, w h i le  
methane i s  by fa r the  major  com po n e n t  o f  the  gas  
fract ion .  T h e  char  is  d es u l p h u rized in  the  p rocess 
since the organ ic s ul p h u r  i s  e l i m i n ated  more or less 
com p lete ly  wh i l e  ca 5 0  % o f  pyri t i c  s u l p h u r  i s  evol­
ved as H 2 S .  As po i nted out by P rof .  Cyp res, th i s  char  
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could be an  excel lent  fue l  for f l u id ized bed con1bus­
t i  n .  l t  is  non-cak ing and  the g reat ly red uced s u l ph u r  
c ntent cou ld g ive i t  a consid ra b le  adva ntage over 
l im stone desu lphu rizat i  n sy tems. 

Development of the hydropyr I s is one pt  is 
main ly in the U n i ted Stat s where Ro k I l  l n te1 na -
1 na l  Corporat ion is  in  t he  forefront . The  sca l e-u p  

seq uence i s  a l ready a t  the 1 o n  1 h stag 0 . 

CONCL UDING REMARKS 

A srriking feature of research and deve lopmen "n 
coa l gasif ication and l i q uefact ion is t e increas ing 
r l e  played by Government agencies . espec ia l ly  a ,  fa r 
a f i na ncing is  concerned . l n  the major ity of cases the 
i n 11 ia l  development 1as i n  the hands of p rivate com­
pan i  s but  as the processes move through pi lot , la nts 
10 demonstrat ion plants Govern ments become in ­
creas ingly i nvolved . Th is  development  has  i s 
drawbacks but in v iew of the very large sums of mo­
ney involved i t  is  a lso inevi ta b le .  l t  is c lea r that for coa l  
l iquefaction to become a l a rge-sca le rea l i ty i t  w i l l  re­
qu i re Governmenta l  assistance in the i n i t i a l  yea rs, 
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both as reg a rd s  f i nanc ing  of d eve l o p m e n ta l  p l a n ts 
and regu lat ion of the p r ice s t ructu re . 

A second striking fea ture i s  t h e  i n c re as i n g  way i n  
which d eve lopment  costs a re s h a red a t  t h e  i n terna­
t ional  leve l .  Th ere a re m a n  y exa m p les  o f  t h  is ,  the 
most recent be ing th e sha r i ng  of t h e  cost of t h e  S R C- 1 1  
demonstra t ion  p l an t  a t  M o rg a n town a m o n g  t h e  G o­
vernments of the  U n i ted Sta tes ,  th e F e d e r a l  R e p u b l ic 
of G ermany a n d  J a p a n .  Convers ion  of coa l to o i l  a n d 
gé:ls on a l a rg e  a n d  economica l l y  a t t rac t ive sca l e  i s  so 
mélss ive and  co m p lex  a n  u n d er ta k i n g  t h a t  o n l y  w i th 
the u trnost co-opera t ion  between i n d u st ry a n d  Go­
vern ment .  bath na t iona l l y  a n d  i n te rna t i o n a l l y ,  can 
success be assu red .  
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Coa l P re pa ra t i on  

Albert W .  D E U R B R O U C K  • 

As the ra pporte u r  of the Coa l P reparat ion sess ion, it 
is my p leasu re to i n t roduce seven pa pers that form a 
t ime ly ,  i n ,ë rest i n �J g ro u p .  Two of th ese pa pers dea l 
with the a pµ l i cat i -:::, n of coal  p reparat ion i n  the futu re, 
recog n i z i ng  the cha n g i ng cha racte rist ics of the raw 
coa l bei ng m i ner, a n d  the chang ing market req u i re­
ments of coa l feedstocks and the i m pact of these 
changes on the  preparat ion process . Th ree of the 
pa pers exa m i n e  the c l ea n i n g  of f ine-s ize coa l ,  a frac­
t ion of the tota l coa l that is increasing ra pid ly.  These 
pa pers review the c u rrent  state�of-the-a rt of physica l  
clean i ng  of  f i n e-size coa l by bu lk  o i l  f lota t ion and 
dense-med i u m  cyc lon i ng  a n d  sum ma rize the various 
ch em ica l  coa l c lea n i n g  p rocesses being developed to 
remove org a n ic and  i norg a n ic su l fur from coa l .  O ne 
paper describes a n  on- l i ne  ash ana lyzer for f ine-coal 
sl u rries, a necessity for atta i n ing qual i ty co ntrol as 
more f i ne-size coa l i s  washed . The f ina l  paper d iscus­
ses a n ew tech n ique  for the e l im ination of the pro­
b lem of waste water t reatment .  So,  as you see, the 
pa pers that  we sha l l  d iscuss th is morn ing are a i l  
re l ated t h rough  a common recog n it ion of the new 
demands be ing  th rust u pon the coa l p reparation 
tech no log ist .  

1 wou l d  l i ke to d i scuss these pa pers from the Un ited 
States po in t  of v iew as I perceive i t .  But f i rst, 1 th ink  it 
is i n te rest ing  to look at the energy resou rces ava i lable 
in  the U . S .  today and the a p pa rent  future re l iance on 
these resou rces . 

N u c lear power has h i stori ca l l y g rown at a much 
slowe r rate in the  U . S .  than predicted . Th is slow 
growth is l a rge ly att r ibutable to reg u latory req u i re­
ments that have st i f led nuc lear power growth in the 
past and  w i l l  u ndou btedly cont inue to do so in the 
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futu re. O i l  and  natu ra l  gas  reserves, even by  t h e  m ost  
opt im ist ic estimates, a re very l i m ited . H y d roe lect r ic  
power has  a l m ost n o  g rowth potent i a l .  S o-ca l l e d  re­
newa ble energy resou rces such  as s ol a r, w i n d ,  a n d  
t idal  receive much media su p po rt b u t  a re p rojected to  
supply o n ly a sma l l  percent of our  tota l e n e rg y  needs  
by the  tu rn o f  the cent u ry .  Coa l ,  w i th  p roven  rese rves 
in excess of 300 b i l l ion tons ,  i s  t h e  o n ly v i a b l e  a n swer  
to the  future energy n eeds of the  U . S .  ; h owever ,  i t  
must become a sou rce of c lean  e n e r g y  i f  i t  i s  t o  f u l f i l l  
this promise. 

Certa i n ly, the chea pest, most p roven tech n o l o g y  
for upgrad ing coa l wou l d  be the  broad-based u t i l i za­
t ion of  coa l p reparat ion tec h n iq ues .  The acce p ta n ce 
of preparat ion tech nology i n  the  U . S . ,  h owever, i s  fa r 
from u n iversa l .  As shown i n  ta b le  1 ,  tota l p ro d u c t i o n  
of coa l increased f rom 4 1  5 m i l l i o n  to n s  i n  1 9 6 0  to 
69 1 m i l l ion tons in 1 9 7 7 .  D u  ri n g  the  sa m e  p e ri o d  of  
t ime, the  ton nage  of  coa l c lean e d  a ct u a l l y  d ec reased 
from 273 m i l l i on tons i n  1 9 6 0  to o n ly  2 54 m i l l i o n  
tons i n  1 9 7 7 .  Th is  i s  occ u rr i n g  a t  the  sa m e  t i m e  t h a t  
the benefi ts bei ng d erived f ro m  coa l  p re p a ra t i o n  a re 
seemi ng ly  becoming  more w ide ly  recog n i z e d . T h is 
appa rent contrad iction  is  the  res u l t  of 

1 .  The ra p id ly  expa n d i n g  use of low s u l fu r.  m e­
d ium ash content su b bi tu m i n ou s  coa l s  of t h e  western 
Un ited States. These coa ls  a re g en e ra l l y  of c o n sta n t  
qual ity from th ick  stri p pa b le  sea ms a n d ,  t o  da te ,  a re 
used raw even thou g h  they conta i n  f ro m  2 2  to 4 0  
percent moistu re ,  a n d  

2 .  The s low accepta nce b y  a l a rge  s eg me n t  o f  t h e  
ut i l i ty coa l i n d u stry o f  t h e  eco n om ic a n d  o pe ra t i n g  
benefits o f  usi n g  a washed coa l .  

Fortunately,  there a re some p romis i n g  s ig n s  o n  t h e  
horizo n .  The Ten nessee Va l ley Auth o ri ty ,  o u r  l a rg est  
user of  ut i l i ty coa l ,  i s  committed to a p o l i cy of  
switch ing  from raw to  washed  coa l feedstock fo r  the i r  
ent i re system a p p rox imate ly 3 5  m i l l i o n  t o n s  of  coa l 
annua l ly .  The trend  of a stead i l y  d e cl i n i n g  perc e n ta g e  
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TAB LE  1 .  - Mechanical cleaning of U. S. coals by m ethod o f  m ining 
( M i l l ions of short to ns) 

u ergrounci t, i µ  

': e:ir Pr duct1011 Cleanc Production 

1 9 60 284 8 2 0 5 . 8  1 2  _ _  6 
1 9 6 5  3 3 2 . 6  2 5 1  . 6  1 6 5 . 2  
1 9 70 3 3 8 . 8  2 3 5 . 1 244 . 1 

9 7 5  2 9 2  8 1 9 .4 35 5 . 6 
1 9 7 7  2 6 5 . 9  � 6 5  5 4 2 5 . 4  

1 ) Percent of total c leaned . 

of eastern steam coa! be ing p repâ red has apparent !  
been a rrested and i n  1 9 7 7 sho ed a sma l l  but pos i ­
·:ve uptu rn . 

.. �s a coa l preparation eng ineer , 1 f ind th is need for 
c iean energy an excit ing chal lenge .  We are the f i rst 
technolog ists to deal with the raw coa l afte r it is 
m ined . lt is ou r responsib i l ity to prov ide a p roduct for 
the end-use customer that w i l l  meet this requ i rement  
for s ize. moisture .  sulfu r. and ash contents . Today · s 
customer  is al ready demand ing coa ls of lower sulfu r 
content than we are able to supply .  Conseq uent ly ,  he 
i s  forced to re ly upon other technolog ies. such as f lue  
gas  scru bbing to desu lfu rize com bustion gases. to 
br ing h i s  operation in to envi ronmental com pl i ance.  
H owever .  coa l prepa ration  research is ongoing to e l i ­
minate or  at  least reduce the  cu rrent re l iance on  f lue 
gas scrubbing,  and the ear ly  resu lts of th is  resea rch 
a re p romising . 

As synfuels and advanced com bustion processes 
go on-l ine ,  new feedstock demands wi l l  be made .  For  
l i quefaction processes, the cata lytic effect of  ce rta in  
coal associated impurit ies plays an important  ra ie .  
Sorne such as  pyrite and  calci um .  a re known to  h a ve 
catalytic effect on specific l iq uefact ion p rocesses . 
Research i s  needed to determ ine which coa�  i m pu r i ­
t ies h ave beneficial effects and wh ich h ave poisonous  
effects on the va rious l iquefaction p rocesses. R ecent 
work ind icates that  the l i fe expectancy of p rocess 
cata lysts a ppears to be adversely a ffected by  certa i n  
trace elements in  coa l .  For exa m p le .  i t  h a s  been 
shown that titan ium has a poisonous effect o n  certa i n  
l i quefaction  cata lysts . The remova l o r  concentrat ion 
of selected mi nerais or trace e lements by  chem ica l  or  
physical coa l preparat ion is  a d es i ra b le  and  necessa ry 

· goal for feedstock p reparat ion . 

Feedstock requ i rements for gasif icat ion p rocesses 
wi l l  be less demanding ; h owever,  a product hav ing  
both un iform qual i ty and size consist wi l l  b e  neede d . 
Fu rthermore, to m in im ize reactor p l u g g i n g ,  a gg lo­
merating coa ls need p retreatment such as m i l d  oxi-
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Tota l  

C leaned Product ion C leaned  

66 3 4 1  5 . 5  2 7 3 . 2  ( 1 ) ( 6 5 . 8  % )  
7 8 . 1 5 1  2 . 1  3 3 2 . 3  (6 4 . 9  % )  
8 6 . 7  6 0 2 . 9  3 2 3 . 5  ( 5 3 . 7 %)  
8 7 . 6 6 4 8 . 4  2 6 7  . 0  (4 1 . 2 %)  
8 8 . 4  6 9 1  . 3  2 5 3 . 9  (3 6 . 7  %)  

dat ion ; perhaps such t rea tment  ca n b .: ,::o r: : ·� a n  in­
tegra l  pa rt of th e coa l preparat ion  p roce:, .--. . 

M r .  Cammack ,  of the  U n i ted K i n g d o rn , h a ë' rovid­
ed us i ns ight i n to the Nat iona l  Coal Boa rcl ' s �o l icy fo r 
research a n d  deve lopment i n  the p re pa rat i o r i  of coal 
feedstocks for the  new u t i l izat ion  p rocesses of the 
fu tu re .  The a nt ic i pated futu re coa l feed stock de­
mands of G reat B r i ta i n  a re ref lected i n  the  N a t ional  
Coal Boa rd ' s  c u rrent resea rch p ro g ra m . M r . Cam­
mack d iscusses certa i n  of these p rog ra m s  a n d  the i r  
status .  

Of pa rt i cu l a r  i n te rest, is the recent  d eve lo p m e n t  of 
com pute r  p rog rams capa b le  of m a k i n g  q u i ck ,  re l i a b le 
pred ict ions of the  perfo rmance of the m a j o r  coa l 
wash i n g  devices . These p ro g ra m s  have been  p roven 
in p ract ice on a South Amer ican  coa l a n d  a d o m estic 
coa l from the South Yorksh i re a rea . At  p resen t ,  the 
com pute r  mode l i n g  work is  be ing  exte n d ed to i nc l u de 
the c lea n i ng of f ine-size coal by f roth f lotat i o n . The  
overa l l  com p uter  p rogra m  can be rea d i l y  expa n ded to 
i nc lude treatment  costs per  to n fo r var ious  p rocesses . 
We have developed a p repa rat ion p l an t  s i m u lator  
mode!  [ 1 ]  i n  the U n i ted States b u t . as yet ,  have not 
dete rm ined a su i tab le  m ethod fo r cha racte r i z i n g  the 
f lotat ion p rocess . O u r  exper ience has been that such 
si m u lators a re of  g reat va l u e  to coa l p re pa rat ion en­
g i neers and p lant  operato rs i n  the d es ig n ,  m o d if ica­
t ion ,  and  operat ion of p reparat ion p l an ts .  

The B ri t ish have assi g ned  a p rio r i ty sta tus fo r 
f ine-coa l t reatment cons isten t  with many  of t h e  other 
coa l p rod uc ing  cou ntr ies .  We are to l d  that  2 0  p e rcen t 
of the coa l m ined i n  G reat B ri ta i n  is  a l ready m i n u s  O .  5 
m i l l imeter size . Th is  is  a p p.rox i mately 5 0  p e rce nt 
more f i nes, on  the average ,  than fou nd  i n  U , S .  coa l s .  
O bviously, the d i ff icu lty o f  p rov i d i n g  a h ig h  q u a l i ty , 
consistent p roduct is com po unded by such a h ig h 
percent of f ine coa l req u i ri ng  t reatment  a n d  the  pe r­
centage  of f i nes wi l l  i nc rease d u e  to the  cont i n ua i  
development o f  new h i g h  capacity m i n i n g  mach i n es ,  
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M r .  Ca m m ack d i scusses a p rob lem that coa l pro­
duci ng cou nt r ies w i l l  be confronted with in the near 
fu ture i f  they ha ve not  a l ready experienced it - the 
des i re to re m ove, by phys ica l  means, select mi nera i 
impu r i t ies fro m  the  raw coa l .  O n ly through size re­
duct ion  i s  it poss i b l e  to l i berate such i m p u rit ies, and 
this w i l l  a g a i n  res u l t  in fu rther  increased percentages 
of the coa l b e i n g  t reated in the f ine-coa l c i rcu i t .  Wh i le 
feedstock spec i f i cat ions  for the new coa l ut i l ization 
processes have n ot ,  as yet, been fu l l y defi ned,  i t  is 
certa i n  that  for many th ere wi l l  be some l im itation on 
the a m o u n t  of f i nes a l lowa b le  as these fi nes wi l l  pose 
add i t iona l p ro b l e m s  in  hand l ing ,  transport ing,  
storage, and u t i l i zat i o n .  Research wi l l  therefore not 
only be d i rected towa rd the u p g rad ing of fine coa l but 
also towa rd the agg lomerat ion of the c lean fi nes as 
pe l l ets, b r iq uettes , o r  extrud i tes . 

The d i rect io n of resea rc h in G reat Br ita in on f roth 
flota t ion p ro•�ess i :1 '.J is cons istent with ongoing effo rts 
in the U . S .  lot i"' co u ntr ies have an  in terest in the 
deve lopm ent :rr r; �·· N f lotat ion cel l s  with greater ca pa­
city, new me .. h ë •  1 1sms,  and  new cel l  g eometry. The 
U . S .  p io neereJ 1 i0w-th rough  f lotat ion ce l ls to obtain 
h igh ca paci ty wh;;,n treat ing a relatively easy-to-float 
coa l .  Such a system was l i t t le more than a trough with 
interm ittent ly spaced ag i tators .  Today, however, with 
renewed in terest in h ig h  recoveries at desired qua l i ­
ties, we a re see ing  i n  the U . S .  reacceptance of  the 
convent iona l  m eta l l u rg ica l  f lotat ion ce l ls  in wh ich 
pu l p  i s  p u m ped from ce l l  to ce l l ,  th us e l im inat ing 
short-c i rc u i t i n g  a n d p rovid ing  better f lotat ion results . 
These cel l s  a re be ing  used in  f lotat ion c i rcuits where 
the feed coa l i s  c lass if ied - the coa rse r fraction 
going to convent iona l  f l ow-through mach ines and the 
finer size mater ia l  to the enc losed ce l l -to-ce l l  mach ine .  

The re i s  cons idera b l e  i n te rest in the Un ited Sta tes 
in agg lom era t ion  for a l lev iat ing many of the problems 
posed by i nc reased coa l f ines .  Th ere is  a lso interest in 
the agg lom erat ion  of  refuse pond materia ls that, de­
pend ing on q u a l i ty, may be used as is or after some 
upgra d i n g . There a re some operat ions of th is type 
pend ing  that  a re designed to agg lomerate the 
rec la imed m ater ia l by  extrus ion .  A pel l et iz ing process 
fo r u pg rad i n g  l i g n i te , the Lig n i pel  Process, [2 ]  has 
been deve loped to p rovide a 9 , 500 Btu / l b content 
product  from a raw coa l of 6 , 500 Btu / lb .  The pel lets 
are resi sta nt  to s pontaneous com b ustion and degra­
dation f rom weather  o r  han d l i ng . Beca use much of 
the U . S .  l i g n i te has a h i g h  sod i u m  content, wh ich is 
readi ly  removed by ion exchange,  the Lig n ipel P ro­
cess conta ins  an o pt iona l  step fo r sod ium remova l 
usi ng hydroch l o ric ac id  as the reacta nt .  Sod ium can 
be leached o u t  of the l i g n ite by water in a manner 
si m i la r to t h e  rem ova l of ch lo r ine from coa ls in G reat 
Bri ta i n ,  as descr ibed by  M r. Cam mack ; however, we 
found t h e  rate of sod i u m  re moval by wate r was too 
slow to be econo m i ca l . l n  the Un ited S tates, the 
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ch lorine content i n  coa l i s  g en e ra l l y  a t  acceptab l e  
levels ; however, the u t i l i ty peop le  i n  t h e  U .  S .  a re 
cog n izant of the p rob lems posed by  e levated c h lo r i ne  
content in coa l and  carefu l ly  avo id  the  use o f  h i g h  
chlorine content  coa ls  through cont i n u a i  c h e m ica l  
analysis .  

1 am sure that i f  a su rvey was taken of  coa l p re pa­
rat ion p lan t  operators in  the  U n ited Sta tes  a s k i n g  
them what they perce ived a s  t h e i r  p ri n c i p a l  o pe rat i n g  
problem, the dewateri n g  a n d  d is posa i  o f  t h i c k e n e r  
underflow wou ld  b e  a m o n g  t h e  f i rst  m en t i o n e d . 1 
therefore found M r .  Ca m ma c k ' s  d esc r i p t i o n  of  t h e  
membrane p late f i l ter p ress of  p a rt i c u l a r  i n te rest . The  
use o f  p late f i l ters i s  j ust beg i n n i n g  to  f i nd  accep tance  
i n  t he  Un i ted S tates. The p ro m ise of  i n c reased c a pa­
city at  somewha t  lower m o i st u re content ,  a s  t h e  
mem brane p late f i l ter  p ress wou l d  y i e l d ,  a n d  t h e  
possi b i l i ty of a n  au tomate d  contro l  syste m t h a t  wou l d  
provide f i l ter cakes o f  cons istent  q ua l i ty  w o u l d  b e  a 
most welcomed tech no log ica l  advance .  T h e  m a ny s i ­
mi lar i t ies between the  coa l p re p a ra t i o n  . resea rch 
p rog rams of the N at iona l Coa l  Boa rd a n d  t h os e  we 
have in the U n ited States ref lect o u r  com mo n  re­
cog ni t ion of the i m portance of coa l to o u r  f u t u re 
energy needs.  

l n terest ing ly ,  h is assessment  of  the i m p o rta nc e  of 
convent ional  d i rect coa l com bust ion fo r t h e  f u t u re i n  
the Un ited K ingdom d iffers fro m  t h e  p rojecti o n  fo r 
energy sou rces in  the  U n ited States .  T h e  N at i o n a l  
Electrical Re l ia b i l i ty Cou nc i l  h a s  p red icted t h a t  b y  t h e  
yea r 2000 we w i l l  d i rect ly f i re. i n  u ti l i ty b o i l e rs ,  
1 . 28 5  b i l l i on  tons of coa l .  

S im i l a ri t ies with the research p ro g ra m s  o f  G reat  
Brita in  are found in  the paper  by  D r . Be the  t h a t  d et a i l s  
the i m pact of chang i n g  raw c o a l  p ro p e rt ies  a n d  m a r­
ket trends on coa l prepara t ion  i n  t h e  Federa l  R e p u b l i c  
of Germany . As the  cho ice coa l s  have  d is p ro p o r­
tionately been m ined in  the  past ,  f u t u re ven tu re s  
must take i n t o  accou n t  t h e  u t i l i zat i o n  of  t h e  i n feri o r , 
lower qua l i ty sea ms that  w i l l  conta i n  m o re a s h ,  s u l fu r ,  
and t race elem ents.  The effect o n  coa l p re p a ra t ion  
technology o f  u ti l iz i ng  these coa ls  w i l l  be  s ig n i f i ca n t .  
Particu larl y  serious for t h e  p re pa ra t i on  p rocess w i l l  b e  
the increase i n  the proport i on  o f  f i ne  s izes b e l o w  1 0 0  
microns. which , i t  i s  ant ic i pated,  w i l l  d o u b l e  by  
1 9 90 .  Fu rth ermore, the m ea n  p a rt i c l e  s i ze  of the  raw 
coa l wou ld  decrease from 25 m i l l i m eters t o  o n ly 9 
mi l l imeters. The trad i t iona l  m arket req u i re m e n ts fo r 
coa l in · West G ermany wi l l  change  wi th  t h e  d eve lop­
ment o f  new tech nolog ies for  d i rect  c o m bust ion o r  
conversion of coal to l i qu id  o r  g aseous fue l s .  C o m m o n  
to a i l  app l ications w i l l  b e  t h e  d e m a n d  for u n iform , 
h ig h-qual i ty p roducts ta i lo red to  m eet the  req u i re­
ments of the part i cu la r techno logy .  P roduct  spec if i ­
cat ions wi l l  expand from ash, s u lfur ,  a n d  m oistu re 
contents to inc lude t race e lement  content  a n d ,  i n  
some cases, macera l  content .  The  effect of t hese 
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str ingent. more dernanding ,  ma rket req u i rernents, 
c mbined with the general deterioration of raw coc1I 
qual i ty, wi l l  be to req u i re development of new 
tech n iques and eq u ipment for the preparat ion pro­
cess . l ncreasing var iat ions in the raw coa l propert ie 
and thei r etfect on the operat ion of a preparation p lant  
and on the qual ity of  the sa lab le prod uct can be con ­
trol led by expanding homogenization and b lending 
systems upstream and downstream of the c lean ing 
and dewater ing faci l i t ies .  

Depending on  the increase i n  su rface moistu re . dry 
�eparation of the fi ne-size fraction wi l l have to be 
abandoned in West Germany and rep laced by 
des l im ing and wet c lean ing . Extensive work is being 
carr ied out i n  the development of eq u i pment for pro­
cessing the i ncreasing f i nes load .  J igs .  long the 
workhorse of the industry .  are being ref in ed to wash 
nar row size ranges of f ine-size coa l at h igh eff ic ien­
c ies . . ew froth f lotation procedu res and mach i n es are 
being  deve loped for process ing of the m inus 0 . 2 -
m i l l imeter mater ia l . Certa in ly, wet clean ing of the f ine 
fraction resu lts i n  a h igher qual ity product ; however .  
the cost o f  wet process ing is  often found to be 
disproportionately i ncreased . The prod uct ion of i n­
creased f i nes wi l l  necessitate the development of 
suitable agg lomerat ing processes for assur ing f ina l  
products exh ib i t ing specif ic size d ist r ibut ions and de­
sired port ions of certa in  macera l s .  l n  West G ermany,  
future coal preparation requ i rements wi l l  i nc l ude im­
proved mechan ical dewatering and therma l dry ing 
processes for treatment of sma l l  and f i ne-size coa l .  
ut i l ization of the res idual  coal conta i ned i n  the 

Row cool 
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T 
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ta i l i ngs,  deve lopment  of agg l o m e ra t i o n  p rocesses. 
and deve lopment of p rocesses to p rov i d e  feedstocks 
for the new tech no log ies . 

D r .  P . J . F .  Foury, f rom the  R e p u b l i c of South  Af rica , 
d is  usses the app l icat ion  of d e n se-med i u m  cyc lones 
to the c lea n i n g  of coa l f i n e r  t h a n  0 . 5  m i l l i m eter .  He 
notes that the coa l s  i n  h is c o u n t ry  are  c o m pa ra t ively 
diff i cu l t  to c lea n .  so m uch so that  s t u d ies  conducted 
by the Fuel R esea rch l ns ti t u te o f  S o u t h  Af r i ca  sh owed 
that the convent iona l  f i ne  coa l  t rea t m e n t  p rocesses, 
such as froth f lotat ion ,  wet conce n trat i n g  ta b les ,  and 
water-on ly  cyc lo nes . operated wi th  n e g l ig i b le  suc-

ess . However ,  after co n d u ct i n g  a se r i es  of wash ing 
tests in  a dense-med i u m  cycl o n e ,  it was s h ow n  that 
e cel lent  sepa rat ions  can  be obta i ned �or  i.he  f i n e-size 
mate r ia l  a t  accepta b ly  low mag n et i te ï.i ec kJ  l asses . 

l n  the U n ited States,  a n u m be r  of �· en ::i��-medium 
cyc lone p lants  h ave been b u i l t  i n  rec ·1m yea rs that 
treat coa l s l u rr ies as coarse as 1 - 1 / 2 : nch :e::i top size 
down to O .  with n o  c lass i f i cati o n  of th e �-�e I l though 
the operators of these p lants  a re 9 8 !  1 e ra l i y  p leased 
with the  separat ion  obta i ned ,  l i t t !e  actual  
performa nce data i s  ava i l ab le  for determ i n at io n of the 
sha rpness  or effi c iency of the  separat io n .  When 
performa nce data is deve loped , i t  i s  n o r m a l l y  only 
ava i l a ble  for  the  p l u s  0 . 1 5  or  0 . 1 m i l l i m ete r m a teria l .  
The  sharpnes s  o f  the  sepa ra t ion  of t h e  0 . 5  m i l l imeter 
by 0 . 1 or 0 . 1  5 m i l l i meter materia l  s h ow s  s i g n i f icant 
deteriorati o n  and  the 0 . 1 or  0 . 1 5 m i l l i m eter  by 0 
materia l  is  norm a l l y  sent  to waste . 

Sorne newer p lants fea tu ring  dense-m ed i u m  sepa­
rators a re bein g  b u i l t  that  m i n i m i ze the  coa l  lasses 

�I l...._-----. 

150 by 15mm to Minus 9.51 deslimed 

38 

heovy media ot 0. 5mm 
vessel 

9.5 by 0.5mm 10 
heavy media 

cyclone 

0.5 by 0.1mm to 
heovy media 

cyclone 

l 
Minus O. 5mm classified 

ot 0. 1 mm 

1 
Minus 0.1 mm 10 

f roth flotation 
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and ass u re sharp  separat ions throug hout the tota l size 
range  of the coa l be ing  treated . The Ma rrowbone 
Deve lopment  Com pan y p lant  at Kerm it ,  West V i rg i­
n ia ,  i s  a n  i n terest ing exam ple of such a p lant .  The 
flowsh eet of t h i s  p l a n t is shown in f igure 1 .  H ere, the 
tota l raw coa l is crushed to 1 50 m i l l i meters top size . 
The 1 50 by 9 . 5 m i l l i m eter material is washed in a 
heavy med ia  vessel . The 9 .  5 m i l l i meter by O mater ia l  
i s  desl i m ed at 0 . 5  m i l l i m eter. The 9 . 5  by 0 . 5  m i l l i ­
meter m ateri a l  i s  washed in  a 6 3 0  m i l l imeter d iame­
ter heavy m e d ia cyc lone .  The 0 . 5  by 0 . 1 m i l l imeter 
mater ia l  i s  wash ed in a 2 50 m i l l imeter d iameter 
heavy med ia  cyc lone ,  and f ina l ly  the 0 . 1 m i l l imeter 
by O mater ia l  is t reated by froth flotat ion . Although 
this p lant  has been in operat ion for less than a yea r, a i l  
ind icat io ns a re that  i t  i s  doing a n  excel lent job in 
produci n g a f i na l  prod uct of accepta ble qua l ity with 
low magn etite m ed ia  losses . 

O u r  exper iencc i n  the U n ited States wou ld seem to 
be co nsisten! w , th o u r  South African counterpa rts . 
Dense-medi u :n J ,1c lo ne wash ing of f ine-size material 
i s  com p lete ly Sé  • , sfa ctory when the raw coa l is frac­
t ionated i nto acr ·ep ta bly na rrow size ra nges, when 
suff ic ient ly  f i ne-s i ze magnetite is used as med ium,  
and when a ttent ion  is pa id to the  design of the med ia 
recovery c i rcu i t .  

Wh i l e  rea d i n g  D r .  Foury 's  paper, 1 co uld not help 
but notice the  d i fference in  technolog ical approach 
from the paper  by D r .  Beth e, of the Federa l  Republ ic 
of Germ a n y .  T h e  S o u th African pa per makes no 
ment ion of test i n g  j i g s  fo r the treatment of their  coa ls 
wh i le  D r .  Beth e ' s  d i scuss ion of washing tech nology is 
concentrated a l m ost exc lus ively on j ig wash ing . 

One of the exc i t i ng  new coal ut i l ization technolo­
g ies is the  com bust ion of coal / o i l  m ixtu res in con­
vent iona l  o i l -f i red u t i l i ty boi lers .  l n  Canada, de­
monstrat io n p roj ects of th is tech nology include at 
prese nt the f i  ri n g  of a 1 0  M W  boi ler  and the projected 
f ir ing of an even larger  u n i t .  l n  the paper by Wha ley, 
Capes, O g l e ,  a n d  Reeve, the need for coa l o i l  mixture 
(CO M) tech no logy i s  p resen ted a long with a review of 
i ts cu rrent sta tus .  l t  i s  a p parent  that COM technology 
is very close to co m me rc ia l izat ion ; however, there is 
sti l l  resea rch that  re m a i n s  to be done on the prepara­
tion of the  coa l feedstock .  For exam ple ,  new, less 
expensive f i n e  g r i n d i n g  tech n iq ues need to be _deve­
loped to a ss u re m a x i m u m  re lease of coa l associated 
impurit ies a n d  to p ro mote sta b i l izat ion of the coal i n  
the o i l  s l u rry . F u rtherm ore ,  new coal preparation 
techn iques m u st be deve loped,  or exist ing tech niq ues 
modified , to successfu l ly wash the f i nely pu lverized 
coa l .  

The authors d iscuss the  Spherical Agg lomeration 
P rocess - a p rove n ,  v iab le  tech n ology for cleaning 
fine-size part ic les of coa l .  Dr.  Ca pes, a co-author of 
th is pa per, i s  renowned fo r h i s developmental effo rts 
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of the Spherical Agg lomerat i o n  P rocess . T h e  a m az i n g  
se lect ivity of o i l  agg lomera t ion  u s i n g  a va r ie ty o f  o i l s  
is especia l ly  attract ive when ( 1 )  c lea n i n g  t h e  f i n est  
size fract ions to prod uce u l tra -c lea n coa l ,  o r  (2 )  p ro­
cess ing very d i rty f ine coa l s l u rr ies i n  an atte m pt to 
max im ize recovery. l t  is  puzzl i n g  that  th is  a n d  s i m i l a r  
processes ut i l i z ing  o i l  as  a coa l co l lector  h a v e  n ot h a d  
broader com merc ia l  success . T h e  m a rr ia g e  of  o i l  a g­
glomerat ion with C O M  tech no logy  i s  a n  i n te resti n g  
and logica l  approach a n d  m a y  wel l  l ead  t o  w i d e­
spread accepta nce of  the  tec h n ology .  T h e  b i g g es t  
drawbacks to accepta nce o f  o i l  a g g l o m erat i o n  a s  a 
rout inely used coa l p repara t ion  p rocess a re t h e  h ig h  
cost of o i l  as an  agg lomerat i n g  a g e n t  a n d  t h e  a ppa­
rent self-defeat ing natu re of u s i n g  o i l  a s  a b i n d i n g  
agent ; a t  the sa m e  t i m e  t h e  u se o f  coa l  i s  b e i n g  
advocated in  so many count ri es a s  a re p l a c em en t  fo r 
oi l .  The use of an  o i l -agg lomerated feedstock fo r C O M  
certa in ly negates these object i o n s  rega rd l ess of  t h e i r  
merits. 

ln recent yea rs , concern for t h e  q ua l i ty of  o u r  e n vi­
ronment has led to i n creasi n g l y  str ict reg u la t io n s  re­
gard ing the com ponents of coa l .  O ne s u c h  c o m p o­
nent, sulfu r, has been ident i f ied a s  a m a j o r c o n tr i b u­
tor to a i r  po l lut ion f rom coa l com b ust i o n .  B eca u s e  of  
th is ,  much effort has been put  i nto f i n d i n g  eff ic i e n t  
means for contro l l i n g  su l fu r  ox i d e  e m iss io n s  f ro m  coa l  
combustion sources. O bv iously ,  the  s u l fu r c o u l d  be 
removed before , d u r in g ,  o r  a fter  c o m b ust io n .  
Choosing when to remove the  s u l f u r ,  h owever ,  m u st 
be based upon the overa l l  eff i c iency a nd econ o m ics  
invo lved in the  u ti l i zat io n cost .  R e m ov i n g  t h e  s u l f u r 
from coal pr ior to com bust ion leads not  o n ly to  a c l e a n  
fuel but a lso to a ma rketa ble feed sto c k  fo r uses o ther  
than com bustion ,  s ince c lea n i n g  coa l  befo re u s e  a l ­
lows contrai of many of  its com p o n e n ts,  n o t  j us t  
su lfur .  

As discussed by Dr.  Wheelock,  c h e m ica l  d es u l f u r i­
zation of coa l ,  a newly e m erg i n g tech n o lo g y  f or re­
moving envi ron menta l l y  h azardous com po n e n ts ,  
particular ly su lfu r, f ro m  coal p ri o r  to  c om b ust io n ,  is  
be ing developed i n  the U . S .  Wh i t e  c h e m ica l d es u l fu ­
rization looks p romis ing ,  i ts m e ri t s  have not  yet  been  
adequately p roved nor  eva l uated . 

Chemical coa l desu l fu ri zat ion  tech n o l o g y  ca n log i­
ca l ly be separated in to two bas ic g ro u p s .  F i rst  a re 
those orig ina l  processes that  were deve loped to re­
move only the pyrit ic su l fu r  fro m  t h e  coa l .  S uch  p ro­
cesses received very l i m i ted su pport,  often se l f-ge n e­
rated.  Second a re the second-g enera t ion  p rocesses 
that have been deve loped a n d ,  i n  fact,  have been 
demonstrated to rem ove bath the  pyr i t ic  a n d  o rg a n i c  
sulfu r from coa l .  l t  i s  t h e  a bi l i ty o f  these n ewer p ro­
cesses to remove o rgan ic  s u l f u r  that  d iffe rent ia te s  
them from oth er p reco m bust ion des u l f u rizat ion 
tech niques. Such p rocesses have the  potent ia l  fo r 
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meeting su lfu r remova l req u i rements suff ic ient ly to 
e l im inate the need for e pens1 e stack gas  scru bbers . 

S ince regu lat ions define the perm iss ib le  leve l s  of 
ulf ir d io ide em is  ions from c a l  co mb ust ion 

s urces and.  hence . defi ne the re lat ive rth of any 
. roce s for removing su l fur  from coal  pr ior  to com­
'- 1st ion. changes in  he reg u lat ions can af fect process 
eva l uat ion g reat ly .  l n  1 9 7 1 . he New Seure 
Performance Standards set a cei l i ng  of 1 . 2  pounds of 

O J per m i l l ion Btu . U nder th is andard.  any coa l 
•.vith su lfu r co ntent equa l  to. o r  les th,rn .  that ce i l i n g .  
c u l d  be bu rned without further  red uction of h e  
su lfur emissio ns . Coal s  wh ich cou l d  meet the stan -

a d were termed « comp l i ance coals » .  O n  th is ba­
si the goal of chen ica l  desu lfu rizat ion is  to reduce 
the sulfu r content of the part icu lar  coa l to a le e l  
sutf ,cient t0 make the coa l a <( compl iance coa l » .  For 
a i l  presently exist ing power p lants,  com p l iance coa l .  
• hen obtainable ,  i s  sti l l  the best so l u tion to u l fu r  
emissions co ntro l .  However. the Environmemal Pro-
ect ion Agency has recen ly promu lgated new sou rce 

performance standards that requ i re a i l  new p la nts to 
remove 90 percent of the potent ia l  su l fur  emiss ion 
regard l ess of the su l fu r  co ntent of the coa l be ing u sed 
at  that p lant .  For these new faci l i t ies .  the concept of 
compl iance coa l is nonexistent un less chem ica l de­
su lfu r ization processes can be deve loped to meet the 
su l fu r  removal req u i rements of the 1 9 7 9 New Sou rce 
Performance Standards . 

We feel th is  i s  a rea l ist ic goa l fo r chemica l  d esu l fu ­
rization technologies since several newly developed 
pracesses, such as  the G eneral E lectric P rocess and 
the TRW G ravimel t  Process d iscussed ,n  D r .  
Wheelock' s  paper, have been shown to remove i n  
excess of 7 0  percent of the total su l fu r f ram coa l .  
Even when a compl iance coa l cannot be atta i ned by  
chemical c lean ing ,  a sign i ficant percentage of su l f u r  
removal by chemical clean ing ,  fol lowed by  a low-cost 
rel i able d ry f lue gas desul furization treatment .  may 
prave to be the most economical ly v iable system for 
sulfu r emission contra i .  

The  benefits that can  be  derived f rom chemica l  
desulfurization stem not on ly from the su l fu r  red uc­
tion obta ined but a lso from its role  as  a n  i n tegra l  pa rt 
of the tota l coal preparation cycle .  Chem ica l desu l fu r­
ization pravides a custom ta i l o red feedstock whose 
benefits i nclude low su l fur  content.  u n iform fue l  
quali ty and composi t ion,  reduced trace e lement  con­
tent, and an envi ronmenta l ly  safe fue l  for i n du stri a l  
use . Of  particu lar  benefit fo r  boi ler  operat ion .  the  
reduced ash content a n d  ab i l i ty to  contrai the  com­
position of coal can lead to decreased operat ion a n d  
maintenance costs . H owever,  there a re s o m e  econ­
omic penalties associated with chemica l d esu l fu riza­
t ion,  i ncluding the added fue l  costs d ue to p rocess ing 
and some potential  waste d isposai p rob lems .  These 
problems do not represent major techn ica l  barr iers ,  

40 

a l though they w i l l  im pact on  the overa l l  commerc ia l  
poten t ia l  of any g iven p rocess a n d  m u st  b e  cons ide r­

d when eva l uat i n g  th ese p rocesse s .  
The even tua l  commerc ia l  s uccess o f  a n y  chem ica l 

desu l fu rizat ion process w i l l  obv io u s l y  d e p e n d ,  to a 
1 rg e tent ,  on the  econom ics of s uch  p rocesses . 
Recent cost est i mates based o n  con c e p t u a l p rocess 
des ign  have i nd icated costs  on  the  o rd e r  of  $ 1 to $ 
1 . 5 0  per m i l l ion  Btu for  seve ra l  of t h e  c h e m ica l  de­
su l fu r izat ion p rocesses d esc r ibed  i n  D r .  W h ee lock 's  
paper . Cost est imates for f l u e  gas d es u l fu r i za t ion  a i l  
ind icate a p rice on the  order  of  $ 1 to  $ 1 . 50 per 
m i l l ion Btu  [ 3 ] .  T h i s  sugg ests .  at l eas t  on a p re l i mi­
nary bas is .  the  economic  co m pet i t i ve n e s s  of  c h e mica l 
desu l fu r izat ion wi th f l u e  g a s  scru b b i n g . l t  s ho u l d  be 
pointed out  that a l though  t h e  costs a r'3 co rn pa rab le, 
the extent of desu l fu r izat ion i s  d i ff e re n -, Vl/ ., i f l u e  gas 
desu l f u r izat ion syste ms n o rm a l l y  ca n ·" e , .  :,ected to 
remove 8 5  percent or  more of t h e  su i : :· o .  ·i es  f rom 
the f l ue gas ,  wh i l e  the  best  chem ica l  �· .::st.: · . i r izat ion 
processes have on ly  demonstrated m.::i :. i m un su lfur 
remova l s  of 70 to 80 perce n t .  F l ue c ;:.:;; d c·;,u l fu r iza­
t ion systems are notor ious ly  poo r on ope ra b i l i ty and 
th is  leads to e i ther  reduced bo i l e r  ca p a c i ty or i l l egal 
emiss ion leve l s .  O n  the  othe r  h a n d ,  c h e m ica l de­
su lfu r izat ion w i l l  prov ide a c lean  fue l  t h a t  wi l l  i m p rove 
the eff ic iency of boi l e r  operat io n ,  a l l ow ing  f u l l  capa­
c i ty to be u t i l i zed wh i l e  a l so con t ro l l i n g  em iss ions .  
P resent ly ,  s tud ies a re be ing  made to a ssess  t h e  cost 
benef i ts assoc iated wi th b u r n i n g  c l ean  coa l versus 
raw coa l .  

F rom Austra l i a ,  a paper  by M essrs .  Ly m a n  and 
Chesher  d i scu sses the  d es ig n ,  ca l i b ra t i o n ,  and 
performance of an onstream a n a lyzer  ca l l e d  Ashsca n .  
Th is  ins t rument  i s  to b e  used fo r mon i tor i n g  ash  con­
ten t of s l u rr ies of f i ne-s ize coa l ,  s u ch as wou ld  
norma l l y  be  washed in  froth f lota t ion  ce l l s .  O n e  of the  
d iff icu l t ies  i n  ach ievi ng h igh accu racy in  a s h  m easu­
rement  l i es i n  the  fact tha t  the  a bsorbt iv i ty  of ash (a 
heterog eneous s u bstance con ta i n i n g  a l a rg e  n u m ber  
of com pou nds  in  va r ied p roport ions) i s  h ig h ly va r i ab le  
from sa mp le  to sample  w i th i n  a sea m .  The  a u thors '  
test  res u l ts showed a maxi mum e rro r of + 20 p e rcent 
when the  ash content  in d i l u te s l u r r ies  was m easur­
ed .  H owever ,  they c la im that  such a n  accu racy is  
adequ ate for process control p u rposes,  a l t h o u g h  not 
suff ic ient  for q ua l i ty  control of t h e  p rod uc t .  T h e  i n i t i a l  
tests o f  Ashscan fo r p racess cont ro l  of f roth f lo ta t ion 
have shown p romise . 

l n  the  U n ited S tates today,  a u tomat ion  of coa l  p re­
parat ion faci l i ties  with mon i tor i n g  and  co ntro l  of raw 
coa l feed-forwa rd and  p roduct feed back  i s  a l m ost 
nonexisten t .  Th ere i s  a g rowi n g  awa reness .  however ,  
that  manua l  control of  preparat ion p l a n t  o p e ra t ion 
becomes more im p ract ica l  a n d  less  effi c i e n t  a s  raw 
coa l s  s imul taneous ly become f i ne r ,  d i rt i e r ,  a n d  wette r 
wh i l e  market req u i rements  become more s t ri n g e n t .  
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l n  fa i rness  t o  c o m p e t e n t  p l a n t  operators who strugg le 
to m a x i m i ze  y i e l d  w i t h o u t  the a i d  of i nstru ments o r  
com p u te rs ,  the  task  i s  b eyond the  m a n ua l  con tra i  
leve l . 

l n  t h e  U . S . ,  the  E l ec t r i c  Power Resea rch l nst i tute 
and t h e  D e p a rtment  of  E nergy a re sponsor ing 
prog ra m s  w i t h  an u l t i m a te goal  of  a fu l ly  a u tomated 
coa l prepa ra t i o n  p la n t .  W h i l e  some i nstru mentat ion 
deve l o p m ent  is  s t i l l  req u i re d ,  the fact i s  that  there is a 
wo r ldw ide  e ffo rt i n  i n s t r u m ent  deve lopment .  The 
Na t iona l  Coa l B oa rd repor ted ly  has a bout  seven coa l 
prepara t i o n  p l a n t s  o n - l i  n e  w i th  some type of com pu­
ter co n t ra i .  l t  is now the Boa rd ' s  pol icy that a l l  new 
pla n ts w i l l  u t i l i ze c om p u te rs ra the r  than hard -w i r i n g .  
l n  West G e r m a n y ,  w o r k  i s  be i n g  ca rr ied ou t  i n  t h e  
deve l o p m e n t  of  a u to m a t i o n ,  in stru m e n tatio n ,  a n d  
co nt ra i  sys t e m s .  O n e  G e r ma n f i rm h a s  a system fo r 
close d- loop  contra i  of a j i g  v i a  m easu rement  of the  
ash co n t e n t  i n  o n e  '.)f the  c lean  coa l output  strea ms .  

The  pa per  hy  rv1 � .  l< ato of  the  M i tsu i  Coa l  M in i n g  
Company of J a p, , 1  d escr i bes,  i n  d eta i l ,  a p ressu re 
f lota t i o n  p rocess hr waste water  treatr,1en t .  Th is p ro­
cess has  been su-..· ·:essfu l l y used at the  M atsu i Pre pa­
ra t i on  Pl a n t  s i n ce  l',1 a y  1 9 7 6 .  T h i s  is the f i rs t  app l ica­
t i on  of p ressu re f iota t i o n  tech no logy in a coa l prepa­
ra t ion  p l a n t . l t  may be  t h a t dewater ing and waste 
water t reatm en t  have p rov ided m o re new i n novative 
p rocesses a n d  tech no logy  chang es than  any oth e r  
phase o r  u n it  o p e rn t i o n  o f  c o a l  preparat ion ,  inc lud i ng 
the act u a l  c l ea n i n g  s te p .  T h e  reasons  for th i s  em pha­
s is a re g e n e ra l l y  o f  eco n o m i c  or env i ron menta l  or ig in 
and a re oft en a d i rect outg rowth of the ever 
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decreas ing  s ize consist  of  t h e  raw coa l b e i n g  rece ived  
at the  prepa ra t ion  p lan ts .  

l n  the U . S . ,  i t  is  beco m i n g  i n crea s i n g l y  d i ff i c u l t ,  i f  
not i m possi b le ,  to obta i n  a perm it  to d i scha rg e  t h ick­
ener  u n derf low in to a s lud g e  (b lack wate r) p on d .  T h i s  
reg u latory demand fo r tota l l y  c losed  wat e r  c i rc u i ts 
has led to the adopt ion ,  i n  t h e  U . S .  wa s h e r i e s ,  o f  p l a te 
f i l ters a n d  cont i n u ou s  be l t  p ressu re f i l te rs ,  t ec h n o l o­
g ies genera l ly  i n t rod uced in to  E u ro pe a n  w a s h e r ies ,  
p lus the develop m e n t  of new t h icken e rs a n d  new 
h ig h-molec u l a r  we i g h t  f loccu la n ts .  The p rocess  
descri bed by M r . Kato  is  a n  exc e l l e n t  exa m p l e  o f  the  
type of  tech no log ica l  deve l o p m e n ts that  f u tu re p l a n ts 
may req u 1 re .  

1 am cog n izant  of the  tact t h a t  c o a l  p re p a ra t i o n  is  
not as wide ly used i n  the U . S .  as i t  is  in  m a n y  of t h e  
nat ions represented at  th i s  confe r e n c e ,  b u t  I a m  c o n ­
f ident t h a t  the m e ri ts o f  t h e  tech n o l o g y  w i l l  b e  re­
cog n ized a n d  i ts use a cce le ra ted  in the U . S .  
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Coa l U t i l i sa t i o n  

Dr. A . D .  D A I N T O N 

IN TRODUCTION 

The pa pers on  coal  u t i l isat ion at th is conference 
dea l with a wide ran g e  of app l ications, but it is not 
surprisi ng to fi n d  in them a number of strong co rn­
mon themes a n d  obj ect ives 
1 )  the d i rect su br.- .i tu t io n of coal for f lu id fuels 
2) overa l l  energ y �onse rvat ion by the improvement 

of effic iency 
3)  protect ion  of the env i ro n ment .  

Most of  the papers dea l  with some aspect of the 
com bust ion of coa l ,  and a l though they are status re­
ports on  R & D progra m m es,  it is noteworthy that 
some of the tech n o log ies d iscussed are a lready being 
app l ied in p ract ice ,  or cou l d  be app l ied in  the rela­
tively near fu tu re .  

The oth er m a i n  c lass of coa l tech nology, conver­
sion to f l u i d  fue ls ,  wi l l  be essent ia l  for the supply of 
specia l  ma rkets such as tra nsport fuels,  but such 
processes a re sti l l  som e  way off from com mercial 
appl icat ion . I f  coal u t i l i sat ion is to increase at the rates 
sugg ested at the  recent  Ven ice S u m m it Meet ing,  
then i t  m ust be ,  over the  next two decades, ma in ly in 
direct use as a sou rce of heat, and th is is the dom inant 
theme of the  papers i n  th is  sessio n .  

This genera l  re port seeks t o  summarise the main 
featu res of the pa pers, but  i t  does not necessa rily 
discuss each paper  separate ly .  Tapies are reviewed i n  
the context o f  a n u m ber  o f  ma rket a reas, arra nged i n  
order o f  p robab le  ma rket s ize .  With in  each market 
area, i n form at ion  from a n u m ber of the papers may be 
summarised a n d  d i scussed , so that tap ies of common 
interest can be e m phasised,  and d i rect compar isons 
between the  var ious nat iona l  R & D programmes can 
be made . 

• Director, Coal Resea rch Estab l ishment, National Coal Board . 
Stoke Orchard , Che ltenharn, G los .  G L  52 4RZ, Great Britain . 

Annales des Mines de Belgique 

PO WER GENERA T/ON 

Pulverised- fuel Firing 

Most coa l-fi red power sta t ions  a re fi red by  p u l­
verised-fuel , and th ere is  very wide i nte rest i n  t h e  
contrai of po l l u t ion by these p lan ts .  J a pa n  h a s  s o m e  
of the most rigorous po l l ut ion-co ntro l  l eg is la t io n ,  a n d  
Ki mura et a l  ( 1 ) review prog ress i n  t h e  con tra i  o f  t h e  
em issions of the oxides o f  n i trogen  a n d  s u l ph u r , a n d  
of particulates . 

l n  seeking methods for contro l l i n g  N O x , a wet  
process for s imu ltaneous rem oval  o f  N O x a n d  S O x h a s  
been tested , but  was a b a n d o n e d  because o f  
comp lexity, a n d  presumab ly  h ig h  cost .  Se lect ive ca­
ta lytic red uction of N O x by a m m o n ia h a s  b e e n  fou n d  
to be satisfactory, and a f ixed bed of cata lyst  i s  p re­
ferred to a m ovi ng bed of pel lets .  b eca use of  t h e  
tendency of the latter t o  beco m e  b locked by  f i n e  d ust . 
With the f ixed bed system ,  d ust  ca n b e  r e moved 
either before or  after the cata lyt i c  reacto r. 

For SO x contra i ,  two p rocesses h a ve b e e n  fou n d  
satisfactory. The f i rst is l i m estone scru b b i n g  w i t h  
gypsum recovery, the stack-gas be i n g  re-heated i n  a 
recu perative heat exchanger  to avoid the  u s e  of a n  
after-bu rner .  The second favou red m ethod i s  d ry S 0 2 

removal by an act ivated carbon ,  w i th recovery of e l e­
mental su lphur .  Th is p rocess i s  c la i m ed a l s o  to re­
move N Ox . 

For contrai of part iculates. new d ev ices for  i m pro­
vement of electrostat ic  p rec ip i ta tors ( E S P) a re refer­
red to, but no  operat ing  exper ien c e  i s  m ent ion e d .  
When am monia i s  be ing used t o  cont rol  N O x , a m m o­
n ium salts may cause prob lems i n  the  opera t i o n  of  
bag f i l ters and cou ld  necessitate care i n  the d is p osa i  
of co ll ected ash and the  res idues of  fl u e  g a s  d e­
su lphurisat ion (FG D) . The a u th o rs favour  a b io l o g ica l  
den i trification process for t rea tment  of  a q u eo u s  ef­
fluents. 

Anna/en der Mijnen van Belgili 



The authors rightly stress the i m porta nce of test ing 
integrated systems i n  which a l l  three g roups of pol l u ­
tants are removed.  They describe th ree in teg rated 
clean-up systems wh ich are to be tested . 

ln the f irst. wh ich is te rmed the low-d ust de-n itr i f i ­
cation system, the off-gases from the bo i l e r  pass f ir  t 
through a hot ESP ,  then the sel ctive cata lyt ic redu -
tion reactor to reduce NO, .  fol lowed by the a i r  p re­
heater and f i na l ly a wet FG D s stem \ ith recuperativ 
reheat of the stack-gas. The authors wou ld  fa o u r  this 
method if a clean-up system had to be bu i l t  toda . . 
Tests on a 2 50 MW boi ler a re schedu led to srn rt i n  
June 1 9 8 1 . 

The two other options are a lso to be tested . 1 n the 
h igh-d ust de-n itr i f i cat ion system . the E S �  is s itu ted 
down-strearn of the a i r-preheater,  and there is a 
pro , ision for trea tment of ammon i u m  salts in  the 
col lected ash . 

The th i rd option is the d ry fl ue-gas desu lphurisation 
system. Boi ler otf-gases f low fi st through the a i r  
preheater and a pr imary dust col lector .  Ammon ia  is  
added . and the mixture then passes over act ive ca rbon, 
removing both S0, and N O, .  fo l lowed by a bag f i lter 
clean-up of pa rticu lates before the gases a re rejected 
at the stack .  The G overn ment of Japan p lans to test 
this system in a 1 2 5 MW coa l-f i red p lant .  

The Japanese work has  many common featu res 
and objectives with the E P R I  p rog ra mme o n  a i r  qu a­
l i ty contro l ,  described in the paper by Balzhese r and 
Loth (2) . For control of N O.,  E P R I  a re work ing on 
prototypes of l ow N O ,  com bustors. and i nvestigat ion 
of catalytic NO, removal from f lue gases wi l l  sta rt th is 
year in  a new 2 . 5  MW in tegrated emission contrai 
demonstration un it .  

ln the f ield of fl ue-gas desu l ph u risation , E P R I  has 
major efforts in the investigation of fou r  p rocesses. 
One of these , the a queous carbonate process. has 
been satisfactori ly developed at the 5 MW sca le .  and  
a demonstration project on  the 1 00 MW sca le is 
sch edu led to start in 1 9 8 2 .  

E P R I  work o n  the contrai of part iculates centres o n  
the improvement of electrostatic p rec ip i tators .  with 
particular emphasis on the col lection of subm icron 
particles. Methods under development inc lude a h igh 
intensity ioniser, f ine particle agg lomeration .  new 
gas-conditioning add itives. and opt imisation of ra p­
ping techniques. A com mercia l-scale ion iser i s  c u r­
rently being tested at one of the statio ns of the 
Tennessee Valley Authority . Other work is  on the 
evaluation of f i lter bags, which may p rove to be 
cheaper and more rel iable than ESP ' s  with coa ls of 
h igh resistivity ash . 

EPR I  see improved methods of coal c lean i n g  as a 
way of increasing boi ler rel iab i l ity and  ava i l ab i l i ty, 
and an aid to better contrai of emissions .  Th is  
prog ramme includes the desi g n ,  construction ,  and 
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operat ion of a h i g h l y  f lex i b le  coa l - c le a n i n g faci l ity to 
process 4 - 2 0  t / h  of steam coa ls ,  a n d  construction is 
expected to be com p le te by m id - 1 9 8 1 . T h e re is also a 
progra m me of eva l ua t ion  of a 1 2 0 0 t /  h coa l -c leaning 
p lan t which p roduces two p ro d u cts of O .  9 % S and 
2 .  2 ,'ci S respective l y .  

Coal- oil Mix tures 

If coa l is to re p lace o i l  i n  power  g e n e rat ion  and 
large industr ia l  a p p l i ca t ions .  can  ex i st i n g  bo i l ers be 
adapted to coa l -bu rn i ng  o r  m u st we b u i l d  new coa l­
f i red p lan t  ? The p rob lems of ret rof i tt i n g  a bo i le r  de­
s igned for o i l  to b u rn coa l  a re fo rm i a b le i n  the ex­
tre me. and a n  attract ive part ia l so l u t ion  i s  offe red by 
the use of coa l -o i l m ixtu res (C O M ) . - � h e  1 J S Depart­
ment of E nergy ( D O E )  p rogra m m e  or, CC. ··,_:\ i s  descri­
bed in the paper  by Voelk e r  a n d  F ree ·· 1 m<" · {3 ) . 

The D O E  p rogra m m e  recogn i ses tr .:t cc: . version to 
com p lete coal fi r i n g  is p refera b l e ,  b .. i l ,  wi • 8n such a 
conversion is not ach ieva ble then CO IV1 , ·, ch n o logy 
wou l d  per m i t the max i m u m  pract ica l  a m o u n t of coa l  
to be su bsti tu ted for o i l . T h e  use o f  C O M rn a y  neces­
s itate derati n g  the bo i ler ,  beca use of  c h a n g e  i n  the 
f lame characterist ics a n d  tem pera tu re d i str i bu t ions, 
and  the deposit ion of coa l ash h ea t  tra nsfe r  su rfaces. 

The D O E  esti mate of m a rket poten t i a l  fo r coa l  used 
in C O M  in the  U n ited S tates is a bo u t  3 5  m t / a , 
su bsti tuti ng for 3 8 6 , 0 0 0  bb l / d a y  of  o i l .  The 
geogra p h ic d i stri b ut ion of the m a rket w o u l d  enable 
the use of Appa lach ian  coa l  wi th  m o d e ra te s u l phur  
content a n d  h ig h  ash fus ion  po in t .  p rope rt ies wh ich 
a re favou rab le  for use in C O M  w h i l e  m eet i n g  envi­
ro nmenta l regu lat ions a n d  m i n i m is i n g  d e ra t i ngs .  

Of  the  potent ia l  U S  m a rket. a bo u t  o ne-t h i rd o f  the 
capaci ty was or ig i n a l ly d es ig ned  for  c oa l ,  a n d  there­
fore wou ld  n ot be expected to p rese n t  a n y  p a rt icu lar 
prob lems .  The  rem a i n ing  p l ants, o ri g i n a l l y  d esig ned 
for o i l ,  have been d iv ided in to two types 

1 )  Type 1 ,  in wh ich a n u m ber  of i m p o rta n t  pa ra­
meters. i n c l u d i n g  the fu rnace h eat-re lease ra te and 
the su perheater t u be spac ing . a re not  fa r re m oved 
from those of pu lverised fue l  bo i l e rs ,  a n d  

2 )  Type I l ,  des i g ned with su bsta nt ia l l y  h ig h e r heat 
re lease rates a n d  c loser su perh eater t u be spac ing . 

The core of the D O E  p rogra m m e  i s  a ser ies of 
techn ica l  a n d  economic  d e m onstrat ion s .  Two l a rge­
sca le  demonstrat ions o n  boi lers d esig ned fo r coa l are 
reported .  a n d  these h ave y ie lded usefu l  i n fo rmat ion 
not on ly  o n  com bu stio n  perfo rm a nce .  but  a l so on the 
preparatio n  and  transport of CO M .  Other  tests on 
o i l-designed bo i lers of  types I a n d  I l  a re to b e  m ad e  in  
the futu re .  Wor ld  i nterest w i l l  certa i n ly be  very g reat 
in  these cruc ia l  tests . At a p i n c h ,  a coa l -d es ig ned 
boi ler now b u rn i ng o i l  can a lways be switche d  b ack  to 
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coa l .  l t  is the  o i l -des ig ned  bo i l e rs which constitute the 
rea l prob lem . l n  the  meant ime ,  however, encour­
ag ing resu lts h a ve e m erged from tests of COM in a 
24 ,000 l b /  h stea m bo i l e r  at the P i ttsburgh Energy 
Tech no logy Centre .  N o  t u be fou l ing has been found 
in bu rn i n g m i x tu res conta i n in g  40 % of coa l .  Th is is 
ascr ibed to low gas tem peratu res leaving the com­
bustio n  c h a m b e r  as a resu l t  of more ra pid ign it ion 
than a pf f l ame because of the o i l ,  and more radiation 
from the f la m e  than  o i l ,  because of the presence of 
particu lates .  E m iss ions have been found to be those 
expected by add i t i on  of the sepa rate o i l  and coa l 
co nsti tuents ; that  is  to say, the sta b i l is ing agents 
em p loyed do not g ive r ise to addit ional  em issions.  

As wel l as  d i s p l a c i n g  o i l ,  C O M  g ives an opportun ity 
to meet loca l S 0 2 em iss ion req u i rements by co mb in­
irig 8 h i g h  su l ph u r  r:oa l  wi th a low su lphur  o i l ,  or vice 
ve1 <:a . Howeve r, th:;  p resence of the coa l requ i res the 
use of a bag hou se cr ES P fo r the contrai of part icula­
tes . 

Fluidis,,.d Bed Combus tion 

Deve lopments of f l u i d i sed-bed combustion fo r po­
wer genera t ion  c o nt i n u e .  The  la rgest atmospheric 
pressure u n i t i s  st i l l  the 4 -cel l bo i ler  at R ivesv i l le .  
Voelker and F reed m a n  (3)  re port that after some de­
lays, the coa l -feed system has been improved, and a 
1 3 2-ho u r  run  with 3 ce l l  operat ion at 7 5  tons of 
stea m a n  h o u r  was ach ieved in  February th is yea r .  

DOE ,  i n  con ju nct ion  wi th  the Te nnessee Val ley 
Authori ty, have spo nsored conce ptual designs of 
fu l l -sca le p lan t ,  a n d  TVA expect to operate a 20 MW. 
pi lot p lan t  i n  1 9 8 2 .  A 200 MWe demonst ration plant 
cou ld be rea dy i n  1 9 8 6 ,  and ,  with luck, the fi rst 
ful l -sca le f l u i d i sed bed u t i l i ty p lant  can be co mp leted 
with in th i s  d e ca d e .  

E P R I  a re pa rt i c i pa t i ng  i n  th i s  TVA prog ram me .  l t  is 
nota ble that  p r i m a ry f i nes recyc le is preferred to a 
carbo n b u rn-u p ce l l resu l t ing  in cost sav ings, and 
EPR I a re hopefu l that  atmospheric f lu id ised bed 
combust ion w i l l  be economica l ly  com petit ive if the 
stri ngent env i ron menta l  controls p rojected fo r the US 
in the mid- 1 9 8 0 ' s  s h o u l d  materia l ise . 

Pressu rised f l u i d i sed-bed combustion (P FB) offers 
the p rospect  of h i g h er eff ic iencies than atmospheric 
systems, some advantages in S 0 2 retention ,  and 
lower emissions  of N O x . At p resent ,  th e main activity 
in the U S  on p ressu rised beds is the p i lot p lant being 
bui l t  at the C u rt i ss-W rig ht  p lant .  Th is  is an a i r  heater 
combined cyc le  p la n t  i n  wh ich  a i l  the energy obta ined 
by coa l com bust ion  goes in to gases pass ing into a gas 
turbine, one t h i rd of the  gas being the products of 
combusti o n  i n  the  f l u id ised bed, and two-th i rds of the 
gas being a i r  h eated in sta i n less steel i n-bed tubes. l n  
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such a system , one might  have ant ic i pa ted mater i a l s  
problems a t  the  hot end of the  s u b m erg ed a i r-coo led  
tubes, but the decision to  g o  a h ead w i t h  t h e  p i l ot 
plant im pl ies that these p rob lems have been  so lved 
and the development wi l l  be fo l l owed wi th  t h e  
greatest interest . 

The I EA P F B  p roject at  G rimethorpe  i n  E n g l a n d  is 
spo nsored by the Un ited S tates, the  Federa l  R e p u b l i c  
of Germany a n d  the U n ited K i n g do m .  T h e  p la n t  i n­
cludes a 2 m square p ressu rised bo i l e r ,  h ea v i l y  i n ­
strumented , and  fac i l i t ies for tes t i ng  t h e  off-ga s es 
after clean-u p .  Construction of t h e  p l a n t  i s  c om p lete 
and the comm ission i n g  p ro g ra m m e  i s  u n d er way .  

DOE feel that, at  the p resen t  stag e  o f  d ev el o p m e n t, 
it is not possib le to d iffe rent iate c lea r ly b etween t h e  
econom ics of atmospher ic  a n d  p ress u r ised f l u i d is­
ed-bed systems .  However, both a re exp ected to p ro­
duce electricity at  a cost 1 0 % to 1 5 % less t h a n  
pulverised-fuel  p lants with scru b bers .  

Combined Heat  and Po wer 

(D i str ict H eat i ng )  

The arguments i n  faveu r o f  d istr ict  h e a t i n g  s u p ­
pl ied by powe r sta t ions a re m a d e  in  t h e  p a p e r  b y  
Bothe (4) . Low temperature h ea t  d e m a n d  a c c o u nts 
for 40 % of the tota l pr imary en ergy consu mp t i o n  i n  
the Federal Repub l ic  of G erma ny,  a n d  d ist r ict h ea t i n g  
from coal-fi red power stat ions  c o u l d  m a ke a s i g n i f i ­
cant contri bution in  reduc ing  o i l  consu m pt i o n  a n d  in  
making overa l l  energy sav ings .  

A com parison is  made  b etween a c o n d e n s i n g  
power p lant  p roduc ing 1 00 M W  of e lectr i c i ty a t  a n  
efficiency of 3 8  %,  and  a d i str ict heat i n g  p l a n t  a ls o  
producing 1 00 M W  o f  electr ic i ty a n d  1 6 2  M W  o f  
sa leable heat a t  a n  overa l l  effi c iency o f  8 3  % . M o re­
over, the su pp ly of heat  fro m  such  a c om bi ne d  p l a n t  
would enta i l  the consu m pt io n o f  o n ly 2 0  % o f  t h e  f u e l  
req u i red by i nd iv idua l  heat i ng  p la nts a t  t h e  p o i n ts o f  
consu mption .  The  env i ron  menta l  a dva nta g es a re a l so  
considerab le .  l n  the fi rst p lace,  e m iss ion of p o l l u ta n ts 
would be red uced in p roport ion  to the  fue l  sav i n g . 
Second ly, the control of e miss ions c a n b e  a c h ieved 
more read i ly  i n  large  centra l ised p l a n t  than in  s m a l l  
un its. Th i rdly, such emiss ions that a re m a d e  w i l l  b e  a t  
greater heights a n d  t h u s  have l ess  loca l i m pact .  F i ­
nal ly, the convenience to the  domest ic consu m e r  a f­
forded by d istrict heat ing cannot be b ette re d  by a n y  
other heating system .  

D istrict heat ing developed ra p i d ly i n  G erma n y  in  
the years fol lowing the Seco nd Wor ld  Wa r .  The con­
nected load in  1 9 78 was 2 5 , 800 MW of h eat .  78 % 
of heat generated was by the  com b ined  hea t  a n d  
power princi p le,  a n d  2 2  % from stat ions  s u pp l y i n g  
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heat only .  Although the Federa l Repu b l i c  has  the lar ­
gest connected load in  Western Europe, the specif ic 
load ,  i . e . per un it of popu lat ion.  is smal ler  than thc1t in 
Sweden and Oen mark . The l a rgest use of d istr ict  
heating is found i n  some countr ies of the Eastern 
bl c. 

A study of d istr ict heat ing in the Federa l Repub l i c  
has hown that by 1 9 90. the demand for low tempe­
rature heat ( 200QC) w i l l  corre pond to a tota l ca­
pacity of 43 1 GJ / s  of which about 1 0  % ou ld  be 
supp l ied by existing d istrict heating or i ndust r ia l  CH P 
insta l lat ions . A fu rther 7 2 % of the requ i rement 
wo uld be techn ica l ly su i table for d istrict heat i ng . in­
d icati ng the enormous potent ia l  for expansion . The 
study conc luded that coa l w i l l  be the pr ime fuel  
sou rce for the growth of d i strict heatin g .  contri but ing 
about 50 % of the tota l fue l ,  but s i nce the co mp letion 
of the study, i t  is  now fe l t  that because of the steep 
rises in the prices of oi l  and gas,  coa l w i l l  eventual ly 
play a sti l l  larger rô le .  

The greatest expansion i s  expected to occu r i n  the 
1 6  large u rban areas wh ich are a l ready su pp l ied with 
d istrict heat ing , but in addit ion there are about 50 
med iu m-sized towns wh ich are su i tab le for new in ­
sta l lat ions . 

F l u id ised-bed f i r ing is  favou red for futu re develop­
ments because i t  can consume ai l  grades and qua l i ­
t ies o f  coal economica l ly  in  an environmenta l l y ac­
ceptable manner ,  and an interest ing exem ple of th i s  
th ink ing  is  the demonstrat ion p lant  a t  Vë lk l i ngen 
which is now under co nstruction by Saarbergwerke 
A.G .  This novel p lant wi l l  employ both gas and stea m 
turbines. and is  designed for an elect rica l output of 
220 MW and a heating  output of 1 50 MJ / s .  Steam 
is generated by a comb ination of pu lverised fuel f i r ing 
and an  atmospheric f lu id i sed bed,  and a i r  for  the gas 
turb ine i s  a l so heated by the f lu id ised bed . The overa l l  
design has the particu lar  objective of maxi m is ing  the 
protection of the environment 

A very i nterest ing development for the futu re is the 
construct ion of d i strict h eat ing M aster Lines in the 
Ruhr and the Saar, connecting severa l a reas of heat 
load and faci l i tat ing the use of  h ea t  from large power 
stat ions,  as wel l  as waste h eat from i n d u st r i a l  p ro­
cesses. For example ,  the Saar  D i str ict H eat ing M aster  
L ine is  to connect th e ma in  u rban centres  of the S a a r  
a n d  Sutzbach va l leys, us ing waste h e a t  f ro m  a S a a r­
be rgwerke coking plant and  eventua l l y  h ea t  f ro m  t h e  
new Vô lk l ingen demonstrat ion p l a n t  a n d  othe r  coa l ­
f i red services. The p lans for th ese M aste r L i nes in  
bath the Ruhr and the Saar  a re i m p ress ive a nd 
forward-looking .  

The  paper does not d iscuss cap i ta l  costs. A s u rvey 
made in the Un ited K ingdom esti mated it wou l d  cost 
E3,000 mi l l ion (at 1 9 7 6  p ri ces) for t h e  d istr ib ut ion  
mains to  supp ly  25  % of  the  U K  popu la t ion  wi th  
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distr ict hea t ing . W h  i le  t he re i s  c l e a r l y  a case for a 
n iove to coal from fue l  o i l .  i t  w ou l d  be  u se f u l  to have 
up-to-date cap i ta l  est i m ates i n  o rd e r to m a ke the 
com par i son  with som e  eq u a l l y  ra d ica l a l te rnative 

uch c1s nuc lear  power a n d  a l l -e lect r ic  d o m est ic heat­
i ng .  l t  wou ld  a lso be i n teres t i n g  to k r  ow how an 
appro ch i s  made to the  p ro b l e m s  of m a tc h ing the 
power and h eat demands ,  a n d  of s u p p l y i n g  the low 
u mmer  heat demands  t h ro u g h  a n  e x t e n s ive pipe 

netwo rk. with p roport ionate ly h ig h  h ea t  lasses . 

L onger-range Technologies 

Ba l zh i ser and Loth (3) d escr i be  E P R I  p ro g ra m mes 
a imed at the deve lopment  of com b i n e d  cyc l e  genera­
t ion us ing  coa l gasi f i cat ion  a s  the  f i rst  ste p .  T h e  major 
project is the des i g n ,  co nstruct i o n  a n d  op erat ion  of a 
1 00 MW,. sca le Texaco gas i f ie r  wh ich  i s  a r, ressu ri sed 
entra i nment system . Construct ion  w t l :  sw rt  i n  1 9 8 1  
and be com pleted by 1 9 8 3 .  E P R I  i s  a l so s po nsoring 
tests of the Br i t i sh  G a s  f i xed- bed s la g g i n çi  gas i f ier, 
and the two-stag e  atmosp he r ic p ressu re e n tra in ed 
gas i f ier  developed by Com bust ion  E n g i neer i n g .  

l n  coa l l i q uefact ion  tech no log y  E P R I  i s  co-fund ing 
work on the S R C  process, the  H -coa l  p rocess  a n d  the 
Exxon donor process .  w i th the  p r i m a ry a i m  of p rodu­
cing a fuel  for com b ust ion t u rb i n es to m eet pea k and 
i ntermediate loa d s .  Work is a l so u n d e r  way on  deve­
lop ing tu rb i nes for coa l -der ived gaseous  a n d  l i q u id 
fue ls .  w i th  some em phas i s  on  t h e  m i n i m i sa t ion  of 
NO,  fo rmat ion wi th  these fue l s  of re la t ive ly  h igh 
n i t rogen conten t .  

F i na l ly ,  E P R I  a n d  D O E  a re su p port i n g  w o rk o n  fuel 
cel l s  to be u sed in com b i ned cyc les in co n j u nct ion 
with coa l gas if ie rs .  

/NDUS TRIAL S TEAM-RA ISING 

F u l l-scale power s ta t ions  u s i n g  f l u i d i sed-bed 
com b ust ion may sti l l  be  a bo u t  a decade away ,  but 
f lu id i sed-bed i nd ustr ia l  bo i l e rs a re enter i n g  the com­
merc ia l  s tage now .  T h i s  view i s  e i ther  i m p l i ed  or ex­
p l ic i tl y  stated in the pa pers by  Voe lker  a n d  F reedman ,  
Bothe, and Kaye (5) . 

Kaye descr ibes the extens ive U K  p rog ra m m e of 
i ndustr ia l  bo i ler  deve lopment .  Th i s  h a d  i t s  o ri g i n s  i n  
research by  t h e  N at iona l  Coa l Boa rd , b u t  i n  recent 
yea rs severa l boi ler  manufact u rers have been i n vol­
ved , some in col l aborat ion wi th the N C B ,  a n d  others 
mak ing i ndependent deve lopments . Beca u se t h e  na­
ture of f l u i d i sed beds favou rs a verti ca l  g eo m etry, 
most progress has been made with vert i ca l s h e l l  boi­
lers .  ln 1 9 7 7 ,  the N C B  desi g ned two such  b o i l e rs, 
one fo r steam and one for hot water, a n d  i n sta l l ed  
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them in  comm erc ia l  s i tes . Deve lopment contin ued 
over 1 5 , 0 00 h o u rs of o perat ion ,  mostly in the im­
provement  of a u to mat ic  sta rt-u p and load contrai . 
This prog ra m me i s  now com p leted and the bo i l ers are 
to be handed over to the h ast compan ies for fu l ly 
com merc ia l  o pe ra t io n .  

Ar is i ng  from the exper ie nce ga i ned i n  th is exercise, 
Vos per-Thornyc roft h ave des ig ned a ra nge of vert ical 
shel l bo i le rs .  T h e  f i rst m odel . rated at 4 . 5  MW, has 
been in sta l l ed in a Lo ndon d istr ict heat ing scheme, 
and it  is p l an ned to i nsta l l  f ive m o re du ring th is year. 

Most she l l b o i l e rs in use in the U K have ho rizontal 
shel ls, and  the p rob lem of f i r i ng  such a boiler with a 
fluid ised-bed has been a p proached by a number of 
compan ies i n  d i ffe rent ways . For  examp le ,  Northern 
Eng i neeri ng I n d ustr ies su pp ly  f l u id is ing air through a 
sha l low p len u m  c h a m b e r  ly i ng on the bottom of the 
fire-tube,  wh i l e  E n e rqy E q u i pment Ltd . use an ar ray of 
ho rizontal sparge p i pes su bmerged in the bed . Both 
com pa n ies have rec ; ; ved commerc ia l  orders for their 
bo i lers . Vospe r-ïh o ·· •1yc roft have ju st constructed the 
fi rst of a ra n c: of bo i l e rs in wh ich the shel l  is of 
horse-shoe cross-se ;.:;t io n with the f lu id ised bed in a 
trough und ern eath . i t  i s  expected that th is design wi l l  
be satisfactory fo r bo i l e rs u p  to 20  MW in output .  

Smal l  water-t u be package boi le rs . inco rporating a 
ceramic  t i l e  a i r  d i str i bu to r  a re ma rketed by Stone­
Platt F lu idf i re .  Two h ave been supp l i ed to the U S  and 
one is cu rrent ly b e i n g  com m issio ned at a factory in  
Engla nd .  B a bcock  Powe r Ltd . have the longest expe­
rience of f l u i d ised beds a m ong U K man ufactu re rs , 
and they a re offe r i n g  water-tube bo i lers and bo i ler 
conversions on a com m e rc ia l  basis .  with outputs up 
to 1 5 0 MW of stea m .  R ecent ly Ba bcock 's have 
turned the i r atten t ion  to packaged boi lers for the 
smal ler  i ndu str ia l  consumer ,  a n d are construct ing a 
composi te bo i l e r  w i th  a water-tube wa l l ed combus­
tion chamber  co n ta i n i n g  a f l u i d ised bed, from wh ich 
flue gases pass to a convent iona l  two-pass horizontal 
shel l .  Th is  f i rst u n i t w i l l  be of 4 . 5  MW output, but it is 
hoped that the  g en e ra l  concept  wi l l  be usefu l up to 30 
MW. 

These a re a few exa m p les of the U K f lu id ised-bed 
boi lers descr ibed by Kaye . S i n  ce U K leg islation re­
stricts g round- level  concentrat ions of S0 2 , but not 
em issions, th ese bo i l e rs do not incorporate su lphur 
retention ,  b u t  w h ere bo i l e rs a re being exported , e .g .  
to the U S ,  fac i l i t ies  for  ' i m esto ne addit ion are includ­
ed .  Altog eth er, th e ra n g e  of i nd ustria l boi l ers either 
bu i ld ing or i n sta l l ed in the  U K va ry in  si ze from 1 . 2  
MW to 3 0  M W .  

Voelker a n d  F reed m a n  (3) l i st f ifteen coal-fired 
atmospheric f l u i d ised bed u n its in  the U n ited States 
which a re releva n t  to i n dust ria l steam-ra ising . The 
water-tube bo i l e r  a t  G eorgetown Un iversity 
( 1 00,000 l b  ste a m  / h) was sta rted u p  in the su mmer 

l / 1 9 8 1 

of 1 9 7 9 ,  and i n  the fi rst s ix months  a c h ieved 1 5 0 0  
hou rs of operation .  l t  i s  reported tha t  ava i l a b i l i ty h a s  
been excel lent for a new coa l-f i red b o i l e r , a n d  8 5  % 
su lph u r  retent ion has been a tta i ned . T h e  Foster 
Wheeler Corporat ion is offe ri n g  water-tu be A F B  
boi l ers, l i ke Ba bcock Con tracto rs , i n  s izes ra n g in g  
from 1 5 to 1 5 0  M W  (therma l } .  

l n  smal ler t i re-tube bo i lers ,  the  J o h n sto n b o i l e r  
company is  offer ing boi lers in  the  o u t p u t  ra n g e  3 t o  
1 5  MW. The bo i l er  has a confi g u ra t ion  s i m i l a r  to  a 
locomotive u n it .  T h ree of these b o i le rs a re n o w  o p e ­
rat ional in com mercia l  s i tes, a n d  i t  i s  u n d erstood t h a t  
a number  of others a re o n  order .  T h e  3 M W  J o h n ston  
prototype has been operati n g  s i n ce S e p te m b e r  
1 9 7 7 .  a n d  has burn t  a w i d e  ra nge  of  f u e ls s u c cess­
fu l ly .  inc lud ing waste mater ia l s .  

One importa nt feature of t h e  f l u i d ised b e d  i s  i t s  
capacity to burn low g rade fue ls , and  two of the  U S  
un its now under construct ion  a re d esi g n e d  to u s e  
waste material from anthrac ite c lea n i ng o pe ra t i o n s .  
The German p rog ra m m e  on f l u i d ised beds i n c l u d es 
the design of a 3 5  MW p lan t  fo r the  co m bu st i o n  o f  
wastes from a coa l p reparat ion p l an t ,  a n d  i n  t h e  U K a  
design study has recent ly  been com p leted o n  a 
fu rnace to burn 3 0  tons/  h of f ine  ta i l i n g s  from 
froth-f lotation cel l s .  

Besides the German contr i bu t ion  to t h e G ri m e­
thorpe faci l ity, and the Vo l k l i ngen p l a n t ,  w h i c h  h ave 
bath been mentioned earl ier ,  the Federa l  R e p ub l i c ' s  
prog ramme inc l udes f ive other a tmos ph e ric  f l u i d ised 
bed boilers , e i ther  in  operat ion or  d es ig n e d ,  ra n g i n g  
i n  output from 6 to 1 4 5 M W .  l t  i s  c lea r t h a t  a rap i d  
expansion of f lu id ised bed f i r ing  i n  i n d u st r i a l  b o i l e rs 
can be expected over the next  few yea rs . 

PROCESS HEA T 

Drying 

Drying processes of va r ious k inds  a re used wide ly 
in industry and ag r icultu re a n d  s i m p l e  coa l-f i re d  
furnaces can b e  used with advantage ,  p a rt i c u l a r l y  i n  
appl ications wh ere the hot f u rnace g ases corne i n to 
direct contact with the p roduct to be  d ried  a n d  t h e  
presence of smal l  amou nts o f  f ly-a s h  a re accepta bl e .  
The requ i rements of such syste ms can b e  rea d i ly m e t  
with a f lu id ised-bed fu rnace i n  wh ich b e d  tem pe ra ­
tu re i s  control led by the use o f  s ubsta nt ia l q u a n ti t ies  
of excess a i r. Kaye reports the use of such f u rn a ces i n  
the U K to dry grass fo r cattle-food p ro d u ct ion  ; f ive 5 
MW fu rnaces a re in  operat ion a n d  f u rther u n its a re o n  
order. A 1 5  MW furnace for c lay d ry i n g  was rece nt ly  
com missioned a t  a cernent works, and  a'lother u n i t  
has been designed for d ry ing roadstone .  
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Cement Manufac ture 

l n  former t imes, cernent k i l ns were a l most a i l  f i red 
by coa l .  but as fuel o i l  beca rne rap id ly chea per i n  the 
1 9 60 's .  much co 1 \·vas d isplaced . The recent re  r­
s I in the trend of rel at ive pr ices has meant ,  at l ea  t 
in some countries, a retu rn to oal u i l isat ion by 
he cernent ind ustry. l n  the U n ited 1 ·ngdom . for 

example ,  v i rtual ly a l l  the major cement k i l n  hav 
a l ready reverted to coa l .  ln  h is  paper on the s i tuat ion 
in Fra nce . Chauvin (6)  re ports that a ret urn to coa l  

egan in  1 9 7 8  and hat the trend i s  l ike ly to cont i nue, 
not on ly for reaso ns of p rice . but a l so because the 
cernent ind ustry wishes to ensure secur i ty of ::,uppl y  
by d iversify ing its fuels .  

Whi le  the trends in the UK and Fra nce a re the so m e  
i n  the broadest sense. the practice i n  the t o cou n ­
tries is  markedly di fferen t .  l n  t h e  U K t h e  coa l is 
crushed at the cernent works and fired i m m ed ia te ly to 
the k i l n ,  because, some 2 5  years ago ,  g reat  concern 
was voiced about the haza rds of transpo rt ing  and 
stor ing pu lverised fuel to the extent that the p ractice 
vi rtua l ly d isappeared . ln France, howeve r, the prac­
tice i s  to prepare pulverised fue l  at centra l i sed loca­
t ions and  d istr ibute it  to the cernent works for sto rage 
and subsequent use . The capacity of sto rage bun kers 
at the crush ing p lant or at  th e cernent works may be of 
severa l hundred cubic met res, and transport between 
the two may be by road or  rai l  vehicles, in  wh ich r isks 
may be incu rred in  load ing or u n load ing . The p roblem 
is compounded by the fact that  France imports a wide 
ra nge of di fferent coa ls .  ln  every case it is therefore 
necessary to eval uate the chance of sponta neous 
heat ing occu rri ng ,  which m ight lead under certa in  
cond it ions to  ign i t ion or  explos ion .  

The paper describes a n umber of la boratory tests 
used by Cerchar to characterise the react ivity a n d  
ign itabi l ity of f ine coa l .  These inc lude thermal  a n a ly­
sis, ad iabatic calor imetry, and isothermal  ca lo r imetry, 
which enable the determination of the effects of oxy­
gen and moistu re in  ra isi ng the tem perature .  A f u r­
ther series of tests is  used to measu re the exp losib i l ity 
of a i r-borne coal dust. These include d eterminat ion of 
the min imum ign ition energy of c louds, the i r  i g n i t ion 
temperature,  and measu rements of explosion pres­
sure and its maximum rate of i ncrease in a c losed 
cha mber. 

Against the backg round of i nformation obta i n ed i n  
these tests, i t  i s  possib le to make safety recom men­
dations. So far as spontaneous h eating  is concerned , 
care m ust be taken to avoid creati ng  a reas where f i nes 
can accumulate , i n  conveyors. cyclones,  f i lte rs ,  o r  
bl ind areas i n  bunkers. Contin uous flow o f  a i r  th rough 
the stock of coal must be avoided . With some coals ,  
the oxygen content must be reduced to 1 o r  2 % in 
order to stop spontaneous heati n g .  The tem peratu re 
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of the pf should be mon i to re d  as i t  c o rn es out of the 
crusher-d r ie r ,  a n d  w h i l e  i t  i s  i n  s to ra g e .  

F u rthe r  measu res s h o u l d  b e  ta k e n  t o  lessen the 
ef fects of a n  exp los i o n  if it s h o u l d  occ u r .  T h e  labora­
to , y  tests o n  exp los io ns p e r m it  t h e  co rrect d es ign of 
explos io n  d ises a n d  re l i ef va lves ,  a n d  t h e  d es ign of 
the bu i l d i ng i tse l f  s h o u l d  t ake  i n to a c co u n t  the possi­
bi l i ty of an exp los ion a n d  a subse q u e n t  t i r e .  

T h e  seco n d  p a rt o f  Cha uv i n ' s  p a p e r  d e a l s  with 
prob l  ms of coa ls  w i th  low v o l a t i l e-m a l te r  content. 
With these,  the  r i sk  of sponta neous  h ea t in g  and  igni­
t ion i s  neg l ig ib l e ,  a n d  t h e  d i ff icu l ty is to ach ieve ign i­
t ion  when req u i red ,  u s i n g  a m i n i m u m  of a n c i l l a ry fuel 
such as o i l  or gas . Severa ! tests me d esc r i bed to 
measu re i g n i ta b i l i ty .  

l n  concl us ion ,  t h e  a u thor  reco m m  :, ds  éi l1 i n te ns ive 
short-term p rogra m m e  of  i nvest i g a  : :::- n ,  : ,oth  i n  the 
la boratory a n d  o n  f u l l-sca le  p la n t ,  i n  ;: de .  to p rovide 
further  data re l a t i ng  to safety in t h e  .sto r:, g e of pul­
ver ised fue l .  

Recovery and Up -gra ding 
of  Tar Sands 

Such is the change  i n  t h e  fo rt u n e  of  coa l  over  the 
last seven years that cons iderat ion i s  now b e i n g  g iven 
to us ing  coa l as an ene rg y  sou rce in t h e  recove ry or 
upg ra d i n g  of oth er  foss i l  f ue l s .  Fo r  e xa m p l e ,  Voel ker 
and Freed m a n  (3)  refe r to t h e  use o f  a coa l-f i red 
f lu id ised bed for h eat in g  ref i ne ry c rude  o i l .  Te rnan  et 
al (7 )  describe a study of coa l a s  a n  e ne r g y  sou rce in 
recover ing  l i qu i d  fue ls  from tar sa n d s .  

T h e  Ca nad i an  o i l  sands  d eposits conta  i n  a bo u t  1 0 11  

barrels of b it u m en a n d  h eavy o i l , of  wh ich a bout 
30 % i s  cons idere d  recovera b l e .  D eposi ts  re l a tively 
near  th e s u rface can be m ined  by ope n-cast  m ethods, 
fol l owed by a hot-water  sepa rat ion  p rocess to recover 
the b i tu m e n .  Deeper  depos i ts ca n be recovered by 
i n-si tu m ethods,  e i ther  by stea m i nject i o n  o r  com­
bustion ,  wh ich permi t  the b i tu m e n  to be p u m ped to 
the s u rface . l n  a l l  three cases, b i tum en recovery m ust 
b e  foll owed by su bstant ia l  convers ion to u pg ra d e  the 
p roduct .  The percenta g e  of b i tu m en conve rted to 
crude o i l  ca n be i ncreased i f  a m ake-u p fue l  i s  used to 
p rov ide  the energ y  necessa ry for  p rocess in g .  For  ex­
a m p le,  if no  make-u p  fue l  were em p loye d ,  t h e  steam 
i nject ion route wou l d  use a bou t  one-th i rd of the re­
covered bitumen  to p rov ide  s u ff i c ient  e n e rg y  to ge­
nerate the steam .  

Two s u rface- m i n i n g  p l an ts cu rrent ly  i n  o p e ra t ion 
use nat u ra l  gas for p rocess i ng . The  object  of  t h e  p re­
sent study was to assess t h e  poss ib le  rô le of coa l a s a n 
energ y  sou rce,  pa rti cu l a rly as  m uch f u t u re a ct iv i ty 
wi l l  i nvolve i n-s itu recovery . The  stu d y  consi d ered a l l  
three methods o f  b i tum e n  recovery ,  m i n i n g ,  stea m 
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inject ion a n d  com b ust io n ,  a n d  two methods of sub­
seq uent  u p g ra d i n g  

1 )  F lex icok i n g ,  i n  wh ich l i g hter l i qu ids are produ­
ced from t h e  b i tu m e n  by ca rbon re mova l ,  and the 
byproduct coke is then  converted to a low cv gas 

2) Hydrocra c k i n g ,  the p roduct ion of l i ght l iqu ids 
by hydrogen a d d i t i o n .  

Hydrocra c k i n g  req u i res m ore ca p ita l  investment 
than f lex ico k i n g . 0 n the  other hand ,  it has the ad­
vantag es of no so l i d  by- p roduct,  a l a rger quantity of 
dist i l la te is obta i n e d ,  a n d  the product qua l ity is 
h igher . M o reover, it is thought that the ava i lab i l ity of 
hydrocrack i n g  p l a n t  w i l l  be  g reater than that of a 
flexicoke r .  

The cost of the  synthet ic  crude,  p roduced on the 
sca le of 1 00 , 0 0 0  ba rre l s  per  day, was then calcula ted 
for the s ix c o m b i nat ions  of the three recovery tech­
n iques and the two u p g ra d i n g  processes. l n  the f irst 
five co m b i nat io ns ,  coa l was consid ered as the 
make-up fu e l .  The com b ina t ion of in -situ combustion 
with f lexicok i n C1 req u i res no make-up fue l ,  s ince so 
much low ca !n r if ic -va l ue gas is produced that a 
surplus of ene rgy rn u st be exported in  the form of 
electricity.  

The costs of c rude  from the su rface-m in ing routes 
are sig n if icant ly  c h ea per  than  the in -situ products, 
largely because of lower ca p i ta l  costs of the recovery 
technique.  A m o n g  the  in -s i tu  exa m p les, the costs of 
steam inject ion  a n d  hyd rocrack ing  are marginal ly 
lower than those o f  other  opt ions .  S ince much of 
the ta r-sa nd depos i ts a re not a ccess ib le  to m ining 
tech niques, t h i s  p refe rred com b inat ion of stea m­
inject ion with hydrocra c k i n g  was re-exa m i ned, com­
pari ng the effect o n  t h e  p rod uct cost of using coal ,  
part of the b i tu m e n ,  or coa l based S N G  as the sou rces 
of make-u p energ y .  l t  was sh own that the d i rect use of 
coa l was m a rg i n a l l y  c h ea per  than b i tumen, and 
signif icant ly cheaper  t h a n  S N G .  

lt is po in ted o u t  that  i f  t h i s  opt ion were adopted , the 
coa l cons u m pt i o n  by a p lan t  to p roduce 1 00,000 

barrels per day o f  syncrude  wou l d  a m ount to about 
20 % of Can ad i a n  s te a m  coal p rod uction .  A num ber 
of such oil p l a nts  i n  t h e  futu re would thus make a 
signif icant i m pa ct o n  Ca n a d a ' s  d e mand for coa l .  

S i nce the two ex ist i n g  p l a nts upg rad ing tar sands 
are stated to use n a t u ra l  g as as the i r  make-up energy 
sou . . rce, i t  m i g h t  b e  use f u l  to com pare the production 
costs fo r the  favou re d  c o m b i nat io n ,  using coa l and 
natural gas, o r  to k n ow why th is  comparison was not 
made . 

A CTI VE CARBON 

K
_The f i rst pape r d iscussed i n  th i s  review, that by 

imura et a l  ( 1 ) d escr ibes  a process for s im ul taneous 
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contrai of SOx and N O x us ing act ivated c a r b o n  a s  a 
sorbent.  The last paper, by G a rner  a nd P a c k e r  (8 ) ,  
dea ls with the  production of such a g ra n u la r  a ct i ve  
carbon from brow n coa l ,  so  tha t  every paper  i n  t h is 
session conta i ns some featu re i n  com m o n  wi th  a n o­
ther. Act ive carbon represe nts a re la t ive ly  s m a l l  m a r­
ket i n  tonnage terms,  but ,  o n  the  other  h a n d ,  i t  i s  a 
high-va lue. prod uct .  

Garner and Packer begi n  by descr i b i n g  the p ro p e r­
ties of thei r raw materia l ,  Victor ia b rown c oa l . l t  o c­
curs in thick sea ms accessi b le  to  l a rge  excav a t i n g  
mach ines and i s  therefore re lat ive ly l ow i n  p ro d u ct i o n  
cost. As m ined, the moistu re conte n t  i s  b etween 
60 % and 70 %, the water bei n g  conta i ne d  w i t h i n  a n  
extensive pore structure .  Dried t o  a m oi st u re c o n t e n t  
of 1 5 % ,  i t  can be br iq uetted wi thout  a b i n d er, a n d  
the pore structu re can be m od if ied i n  a c o n t ro l l e d  
manner i n  su bsequent ca rbon isatio n  a n d  act iva t io n ,  
so that an adsorbent ca n b e  p roduced w h ic h  i s  u s ef u l  
i n  a va riety of app l ica t ions .  

Crushed briq uettes were carbon ised to 7 4 0°C,  a n d  
i t  was found that a n  atmosph ere o f  stea m was m o re 
effective than ni trogen in  act iva t i n g  the  c h a r .  l n  s u b­
seq uent tests, steam activat ion was used u p  to 8 5 0° C 
with residence t imes at the  maxi m u m  t e m pera t u re 
between 1 / 2 hour  and  2 1 / 2 h o u rs .  The p ro d u ct 
carbons were then chara cter ised by a n u m be r  o f  tests 
inc luding surface a rea, dens i ty, h a rd n ess ,  c h e m ica l  
analysis, and adsorpt ion procedu res, and  t h es e  p ro­
perties were com pa red with those of  com m e rc i a l l y  
avai lable carbons derived f rom b i tu m i n o u s  coa l s ,  
l ign ite, peat and  coconut  shel l .  

The brown coa l p rod uct was shown t o  b e  c o m pa­
rable with the com m ercia l  carbons in  s u rface a rea  a n d  
other properties relevant to gas-ph ase a d s o rp t i on ,  
and to have a superior performance  i n  d ec o l o ri s i n g  
and removing contam i nants f ro m  sol u tio n .  T h e  o n l y  
problem is that the ha rd ness o f  the p ro d u ct i s  n o t  yet 
sufficient to guarantee econom ical  reg enera ti o n . 

Fol lowing the laboratory experi m ents,  p i lo t-sca l e  
work over fou rteen months has p rov ided l a rg e r  
sam ples for eva luat ion,  a n d  des i g n  d ata for sca l e-u p 
to a commercial p lant .  Current wo rk is p roceed i n g  o n  
improving the hardness of the or ig i na l  b r iqu ettes, 
wh ich largely determi nes the hardness of  t h e  f i n a l  
produc.t .  

lt is noted that the G rade 3 Victoria carbon ,  w h i c h  
i s  comparable to t h e  com m erc ia l  g ra d es, has  a b e n ­
zene index of 3 2 ,  wh ich i m pl ies that  i t s  p roduct ion  
req ui res gasificat ion of 8 6  % of the  d ry coa l .  l t  wou l d  
be interesting to know what i m porta nce t h e  g a s  p ro­
duced by activat ion has in  the overa l l  eco n o m ics of  
the process. 
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GENERAL REMARKS 

The general inference that one m ight draw f rom 
these papers is  that s ign ificant R & D e fforts a re be ing  
e. pended in many countries on  increasi n  the  u se of 
coa l ,  and that good prog ress i s  being m de i n  m ­
bustion tech nology and em ission contrai . The 
�echnology is  now ready for a ma, ked e ·pan ion in 
coa l  ut i l i sation in ind ustrial steam ra is ing a nd p r  cess 
heat. and several authors ag ree that f l u id i sed-bed 
com bustion has a good contri bution  to mak . 

l t  may be usefu l to consider what factors 1 i  ht  
prove impediments to a swift g rowth in the ind ustria l 
market . and whether we are doing  enough i n  tilese 
areas. A la rge-sca le change to coal i nvol es large i n ­
vestment in  new plants. and in some countr ie i ndus­
trial recession or h igh interest rates, or both , w i l l  dela 
such a change. 

A second group of factors may be more amenable 
to tech n ical solut ions. I f  i ndustria l consu mers who 
have used oi l  for  the last  twenty years change to coa l ,  
there are a number of associated prob le ms . The lower 
calorific value of coa l ,  particu lar ly  when measu red i n  
terms of vo lume, wi l l  mean that the number of la rge 
road vehicles making fuel del iveries in urban a reas 
wi l l  i ncrease, and th is may have an environmenta l  
effect wh ich may cause as much concern to loca l 
residents as any prob lem of stack em iss ions .  

Does the prospective customer have suffi c ient 
g round-space to stock coa l ,  and if he does, i s  th is 
space near the boi l e r  ? We need to consider cheap 
and convenient systems to transfer fuel  f rom the 
stockpile to the boi ler feed-hopper .  Further,  how is 
the customer to remove and d ispose of the ash f rom 
coa l combustion ? Should coal-supp l iers offe r an 
ash-removal service as pa rt of thei r business ? 
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The t h i rd k ind  of i m pe d i m e n t  is tou c h e d  u pon by 
Monsie u r  Chauv in  i n  h i s  pa pe r .  l n  d i s c u s s i n g  the re­
newed u se of coal i n  the F rench  cerne n t  i nd u stry, he 
rem arks that some of the consu m e rs have l i tt le or no 

xper ience of coa l ,  and the refo re need a d v ice on its 
character ist ics ,  and  how it s h o u l d  b e  h a n d led and 
us  d .  l s  th i s  ig norance of coa l g o i n g  to p rove a major 
i m pedim ent in i ts g rowth ? Are the  coa l -s u p p l ie rs or­
gan ised to g ive the req u i red adv ice a n d  ass i stance to 
thei r p rospective custo mers  ? A re ou r e d u cat iona l  in-
t itu t ions tu rn ing  out enou g h  eng i n eers  a n d  tech no­

log ists who a re fa m i l i a r  w i th the  concepts of coal 
uti l i sat ion ? 

CONCL USION 

ln concl us ion ,  1 shou ld  l i ke to ,::-• ng ; ;, tu l a te the 
authors of the pa pers i n  t h i s  sess ion  011 t : · -: p rog ress 
be ing made in  thei r respective f i e lds . o n  · : : e  ded ica­
tion and enthus iasm of the R & D sc ie .: (s!� a n d  engi­
neers who have p rod uced these encou�a g ï n g  resu lts, 
and on the l ucid ity of the re port s .  
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N o uve l l es méthodes de fo nçage  de  p u its 

pa r co n g é l a t i o n  en  Po log n e  

N ieuwe m eth od e n  voo r  h et sch a c h t b o re n  

m et bevr iez i n g  i n  P o l e n  

Broniskaw BAR C H A N S K I  

O .  IN TRODUCTION 

Le fo nçag e  des pu i ts mobi l i se j usq u ' à  60 % du 
tem ps nécessa i re pour  a ménager  un siège à cause 
des d iffi cu l tés i n h é re n tes à ces tech n iq ues part icu­
l i ères . Pou r racco urc i r  la d u rée d ' i m p la ntat ion d ' une 
mine,  i l  f au t  avant  tout amé l io re r  le fonçage des pu its . 
Les cond i t ions  hyd rogéolog iques sont très sévè res 
dans l es m i nes d e  cu ivre et de cha rbon ouvertes ré­
cem ment  en Po log n e .  I l  a fa l l u  le p lus  souvent con­
geler l e  m ass i f .  Ces dern iers te mps,  la p rofon deur de 
congé la t ion  a dépassé 7 0 0  m .  Lo rs du fo rage des 
trous p o u r  la  congé lat io n ,  on observe toujou rs des 
dévia t ions  p a r  ra p p o rt à la vertica le ,  fa isa n t  cra i n d re 
des déformat io ns ou des défauts dans la tuyauterie de 
congé lat io n .  D a n s  ces cond i t ions ,  le creusement exi­
ge d ' observer des p rescr ipt ions  rigou reuses . Com pte 
tenu du r isq ue  de déviat ions des sondages de congé­
lation ,  q u i  com p rom ettra i en t  la  cont i n u ité du massif 
cyl i ndr ique  co nge lé ,  on e m plo ie  actue l l ement les 
méthodes su iva n tes de c reusement 

1 )  l ' exp los if ,  
2) le m a rtea u- p i q u e u r, 
3) la découpe par  ta i l l a n ts us inés (m ineur  con­

t inu) , 
4) la  f ra g m entat ion méca n i q u e  du massif en g ros 

blocs, à l ' a i d e  d ' u n  m a rteau hyd ro-pneumat iq ue .  
Nous a l l ons  décri re successive ment  ces d iffé rentes 

méthodes. 

• Dr  inz .  l nstytut P rojektowa nia  i Budowy, Kopa ln .  A G H  K ra kow 

Annales des Mines de Belgique 

O .  INLEID/NG 

H et schachtboren kan tot 6 0  % vra g e n  va n d e  t i jd  
d ie  noodzake l i jk  is  om een zete l  aan  te l e g g e n  weg e n s  
de moe i l ij kheden die a a n  deze bi jzon d e re tech n ie k e n  
verbonden zij n .  O m  een m i j n  kortere t i j d  t e  vest i g e n  
moet voor a l les het schachtbore n  verbeterd word e n .  
l n  d e  koper- e n  steen ko lenm ij n e n  d ie o n la ng s  i n  Po­
len geopend werden z i jn  de hyd rogeol o g isc h e  o m ­
stand igheden zeer stre n g .  M eesta l m oest h et m ass ief  
bevroren worden . De l aa tste t i jd werd e r  d ie p e r  d a n  
700 m bevroren .  B ij het boren va n d e  g a te n  voor d e  
bevriez ing worden a l t i jd a fwij k i n g e n  t e n  o pz i ch te  v a n  
de vert ikaa l  waargenomen.  waa rdoor  vervorm i n g e n  
of defecten i n  d e  bevriezi ngsle id i n g en t e  v rezen z ij n .  
Daarom zij n voor het delven nauwke u ri g e  voo rsch r i f­
ten vere ist . R e ke n i n g  houdend m et h et a fwi jk i ng sr i­
s ico van de bevriez ingsbori n g e n ,  d ie de cont i n uïte i t  
van het bevroren c i l i nd risch massief i n  g eva a r  z o u d e n  
brengen,  worden n u  de volgende metho d e n  g eb ru i kt 
voor het delven 

1 )  de spr ingstof. 
2 )  de afbouwhamer. 
3 )  het versn ijden met beite ls voo rzi e n  v a n  

carb idp laatjes (cont inuous mi ner) . 
4) de mach ina le verbrokke l i ng  va n h et g esteen te 

i n  g rote b lokken .  met beh u l p  van een h y d ro p n e um a ­
t ische hamer.  

Deze versch i l lende methodes word e n  nu a ch te r­
eenvolgens besch reven . 

Anna/en der Mijnen van Belgil 



1 .  CREUSEMENT A L 'EXPL OSIF 

On adopte un  schéma de t i r  particu l ier q u i  dé-
sagrège sutfisa m ment la roche et q u i .  en même 
emps, évite la détérioration des tu bes co i  gélat u rs .  

D e  tous les para mètres d u  schéma d e  t i r .  1 p lu  
complexe est la charge à prévo i r  pour  les trous d�  
:--aro1 . 

On ne possède pas encore le moyen de ca lcu ler de 
manière certaine et exacte les charge d ' exp losif pou r 
des bancs congelés. 

Pour calculer avec sécu rité les charges de paro i .  on 
uti l ise le plus souvent la  fo rmule su iva nte (dédu ite de 
expériences soviét iques) : 

Qm = 0.4 -::- X a x r2 

où 
Qm = quantité maximale d ' explos if  par trou de pa­

ro i (kg) 
a = distance entre les trous de pa roi (m) 

= d istance rée l le entre le tube congélateur  et le 
trou le p lus proche .  

A partir de  cette nouvel le fo rmule ,  l es  charges par 
trou de paroi (épa isseur  d 'en levu re : O .  2 m) sont 
com prises entre 0 .4  et 1 kg contre 1 , 2 kg aupara-
vant .  

2 .  CREUSEMENT MANUEL 
(marteau-piq u e u r) 

1 1  a été adopté lorsqu 'on  observa it des fu ites a u x  
tuyauteries d e  congélat ion, su rtout à grande p rofon­
deur .  Ces fuites éta ient dues en part ie  aux trava u x  à 
l ' exp losif .  Pou r creuser manuel lement de 1 ·  ordre de  
35  à 40 m de  pu i ts par mois, au  diamètre de  9 ,  2 m ,  i l  
fal la i t une  attelée de  22  à 2 5  hommes .  Ceux-ci tra­
vai l la ient dans des condit ions très d iff ic i les  (b ru i t ,  
vibrations) , donc l ' absenté isme éta it im porta nt .  Cette 
méthode comporte aussi l ' en lèvement des déb la i s  pa r  
un grapp in .  On  l ' ut i l ise en  massif fa ib lement conge lé ,  
ou  dans  des roches d i ff ici lement conge la bles (par  
exemple des couches de l ign ite sec) . O n  app l i que  très 
souvent les deux méthod es s imu ltanément .  L' i n té­
r ieur de la section est enlevé au g ra p pi n ,  tand is  q ue l a  
périphérie est abattue au marteau-piq ueur .  

3 .  DECOUPE PAR TAILLANTS 
(mineu r conti n u) 

Le creusement par découpage mécan ique  (m ineur  
continu) a démarré en  1 9 7 2  dans une  m ine  d e  cu ivre . 
Le mineur continu (fi g .  1 )  se compose d e  c inq é lé­
ments : 
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1 .  DEL VEN ME T SPRINGS TOF 

Er  wordt een bi jzo nder  sch ietsc h e m a  a a n g enomen 
da h et gesteente vol d oe n d e  o n t b i n d t  e n  tege l i j kertijd 
de beschad ig i ng  va n d e  bevr iez i n g s b u ize n voorkomt. 
V,:in a l l e  pa r" meters van het sch ie tsc h e m a  is de meest 
i 1 1  ewi kke lde de bepa l i n g  van  d e  l a d i n g  n o d ig voor de 
wandgaten . 

De spr ings tof l a d i n g en voor  bev ro re n  b a n ke n  kun­
nen nog n iet op een zekere en n a u w k e u r i g e  man ier 
berekend worden . 

O m  met zekerh e id  de  wa n d l a d i n g e n  te berekenen 
gebru ikt men meesta l de  vo l g e n d e  form u l e  (a fgeleid 
van de sovjet p roefnem i n gen )  

Qm = 0 ,  4 7T X a X (' 
waar i n 
Qm = max ima le  hoevee l h e i d  s p r i n� 1 _: co oer  wand­

gat (kg) 
a - afstand tussen d e  wa n d ga te r· (m)  

- werkel i jke afsta n d  tussen de :1evr 1 ,;z in gsb uis 
en  het naaste ga t .  

Vo lgens deze n ieuwe fo rm u le l i g g e n  d e  l a d i ngen 
per wa ndgat (sn i j d i epte : 0 , 2  m) tussen  0 . 4  en 1 kg in 
p la ats van 1 , 2 kg vroeger .  

2 .  HA NDDEL VEN 
(Afbouwh a m e r) 

H et handdelven werd toegepast wa n n eer  lekken 
aan  de bevriezi ngs le i d i n g e n ,  voo ra l  o p  g rote d iepte, 
waa rgenomen werden . D eze lekken w a re n  g e dee lte­
l i jk  aan  d e  sch ietwerken te w ij te n .  O m  3 5  tot 40 m 
sch acht per  m a a n d ,  m et een d i a m eter  van  9 , 2  m 
manuee l  te d elven was een personee l sbezett i n g  van 
2 2  tot 2 5  man  nod ig . Deze werkte n i n  zeer  m oe i l i jke 
omsta n d i gheden ( lawa a i ,  tr i l l i n gen ) ,  wat  vee l  a bsen­
teïsme veroorzaa kte . Deze metho d e  h o u d t  ook  het 
wegha len  van afs lagstenen  m et een g ri j p e r  i n .  Ze 
wordt g ebru ikt voor l icht  bevroren m ass i ef ,  of voor 
moei l i jk  bevriesbaar gesteente (bi jvoo rbee ld  la gen 
d roge bru i nkool ) . De twee methodes  w o rd e n  d i kwij ls 
tege l i jkert i jd toegepast .  De b in nenz ij d e  va n de sectie 
wordt met de g rij per  weggehaa ld  terwi j l  d e  pe riferie 
met de afbouwhamer  wordt g ewo n n e n .  

3 .  VERSNIJDEN MET BE/TELS 
(conti n uous m i ner) 

H et delven m et mechan isch e vers n ij d i n g  (conti­
nuous m i ner) i s  in 1 9 7 2  in een kope r m ij n  bego n nen . 

De conti nuous  m iner  bestaat u i t  5 e lementen  
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Fig . 1 - Schéma de l ï n stal lat ion de fonçage avec « m ineur con­
t inu » KBS 2-3 

1 . Chargeuse - 2 .  Col l ier  de montage des éléments du cuvelage - 3 .  
Tête d e  coupe - 4 .  E lément téléscopique - 5 .  Ta mbour de coupe - 6 .  

Moteur 

1 °) Le d isposit if de découpage des roches com­
porta nt un bras entraînant  en rotat ion le ta mbour  
d'a battage éq u i pé de ta i l l a n ts au to-affûtan ts . 

2°) L 'é lément té lescopique permetta nt de placer la 
tête d ' a battage en posit ion vert ica le (à l ' a ide  de vérins 
hydrau l iques ou d ' u ne chargeuse KS-2 n) ou en posi­
tion horizonta le ,  g râce à la fixat ion (pa r chaîn es) de la 
tête cou pa nte au « co l l i e r  de montage » ; l ' é lément 
té lescop ique permet aussi de r iper ce co l l i er vers tout 
point  désiré de la sect ion en creusement .  L 'é lément 
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lnstallatieschema van de afdieping met de • continous miner • 
KBS 2-3 

1 .  Lader - 2. Montageklamp van de bekuipingselementen - 3. Snij­

kop - 4. Te!Pscopisch deel - 5. Snijtrommel - 6. Motor 

1 °) Het toestel voor versnijd ing va n de  g esteen­
ten ; d it  heeft een arm die de afbouwtromme l ,  d ie 
u i tgerust is met zelfs l ij pende beitels doet d raa ien . 

2°) Het telescopische deel ; d it  maakt het mogel ij k  
de  snijkop hetzij vert ikaal (m et behu l p  va n 
hydrau l ische vijzels of van een laadmach ine KS - 2 n) 
hetzij horizontaal te zetten omdat de snijkop aan  d e  
montageklam p  bevestigd i s  (met kett ingen) . Het te­
lescop ische deel maakt het ook mogel ijk de kla m p  
naar e lk gewenst punt va n de sectie d ie gedolven 
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télescopique comporte deux tubes : l ' u n  mob i l e  ( 
1 . 2 1  O mm X 20.  hauteur  = 3 .000 mm) ,  a u q u e l  est 
f ixée la tète d ' abattage ; l ' a utre imn,ob i le ( 1 . 3 50 rn m 
x 20.  hauteur = 1 . 5 00 mm) ,  q u i  sert à b loq uer le 
tube mobi le dans une pos i t ion donnée .  

3°) Le châssis -support so l ida i re de la tète cou p,rn te 
et de l ' é lément  télescopiq ue ,  an imé  d ' u n mou e rn ent 
de rotation . Le châssis-su pport a la f rm e d ' u n  co l l i  r 
d 'un  diamètre de 7 m .  

A l ' exté r ieur  de ce col l ier  se trouv n t  les ga lets de 
gu idage et de b u tée qui  rou l e n t  sur un ra i l  de 
gu idage .  

4°) Le ra i l  de gu idage attaché dd  façon i namov i  1 
au col l ier  de montage des é léments de cuve lage .  Ce 
col l i e r  est bou lonné à la pa rt ie  supér ieure du ra i l ,  
engrenant  avec les roues den tées d u  d i sposi t i f  de 
mise en rotat i on .  

5°) Le  disposit if  de  mise en rotat io n .  par  roue 
dentée. du châssis-support ; i l  se  loge dans  u n e  
avant-sa ignée .  

Le mineu r conti nu sert à lever le cuve lage  à seg­
ments bou lonnés . I l  découpe méca n iquement  la  sec­
t ion du pu i ts au moyen de ta i l l an ts us inés . Le char­
gement des débr is  est assuré par une  chargeuse KS -
2n avec cab ine de  pi lotage ; l e s  cutfats peuve n t  con­
ten i r  3 m3 . Le levage du cuve lage à segm ents 
bou lonnés (méthode ca nad ienne du « soutènement  
suspendu » )  es t  réa l i sé pa r l e  co l l ier de montage .  qu i  
sou lève en même tem ps tout l ' e n semb le  méca n i q u e  
d u  mineur  cont i n u .  
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wordt om te d rukke n .  H et te l escop i s c h e  d e e l  bevat 
twee b u i zen : een  verp l a a t s b a re b u i s  ( (/)  1 . 2 1  0 mm 
x 20. h oogte = 3 . 000 m m) .  wa a r a a n  de sn i jkop 
bevest igd i s ; een  vaste b u i s  ( 1  . 3 5 Q m m  X 20. 
hoogte = 1 .  500 n-1m) ,  d i e  d i e n t  o m  d e  b eweeg bare 
bu i s  i n  een gegeven pos i t i e  te  b l o k k e re n . 

3°) Het onderste l ,  da t  vas t  ve rbon d e n  i s  m et de 
sn i jkop en het te lesco p i sch e  d e e l ,  a a n g ed reven  i n  een 
dra a i beweg i n g .  H et o n d e rste l  h e ef t  de vo rm van  een 
k l a m p  van 7 .0 m d i a m ete r .  

Aan de  bu i te n ka n t  van deze  k la m p  bev i nden  zich 
de l e i- en a a n s l a g ro l l e n  d i e  o p  een  l e i  ra i l  ro l l e n . 

4°) De l e i ra i l  d i e  onafneem b a a r  a a n  d e  monta­
gek la m p  va n de beku i pi n gse le m e n te n b evest ig d i s .  
Deze k l a m p  i s  v e ra n k e rd a a n  h et bove n g e dee l te van 
de ra i l  e n  gr i jp t  i n  de  ta ndwi e l e n  v a n  de i mic ht ing  die 
de draa ibeweg i n g  tot sta n d  b re n g t .  

5°) D e  rota t ie- i n ri ch t i ng  m et ta n 1.;;w ie i (• n v a n  het 
onderstel  ; deze bevi n d t  z ich  i n  e e n  \ '•Jo ri 11 sn i jd i ng .  

De cont i n u ous  m i n e r  d ie n t  om de be l: :_ : i p i n g  met 
veran kerde segmenten  o p  te h i jse , .  H ;; versn ijdt 
mach i na a l  de schachtdoors n e d e  m e t  be i t e ! s  voorzien 
va n ca rb idp laa tj e s .  De a fs l a g  wordt  g e l a  e n  m et een 
l aadmach ine  KS - 2 n  m et stu u rka b i n e  ; de a fdiep­
ton n e n  k u n ne n  3 m 3 b evatte n .  D e  o p h i j s i n g  van de 
veran ke rde  segm enten  (Ca n adese  m et h o d e  van 
« o pg e h a n g en onde rs te u n i n g » )  g esch ied t  d . m .v .  de 
montagek l amp ,  d i e  tege l i j k e rt i jd  h e e l  h e t  m echa­
n isch g edeel te van  de con t i n u o u s  m i n e r  o p l i c h t .  

H et a fd i epe n  g e be u rt m et twee s n e d e n  v a n  0 ,  7 5  m 
e lk ,  daa r  de  hoogte van de k la m p  1 ,  5 m bere i k t .  Op 

Fig . 2 - Shéma du creusement au « m ineur  cont inu » 

a) Coupe vert icale (vue des 2 passes) 

1 .  Cuffa t - 2 .  D i rection suivant laquel le ag it l ' é lément téléscopique 
3. Profondeu r enlevée en deux passes - 4. Choix d ' une b rèche 

centra le de marquage - 5 .  Forage in it ia l  en posi t ion vertica le 

b) Vue en plan 

1 . Axe de rotation du groupe de tête - 2 .  Forage e n  position 
horizontale - 3 .  Découpage par anneaux successifs 

Delvingsschema met de « continuous miner » 

a)' Vertikale snede (afbeelding van de 2 sneden) 

1 .  Schachtton - 2. Richting die het telescopisch deel volgt - 3. 
Aangesneden diep te in twee sneden - 4. Keuze van de centrale 

inkervingsbres - 5. Aanvangsboring in vertikale stand 

b) Bovenaanzicht 

1 .  Draaiingsas van de snijkopinrichting - 2. Boring in horizontale 

stand - 3. lnsnijding met opeenvolgende ringen 

1 / 1 9 8 1  



Le c re usement  a l i eu en deux passes de 0 ,  7 5  m 
chacune ,  l a  haute u r  du co l l i e r  atte ignant 1 ,  5 m .  O n  
présente sché mat iq uement  à la f igure 2 l e  creuse­
ment d u  m assif (conge lé) par  la tête coupante.  

C i to n s  les caracté r ist iques techn iq ues les p lus im­
porta n tes du m i n e u r  cont i n u  : 
- pu i ssa nce des m oteu rs : 1 2 5 kW + 60 kW (à 
500 V) ; 

force réact ive : 9 t (88 , 2  kN)  ; 
profondeu r de passe : 7 5 0 mm ; 
la rg e u r  d ' e n levu re : 30 0- 7 00 mm ; 
v i tesse m oye n ne de dép lacement (de la tête, dans 

la sect ion)  : 1 m / m i n  ; 
- auto-affûtage  d es co utea ux ; 
- ca paci té de découpage dans un massif congelé 
à - 6 °C : 

- dans  l ' a rg i le : environ 1 , 65  m3 / mi n ,  
- d a n s  les g ra vie rs : envi ron 0 ,80 m3 / min ; 
poi ds tota l : 2 3  t (2 2 5 , 5  k N ) .  

J usq u ' à p ré� ;�nt ,  2 . 200 m d e  p u i ts ont été creusés 
pa r cette méth,  ·de .  L 'ava ncement record est de 5 5 ,  5 
m en un mo is .  

4.  FRA G!v7ENTA TION MECANIQ UE 
DU MA SSIF 

L' idée de f ractu rer le massif conge lé en gros blocs, 
au moyen de m a rtea ux hydro-pneumatiq ues, résu l te 
des ca racté rist i ques d u  t rava i l  a u  martea u-p iqueur .  Le 
bruit  excess i f  (e nv i ron  1 2 0  d B) et l es v ibrat ions ont 
imposé de m ettre au po in t  u n  abattage méca n i q ue q u i  
é l im i nera i t  ces défa u ts .  A p rès examen ,  o n  a adopté l e  
marteau hyd ro- p neu mat ique de l a  f i rme L .A .  G ra n t, 
P i ttsbu rg h  (U S A) .  

Cet a pp a re i l  se com pose d ' u n  châssis s u r  chen i l les 
su r leque l  est m o n tée une console sup porta nt un 
marteau-p i q u e u r .  Le ma rteau pèse env i ron 1 00 kg, 
frappe 1 .  9 6 0  cou ps par m i n ute, avec un moment 
d ' impu l si o n  de 200 N m .  

Les d im en s i o ns d e  l ' a p pa re i l  sont les su ivantes 
hauteu r : 2 . 000 mm 
longueur  

(martea u rét racté) 
largeu r 
poids :  

2 . 1 6 0 m m  
1 . 524 m m  
4 . 500 kg (4 4 . 1 3 0 N) .  

Les essa is  en m ass i f  conge lé  ont  eu l ieu  dans u n  
pu its de c h a r bo n nage  de d ia mètre atte ignant  9 m .  
Le mass i f  s e  com posa i t  de l i ts d ' a rg i l e  sé parés p a r  de 
fi ns l imets de poussiè res hyd ratées . La tem pérature 
des roch es dans  les paro is  éta i t  de 2 6 1 K ( - 1 2°C) et 
de 2 6 3  K ( - 1 0°C) à la s u rface du m assif ,  tand is  que  
la tem p érat u re d e  l ' a i r  dans  l e  pu i ts atte i g n a it 2 6 7  K 
(- 6 °C) . La part i e  centra l e  de la  sect ion  a été dé­
coupée par  u n  out i l  à pe l les ( largeur  des pe l les : 0, 5 
m) . 
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f ig . 2 z iet men een schematische afbeeld i n g  van d e  
afd iep ing van een mass ief (bevroren) m et d e  s n ij k o p .  

Vermelden wij h ier d e  be la n g ri j kste tech n ische  
ken merken van de cont i n uous  m i n er 
- vermogen van d e  motoren : 1 2 5  k W  + 6 0  k W  
(aan 500 V) 

react iekracht : 9 t (88 , 2  k N )  ; 
sn ijd iepte : 7 5 0  m m  ; 
sn ij b reedte : 3 00- 7 00 m m  
gem iddelde verp laats i ngssn e l h e i d  (va n d e  k o p ,  i n  

de doorsnede) : 1 m / m i n ; 
- zelfs l i jp ing  van de m essen ; 
- versn i jd ingsca paci te i t  i n  het bevrore n  m ass ie f  
tot - 6°C : 

- i n  de k le i  : ongeveer 1 . 6 5  m 3 / m i n .  
- i n  het g rin t  : ongeveer 0 . 8 0  m 3 / m in ; 
totaal  gewicht : 2 3  t (2 2 5 . 5 k N ) .  

Tot o p  heden werden e r  2 .  2 0 0  m schacht  g e g ra v e n  
met deze methode .  De recordvooru i tga n g  b e d ra a g t  
5 5 . 5 m in één maand . 

4 .  MECHANISCHE VERBROKKELING 
VAN HET MASS/EF 

Het idee het bevroren m assief te s p l i j t en  i n  g rote 
b lokken.  met hyd rop neumat ische h a m ers v loe i t  voo rt 
u i t  de arbeidskenmerken van een cont i n u o u s  m in e r .  
Wegens d e  ge lu idsoverlast (ongeveer 1 2 0  d B) e n  d e  
tri l l i ngen was m e n  verp l icht een vorm van m echa­
n ische win n i n g  u i t  t e  werken d ie  d eze tekorten zou  
wegwerken . Na onderzoek heeft men  d e  
hyd ropneumatische hamer van d e  f i r m a  L A .  G ra nt .  
P i ttsburgh (U SA) aangenom en . 

D i t  apparaat heeft een onderstel o p  ru pse n m et 
daarop een console voor de afbouwham er.  De  h a m er 
weegt ongeveer 1 00 kg .  geeft 1 . 9 6 0  stote n p e r  m i­
nuut .  met een i m pulsmom ent van 200 N m .  

Het apparaat heeft de volgende afm etin g en 
hoogte : 2 .000 m m  
lengte 

( ingetrokken hamer) 
breedte 

2 . 1 60 m m  
1 . 5 24 m m  

gewicht : 4 . 500 kg (44 , 1 3 0 N ) .  

D e  proeven o p  bevroren massieven werden  u itge­
voerd i n  een steenkolenmij nschacht m et een door­
snede van 9 m .  Het massief bestond u i t  afgesche iden  
k le i lagen met e rtussen f i jne gehydrateerde 
stofsp l i jtvlakken .  De tem peratuur  van de gestee n te n  
i n  de wanden bedroeg 2 6 1 K ( - 1 2°C) e n  2 6 3  K 
(- 1 0°C) aan het oppervlak van het massief, terw ij l  de 
tem peratuu r  van de lucht i n  de schacht 2 6 7 "  K be­
re i kte ( - 6°C) . Het centrale gedeelte van de snede 
werd versneden met  een gereedschap voorz ien  va n 
schoppen (breedte van de schoppen : 0 ,5  m) .  
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La partie de sect ion proche de la paroi (enviro n  1 m 
de largeur) a ëté abattue au marteau à po in te .  Les 
blocs obtenus éta ient de d imensions var iél bles : 1 0 à 
30 cm d 'ëpa isseur ,  80 à 1 00 cm de la rg eu r, 1 00 à 
1 2 0 cm de longueur .  Pou r pouvoi r  a isément charger 
ces produ its dans les god ets, on les r fenda it au 
marteau à poin te en cubes de 2 5  à 50 cm de càté . 
Durant les essais du marteau en mass i f  congelé . i l  a 
fal l u  5 hommes à front de creusement  : un  hom me au 
marteau , 3 hommes au g rapp in a i nsi  qu ' u n h o m m e  
pour refendre les blocs. Les résulta s so nt a i ns i  com­
parables à ceux du creusemen t manue l  au 
marteau-p iqueur ( 1 0 pe rson nes) ,  tand is  q ue 18  capô­
c i té de creusement du m ineur  cont inu est deux fo is 
plus grande .  

5. CRITIQUE 
DE CES NOUVELLES ME THODES 
DE FONÇA GE ET CONCL USIONS 

Les méthodes de fonçage que  nous venons  d e  
décri re sont uti l isées dans les cas suivan ts 

1 °) Dans les mi nes de m inera is  non ferreux ,  
creusement manuel  au marteau -p iqueur  a ins i  que  
découpe par  ta i l l ants usi nés (m ineur  cont inu ) . 

2°) D ans les mines de hou i l l e  et de se l .  on ut i l ise 
su rtout l ' exp losif et le marteau-p iqueur .  Cette der­
n ière méthode sera remplacée par la f rag m entat ion 
mécan ique (marteau hyd ro-pneumat iq ue) , au term e 
d ' u ne période d ' essa is et d ' adaptat io n .  

Les défauts e t  les qua l ités les p lus importants d e  
ces méthodes sont l es su ivants 

Explosif : 
- Avancement mensuel maxi m a l .  Poss ib i l i té 
d 'abattre même les roches du res. 
- Risque d' endommager le  manteau de  roches 
congelées et la  tuyauterie de congélation . 

Creusement manuel (marteau-p iqueur) 
- El iminat ion, ou en tout cas remarq ua b le réduct ion 
du risque d 'endommager les  tu bes et le  m antea u de  
congélat ion .  
- Pour creuser un puits au d iamètre de 9 .  2 m à te rre 
nue, i l faut accroître fortement le  personne l  néces­
sai re (2 2-25 ouvriers) . Le bruit  et les v ibrat ions p ro­
voquent un fort absenté isme .  

Découpe par taillants 

- Amél ioration de la sécu rité et des cond i t ions  d e  
travai l ,  é l iminat ion des vi brations e t  réduct ion d u  
brui t  jusqu'à 3 0  % . Réduction des « hors p rof i l  » ,  les 
parois devenant plus l isses. Réduction de  la  consom­
mation de  béton .  
- les produ i ts sont remarquablement  découpés,  
mais au pr ix d ' u ne g ra n d e  consom mation d ' é n e rg i e  
é lectr ique. Usure importante d es couteaux : d a n s  les 
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Het snedegedee l te  d ich t  b i j  d e  wa n d  (o n g eveer 1 m 
breed) werd g ewo n n e n  m et e e n  p u n th a m e r .  De be­
komen b lokken hadden  ve rsch i l l e n d e  a fm et in gen : 
1 0  tot 30 cm d i kte , 8 0  tot 1 0 0  c m  b re edte ,  1 00 toi 
1 2 0  cm lengte .  O rn m a k k e l i j k  d eze p ro d u kten te 
1 u n nen laden i n  d e  bakken  k looft  m e n  ze m et een 
punthamer  in  kub usse n va n 2 5 tot 5 0  cm z i jde .  Tij­
d n s  de p roeven m et de h a m e r  i n  h et bev ro ren mas­
sief ,  had  m e n  5 m a n n e n  nod ig  b i j h et d e lv i n g sf ront : 
één man aan de  ham er ,  3 m a n n e n  a a n  d e  g r ij per en 
één m a n  om d e  b lokken  te k l ieve n .  D e  resu l taten zijn 
dus verge l i j kbaar  met d eze va n d e  m a n u e l e  de lving 
n1et de afbouwh a m e r  ( 1  0 pe rson e n )  t e rw i j l  de del-

i ngscapaci te i t  van de cont i n u o u s  ;-n i n e r  tweemaal  zo 
groot i s .  

5 .  BESPREKING 
VAN DEZE NIEUWE DEL V/NG:.J�1E -·,-tODES 

EN BESL UITEN 

De de lv i ngsmethodes d i e  we net  l:,esc :--· reve n heb­
ben . worden i n  d e  vo lgende  g eva l l e n  g e b ,  u i kt 

1 °) l n  de m i jnen  m et n i et- i j zerh ou d e !1 de ertsen, 
manue le  de lv ing  met d e  afbouwh a m er eve n a ls ver­
sn ij d i ng  met  be i te ls  voorz i e n  van  ca r b i d p l a at jes  (con­
t i nuous m ine r) .  

2°) l n  d e  ste e n ko len- e n  zou t m i j n e n  g e b ru i kt men 
voora l de s p ri ngstof e n  de afbouwh a m e r .  D eze  laatste 
methode za l verva n g en worden d o o r  d e  m ach inale 
verb rijze l i ng (hyd ropneu mat ische h a m e r) na een 
proef- en a a n pass i ngsper iod e .  

D e  voornaamste te korten e n  p l u s p u nten  va n deze 
methodes z i jn de  vo lgende 

Springs tof : 

- Max ima le  maandel i j kse vooru i tg a n g .  Moge­
l i j khei d  om zelfs h a rd e  g esteenten te  wi n n e n .  
-:_ H et r is ico de  m ante l  va n de  bevroren g estee nten 
en de  bevriezi ngsbu izen te  bescha d ig e n .  

Manuele delving (afbouwha m er) 

- U itsl u i ti n g ,  of i n  ieder  geva l  een  a a n z i e n l i j ke ver­
m i nderi n g  van h et r is ico de b u i ze n  e n  d e  be­
vriez ingsmantel  te besch ad ig e n .  
- O m  een schacht  t e  g raven m e t  e e n  bruto­
doorsnede van 9 , 2  m moet  m e n  h et n od i g e  p e rso neel 
aanzien l i j k  vermeerd eren (2 2-2 5 a rbe ide rs) . H et la­
waa i  en de t ri l l i ng e n  brengt  hee l  vee l  a bsen teïsme 
met z ich . 

Versnijding met de beitel 

- Verbeter ing van d e  ve i l i g h ei d  en d e  werko m stan­
d igheden , u i tschake l i ng  van de t ri l l i n g e n  en lawaa i­
vermi nderi n g  tot 3 0 % .  Verm i n d e ri n g e n  va n d e  on­
rege lmat igheden bij de versn i jd i n g  en b i jgevolg 
g laddere wanden .  
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roches l es p l us d u res ,  on con so m m e  j us q u ' à  1 2 0  
ta i l lan ts p a r  mèt re d e  p u i ts creusé . 

Fragmentation mécanique du massif : 
- Les p rog rès re n dent  cette méthode co ncu rren­
tiel l e .  Pas de v i b rat i o n s .  B ru i t très réd u it .  
- Expér ience et d extér i té d es u t i l isate u rs i nsu ff isan­
tes . 
- L ' a p pa re i l  d o i t êt re i m p orté . 

De cette a n a l yse ,  i l  ressort q u e  l es méth odes de  
fonça ge  les p l us ava n tageuses sont  l es  su iva ntes 
a) la déco u pe p a r  ta i l l a n ts ,  
b) l e  m a rtea u h y d re-p neu mat i q u e .  

Cette d ern ière m é t h o d e  a des cha nces d e  deve n i r  la 
plus ava n tageuse ,  lo rsq u ' on a u ra fa it suff isa m m ent  
d ' essa i s .  
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- De pro dukte n z i jn  zeer versneden , maar  h ie rd o o r  
st i jgt h et e lektr ic i te itsverbru i k .  Be lang ri jke s l i jtag e  
van d e  messen : i n  d e  ha rd ste gesteenten vers l i j t  m e n  � 
tot 1 2 0  beitels per  meter gegraven schacht .  

Machinale verbrokkeling van het massief : 

- D e  vooru i tgang maakt d eze m ethode  con c u r­
re re n d . Geen tr i l l i n g e n .  Zeer beperkt lawa a i .  
- O nvo ldoende erva r ing en  han d ig h e i d  va n d e  
gebru i kers .  
- H et toeste l moet i n g evoerd word e n .  

U i t  d eze ana l yse b l i jkt d a t  d e  vol g e n d e  
boormethodes d e  g un stig ste z i j n  : 
a )  de  vers n ij d i n g  met be i te ls ,  
b) de  hydropneumatisch e hamer.  

D eze laatste methode za l  waa rsc h ij n l ij k  b l ij k e n  d e  
g u nst igste t e  zij n ,  a is  men voldoe n d e  p roeve n za l  
gedaan  hebben . 
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Sta t i st i q u e  d es a cc i d e nts s u rve n u s  a u  c o u rs 

de 1 9 7 9  d a n s  l es  m i n es d e  h o u i l l e 

et d a ns l es a u t res éta b l i sse m e nts 

s u rve i l l é s  pa r l ' Ad m i n istra t i on  d es M i n es 

Stat i st iek  va n d e  o n g eva l l e n  i n  d e  ko l e n m ij n en 

e n  i n  d e  a n d e re i n r i c h t i n g e n  

o n d e r  h et toez i c h t  va n d e  A d m i n i s t ra t i e  

va n h et M ij nweze n i n  1 9 7 9  

A VA N T-PROPOS 

La sta t ist iq u:=: des acc idents s u rvenus au cours de 
l ' an née 1 9 7 9 dans les m i nes de hou i l l e  et dans les 
autres éta b l i ssements surve i l lés par l ' Ad m in istrat ion 
des M i nes ne com porte pas d ' i n novat ion marq ua n te 
par ra pport à l ' a n née précédente . 

L 'Ad m in istra t ion  sera tou jours reconna issa n te à 
toute person ne q u i  l u i  suggérera i t  des a m é l iorat ions à 
apporter a u  contenu  de cette étude où à sa présen ta­
t ion . 

Le Directeur général des Mines, 
ir. J. MEDAETS. 

TA BLE D ES MA TIERES 

1 .  M I N ES D E  H O U I LLE  
1 . 1 . I n t rod uct ion 

1 .  1 .  1 .  Fond 
1 . 1  . 2 .  S u rface 

1 . 2 .  Ta u x  de f réq uence, d e  g ravité,  de r isq ue au 
fond et  à la s u rface 

1 . 3 .  P rocès-verbaux d ' a cc idents d ressés par  
l ' Ad m in istrat ion des M ines 
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MINES DE HOUILLE 1 9  79 , .  -
Introduction 

1 . 1 .  -

.d ts du  trava i l  survenus . . e des accI en . c i  La stat1st1qu . 1 9 7 9  répartit les ac -• de houi l le en 
1 2 dans les mines 

matériel le en . ant leur cause dents d ' un  p_art'. su1v 
t 50 sous-rubriq ues pou r  les 

rubriques pnnc,pales e 
b . princi pales pou r les 

accidents du fond, 1 0 r
d
u

' n
ques

part su ivan t l ï m por-d rface et autre accidents e su 
ï . comporte 4 c lasses 

tance de l ' incapacité de trava, qu i  . 2 1  à _ . « 4 à  2O iours » ,  '' de gravite : « 1 a 3 _Jou_rs » ,  
» 56 jours » et «  56 JOU I S  et p lus . 

d ï · de 56 jours à dater Le décès survenu dans un e a1 
- 1 • 1 accidents moite s de l 'accident est range dans es 

sous la rubrique « tués » . 

Le tableau no 1 reprend les accidents du  fond qu i  
ont entrainé au  cours de l ' année 1 9 7 9  dans ch_a�ue 
région minière et dans le Royaume, _une inca�ac1_te de 
travai l  durant 1 jour au moins. le Jour de  I accident 
non compris. 

Le tableau no 1 bis reprend les accidents survenus à 
la su rface et sur le  chemin d u  travai l ,  a ins i  que le 
ca lcul des proportions de tués. 

A noter que tous les accidents des fa briques d 'ag­
glomérés et des autres établ issements connexes des 
hou i l lères sont compris dans les relevés des accidents 
de surface des charbon nages . 

Aussi les taux de fréquence et de g ravité des acci­dents du fond, de la surface et de l 'ensemble fond et surface sont ils calculés par rapport aux prestations de tout le personnel intéressé de l 'entreprise, y corn pris celu i  des industries connexes. 

C'est la raison pour laque l le les nom bres de postes prestés au fond et su rtout à la surface, tels q u ' i ls sont indiqués au bas du tableau n° 1 bis, peuvent d ifférer sensiblement des nombres de postes correspo n dants d'autres statistiques, lesquels ne concernent q u e  les travaux d 'exploitation de la houi l lère proprement d ite . 

1 . 1 . 1 .  Fond 

le nombre total des victimes d 'accidents d u  fon d  s'est élevé en 1 9 7 9 à 1 0 .4 7 8 .  I l  est in fé rieu r (- 0,6 %) à celui de 1 9 7 8 ( 1 1 . 1 05) .  Com m e  le nombre de postes prestés convertis en postes de 8 heures a diminué, lu i ,  de 4,3 %, le n ombre de victi-
60 
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1 . 1 . _ /nleiding 

· t ·ek van de arbe idsong eva l len d ie zich . 1 n de stat 1s 1 In . d steenko lenmi jnen h e b b en voorgedaan 1 9 7 9  I ll e 
d. ongeva l len ingedee ld ,  e en sdee ls naa worden i e  

fd  b · r . . . 1 oorzaken,  in  1 2 hoo ru neken e11 5Q hun matene e 
rubneken voo . r de onderg rondse ongeva l l en en in l Q  

b . · ken voor de boveng rondse ongeval len en hoofdru 11e 
. d I naar de d u u r  van de arbe1dson. ander ee s 

h.k h ·d d ie 4 klassen omvat : « 1 tot 3 da. gesc I t e I  , 
4 tot 20 dagen » ,  « 2 1  tot 5 6 dagen » en gen » ,  « 

« 56 dagen en meer » .  

H et overl i jden b in nen 5 6  dagen n;_; het ongeval 
dt onder de rubriek « doden r• . to,  de dodelijke wor 

ongeval len gerekend . 

ln tabel 1 worden de ond erg r, 
_
nds? ong�vallen 

d ·,e ·In  de loop van hei Jaar  1 9 7 9  in  elke aangegeven . .  , . mijnstreek en voo r  het he le  R 1J K  e e n  arbe1dson­
geschiktheid van ten minste 1 dag tot gevolg hebben 
gehad, de dag van het ongeva l n iet  i nbegrepen . 

l n  ta bel 1 bis worden de boveng rondse  ongevallen 
en de ongeva l len op de weg naar en van het werk 
aangegeven, alsmede het aanta l  doden per mi ljoen 
diensten of per mi ljoen ton .  

A l l e  ongeva l len in  b ri kettenfa b rieken en andere 
· ·  · ·  b en in de ' nevenbedrijven van kol enm 11nen zIJ n egrep 

cijfers van de ongeva l len op de boven g rond . 

De veelvu ld igheidsvoet en de e rnstvoet van de on­
geva l len in de ondergrond, op de  boven g rond en voor 
boven- en onderg rond samen, worden  dan ook bere­
kend op de prestat ies van a l  het betrokken person�el 
van de onderneming,  dat van de n even bedrijven in­
begrepen . 

Daarom kan het aantal in  de  onderg rond en voor�I 
op de bovengrond verrichte d iensten dat in  ta b e l 1 b!s 
vermeld is merke l ijk  versch i l l en  van de c ij fe rs d ie ,n ' 
andere statistieken aangeduid zijn welke a l leen o p de 
ontg inn ing van de e igen l ij ke  mijn betrekkin g  hebben . 

1 . 1 . 1 . Ondergrond 

l n  1 9 7 9  waren er in totaa l  1 0 . 4  7 8  s lachtoffe rs van 
ongeval l en in de onderg rond . D i t  i s  m inder (- 0, 6 %) dan in 1 9 78 ( 1 1 . 1 05 ) .  Aangezien het aanta l  d ien­sten, in dagen van 8 u ren omgerekend,  in deze lfde periode met 4,3 % verminderd is, i s  het totaa l  aanta l 
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idents pa r  mi l l ion de postes p restés a a ug-1 , 3 %  (3 . 5 34 contre 3 . 5 80 en  1 9 7 8) . 

, nord , ce rapport éta i t  de 3 . 3 6 0 en , 9 7 9  394 en 1 9 78 ,  soit u n P.  rl i n-. : �  . .  �, _ . ' 

slachtoffers van ongeva l len per m i ljoen diensten ge­daald met 1 , 3 % (3 . 5 34 tegenover 3 . 5 80 in  1 9 7 8) . 
l n  het Noorden was d ie  verhoud ing 3 . 3 6 0  in 

• "' -,
0 w;:it neerkomt op 

• 1 bis _ Accidents survenus dans les mines de houille en 1 9 7  9 
Tb.SLEAU n 

Sud 
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1 ,96 
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1 44 40 7 7  1 4  
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rr,es d ' accidents pa r m i l l ion de postes prestés a aug­
rr,enté de 1 , 3 %  (3 . 5 3 4 contre 3 . 5 80 en 1 9 7 8) . 

Dans le  nord , ce ra pport éta it de 3 . 3 60 en 1 9 7 9  
contre 3 . 3 94 e n  1 9 7 8 ,  soit u n e  d iminut ion d �  
1 ,0 % . 

Dans le Sud  l e  ra pport est passé de 4 . 9 2 6 en 1 9 7 8  
à 5 . 1 5 5 e n  1 9 7 9  ( + 0 , 5  % ) .  

Les accidents cau sés par les éboulements e t  chutes 
de pierres et de blocs de houille, restent de lo in les 
p lus nombreux et se décom posent com me suit 

en ta i l l e  
au  cours de l ' abatta ge et des travaux qu i  

y font su ite . . . . . . . . . . . . . . . . . . . . .  . 
au cou rs des travaux de contrôle du  toit 

dans les ga leri es en ve ine de toute na-
tu re . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

dans ies gak:r i ,�s a u  rocher . . . . . . . . . .  . 
dans les pu i t:S et burqu ins  . . . . . . . . . .  . 

2 . 007 
342 

1 .064  
3 3 6  

54 

Soit au  tota l : 3 . 803 

La proportion d ' accidents de cette nature par rap­
port à l ' ensemble des accidents du fond s'établ i t  a insi 
à 36 , 3 % (en 1 9 7 8  3 5 , 9  %) . Cette proportion at­
teig nait près de 5 0  % en 1 9 5 6 .  Le pourcentage est le 
même dans le Nord que dans le Sud .  

Les accidents occasionnés par l e  fonctionnement 
de machines d'abattage, chargeuses, remblayeuses 
et autres machines, a ins i  que  l 'emploi d'outils et la 
manipulation d'éléments de soutènement ont enre­
gistré en 1 9 7 9 , 1 . 9 5 2  cas ( 1 8 , 6  % du total des acci­
dents du fo nd) .  La man ipu lation d 'élém ents de sou­
tènement a fa it 1 . 3 3 0 vict imes contre 1 . 2 2 5  en 
1 9 7 8 ( + 8, 5 % ) .  

Les manipulations diverses e t  chutes d 'objets sont 
aussi importantes parmi des causes d ' accidents avec 
2 - 1 8 1 victi mes en 1 9 7 9  contre 2 . 3 2 1  en 1 9 78 . La 
Proportio n des victi mes d 'accidents de cette catégo rie 
ne s'est pas mod ifiée en 1 9 7 9  ( 20 ,8  % du nombre 
tota l des accidents du  fond, contre 2 0 , 9  % en 1 9 7 8) .  

Les accidents provoqués par la circulation du per­
s�nne/ (chutes, heurts, foulures etc.) ont fa it 1 • 1 8 2  
victimes ( 1 1 , 3 % contre 1 0, 9  % e n  1 9 7 8) .  

Les transports ont enreg istré 848 victimes, soit 
e 8 , 1 % de l 'ensemble des accidents du  fond ( 7 ,  7 % 
�I en 1 9 7 8) . 
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slachtoffers van ongeval len per miljoen d iensten ge­
daald met 1 , 3 % (3 . 534 tegenover 3 . 580 in 1 9 78) . 

1 �; het Noorden was die verhouding 3 . 3 6 0  in  
9 ·  !egenover 3 .394 in  1 97 8 ,  wat neerkomt op 

een da lmg met 1 ,0 %. 

l n  het Zuiden is  er  een stijg ing van 4 . 9 2 6  in  1 9 7 8  
tot 5 . 1 55  i n  1 9 7 9  ( + 0, 5  %) . 

De ongeval len door instortingen en door het val/en 
van stenen en blokken kool veroorzaakt, zijn nog 
steeds het talr i jkst en worden ais volgt verdeeld 

in pij lers 
tijdens de winning en het vervolg  van de 

winning . . . . . . . . . . . . . . . . . . . . . . .  . 
tijdens verrichtingen voor de dak-

controle . . . . . . . . . . . . . . . . . . . . . . .  . 
in om het even welke gangen in de kolen 

in de gangen in het gesteente . . . . . . .  . 
in schachten en bl inde schachten . . . .  . 

2 .007 

342 

1 .064 
336  

54 

Sarnen : 3 . 803 

Deze ongeval len vormen samen 3 6 , 3  % van het 
totaa l  aantal ondergrondse ongeva l len ( in 1 9  78 
3 5 , 9  %) . ln  1 9 5 6  was dat b ijna 50 %.  Het percen­
tage is ongeveer hetzelfde voor het Noorden en het 
Zu iden . 

De ongeval len veroorzaakt door winmachines, 
laadmachines, vu/machines en andere machines, 
evenals door het gebruik van gereedschap en de ma­
nipulatie van ondersteuningsmiddelen, hebben in 
1 9 79 1 . 9 5 2  slachtoffers gemaakt ( 1 8 ,6  % van het 
totaal aantal ongeval len in de onderg rond) . De mani­
pulatie van ondersteuningsmiddelen heeft 1 . 3 30  
slachtoffers gemaakt, tegenover 1 . 225  i n  1 9 78 
( + 8 , 5  %) . 

Diverse manipulaties en het val/en van voorwerpen 
nemen ook een belangrijke p laats in wat de oorzaken 
van de ongeva l len betreft, met 2 .  1 8 1  slachtoffers in 
1 9 7 9  tegenover 2 . 3 2 1 in 1 978 .  Proportioneel is het 
aantal slachtoffers van ongeval len in deze kategorie 
gel i jk gebleven in 1 9 7 9  (20 ,8  % van het totale aanta l 
ongeval len in de onderg rond, tegen 20 ,9  % in 
1 9 78) .  

De ongevallen veroorzaakt door het circuleren van 
het personeel (val/en, zich stoten, verstuikingen, enz.J, 
hebben 1 . 1 82 slachtoffers gemaakt ( 1 1 , 3 % tegen 
1 0, 9  % in 1 978) . 

Het vervoer heeft 848 slachtoffers gemaakt, d . i . 

8, 1 % van het totaal  aantal ongevallen in de onder-

grond (7 ,  7 % in 1 9 78) .  

6 1  



Sud - Zuiden 

Blessés avec incapacités 
Incapacités temporaires permanen tes 

Victimes T11deli1ke ongeschikthe1d Gekwetsten met b l ijve nde Tués 
N• ongeschiktheid 

Slachtotfers Doden 

1 à 3 4 à 20 1 à 56 P lus de 
Jours jours JOUrS 56 jours 

< 25 % - 2 5  % 
1 tot 3 4 tot 20 2 1  tot 56 M er dan 
dagen dagen dagen 56 dagen 

0 1 0  258 34 1 80 3 2  1 2  2 
01 1 90 1 2  6 1  1 4 3 

0 1 2  58 9 43 6 
0 1 3  50 7 3 1  9 3 
0 1 4  1 6 3 7 6 
0 1 5 2 1 7 3 
0 1 6  
0 1 + 493 66 339 70 1 8  5 

020 34 8 1 5  9 2 
02 1 1 1 
022 1 5  3 7 4 
023 1 1 
024 30 20 6 3 
025 1 4 9 3 

026 35 4 24 3 3 

027 1 
028 5 3 
029 

02+  1 3 6 1 7 79 28 1 1 2 

030 1 3  1 2  
03 1 2 1 
032 6 1  1 0  36 1 1 4 
033 39 4 26 8 
034 

035 30 6 1 9  5 
036 
037 43 7 2 7  8 
038 7 5 
039 2 
03 + 1 97 28 1 26 3 5  8 
040 3 2 
04 1 
042 1 1 
043 1 1  2 6 3 
044 5 1  1 2  30 8 
045 1 0  2 6 2 
046 29 3 23  3 
047 93 1 3  59  1 8  3 
048 
049 89 1 9  4 9  1 5  6 
04 + 288 52 1 7 6 4 9  1 1 2 
050 75  1 2  44 1 4  5 
051 1 6  1 0  5 
052 9 6 
053 1 
054 1 1 
055 4 1 2 1 
056 47 5 2 3  1 6 3 
057 1 09 1 1  7 1  2 1  6 
05 + 262  32 1 5 7 58  1 5  
06+ 
07+ 

08a 

08b 
08 + 
09+ 
0 1 0 +  

0 1 1 + 

1 20 6 2 
1 2 1  2 1 1 
1 2 2 1 00 39 57 2 2 
0 1 2 +  108 42 62  2 2 
Total 
Totaal 1 484 237  939 242 6-5 , 1 



TAB LEAU n° 1 - Accidents survenus dans les mines de houille en 1 9 79 

CATEGO R I ES D 'ACCI D E NTS 

Accidents du fond 

1.  - Eboulements, chutes de pierres et de blocs de 
houille. 

i . - Tra n sports (à l 'exclusion des accidents dus à 
l 'é lectr ic ité) 

I l l .  - Chutes de la vict ime {chutes. faux pas. trébu­
chemen ts. g l issades. heu rts ou accrochage à des 
parties sai l lantes. déchirures. foulures. luxations. 
etc .) .  

I V  - M achines, o utils et 
soutènement 

V. - Chutes d'objets. 

Machines 

Outils 

S outènement 

En tai l le. abattag e  et suite à l 'a battage . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
En tail le. contrôle du toit (foudroyage. rem b layage. etc.) . . . . . . . . . . . .  . 
Dans les galeries en veine de toute nature (y com pris les préparatoires): 

à front . . . . . . . . . . . . . . . . . . . . . . .  . 
à l 'arrière . . . . . . . • . . . . . . . . . . . . . .  

Dans les ga leries en roches à front  . . . . . . . . . . . . . . . . . . . . . . .  . 
à l 'arrière . . . . . . . . . • . . . . • . . . . . . .  

Dans les puits et burq uins  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Total 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Continus en tai l les et en galeries. par 

gravité . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . .  • • . . .  • • • • • 
courroies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
convoyeurs métal l iques à raclettes . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
autres convoyeurs métall iques . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . .  

En galeries ho rizontales par wagonnets et hiercheurs . . . . . . . . . . . . . .  . 
locomotil.'es . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
treui ls et câbles ou chaines, 
pousseu rs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

En galeries incl in ées par wagon nets et poulies ou treu i ls  et câbles ou 
chaines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
En tous travaux autres que les puits par tous a u tres moyens . . . . . . . . .  . 
Dans les puits et burquins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Total I l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . .  
a) A l'occasion de la circulation : 

- Dans les ta i l les et montages en plateure . . . . . . . . . . . . . . . . . . .  . 
- Dans les tailles et montages en dressant . . . . . . . . . . . . . . . . . .  . 
- Dans les galeries horizontales ou fa ib lement inclinées . . . . . . .  . 
- Dans les chem inées et les galeries inclinées . . . . . . . . . . . . . . .  . 
- Dans les puits et burquins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

b) Au cours d'autres opérations : 
- Dans les ta i l les et montages en plateure . . . . . . . . . . . . . . . . . . .  . 
- Dans les ta il les et montages en dressant 
- Dans les galeries horizontales ou faiblement inclinées . . . . . . . •  
- Dans les chem inées et les galeries inclinées . . . . . . . . . . . . . . .  . 
- Dans les puits et burquins . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . .  

Total I l l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Mach ines d'abattage . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . .  
Chargeuses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . • . . .  
Remblayeuses . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . .  
Autres machines et mécanismes . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . • . • .  
Out ils ordina ires . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Outils pneumatiques ou électriques à main . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . .  
M an ipu lation pour la m ise en œuvre des bois de soutènement . . . . • . • . . . . • . .  
Manipulation pour la m ise en œuvre d"étançons. cadres . . . . . . . . . . . . . . . . . . • 
Manipulation pour la mise en œuvre de claveaux et de panneaux . • . . . . . . . . . .  
Autres ma nipulations d'éléments de soutènement . . . . . . . . . . . . . . . . • . . . . . . • .  
Total IV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Manipulation de rails, tuyaux et autres éléments métalliques . . . . . . . .  . 
Manipulation d"autres matériaux . . . . . . . . . • . . . • . . . . . . . . • . • . . . . • . • .  
Dérives d'objets dans les déclivités naturelles . . . . . . . . . . . . . • . • . . . . . .  
Chutes d' objets dans les puits et burquins . . . . . . . . . . . . . . . . . . . . . • . . •  
Chutes de machines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • . • • . . • •  
Chutes d'outils . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • . . • • • . • . • • . . . • .  
Chute de soutènement . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . • . . . • • . •  
Autres chutes d 'objets divers . . . . . . • . . . . . . • . • • . . . . • • . . . . . • • . • . . . •  
Totaal V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

VI . - Explosifs (non com pris les coups de grisou ou de poussières provoquées par) . . . • . . . • . . . . . . . . . . . . . . . • . . • • . . • . . . • . • • . • . . • . . •  
VI I .  - Inflammations et explosions de grisou et/ou de poussières de charbon 
VI I I .  - Dégagements instantanés, anoxies, asphyxies et intoxications par gaz 

naturels 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a) Dégagements instantanés • • • . • • • .  
b) Anoxies. asphyxies et intoxications 

par gaz naturels . • • • • . • • . • • • • • • •  

Totaal VI I I  . . . . . . . . . . . . . . . . . . .  · · · . 

IX. - Feux de mine et incendies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  • • • • • • · · · · · · · 

X. - Coupa d'eau . . . . . . . . . . . . . . . . . . . . . . . . .  • • • • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  • • • • • · · · · · · · · · 
XI. - Courant électrique . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , • • • , 

XII .  - Autres cauaea - air comprimé • . . . . . • . . . . . • . . . . • • . • • • • . • . . . . . . . • • . • • • • • • • • • • 
- survenus à la surface à des ouvriers du fond • • • • • • •  • • • • • · • • • · • • 
- autres causas . . . . . . • . . . . • . . . . • • • • • • . . • • •  • • • • • · • · • • • • • • • • • • 

Totaal XI I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · ·  · . . . . . . · · ·  
Totaux géné111ux pour le fond . . . . . . . . . . . . . . . . .  • • • • · · · · · · · · · · · · 

0 1 0  
0 1 1 

0 1 2 
0 1 3  
0 1 4  
0 1 5 
0 1 6  
0 1  + 

020 
0 2 1 
022  
023  
024  
0 2 5 

026  

027  
028  

02 + 

030 
03 1 
032 
033 
034 

035  
036 
0 3 7  
038 
039 
03 + 
040 
04 1 
042 
043 
044 
045 
046 
047  
048 
049 

050 
0 5 1  
052 
053 
054 
0 5 5  
056 
057 
05 + 

06 + 

07 + 
osa 
08b 
08 + 

09 + 

0 1 0  + 
0 1 1 + 
1 20 
1 2 1  
1 2 2 
01 2 + 

Total 



Nord - Noorden 

Blessés avec incapacités 
lncopoc11ès tempora ,res permanentes 

Victimes T11d lijke ongesch ikthu ,ct Gekwetsten met bl i jvende Tués . ongesc h ik theid 
Slachtoffers Dod n 

1 à 3 4 à 20 2 1  à 5 Plus d 
jours jours jour 5 6  jours 

2 5  % 2 5  % 
1 tot 3 -! 101 20 2 1  tOt 5 6  �cer dan 
dagen dagen da en 56 dagen 

0 1 0  1 7 4 9  457 1 1 63 1 0  2 7  3 3  3 -
01 1 252 40 1 8 7 20 5 6 - -

0 1 2  8 7 2  1 7 6 630 4 1 7  1 6  - 1 

0 1 3  84 1 4  60 7 3 2 - -

0 1 4 1 8 3 2-! 1 3 7 1 5  7 2 - -
0 1 5  1 1 6  35 7-! 7 - 1 - -
01 6 54 1 6  36 2 - - - -

O H· 33 1 0  1 6 2  2 2 8 7  20 1 5 9  6 0  3 1 

020 1 - 1 - - - - --
02 1 1 0 1  20 67  8 6 4 - -
Q22 6 1  1 1 30 1 3  6 7 2 
023 28 3 1 5 9 - 3 - 1 
024 92 8 60 1 5  9 1 0  1 --
025 1 4 7  24 87 1 5  20 1 3  5 1 

026 1 08 23 64 1 6  4 7 1 1 

027 50 1 6  2 7  6 1 3 - -
028 1 1  1 2 1  66 1 7  6 9 - 1 
029 1 3 3 7 1 2 2 - -
02 + 7 1 2  1 2 9 4 2 4  1 00 54 5 8  9 5 

030 4 - 4 - - - - -
03 1 3 1 2 - - 1 - -
032 42 5 32 5 - - - -
033 4 - 3 - 1 - - -
034 9 - 9 - - - - -

035 1 38 3 7  9 0  9 2 2 - -
036 2 2 - - - - - -
037 746 1 78 489 6 1  1 8  1 6  -
038 - - - - - - - -
039 37 1 5  1 8  1 2 1 - 1 

03 + 985 238 647 76 23 2 0  - 1 

040 22  3 1 0  9 - 2 - -
04 1 1 5  2 1 2 1 - - - -
042 1 - 1 - - - - -
043 1 1 6 1 7  7 2  2 3  4 5 1 -
044 401 96 288 1 2  5 8 - -
045 1 55 48 98 7 2 3 - -
046 1 09 1 8  7 9  8 4 2 1 -
047 584 1 1 1  382 7 3 1 8  3 4  - -
048 3 5  9 2 1  4 1 3 - -
049 226 56 1 56 1 2 2 3 - -

04 + 1 664 360 1 1 1 9 1 4 9 36  6 0  2 -
050 592 1 1 0 427  43  1 2  1 7  - -
05 1 364 92 2 54 1 4  4 3 1 -
052 1 - 1 - - - - -
053 9 1 7 1 - - - -
054 25  4 1 5  5 1 2 - -
055 1 5  5 8 2 - - - -
056 575  1 53 358 5 7  7 1 4  - -
057 338 80 2 1 9  3 1  8 8 - -
05+ 1 9 1 9  445 1 289  1 5 3 3 2  44  1 -
06+ - - - - - - - -
07+ - - - - - I ' - - -
08a - - - - - Il - - - I' 

08b - - - 11 - - - - -
08+ - - - ;1 - - - -
09+ 7 7 - - - - - -
0 1 0 +  - - - - -
0 1 1 +  1 3  2 9 2 

- - -
11 - - - -

1 20 24 1 1  1 2  1 - 1 
1 2 1  73 1 9  48 6 

- --
1 22 287 1 3 1  1 44 

- - -
8 4 2 1 -

0 1 2 +  384 1 6 1  204 1 5 4 3 
Total 

1 -
Totaal 8994 2 1 04 5979 696 208 245  1 6  7 



Le Royaume - Hat Rljk 

Blossés avec incapacités 
Incapacités temporaires permanentes 

Victimes Tijdelijke ongeschiktheid Gekwetsten met blijve nde Tués 
N• ongesch ik theid 

Slachtoffers Doden 

1 à 3 4 à 20 2 1  à 56 Plus de 
jours jours jours 56 Jours 

< 25 % ;;., 2 5  % 
1 tot 3 4 tot 20 2 1  tot 56 Meer dan 
dagen dagen dagen 56 dagen 

0 1 0 2007 49 1 1 343 1 34 39  3 5  3 -
0 1 1 342 52 248 34 8 7 - -

0 1 2 930 1 8 5 673 54 1 7 1 6  - 1 
0 1 3 1 34 2 1  9 1  1 6  6 3 - -
0 1 4  1 99 2 7  1 4 4 2 1  7 3 - -
0 1 5 1 3 7 36 9 1  1 0  - 1 - -
0 1 6  54 1 6  36 2 - - - -
0 1 + 3803 828 2626 2 7 1  7 7  6 5  3 1 

020 35  8 1 6  9 2 - - -
o:n 1 02 20 68 8 6 4 - -
0 2 2  7 6  1 4  37 1 7 7 8 3 1 
nn 29  3 1 5  1 0  - 3 - 1 
·"' -�-l 1 2 2 9 80 2 1  1 2  1 0  1 -
r1 1 5  1 6 1  25 96 1 8  2 1  1 4  5 1 

0 L 6  1 4 3  2 7  88 1 9  7 7 1 2 

•:) 7 5 1  1 6  2 7  7 1 3 - -
ü28 1 1 6  2 1  69  1 8  7 9 - 1 
0 2 9  1 3  3 7 1 2 2 - -
02 + 848 1 46 503 1 28 65 60 1 0  6 

0 3 0  1 7 - 1 6  1 - - - -
03 1 5 1 3 1 - 1 - -
032  1 03 1 5 68 1 6  4 1 - -
033 43 4 29  8 2 - - -
034 9 - 9 - - - - -
035 1 68 43 1 09 1 4  2 2 - -
036  2 2 - - - - - -
037  789  1 85 5 1 6  6 9  1 9  1 6  - -
038  7 1 5 - 1 - - -
039 39  1 5  1 8  2 3 1 - 1 

03 + 1 1 82  266 773 1 1 1 3 1  2 1  - 1 

040 2 5  3 1 2  9 1 2 - -
04 1 1 6  3 1 2  1 - - - -
042  2 - 2 - - - - -
043 1 2 7 1 9  78 26 4 6 1 -
044 4 5 2  1 08 3 1 8  20 6 8 - -
045 1 6 5 50 1 04 9 2 3 - -
046 1 38 2 1  1 02 1 1 4 2 1 -
047 677  1 24 44 1 1 1  2 1  3 5  - -
048 3 5  9 2 1  4 1 3 - -
049 3 1 5  75  205 27  8 3 - -
04 + 1 952  4 1 2  1 2 95  1 98 4 7  6 2  2 -
050 6 6 7  1 2 2 4 7 1  5 7  1 7  1 7  - -
0 5 1 380 93 264 1 9  4 3 1 -
0 5 2  1 0  1 7 1 1 - - -
053  1 0  2 7 1 - - - -
054 26 4 1 6  5 1 2 - -
055  1 9  6 1 0  3 - - - -
0 5 6  6 2 2  1 58 3 8 1  7 3  1 0  1 4  - -
057  447  9 1  290 52 1 4  9 - -
0 5 +  2 1 8 1 4 7 7  1 446  2 1 1 47 45 1 -
0 6 +  - - - - - - - -
0 7 +  - - - - - - - -
08a - - - - - - - -
08b - 11 - - - - - - -
08+ - - - - - - - -
0 9 +  7 7 - - - - - -
0 1 0 + - - - - - - - -
0 1 1 + 1 3  2 9 2 - - - - ;. 

. 

1 3  1 6  1 1 1 20 30 - - - ' 

1 2 1  75  20 49 6 - - - - -� 
1 2 2 387  1 70 20 1 1 0  6 2 1 - . 

. ·; 
0 1 2 +  492  203 266 1 7  6 3 1 - �;" 

Total ,{: 
Totaal 1 0478  2 34 1  69 1 8  938 273 256 1 7  8 ---



Nr 

0 1 0  
01 1 

0 1 2  
0 1 3  
0 1 4 
01 5 
0 1 6 
0 1  + 

020 
02 1 
022 
023 
024 
025 

026 

027  
028 
029 
02 + 

030 
03 1 
032 
033 
034 

035 
036 
037 
038 
039 
03 + 

040 
04 1 
042 
043 
044 
04 5 
046 
047 
048 
049 
04 + 

050 
0 5 1  
052 
053 
054 
055 
056 
057 
05 + 
06 + 
07 + 
08a 

08b 
08 + 
09 + 
0 1 0 + 

TA B E L  1 - ln 1 9 7 9 in de k o le 11 m 1ïne11 g e b eu,de o n g e valle n 

KATEGORIEEN VAN ONGE ALLEN 

Ongevallen in de ondergrond 

1. - lnstoningen, vallen van stenen en b lokken 
kool 

I l .  - Vervoer (met uitslu,ting van de ongevallen er­
oorzaakt door elektric1te1t) 

I l l .  - Vallen van het slachtoffer (vallen. stru1kelen. 
uitglijden. stoten tegen uitstekende delen of er 
blijven aan haken. scheurwonden. verstu1king 
of ontwrichung enz. ) 

ln p1jlcrs biJ cl w,nn ,ng en het vervolg van de w inn ing  
ln  p i 1 lers, b11 de d:i kkon tro le {d akbreu k .  opvu l l i ng .  enz . )  
ln  om he t  e en , e l kc  m iJngangen in  d e  kolen (voo rbere,d 

aan het  front 

ln steenga, gcn 

ln schachten en bl inde schachten 
T ta ol l 

achter het front 
aan het front 
achter het iront  

ingegr.)  

Bestend,g \ ervoer in p i j lers en m ijngangen door  1 1 1  .ictel  v 'l 

d zwaanekracht 
band transporteurs 
pan tsertra nspo rteu rs 
andere n1etalen transporteurs 

ln vlal-ke m 1jngangen door m iddel van wagentjes c , '  s lepc: , 
lokomotieven 
l ieren met kabels of kett ingen 
stootinsta l lat ies 

ln hel lende m ijngangen door m iddel  van wagentjes en ka t rollen 
of l ieren met ka bels of kettingen 

ln aile werken bu iten de sch achten, met ai le andere midde len 
ln schachten en bl inde schachten 
Totaal I l  
a) Bij het doorlopen : 

ln pijlers en ophouwen in v lakke lagen 
ln pij lers en ophouwen in stei le lagen 
ln vlakke of l icht hel lende m ijngangen 
ln kokers en hel lende mijngangen 
ln schachten en bl inde schachten 

b) Tijdens andere verrichtingen : 
ln pij lers en ophouwen in vlakke lagen 
ln pijlers en ophouwen in stei le lagen 
ln vlakke of l icht hel lende m ijngangen 
ln kokers e n  hellende m ijngangen 
ln schachten e n  blin de schachten 

Totaal I l l  
Win machines IV - Machines, gereedachap en 

onderateuning Machines Laadmachines 

V. - Vallan van voorwerpen 

Vulmachines 
Andere machines en tuigen 

Gereedachap Gewoon gereedschap 
Door perslucht of elektr. ged reven handgereedschap 
Manipulatie voor het gebruik van houten ondersteuningsm iddelen 

Onderateuning Manipu latie voor het gebruik van stijlen. ramen 
Manipulatie voor het gebruik van betonblokken en panelen 

Totaal IV 
Andere manipulaties van ondersteuningsm iddelen 

Manipulatie van spoorstaven, bu izen en andere metalen stukken 
Ma nipulatie van andere materialen 
Wegschieten van voorwerpen in natuurlijke hel l ingen 
Vallen van voorwerpen in schachten en bl i nde schach ten 
Vallen van machines 
Vallen van gereedschap 
Va llan van ondersteuningsm iddelen 
Vallen va n al lerlei andere voorwe rpen 
Totaal V 

VI. - Springatoffen (ontploffingen van mijngas en kolenstof veroorzaakt door springstoffen niet inbeg repen) 
VII. - Ontvlammlng en ontplofflng van mijngaa e n / of kolenatof 
VIII.  - Gaacloorbraken : zuuratoftekort, veratikklng en verglftlng door 

natuurlljke gaaaen 

IX. - Mljnvuur en branden 

a) G asdoorbra ken 
b) Zuurstohekort, versti kking en vergifting 

door natuurlijke gassen 
Totaal V I I I  

X. - Weterdoorbraken 
01 1 + XI. - Elektrteche atroom 
1 20 XII.  - And•• ooruken 
1 2 1 
1 22 
0 1 2  + 
Totaaa 

Perslucht 
Op de bovengrond aan de onderg r. arbeid . overkomen 
Andere oorzaken 

Totaal X I I  
Algemeen totaal van de ondergrond 



Le nom b re d ' acc idents dus  aux explosifs et à 
/ 'élec tricité a é té d e  7 a u  tota l .  

O n  re lève e n_fi n  sous l a  ru b ri q ue « autres causes » 
4 9 2  acc iden ts ,  d o nt 3 0  impu ta b les à l ' a i r  com primé 
et 7 5  s u rven us à la su rfa ce à des ouvriers du fond,  en 
dehors du poste de trava i l  p roprement d i t .  

1 . 1 . 2 .  Surface 

A la  su rface ,  l e  n o m b re d ' a cc idents est de 564 pou r 
le Roya u m e  contre 5 8 9  en  1 9 7 8 .  Le nom bre d ' acci­
den ts d a n s  le N o rd (3 8 6) est p lus é levé que dans le 
Sud ( 1  7 8 ) .  

1 . 1 . 3 .  Chemin du travail 

E n  1 9 7 � , i l ·, 1 eu 1 5 7 accidents sur  le chem in du 
trava i l  co r ,t re : . .  3 en  1 9 7 8 .  Ces accidents ont fa it 
quatre v ic i i mes mo rte l l es . 

1 . 2 .  - Taux de fréquence, 
de gra vité, de risque au fond 

e t  à la surfa ce 

R a p pe lons  q u e  le nombre de jou rnées de chômage 
attri buées à tout accident m o rtel ou ayant  entraîné 
une i ncapa c i té perm a n ente tota le a été po rté à 7 .  500 
et que le n o m b re convent ionne l  de jou rnées de 
chômage attr i b uées au cas d ' i nca pacité permanente 
part ie l l e  est l e  p rod u i t de  7 .  500 pa r le taux rée l 
d ' i n ca pa c i té perm a n e n te attr ibué défin i t ivement par 
les serv ices méd icaux  com pétents .  

Le tab leau n° 2 d o n ne les ta ux de fréq uence et les 
ta ux  de  g ra vité des a cc iden ts survenus au fond et à l a  
su rface des  m ines de hou i l l e ,  dans  le Sud ,  le N o rd e t  
dans  le  R oya u m e .  

Le t a u x  d e  f réq uence - c' est-à-d i re le  nom b re 
d 'acc id ents pa r m i l l io n  d ' h eu res de trava i l  - a été de 
4 3 9  au fond (44 7 en  1 9 7 8) et 78 à la su rface (6 7 en 
1 9 7 8 ) .  

Dans  le S u d ,  l e  ta ux de fréquence a a u g m en té de  
4 % au  fon d  et de  1 2  % à la su rface. Dans  le N o rd on 
observe u n e  d i m i n u t ion du taux de fréq uence a u  fon d  
( - 2 % )  e t  u n e  a u g m entat ion à l a  s u rface ( + 1 7 %) . 

Pou r le  fon d ,  l e  taux de lo i n  le p lus é levé s 'observe 
à nouveau ,  com me p récédem ment, dans  le Sud  : 
643 , d épassa n t  d e  p resq u ' u n  t iers le taux relevé d a n s  
le N o rd (4 1 7 ) .  

1 / 1 9 8 1 

Springstoffen en elktriciteit hebben  i n  totaa l  7 o n ­
geval len veroorzaakt .  

Onder de ru b riek « andere oorzaken " k o m e n  4 9 2  
ongeva l len voor, 3 0  te wijten a a n  het  g e b r u i k  va n 
persl ucht en 7 5  die o p  de  bove n g ro n d  overk o m e n  z ij n  
aan de onderg ro ndse arbe iders ,  b u i ten  d e  e i g e n l i j k e  
arbeidsd ienst.  

1 . 1 . 2 .  Bovengrond 

O p  de bovengrond zij n  er i n  1 9 7 9  i n  h eel  h et R ij k  
5 6 4  ongeval len gebeu rd , tegen 5 8 9  i n  1 9 7 8 .  l n  h et 
Noorden hebben zich meer o n g eva l l e n  voorg ed a a n  
(3 86)  dan i k  het Zu iden ( 1  7 8 ) .  

1 . 1 . 3 .  Op de weg naar o f  van het  werk 

l n  1 9 7 9  hebben z ich 1 5 7  o ngeva l l e n  voorg e d a a n  
o p  d e  weg naar of va n het werk,  teg en  1 0 3  i n  1 9 7 8 .  
E r  z i jn daarbij 4 doden geva l l en . 

1 . 2 .  - Veelvuldigheidsvoe t, 

ernst- en risicovoet  in de ondergron d  

en op de b ovengrond 

Men weet dat  het  a a n ta l  afwezig he idsd a g e n ,  voor  
ieder dodel i jk ongeval of voor  ieder  o n g eva l  m et e e n  
tota le b l ijvende ongesc h i kthe id  a a n g ereken d ,  o p  
7 . 500 gebracht werd e n  d at h et konve n t io n ee l  a a n t a l  
afwezigheidsdagen,  voor de ongeva l l e n  m et g ed ee l ­
tel ij ke b l ijvende ongesc h i kthe id  a a ngere k e n d ,  g el i j k  
is  aan het p rodukt van  7 . 5 00 met  het  door  d e  be­
voegde med ische d iensten defi n i ti ef toe g e ke n d e  p e r­
centage van b l ijvende ongesch i kthe id . 

l n  tabel 2 worden de veelvu ld ighe idsvoet e n  d e  
ernstvoet va n de ongeva l len  i n  d e  o nderg ro n d  e n  o p  
de bovengrond van d e  kolenm ij n e n  a a n g ed u id voor  
het Zuiden,  voor het N oorden en voor  h eel  h e t  R ij k .  

De veelvu ld igh eidsvoet, d . i .  het  aan ta l  o ng e va l l e n  
per m i ljoen werkuren,  be l iep 4 3 9  voor d e  o n d er­
g rond (44 7 i n  1 9 7 8) en 7 8  op de  bove ng ro n d  ( 6 7 i n  
1 9 7 8) .  

l n  het Zu iden i s  d e  veelvul d i g he idsvoet m et 4 % 
toegenomen i n  de onderg rond e n  m et 1 2 % o p  d e  
bovengrond .  l n  het N oorden i s  d e  vee lvu l ­
d igheidsvoet afgenomen in  de  onderg ro n d  ( - 2 %)  
en op  de bovengro n d  toegenomen ( + 1 7  %) :  

Voor de  o nderg rond wordt h et hoogste c ijfer weer 
i n  het Zuiden waa rg enomen,  n i .  643 ,  d . i .  b i j na  e e n  
derde meer dan i n  het Noorden (4 1 7 ) .  
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TABLEAU n° 2 .  - Taux de fréquence et de gra vité des accidents 
survenus au fond et  à la surface des mines de houille en 1 9  79 

et  nombre moyen de journées chômées par accident 

Nombt9 de oostes de 8 heures effec- Aantal d1en1ten van 8 uren vemcht in 
IUHS en 1 97 9 : n 1 9 7 9  n 

Nombt9 d"accidents chOments (y Aentel ongevellen met arbeidsver-
compris les cas de mort) : A zuim (dodelijke ongevellen ,n-

begrepen) : A 

A X 1 0-
Veelvuldighe,dsvoet Taux de f�uence T, • ---

(1 9 7 9) 8 n  ( 1 9 7 9) 

Rappel de 1 9 78 . T, • Idem voor 1 9 78 ; T, 

Nombre de jours d ïncapacit6 tempo- Aantal dagen met volledige tijdel,jke 
raire 1• !"exclusion des cas de morts ongeschiktheid (met uitslu,ting van 
et des incapacit6s permanentes) : J de dodelijke ongevallen met blij-

vende ongeschiktheid) : J 
Nombre de jours conventionnels de Overeengekomen ■antal verloren da-

c:h6mage pour les cas de morts et gen wegens dodelijke ongevallen 
d"incapacit6 permanente en ongevallen met bli1vende on-

geschikthe1d 

J" - M +  - X 7.500 
1 00 

TOTAL J + J" TOTAAL 

Teux de gravit6 : T, Ernstvoet : T, 
- sans J "  J X 1 0' --- - J "  niet inbegrepen 

rappel de 1 9 7 8  S n  . id. voor 1 9 78 : T, 
- avec J" (J + J') X 1 0' - J' inbegrepen 

rappel de 1 9 7 8  S n  id. voor 1 978 : T, 

Nombre moyen de journées Gemiddeld aantal verletda-
ch0m6es par accident gen per ongeval 

- sans J"  J 
rappel de 1 9 78 - - J" niet inbegrepen 

A id. voor 1 9 78 : T, - avec J" 
rappel de 1 9 78 J + J" -- - J" inbegrepen 

A id. voor 1 9 7 8 : T, 

1 

1 

1 

Fond 
Ondergrond 

2 8 7  8 9 2  

1 4 8 2  

6 4 3  

6 1 6  

2 2  7 9 0  

1 5  300 

38 090 

9 . 9  
9 . 3  

1 6 . 5  
1 6 , 2  

1 5 , 3  
1 5 , 2  

2 5 , 7  
2 6 , 8  

S U D  

ZUIOEN 

1 

1 

1 

1 

Surface 
Sovengrond 

2 0 1  8 74 

1 80 

1 1 1  

9 9  

2 605 

1 0  8 7 5  

1 3  4 80 

1 . 6 
1 . 1 

8 , 3  
1 . 6 

1 4 , 5  
1 1  , 4  

7 5 ,9 
1 6 , 2  

1 

1 

1 

1 

TABEL 2 .  - Vee/vuldigheidsvoet en ernstvoet van de in 1 9  7.9 in de 
ondergrond en op de bovengrond van de kolenmijnen gebeurde 

ongevnllen en gemiddeld aantal verle tdagen per ongevol 

Fond 
Ondcrgrond 

2 6 7 6 7 9 5  

8 9 2 1 

'1 1 7 

4 74 

99 7 3 8  

1 8 4 1 2 5 

2 8 3  8 6 3  

4 . 7  
4 . 6  

1 3, 3  
1 4 . ::;  

1 1 , 2 
1 0, 8  

3 1  , 8  
3 3 , 7  

N O R D  

NOORDEN 

1 

1 

1 

1 

1 
1 

S urface 
Bovongronu 

8 2 6  1 6 7 

'1 5 9  

6 9  

59 

6 5 2 8  

2 9  0 2 5  

3 5  5 5 3  

1 . 0 
0 . 8  

5 . 4  
;, :: 

1 4 . 2  
1 3 , 8  

7 7 , 5  
3 6 , 8  

1 

1 

1 

1 

1 

1 

1 

Fond 
Ondcrgrond 

2 9 6 4  68 7 

1 0  4 0 3  

'1 3 9  

4 4 7  

1 2 2 5 2 8  

1 9 9 4 2 5  

3 2 1  9 5 3  

5 , 2  
5 , 2  

1 3 , 6  
1 4 , 5 

1 1 , 8  
1 1 . 5 

3 0 , 9  
3 2 , 4 

ROYA U M E  

H E T  R IJ K  

1 

1 
1 

1 

1 

1 

1 

Surface 
Bovcngrond 

1 0 2 8  030 

6 3 9  

78 

6 7  

9 1 3 3 

39 900 

4 9  033 

1 . 1 
0 , 9  

6 , 0  
2 , 0  

1 4 . 3  
1 3 .  1 

7 6 .  7 
30,3  



Pou r l a  su rfa ce,  l ' écart  en tre les deux rég ions est 
p lus i m porta n t  encore : 6 9 dans le N ord , contre 1 1 1  
dans le S ud .  

Pou r éta b l i r  le ta ux de gravité des accidents, le 
ta b leau 2 don ne d ' a bo rd l e  nom bre de jours d ' inca­
paci té tem pora i re tota le  à l ' exc lus ion des cas mortels 
et des i n capac i tés perm anentes (J ) ,  et ensu i te le 
nom b re conven t ionne l  de jou rs de chômage attr ibués 
à ces dern ières catégor ies d ' acc idents conformément 
aux p resc r ip t ions  de l ' a rrêté roya l du 29 avr i l  1 9 58 
(J ' ) .  

Ce nom b re rés u l te e n  fa i t  d e  l a  form ule 

J' = M + 

dans laq u e l l e  

p 

1 00 
X 7 . 500 

M est l e  nr: m b re d 'a cc idents mortels qu i  f igure au 
ta b, ea u 1 

P est l a  �·· - --r: rne des ta ux d ' i ncapacité su ivants ,  
ex pr i mé· ... o n  % 

1 . des i nca pa ci tés permanentes déf in i t ivement con­
so l i dées en  1 9 7 9  résu l tant  d ' a cc idents surven us 
dans l ' a n née 

2 .  des p rév is ions d ' i n capac i té perm anente attr i ­
buées à des l és ions résu l tant  d ' acc idents surve­
nus en 1 9 7 9 m a is dont  la conso l idat ion défin i t ive 
n ' éta i t  pas acqu ise en f in d ' exercice 

3. des d i fférences ent re les ta ux de conso l i dat ion 
déf i n i t i ve a t t r ibuées en 1 9 7 9  à des vict imes 
d 'acc idents su rven us au cou rs d ' exerc ices anté­
r ieu rs ,  et les taux  p roviso i res p_r is en considérat ion 
pou r le c a l c u l  des taux de g ravité des exerc ices 
antérieu rs . ( 1 ) 

Ces é l é ments perm etten t  d ' é ta b l i r  le taux de gra vité 
des acc idents ,  c ' est-à-d i re l e  nombre de jou rnées 
d' i nca pac i té ra p p o rt é  au nombre d ' he u res de trava i l  
expr imé e n  m i l l i e rs .  

j J + J '  
Ains i  : Î6 = 1 . 0 0 0  X ou 1 . 000 X 

8 n  8 n  

su iva n t  q ue l ' o n  t i en t  com pte ou non du nombre de 
jours convent ion ne ls  de chômage attr i bués aux acci­
dents aya n t  en t raîné l a  m o rt ou une incapacité 
permanente .  

Le p re m i e r  d e  ces  taux ,  qu i  expri me le nom bre de  
jou rn ées perd ues pour  1 .000 heures de trava i l  
respect ive m e n t  au  fo nd e t  à l a  su rface, mont re que le 
chô mage  p rovo q u é  par les acc idents du t rava i l  est en  
1 9 7 9  deux  fo is  s u pér ie u r  dans  le  S ud à ce l u i  d u  N ord , 
tan t  a u  fond q u ' à l a  s u rface.  

( 1 )  Pou r des raisons de simplification. cet élément du calcu l n' a 
pas été pris en considérat ion . 
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Voor de boven grond  is h et versc h i l  t ussen  d eze  
twee streken nog g roter  : 69 i n  het  N oo rd e n  en  1 1 1  
in  het Zu iden . 

Om de erns tvoet  va n d e  o n g eva l l en  te  b e p a l e n ,  
geeft tabel  2 eers t  het aan ta l  d a g e n  m et v o l l e d i g e  
tijde l i jke ongesc h i kthe id ,  m et u i tsl u i t i n g  va n d e  do­
del i jke ongeva l l en  en d ie  m et een b l i j ve n d e  o n ­
gesch ikthe id (J) ,  en daarna h et ove re e n g e ko m e n  
aantal verloren dagen a a n  deze twee ka te g o rieë n va n 
ongeva l len toegekend overeenko mst ig  d e  b e pa l i n g e n  
van het kon i n k l i j k  besl u i t  van 2 9  a pr i l  1 9 5 8  (J ' ) .  

Feite l ij k  bekomt m e n  d i t  aanta l  d o o r  d e  for m u l e  

J '  = M + 

waarin 

p 

1 00 
X 7 . 5 0 0  

M - het aanta l  dodel i j ke o n g eva l l e n  verm e l d  i n  t a b e l  
1 voorstel t  en 

P - de som is van de h ie rna  verm e l d e  o n ­
gesc h i kthe idspercen ta g es 

1 .  de in 1 9 7 9 defi n i t ief g ekonsol i deerd e b l i j v e n d e  
ongesch ikthe id voortspru i ten d e  u i t  o n g ev a l l e n  
d ie in  d e  loop va n het j a a r  gebeu rd z i j n 

2 .  de voorziene b l ijvende o n g esc h i kt h e d e n  toe g e­
kend voor letse ls va n ongeva l l e n  d i e  i n  1 9 7 9 g e­
beu rd,  maar o p  het e i n d e  van  h e t  j a a r  nog  n ie t  
defi n i ti ef gekonso l ideerd wa ren 

3 .  de versch i l l en  tussen de percen tages va n def i n i ­
t ieve konsol idat ie in  1 9 7 9 toegekend  a a n  s l ac h ­
toffers van ongeva l l en  v a n  voo rg a a n d e  j a re n  e n  
d e  voorlop ige percentages d i e  voor  d e  b e re k en i n g  
van de ernstvoeten van d e  vorig e  j a ren  i n  a a n­
merk ing  genomen zi j n .  ( 1 ) 

Aan de hand van deze g egevens k a n  d e  erns tvoe t  
van d e  ongeva l len berekend word e n ,  d . i .  h et a a n ta l  
dagen door ongeva l len verlo re n  p e r  d u izend  werku­
ren ,  zodat 

J J + J '  
Ti: = 1 .000 X of 1 .000 X 

S n  8 n  

naargelang men a l  dan n ie t  rek e n i n g  h o u d t  m et h et 
konvent ioneel aanta l verloren dagen a a n  d o d e l i j k e  
ongeva l l en of a a n  ongeval len m et e e n  b l i j ve n d e  o n ­
gesch i ktheid toegekend .  

H et eerste cijfer. dat  h et aanta l  verl o re n  d a g e n  per  
1 .000 werkuren weergeeft, eensdeels voo r d e  
ondergrond en anderdeels voor de bove n g ro n d ,  toon t  
aan dat  i n  1 9 79  het aantal  door a rb e idsongeva l l e n  
verloren dagen in  het Zuiden tweemaa l  h o g e r  l i g t  d a n  
in  het N oo rden,  zowel in  d e  onderg ron d  a is o p  d e  
bovengrond .  

( 1 )  Eenvoudigheidsha lve werd dit gedeelte van de berekening 
buiten beschouwing gelaten. 
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Par contre, le nom bre m oyen de jou rnées chôm ées 
pa r accident en tenant com pte des jours convent ion­
nels, est respectivement de 3 1  ,8  dans le Nord contre 
2 5 ,  7 dans le Sud pour le fond et de 7 7  , 5  dans le Nord 
contre 7 5 , 9  dans le Sud pour  la su rface . 

L 'évolut ion du taux de gravité glob 1 (avec J ' )  
accuse une aggravat ion dans l e  Sud (où i l  pas e de 
1 6 , 2  à 1 6, 5) et une amé l iorat ion dans le Nord (de 
1 4 , 3  à 1 3 , 3) .  

Le taux de r isque - sa ns  J '  - (nombre moyen de 
journées chômées par  accident) n ' a  pas var ié au fond 
dans les deux régions .  

Le taux de r isque avec J · .  pour les a cc idents de la  
su rface, a augmenté sensi blement pour  le  Sud  et 
dans une moindre mesure pou r  le No rd . 

1 . 3 . - Procès- verbaux d 'acciden ts 
dressés par 

/ 'Administra tion des Mines 

Les enq uêtes auxquel les ont donné l i eu les acci­
dents g raves su rven us dans les charbonnages en 
1 9 7 9  ont fait  l ' objet de 1 5 procès-verba ux d ressés 
par les i ngénieurs du Corps des M ines.  Les su i tes en 
sont  données a u  tableau n° 3 .  

L' écart éventuel entre l e  nombre d e  p rocès-verbaux  
e t  celu i  des accidents g raves e t  morte ls m ention nés 
au ta bleau 1 s'expl ique comme su i t  : 

1 )  certa ins  accidents font p lusieu rs victim es ,  m a is 
ne font l 'objet que d ' u n  seu l  p rocès-verbal d ' e n q uête, 
d 'où l ' écart entre le  nombre de p rocès-verbaux  et le 
nombre de vict imes m ent ionnés a u  tableau n° 3 

2) dans certa ins cas, l ' i ncapacité de l a  vict i m e  a 
été portée à 25  % ou davantage trop tard ivement  
pour  que l ' i ngénie u r  des mines pu i sse ut i lement p ro­
céder  à u ne -enquête techn iq u e  su r les causes en c i r­
constances de ces accidents . l nversém ent,  d es 
enquêtes sont fa ites pou r  des accidents a p parem­
ment g raves mais dont résultent f ina lement d es i nca­
pacités permanentes partiel les consol idées à moins  
de 25  % 

3) les procès-verbaux d e  certa i n es enquêtes e n  
cou rs à l a  date d u  3 1  décembre n e  sont pas e ncore 
enregistrés à cette date . E n  revanche, certa i n s  p ro­
cès-verbaux enreg istrés dans  r a n née peuvent  se rap­
porter à des accidents de l ' exe rcice p récédent  

4) certa ines enquêtes sont faites pou r  d es acci­
dents mortels survenus dans  les charbon na ges  
fermés e t  qu i  dès  lors ne  sont p lus  rep ri s  d a n s  la 
statistique,  ou e ncore pour  d es accid e nts s u rve n u s  à 

70 

Ais men de  overeengekomen  ve r le tda g en meere· 
kent is het gemidde ld  a a n ta l  v e rl o re n  d a g e n  per on· 
geva l 3 1 , 8 i n  het N o o rden  e n  2 5 , 7  in h et Zu iden voor 
de n d  rg rond en 7 7 ,  5 i n  het N o o rd en e n  7 5 ,  9 in het 
Zuiden voor  de bove n g ro n d . 

D e  totale ernstvoet (m et J ' )  i s  g es te g e n  van 1 6 , 2 

naar  1 6 . 5  i n  het Zu iden  e n  ged a a l d  v a n  1 4 , 3  naar 
1 3 , 3 , in het Noorden . 

De r i s icovoet - zonder  J '  - (ge m i d d e l d  aantal 
ver lo ren werkdagen per  ongev a l ) is i n  b e i d e  streken 
ongeveer ge l i j k  gebleven i n  de o n d erg ro n d . 

Voor de bovengro n dse o n g eva l l e n  is d e  r is icovoet 
met J '  in  1 9 7 9  merke l i j k  gesteg en in  het  Z u i d en en in 
m i ndere mate in het N o o rd e n .  

1 . 3 .  - Processen- verbaal vé' !7 o, . .  e vallen 
door de A dminis tra cie 

van h e t  M1ïnwezen opges t Id 

l n  1 9 7 9  hebben de ingen i e u rs van  h et M ij n korps 
1 5 p rocessen-verbaa l  va n zwa re o n g ev a l l e n  i n  de 
mi jnen opgeste ld  ; m ee r  bi jzo n d er h e d e n  d a a rover 
zij n te v inden in  ta bel  3 .  

I nd ien e r  een versc h i l  tussen het a anta l  p ro· 
cessen-verbaal  en het i n  ta bel  1 ve rme lde  c i j fer  van de 
zwa re en dode l i j ke ongeva l l en  is ,  i s  d a t  a i s  vo lgt  te 
verk laren 

1 )  sommige o ngeva l le n  m a ke n  v e rsche idene 
slachtoffe rs , maa r  geven s lechts a a n l e i d i n g tot één 
enkel proces-verbaa l  van  o n de rzoek ,  zoda t  er  een 
versch i l  i s  tussen het aanta l p rocessen-ve rbaa l  en het 
aantal s lachtoffe rs dat  i n  tabel 3 a a n ge d u i d  i s  

2 )  voor som m ige  ongeva l l e n  w o rdt d e  on­
gesch ikth e id  van het s lach toffe r te l a a t  o p  2 5 % of 
meer vastgeste ld ,  zodat de r i j ksmij n i n g e n i e u r  geen 
tech n isch onderzoek naar  de o o rzaken en de o m stan­
digheden van d ie  ongeva l l en  m ee r  ka n i n ste l len .  
Omgekeerd , wordt  soms een o n derzo e k  i n gesteld 
voor ongeval l en  die zwaa r  l i j ken ,  m a a r  d i e  u i te i n d el i jk 
slechts een bl i jvende ongesch i kthe id  van  m i n d er dan 
25 % tot gevo lg hebben 

3) de p rocessen-verbaal  va n s om m ige  o n d e rzoe­
ken d ie o p  3 1  december  nog a a n  de g a n g  z i j n ,  z ij n  op 
d ie  datum nog n iet i ngesch reve n .  Van d e  a n dere  kant 
kunnen som mige  p rocessen-verbaa l  d ie i n  d e  loop 
van het jaar ingesch reven zijn betrekk ing  h e bben op 
ongeva l l en d ie  h et j a a r  te- voren g ebeu rd zi j n 

4) som m ig e  onde rzoeken h ebben betrekki n g  op 
dodel i jke o ngeva l len i n  g es loten ko len m ij ne n ,  d ie 
bijgevolg i n  de  stat ist iek n iet meer  o p g e no m e n  wor­
den, of o p  ongeva l len waa rvan pe rson e n  d i e  n i et tot 
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TA B LEAU n° 3 
Accidents graves survenus dans les mines en 1 9  79 

R U B R IQU ES 

Nom bre de P .V .  d 'acci­
de nts : 

Fond . . . . . . . . . . . . . . . . . . .  . 
S urface . . . . . . . . . . . . . . . .  . 

Total . . . . . . . . . . . . . . . . . .  . 

Nombre de vict im es (voir 
tab leau n• 1 )  : 

a) Tués ou b lessés mortel-
lement . . . . . . . . . . . . .  . 

b) B lessés g riève ment . . .  . 

Total 

Sud 

Zu iden 

2 

2 

Nord 

Noorden 

1 2 
2 

1 4  

9 
6 

1 5  

TA B E L  3 
Zware onge vallen in de m ijnen in 1 9  7 9  

Roya u m e  

Het  R ijk 

1 3  
2 

1 5  

1 1 
6 

1 7  

R U B R I E K E N  

Aantal processen-verbaa l  
van ongeva l len 

O nderg rond . . . . . . . . . . . .  . 
Bovengrond . . . . . . . . . . . .  . 

Totaal . . . . . . . . . . . . . . . . .  . 

Aantal s l achtoffers (zi e  tabe l  
1 )  

a) Doden e n  d ode li jk  
g ekwetste n . . . . . . . . . .  . 

b )  Zwaar  g ekwetsten . . . .  . 

Totaal . . . . . . . . . . . . . . . . .  . -------------+---------+--------+-----------lf-------------1 
Conclu: . ions '�"" l ' Admin i ­

stra t ic., d i:·, 1 11 ines : 

1 )  Pou �:;u ite Jema ndées . 

2) Poursu ites la issées à 
l 'a ppréciation d u  Procu-
reu r  d u  Roi  . . . . . . . . . .  . 

3) Recomma ndat ions de 
sécu rité fa ites au  
charbonnage . . . . . . . . . 

4) Classement demandé . .  
5) E nquêtes e n  cours . . . . .  

des perso n nes étrangères aux  m ines dans les dépen­
dances des m i n es (par exemple sur les terri l s) ou 
encore pou r  d es a ccidents dont sera ient victimes dans 
l 'enceinte des charbonnages des person nes au ser­
vice d ' e ntrepreneurs étrangers à la mine chargés de 
l ' exécut ion de certa ins  travaux .  

1 . 4 .  - Rétrospective 
des accidents mortels 

L 'évo lut ion d u  n o m bre de tués au fond et à la 
surface, en ch iffres a bsolus et ra pporté au mi l l ion de 
postes au  cou rs des 5 dern ières an nées, avec ra ppe l  
des don nées co rrespondan tes pour  1 9 50; 1 9 60, 
1 9 6 5  et 1 9 7 0 est fi g u rée au tableau n° 4. 

2 

4 

2 

2 

4 
1 
3 

Konk lusies van d e  Adm ini­
strat ie  van het  M ij nwe­
zen : 

1 )  Vervo lg ingen 
gevraagd : . . . . . . . . . .  . 

2 )  Vervolg ingen overg ela­
ten aan d e  b eoorde l ing  
van d e  Prokureur  des 
Konings . . . . . . . . . . . . .  . 

3 )  Aan d e  m ij n  gedane 
aanbeve l ingen betref­
fende d e  ve i l i gheid . . . .  

4) Klasseri n g  gevraagd . .  
5 )  Nog lopende o n derzoe-

ken . . . . . . . . . . . . . . . . .  . 

het mijnpersoneel behoren i n  de aanhorigheden  va n 
de mijnen (op steenbergen b .v .) het s lachtoffer  zijn of  
ook nog op ongeva l len op het terre in  va n de  m ij n  
overkomen aan het personeel va n aannemers d ie be­
paalde werken u itvoeren .  

1 .4 .  - De dodelijke ongevallen 
tijdens de jongste jaren 

Het aantal doden i n  de ondergrond  en o p  de  
bovengrond tijdens de  jongste 5 jaren,  i n  volstrekte 
cijfers u itgedrukt en per mi ljoen diensten berekend,  is 
in tabel 4 aangeduid, samen met de overeenkomstige 
cijfers van 1 9 50, 1 960, 1 96 5  en 1 9 70 .  
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Année 
Jaar 

1 950 
1 960 
1 96 5  
1 9 70 
1 97 5  
1 9 7 6  
1 9 7 7  
1 9 7 8  
1 9 7 9  

TABLEAU n° 4 
Rétrospective des accidents mortels 

Nombre de tu · s 
par mi l l ion 

Nombre de tués de postes 
Fond Fond 

Aantal doden Aan tal  doden 
Onder9 rond per m i ljoen 

diensten 
0ndergrond 

1 4 7 5 .46  
68 4 , 2 8  
52 4 . 34 
1 9  3 . 70 

9 2 . 40 
7 1 , 9 9 
5 1 , 5 5  
8 2 . 5 8  
8 2 . 7 0  

Nombre dû tués 
S urface 

anta l  d den 
Bo engrond 

20 
4 
3 
2 

-
2 

-
-

3 

1 . 5 . - Répartition des accidents gra ves 
suivant le siège et la nature des lésions 

Depuis l ' entrée en vigueur de l ' a rrêté roya l du 29 
avri l 1 9 58 relatif aux organes de sécu rité, d ' hyg iène 
et d ' embell issement des l ieux de trava i l  concernant 
les mines, min ières et carrières souterra ines,  les chefs 
des services de sécu rité et d ' hygiène des charbon na­
ges sont tenus de rempl i r, pour chaq ue accident,  une 
« fiche d 'accident » dont le contenu est défi n i  à 
l 'an nexe 1 dud it arrêté , annexe à laquel le renvoie 
l ' article 4 .  

L'a rrêté min istériel e n  date d u  1 9  décem bre 1 9 7 3 ,  
entré en vigueur le 1 janvier 1 9 74 ,  a modif ié le con­
tenu de la fiche d 'accident dans les m ines de hou i l le  
afin de sa isir u n  p lus grand nom bre de données re la­
tives aux accidents, pou r mieux en dégager les causes 
et à l ' effet de prendre toutes mesures ut i les pour en 
diminuer le  nombre et la  gravité . La cod if ication a été 
fixée de man ière à permettre l ' explo itat ion des in ­
formations par des moyens mécanograph iques et  à 
facil iter l ' é laboration des statistiques comm u nes re­
latives aux victimes des accidents d u  fond  par les 
Communautés européennes . 

Par acci�ent grave , ! ' O rgane perm anent entend 
l 'accident qui a entraîné soit l a  mort endéans l es 5 6  
jours de sa su rvenance, soit une incapacité d e  travai l  
au fond de plus de 56  jours.  

72 

T A B E L  4 
De dodeli/ke onge vallen t1/dens de jongste jaren 

Nom bre de tués 
Nombre d tués par m i l l ion 

pa, 111 1 1 1 1011 N o m b re de tués  de  postes 
ci po te Fond et Fond et 

Su rfélCC sur face su rface 
Aanrnl doden Aanta l doden  A a n ta l  doder 

per 1 1 1 l 1oen O n der- e n  p e r  m i ljoen 
dionsten bove ngrond d i e n sten 

Bov ngrond O nde r- en 
boven g rond 

1 , 6 2  1 6 7 4 , 2 5  
0 , 5 9  7 2  3 ,  1 8 
0 , 6 2  5 5  1 3 , 2 8  
0 , 7 7  2 1  1 2 , 7 2  i 

- 9 ! 1 . 7 1 
1 . 4 7  9 i 1 . 8 4 

1 
5 1 1 .  1 3 -

- 8 1 , 9 0  
2 , 9 2  1 1 2 , 7 6  

1 . 5 . - lndeling van de zware onge vallen 
naar de pla a ts en de aard van h e t  le ts el 

Sedert het kon i n k l i j k  besl u i t  van  2 .9 a p ri l  1 958 
betreffe nde de organen  voor ve i l i g h e i d ,  g ezondh eid 
en verfraai i n g  der  werkp laatsen i n  d e  m i j n e n ,  g rave­
rijen en ondergrondse g roeven i n  werk i n g  getreden 
is, moeten de hoofden van  de d ie n sten voo r ve i l ig heid 
en gezondhe id  van de kol e n m ij n en voor i eder ongeval 
een ongevalskaart invu l len , waarvan  d e  i n h oud be­
paal d  is  i n  b i j lage 1 van dat besl u i t ,  een  b i j l age  waar 
in arti ke l  4 naar verwezen wordt .  

Het m i n isterieel besl u i t  van  1 9 d e ce m be r 1 9 7 3 , 
dat op 1 jan uar i  1 9 7 4 i n  werk i n g  g et re d en is .  heeft 
de i nhoud en de vorm va n de o n g eva l l e n steekkaart 
gewijz igd ten e inde een g roter aanta l  g eg evens  over 
de ongeva l l en i n  te w innen ,  om d e  oorzaken ervan 
beter te achterha len en d e  nod ige  m aat reg elen te 
nemen om het aantal ongeva l l en  e n  d e  zwaa rte ervan 
te doen afnemen . Deze wijzi g i n g  werd d e rwijze door­
gevoerd dat de gegevens m et m ec h a n o g raf ische 
mid delen k u n nen verwerkt worde n  en dat  h et opma­
ken van de gemeenschappe l i jke stat ist iek e n  va n de 
door ond ergrondse ongeva l l en getroffen e n  d oor de 
Europese Gemeenschappen erdoor verg e ma k ke l i jkt 
wordt .  

O nder  zwaar o ngeval  verstaat h et Perma n e n t O r­
gaan een ongeval dat ofwel d e  dood va n het s lacht· 
offer b in nen 5 6  dagen nad at h et gebeu rd i s ,  ofwel 

een arbeidsongesch ikth e id voor de ondergrond van 

meer dan 5 6  dagen veroorzaa kt heeft .  
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TA B LEAU n ° 4 bis  - Répart i t ion des vict imes des acc idents d u  fond  selon 
le s iège, la  natu re ,  l a  d u rée d ' i n ca pac i té .  

TAB E L  4 b is  - l nde l ing van de ongeval len onderg ro nds naar de pl aats en 
de aard va n het  letsel en de duur  van de a rbeidsongesch i k the id . 

LE R OYA U M E  - H ET R IJ K  
Ch iffres a bso lus  - A bso lute c ijfers Nom bre d ' heures - Aanta l  u ren 2 3 . 7 1 7 . 4 9 6  

1 9 7 9  

Tête Yeux Tronc Membres Ma ins  P ieds S ièges Non Tota l 
cou infér. 1 supér .  mu l t ip les précisé 

Hoofd O gen Romp Ledematen Handen Voete n Versc h .  N iet om- Totaal 
hais onderste bovenste plaatsen sch reven 

Amputat ions et > 5 6  - - - - - 4 2 1 - 7 > 56 Amputat ies en 
énucléations tué - - - - - - - - - - dood en ucleaties 

tot. - - - - - 4 2 1 - 7 tot . 

Fractures > 5 6  5 - 1 2  38 2 2  46 1 4  2 - 1 3 9 > 56 Breuken 
tué 1 - 1 - - - - 1 - 3 dood 
tot. 6 - 1 3  38 22 46 1 4  3 - 1 4 2 tot. 

Luxat ions.  e ntorses, > 5 6  - - 2 3 - - - - - 5 > 5 6  O ntwncht1119en .  
foulures tué - - - - - - - - - - dood verstu 1k ingen.  

tot. - - 2 3 - - - - - 5 tot. spierverrekk tngen 

Commotions et > 5 6  1 - 1 - - - - - - 2 > 56 Hersensch udding .  
lésions internes tué - - 1 - - - - - - 1 dood inwendige letsels 

tot. 1 - 2 - - - - - - 3 tot . 

P laies, contusions, > 56 7 4 9 38 1 5  28 1 6  2 - 1 1 9 > 56 Wonden. kneuzingen.  
a ttritions m uscu la i res tué - - - - - - - - - - dood spierbeschad1ging 

tot .  7 4 9 38 1 5  28 1 6  2 - 1 1 9 tot . 

Brû lures, effets nocifs > 56 - - - - - - - - - - --.. 56 Brandwonden. schadelijke 
de l ' électricité, tué - - - - - - - - - - dood gevolgen van elektrische 
radiations tot. - - - - - - - - - - tot. stroom. stra l ing 
1 ntoxications, > 56 - - - - - - - - - , _ > 5 6  Verg iftigingen.  
asphyxies tué 1 - - - - - - - - - - dood verstikkingen 

tot. - - - - - - - - - - tot . 
Lésions m ultiples > 56 - - - - - - 1 - - 1 > 56 M eervoudige of 
ou non précisées tué - - 1 - - - - 3 - 4 dood onbepaalde letsels 

tot. - - 1 - - - 1 3 - 5 tot. 
> 56 1 3  4 24 7 9  3 7  78 33 5 - 2 7 3 > 56 

Total tué 1 - 3 - - - - 4 - 8 dood Totaal 
tot .  1 4  4 2 7  7 9  3 7  7 8  3 3  9 - 2 8 1  tot .  

1 



Les résultats de ce trava i l  sont consig nés dans  le 
tableau n., 4bis. 

L' examen de ce tableau m ontre que les acc idents 
aux mains tota l isent p lus d ' u n  quart des acc idents 
graves du fond (28 %).  les accidents aux  jam bes p lus  
d 'un  quart (28 %) et  aux p ieds p lus  d · u n  d i xième 
(1 2 %),  soit ensemble  près de sept d ix ièmes (6 8 % } .  

Quant à l a  natu re des l é  ions, i l  conv ient d ' a bo rd 
d 'observer que certa i nes d 'entre e l les (asphyxie ,  
submersion,  empoisonnement) affectent .  de  par  leu r 
nature mème. l ' ensem ble du co rps. ta nd is  que 
d 'autres ne  peuvent affecter que certa ins  " sièges » 

(par exemple, la perte d ' u n  membre ne  peut affecte , 
que les mem bres) . C 'est pourquoi dans certa ines co­
lon nes, u n  certain nombre de l i gnes ont  é té con­
damnées. 

Ceci éta nt précisé. on constatera que les fractures 
tota l isent la moit ié (49 % des acc idents g raves re­
censés et 3 7  % des accid ents m o rtels tand is  que les 
contusions. écorchu res et pla ies en groupent encore 
plus de quatre dix ièmes (4 2 %) .  Ains i  ces deux « na­
tu res de lésion » rassemblent neuf d ix ièmes des ac­
cidents g raves (9 1 %) et 3 7 % des acc idents m o rte ls .  
On  relève également 4 accidents mortels provoqués 
pa r lés ions mult ip les ou non p récisés et un par lés ions 
i nternes . 

2 .  - MINES METALLIQUES, MINIERES 
ET CARRIERES SOUTERRAINES 

Le rencensement et la classif ication des accidents 
survenus dans les mines méta l l iq ues. les m i n ières et 
carrières souterra ines est fa i t  par l 'Ad min istration des 
Mines sur les mêmes bases que pou r  les m ines d e  
houi l le .  Les données du tableau 5 relat ives à l ' année  
1 9 79 .  concernent les carrières souterra i nes se lon l a  
définit ion (ardoisières. terres plast iques. marbre. tuf­
feau .  etc . ) . L ' un ique mine de fer d u  pays est fermée 
depuis le 3 1  octobre 1 9 7 8.  

Ces établ issements n· ont occu pé ensemble  en 
1 9 7 9  que 75 ouvriers. dont 33 au fond et 42 à la 
surface. On observe une d im inution d es effectifs d e  
près d e  3 1  % par rapport à l ' année précédente . 

Le nombre total d 'accidents chômants a été d e  1 8  
contre 29 en 1 97 8 .  Dans ces entreprises on n 'a  pas 
enregistré en 1 97 9  d ' accident ayant entraîné une  
incapacité permanente ou  acc ident m o rte l .  

Pour l e  fond le  man iement o u  emplo i  d e  mach ines,  
outi ls, mécanismes et soutènements ont entraîné 5 
accidents : la  chute d 'objets et man ipulat ions d iver­
ses ont entraîné 2 accidents. la ch ute et l e  mouve-

74  

D e  u i tsl agen  va n d a t  w e r k  z i j n  i n  t a b e l  4bis opge· 
nomen .  

U i t  deze tabel b l i j kt d at m ee r  d a n  een  v ie rde  van de 
zwa re ongeva l l en  i n  de  o n d e rg ro n d  a a n  d e  handen 
gebeuren ( 2 8  % ) ,  evenveel  ( 2 8 % )  a a n  d e  benen en 
een ach tste ( 1  2 % )  a a n  d e  voete n .  d .  i .  sa men bijna 
zeven t iende ( 6 8  % ) .  

Wa t de  aard van d e  letse ls  betreft .  d ie n t  voo reerst 
te worden opgeme rkt dat s om m i g e  l e tse ls (verstik­
k i ng .  ve rdr i n k i n g ,  verg ift i g i n g) u i te ra a rd o p  heel het 
l i chaam betrekk ing  hebben .  terw i j l  a n d e re a l l een op 
bepaa lde  p laatse n k u n ne n  s la a n  (zo k a n het verl ies 
van een l i d maat  a l l een o p  d e  lecl e m aten  slaan) .  
Daarom zi jn som m i g e  rege l s  in somrn ige  ko lom men 
weggelaten . 

Na deze verd u i d e l i j k i n g  z iet  men d a ·  de  breuken 
haast de  he lft (49 % )  van de  g ete l \; _ zV' ·,. re ongeval­
len en 3 7 % van de dode l i j ke o n g ev::: . : en � , i tm aken en 
de kneuzi ngen .  schaafw o n d e n  er  :J n d 2 :e won den 
meer dan  v ier  t ie n d e  (42 % ) . D eze twe::: « soorten 
letse l s  » m a ken samen d u s  n e g e n  t i ende  van de 
zware ongeva l l en  ( 9 1 %) en 3 7 % va n de dodel ijke 
ongeva l l en  u i t .  V ier  sterfg eva l l e n  z i j n te w i j ten  aan 
meervoud ige  of onbepaa lde  letse l s  en é é n  aan  in­
wend ige  letse ls .  

2 .  - METAA LMIJNEN, ONDERGRONDSE 
GROEVEN EN GRA VERIJEN 

De te l l i n g  en d e  i n d e l i n g  van d e  o n g ev a l l e n  in de 
metaa l m ijnen  en i n  de  o n derg ro ndse g roeven en 
graverij en worden door  de  A dm i n istra t i e  va n het 
M ij nwezen o p  d ezelfde m an ie r  verr icht  a i s  d ie van de 
ongeva l len i n  de  ko len m ij n e n .  D e  i n  ta be l  5 vervatte 
gegevens over h et jaar  1 9 7 9 betre ffe n d e  o nder­
g rondse g roeven vo lgens d e  d ef i n i t ie  ( le istee n g roe­
ven. p last isch e aarde,  ma rmer,  t u fsteen , e n z . ) .  De 
enige i jzermijn va n het l and  is s i n d s  3 1 d ecember 
1 9 78 d icht .  

A l  deze i n richt i ngen sa men hebben in  1 9 7 9 sl echts 
7 5  arbeiders tewerkgeste ld ,  3 3  i n  d e  o n d e rg rond  en 
42 op de boven g rond . Tegenover 1 9 7 8  is h et aantal 
tewerkgeste lde arbeiders m et b ij n a  3 1 % verm in­
derd . 

Er  wa ren 1 8  ongeva l l en  m et a rbe idsverz u im . 
tegenover 2 9  i n  1 9 7 8 .  l n  d ie  ondern e m i ng e n  we rd in  
1 9 7 9  geen e n kel ongeval met  b l i jve n d e  a rbe id son­
gesch iktheid en geen enke l  dode l ij k  o n g eva l  o p gete­
ken d .  

l n  de  ondergrond  waren 5 o n g eva l l e n  t e  wi j te n  aan 
het hanteren of gebru i ken  va n m a ch i n es ,  ge­
reedschap. tu igen en  o nderste u n i ng s m i d de l e n  en 2 
ongeva l len werde n  veroorzaakt door  het  va l l e n  va n 
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TABLEA U n° 5 1 9 7 9  
Accidents survenus dans les mines métalliques, 

les minières souterraines e t  les carrières souterraines. 

1 

A. FOND 
1 à 

3 jours 

CAUS ES· TECH N I QU ES 

1 tot 
3 dagen 

1 .  Eboulements et chutes de  pierres -
-

I l .  Moyens d e  t ransport 
1 1 1 .  Chute et mouvement de  la -

vict ime 
IV. Maniement o u  emploi de 

machines. out i ls .  mécanismes 
et soutènements 

-
V. Chute d 'objets et m a nipulations 

diverses 
-
-

VI.  Explosifs -
VI I .  Inflammations et explosions 

VI I I .  Anoxies. asphyxies et in toxi-
cations par gaz naturel et -
autres 

IX. Feux et i ncendies 
-

X. Coups d'eau -
XI .  Electricité 

-
XI I .  Autres causes -

T 0181 pour le fon d  -

4 à  
20 jours 

N ombre de victimes ayant subi  une incapacité 
temporai re totale 

2 1  à 
5 6  jours 

> 5 6  
jou rs 

Nom bre 
tota l de 
victimes 

Aa ntal slach toffers met 

t i jdel i jke volledige arbeidsongeschiktheid 

4 tot 
20 dagen 

-
-

2 

5 

2 
-
-

-
-
--
-

9 

2 1  tot 
56 dagen 

-
1 

1 

-

-
--

--
--
-

2 

> 5 6  
dagen 

-
-

-

-

-
-
-

-
-
-
-
-
-

Totaal 
aantal 

slachtoffers 

-
1 

3 

5 

2 
-
-

-
-
--
-
1 1  

permanente 

< 2 5  % � 2 5  % 

bl ijvende arbeids­
ongeschiktheid 

< 25 % � 2 5  % 

-
- -

- -

- -

- -
- -
- -

- -
- -
- -
- -
- -

- -

• . .  ,� ., . � ,  ry���1E�-- ��--� ·��� !, - ·-----

TAB E L  5 
ln de metaalmijnen, ondergrondse groeven en 

graverijen gebeurde ongevallen . 

A. ONDERGROND 
Tués 

Doden TECH N I SCH E OORZAKEN 

- 1 .  l nstortingen en vallen van stenen 
- I l .  Vervoermiddelen 

1 1 1 .  Va l len en bewegen van het slacht-- offer 
IV. Hanteren of gebruiken van machi-

nes. gereedschap, tuigen en - ondersteuningsm iddelen 
V. Vallen van voorwerpen en al-- lerhande manipulaties - VI .  Springstoffen - VI I .  Ontvlammingen en ontploffingen 

VI I I .  Zuurstoftekort, verstikking en ver-
giftiging door natuurlijke en andere - gassen - IX. Vuur en branden - X. Waterdoorbraken - XI .  Elektriciteit 

XI I .  Andere oorzaken 

- Totaal voor de ondergrond 
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...J TAB LEA U n° 5 (su ite) 
Accidents survenus dans les mines métalliques, 

les minières souterraines et les carrières souterraines. 

8. SURFACE 
1 à 4 à  

3 jours 20 jours 

CAUSES TECHN IQUES 

1 9 7 9  

Nombre de victimes ayant subi une incapacit6 
temporaire totale permanente 

Nombre 
2 1  à > 5 6  tota l de < 2 5  % _. 2 5  % 

5 6  jours jours victimes 

Aan"tal slachtoffers met 

b l ijvende arbcids-
tijdelijke volledige arbeidsongesch iktheid ongesch iktheid 

1 .  Eboulements et chutes de pierres 
I l .  Transports 

I l l .  Maniement ou em ploi d 'outils. 
machines et mécan ismes 

IV. Chutes d 'objets et manipu-
lations 

V. Chute et mouvements de la 
victime 

VI .  I nfla mmations. explosions. 
asphyxies et intoxications 

V I I .  Feux et incendies 
VI I I .  Explosifs 

IX. Electricité 
X.  Autres ca uses 

Total pour la surface 
Total fond + surface 

C. ACCIDENTS SUR LE CH EMIN  DU 
TRAVAIL 

1 tot 
3 dagen 

-
-
-
-

-

-
-
-
-
-

-
-

-

4 tot 2 1  tot 
20 dagen 56 dagen 

1 -
- -

5 -

- 1 

- -

- -
- -
- -
- -
- -

6 1 
1 5  3 

- -

Totaal 
> 5 6  aantal < 25 % � 2 5  % 
dagen slachtoffers 

- 1 - -
- - - -
- 5 - -

- 1 - -

- - - -

- - - -
- - - -
- - - -
- - - -
- - -- . .. 

7 - --
- 1 8  - -

- - - -

i 

TA BEL  5 (vervolg) 
ln de metaalmijnen, ondergrondse groe ven en 

graverijen gebeurde ongevallen . 

Tués B. BOVE NGROND 

Doden 

TECH NISCH E OORZAKEN 

- 1 .  l nstort1ngen en va l len van stenen 
- 1 1 .  Vervoermiddelen 

1 1 1 .  Hanteren of gebruiken van ge-- reedschap, mach ines en tuigen 
IV. Va l len van voorwerpen en manipu-

- laties 
V. Val len en bewegen van het slacht-

- offer 
VI . O ntvlammingen, ontploffingen. 

- verstikking en verg iftig ing 
- VI  1 .  Vuur en bra nden 
- VI I  1 .  S pringstoffen 
- IX .  E lektriciteit 
- X. Andere oorzaken 

- Totaal voor de bovengrond 
- Totaal onder- en bovengrond 

C. ONG EVALLEN OP D E  WEG NAAR E N  
- VAN H ET WERK 



ment de l a  v rct r m e  ont  en traîné 3 acc id ents,  les 
moyens de t ra nsport ont entraîné 1 acc iden t .  

Pou r l a  surface l e  m a n ie m ent ou l ' em plo i  d ' ou t i l s ,  
mach i nes et méca n ismes ont  entraîné 5 acc idents ,  les 
chu tes d ' objets et les man ip u lat ions 1 .  I l  y a a u ssi 1 
acc ident  dus  a u x  ébou lements et chutes de p ie rres . 

3 .  - MINIERES E T  CA RRIERES 
A CIEL O U VER T 

J usq u ' à  p résent ,  se u ls les accidents m o rtels su rve­
nus dans  les m i n ières et carr ières à c ie l  ouvert font 
l ' objet d ' u ne stat ist i que .  E l l e com porte les mêmes 
rubr iqu  ·s  p rinc i pa les q ue cel le des a cc idents su rve­
nus dans les Y1 i nes, a i n si q u ' i l  résu l te du tab leau n° 

6 A .  
E n  1 9 7 9 ,  ; i  y a eu 8 accidents morte ls contre 3 e n  

1 9 7 8 .  I l  y a '"'li 4 acc id ents à l a  rubrique ébou lements 
et chute de p: r:,rres, 2 accidents au tran sport ,  1 acci­
dent à la rubr ; q u e  m a n i p u lat ions et ch utes d ' objet et 
1 accide n t  à la rub r i que  ch ute de la vict i m e .  

TAB LEAU n° 6A 
Accidents mortels 

dans mes minières et  carrières à ciel ouvert 

1 9 7 9  

voorwerpen en a l l e rhande m a n i p u lat ies ,  3 o n g eva l ­
len  wa ren te  wijten aan  het va l l e n  of  bewe g e n  van  het  
s lachtoffer en 1 aan ve rvoermi d d elen . 

O p  de bove n g rond wa ren  5 o n g eva l l e n  te wi j ten 
aan h et h a n teren of  g ebru iken van g e reedsc h a p ,  
mach i nes en  tu igen ;  1 o n g eval werd veroorzaa k t  door  
het va l l en va n voorwerpen en m a n i pu la t i es e n  even­
eens 1 ong eva l door i n storti n g e n  en  va l l e n d e  sten e n .  

3 .  - GROEVEN EN GRA VER/JEN 
IN D E  OPEN L UCH T 

Tot dusver wordt a l leen d e  stat i s t iek  van  d e  dode­
l ij ke ongeva l l en  i n  d e  g roeven en de g raver i jen i n  d e  
open l ucht  opgemaakt .  D e  h oofd ru b rieken z ij n  de­
zelfde a is  voor d e  ongeva l l en in  de m ij n e n ,  zoa l s  u i t  
tabel  6 A b l i j k t .  

l n  1 9 7 9  waren er 8 dode l i j ke  o n g eva l l e n ,  tegen  3 
in 1 9 7 8 .  Daarvan z i jn  e r  4 veroorzaakt door  i nsto r­
t ingen en va l l ende s tenen ,  en 2 door  h et vervo e r, 1 
door man ipu lat ies en  va l l e n d e  voo rwerpen  e n  1 door  
het va l l en  van  het s lachtoffer .  

TA B E L  6 A 
Dodelijke ongevallen 

in de gra venïen en groe ven in de open lucht 

Roya ume 
Het R ij k  

Catégories d 'acc idents Kategorieën va n ongeva l len 
Nombre de  tués 

Aantal doden 

1 Ebou lements. chutes d e  pierres ou de  blocs 4 1 l nstort ingen,  val len va n stenen en blokken 
2. Tra nsport 2 2 .  Vervoer 
3 .  Em ploi d ' out i ls ,  mach ines et méca nismes - 3 .  Gebruik van werktuigen. machines, enz. 
4 .  Man i pulat ions e t  ch utes d ' obj ets 1 4 .  Manipulat ies, val len van voorwerpen 
5 .  Chute d e  la v ict ime 1 5 .  Val lan van het slachtoffer 
6 .  Asphyxies et i n toxicat ions - 6 .  Verst ikking e n  verg ift iging 
7 .  Explos ions,  incend ies, feux - 7 .  Ontploffi ngen. brand. vuur 
8. E mploi des explosifs - 8 .  G ebru ik  van springstoffen 
9 .  Electrocut ion - 9 . Elektrokutie 

1 O .  Divers - 1 o .  Allerlei 

Total 8 Totaal 

1 / 1 9 8 1  77 



4.  - USINES - INDUS TRIE SIDERURGIQUE 

Dans les étab l issements su rve i l lés par l ' Adm in i ­
strat ion des M ines autres que les m ines, les m i n iè res 
et les carrières, avec leu rs dépendances. c ·  est-à-d i re 
pou r  l 'essentiel  les usines sidéru rg iques.  avec leur  
cokeries. mais aussi les c imenteries. les cokeries i n ­
dépendantes et les fa briq ues d 'agg lomérés indépen­
dantes, la  statistique des accidents est longtem p 
restée l i m itée aux accidents morte ls . 

Ces dern ières an nées une  statist ique p lus déta i l l ée  
des accidents de la s idéru rg ie a pu  être étab l ie .  ma i  
e l l e  n · a toujours pas pu être étendue aux  au tres us i ­
nes. 

Le tableau n° 6 B concerne les accidents morte ls 
survenus dans l ' ensemble des us ines s idérurg iques 
ou au tres. 

TA B LEAU n° 6 B 
Accidents mortels survenus dans les usines 

surveillées par l 'Adminis tra tion des Mines en 1 9  79 

4 . - FABRIEKEN - S TAA LN/J VERHEID 

l n  de  a n d ere i n r i ch t i n g e n  d i e  o n d e r  h et toez icht van 
de Ad m i n ist ra t i e  va n het M ij n w e z e n  s t a a n  - andert 
dan m i jnen ,  g roeven e n  g ra ve ri j e n  e n  h u n  aanho­
r igh d n - en da t  z i j n  h oofdz a k e l i j k  de  s iderur· 
g i  bedr i jven met h u n  cok esfa b r i e k e n ,  m aa r  ook d� 
c rnentfabr ieken en d e  ze l f sta n d i g e  cok es- en agg lo­
merat nfa br ieken ,  i s  d e  sta t i s t i e k  va n d e  ongeval len 
ja ren lan  tot de  dode l i j ke  o n g e va l l e n  bep e rkt geble­
ven .  

D e  jongste j a ren i s  m e n  e rtoe g ek o m e n  een uit­
voer ige s ta t i s t iek  va n d e  o n g eva l l e n  i n  d e  staa l indu­
strie op  te maken ,  m a a r  tot d u sver  heeft m e n  die nog 
n iet tot de a n dere fa br ieken k u n nen u i  b re iden . 

Ta bel  6 B heeft betre k k i n g  r i � d e  . ,od e l ij ke onge­
va l len in a l l e  fabr ieken sa m e n .  : e v,, ; ;  d e  staa l indu­
st r ie en  de  a n d ere .  

T A B E L  6 B 
Dodel,j'ke onge vallen in de onder het  toezich t 

van h e t  M1/n wezen gep la a ts te fabrieke n  in 1 9  79 

CATEGORIES 

D'ACC IDENTS 

Nombre d 'accidents mortels ( 1 )  
Aa ntal dodelijke ongeva l len ( 1 )  

Accidents occasionnés directement 
par les opérations de fabrication 

Transport : 
Horizontal par véhicules sur 

roues 
Sur plans inclinés ou vertical 
par véhicules gu idés ou sur 
roues 
Autres (ponts-roulants. grues. 
scrapers, convoyeurs. etc . . .  ) 

Maniement ou emploi d'outils, machi­
nes et mécanismes 

Manipulations. chutes d'objets et 
éboulements 

Chute de la victime 
Asphyxies et intoxications (sauf par 

fumées d' incendie - voir 070) 

Explosions. incendies. feux 
Emploi des explosifs 
Electrocution 
Divers 

TOTAL 

0 1 0  
020 

030 

040 

050 

060 

070 

080 
090 

1 00 

par d ivisions minières 
per mijnatdel ing 

t-----.---.-----l R OYAU M E  

Hainaut Liège 
Hene-

gouwen Luik 

2 

7 

1 1  3 

Cam- HET R I J K  
pine 

Kempen 

2 2 

2 

3 
2 

7 

4 1 8 

N '  

KAT E G O R I E E N  

V A N  O N G EVALLEN 

R echtstreeks door d e  fab ricagever-
0 1  0 r icht inge n  veroorzaa kte ongeva llen 

0 2 0  Vervoer : 

030 

040 
050 

060 
0 7 0  
080 
0 9 0  
1 00 

H orizontaa l  met voertuigen op 
wie len 
Op hel lende v lakken of vertikaal 
met ge le ide voert u igen of met 
voertu igen o p  wie len 
Ander (rol bruggen.  kranen, 
scra pers. transportbanden. enz .. 

Hanteren of gebru ik  va n gereedschap, 
machines of tu igen 

M a n ip u lat ie, va l len  van voorwerpen 
en instort ingen 

Va l len van het  s lachtoffer 
Versti kk ing en verg ift in g  (beha lve door 

de rook van brand - z ie  0 7 0} 
On tploffi ngen,  brand ,  vuur  
G ebruik van  spr ingstoffen 
Elek trokutie 
Al ler le i 

TOTAAL 

(1 ) Décès endéans les 56 jours de la date de l 'accident. 

78 

( l )  Overleden b innen 5 6  dagen na de dag van het ongeva l .  
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Ces a cc i d ents sont répa rt is d ' une part ,  se lon  les 
causes, en dix catégor ies et d ' a ut re part, géogra p h i­
q u e m ent ,  pa r d iv is ion m i n ière .  La d iv is ion du H a i naut  
com p rend la p rovi nce du H a inaut  et le B rabant wa l ­
l on  ; la  d iv i s ion  de L iège comprend les p rovi nces de 
N a m u r, de L iège et  de Luxe m bourg ; la d iv is ion de 
Ca m pi n e  com p rend les p rovi nces des deux F l andres, 
d ' A nvers et de L i m bourg et le B raban t f lama nd . 

Le n o m b re d ' accidents m o rtels i nstru its par  les i n ­
gén ieu rs d es m ines e n  1 9 7 9  d a n s  ces éta bl isse ments 
a été de 1 8 . 

I l  a été de 1 1  u n ités dans la d iv is ion du H a i n aut ,  de 
3 dans  la d iv is ion  de Liège et de 4 un ités en  Ca m p i n e .  

L ' a n a lyse p l us déta i l l ée d e  l a  sécu r i té d u  trava i l  
dans l ' i n d ustr ie  s idéru rg ique se fonde su r  l ' exp loita­
t ion d es ra p po rts an nuels  des chefs de service de 
sécu r i té ,  d ' hyg iène et d ' e m be l l issement  des l i eux  de 
trava i l  :les fFltrep r i ses s idéru rg iques.  

Les , .Jbk,2�,x stat istiques d ressés à pa rti r de ces 
sau re :: ne •�ünt ien nent pas de don nées déta i l l ées re­
latives aux  ;;,;c id ents d e  trava i l  de g ravité m oyen ne.  

Les ra ppo rts des services de sécu rité des us ines ont 
permis d e  d resser le  ta b leau n° 7, q u i  donne le  
nom bre tota l d ' acc idents chômants survenus  da n s  
l ' i n dustr ie s idé ru rg ique e n  1 9 7 9 .  

Les acc id ents sont cl assés su ivant l eu rs causes 
matér ie l l es .  Com m e  les an nées p récédentes, on con­

: statera q u e  les n o m b res les p lus é levés se trouvent 
· toujours sous les ru b riques « d ivers » des tro is der­
in ières l i g nes d u  ta bleau q u i  tota l isent  enco re 5 . 3 5 0 
ôacc idents c h ô m a n ts su r  u n  tota l de 9 . 8 2 7  soit 
!54 , 4  % et pa rm i lesque ls  se trouve un acc id ent mor­
ttel . 

Parm i l es c a u ses déf in ies, les acc idents p rovoq ués 
par le m a n ie ment  d ' out i l s  à m a i n  sont les p lus  
mom breu x  ( 9 6 9 )  ; les  pouss ières et l es  substa nces 
b>rû la ntes o u  très i n f la m ma bles ont  fa i t  respective­
rment 8 0 7  et 6 2 3  vict i m es, les mach ines 4 9 9  et les 
a1 ippare i l s  d e  leva g e  4 8 1 ;  ces c i nq  ca uses g ro u pa n t  
3:4 % d e s  a cc i d e nts dont  l a  cause a été déterm inée .  

Les re levés d es a n nées précédentes ava ien t  déjà 
p,erm is de · déga ger  l ' i m portance re lat ive de ces 
causes . 

I l  fau t  cepen d a n t  sou l i gne r  que les deux p rem iè res 
dees ca uses c itées -c i -dessus ne sont généra lem ent  pas 
à l ' or ig i n e  d ' acc id ents g raves.  Les trois a u tres (su b­
st..ances b rû l a ntes,  m ach i nes ,  a p pa re i l s  d e  l evage) on t  
éti:é en  1 9 7 9  à l ' o ri g i n e  de 5 des  1 3  acc idents m o rte ls  
�iruna lés .  U n  acc ident  g rave a occasionné  la m o rt p a r  
jnttoxicat ion  d e  q uatre v ict i m es.  Par  contre, s u r  4 3 5  

1 /1 1 9 8 1  

Deze o ngeva l l e n  worde n  i ngedee l d ,  eensdee l s  n a a r  
d e  oorza k e n ,  i n  t ien kategorieën  e n  a n d e rd ee ls  
geograf isch , per  m i j na fd e l i n g .  De  afd e l i n g  H en e g o u ­
wen omvat de p rovi nc ie  H e negouwen  e n  Wa a l s­
B rabant  ; de a fd e l i n g  Lu i k  omvat  d e  p rov i n c i es N a ­
m e n ,  Lu ik  e n  Luxe m b u rg ; d e  a fd e l i n g  K e m p e n  o m ­
vat d e  p rov inc ies O ost- en  West-V la a n d ere n ,  A n tw e r­
pen en Li m b u rg en  V laa m s- B ra b a n t .  

l n  1 9 7 9  h eb ben d e  m ij n i n g en ieu rs voo r 1 8  d o d e­
l i jke ongeva l l en  in  d eze i n rich t i n g en e e n  o n d erzo e k  
ingeste l d .  

l n  d e  afde l i ng  H enegouwen wa ren e r  1 1  d o d e n  ; i n  
Lu i k  3 e n  i n  d e  afd e l i n g  K em pe n  4 .  

D e  u itvoer ige ont l ed ing  va n d e  a rb e i d sve i l i g h e i d  i n  
de sta a l i nd ustr ie ste u nt o p  d e  j a a rvers la g e n  va n d e  
hoofden van de d i en sten voo r ve i l i g h e i d ,  g e zo n d he i d  
e n  verf raa i i ng  der werkp laatse n va n d e  sta a l b e d r i j ­
ven .  

D e  a a n  d e  h a n d  va n d eze  b ro n n e n  o p g e m a a kte 
statist ische tabe l len  bevatte n geen g e d eta i l l ee rde  g e­
gevens over de ha lfzwa re o ng eva l l e n .  

D e  vers lagen v a n  d e  vei l i g he idsd i e n st e n  va n d e  
fa brieken hebben d e  gegevens voo r t a  b e l  7 v e rsch a ft,  
waarin het totaal  aa nta l  in 1 9 7 9  i n  d e  s ta a l i n d u str ie  
gebeurde ongeva l l en  m et a rb e idsverz u i m  a a n g e d u i d  
is.  

De ongeva l l en  worden n a a r  h u n  m ater ië le  o o rza k e n  
ingedeel d .  Zoa ls d e  vo r ige jaren worden  n og a l t i jd  d e  
hoogste cijfers aanget roffen i n  d e  rub ri e k e n  « a l ­
ler le i  » van d e  laatste d rie  regels va n d e  t a b e l ,  d ie 
samen nog 5 . 3 50 ongeva l l e n  m e t  a rb e idsverzu i m  
tel l en  op  een totaa l  van 9 . 8 2 7  d . i .  5 4 , 4  % ,  w a a r­
onder 1 dode l i jk  ongeva l .  

O nder de bepaalde oorzaken h e eft h et h a n te r e n  
van handgereedscha p  het g rootste a a n t a l  o n g eva l l e n  
veroorzaakt (9 6 9) ; het stof en  b ra n d e n d e  o f  l ich t  
ontv lambare stoffen hebben respecti eve l i j k  8 0 7  e n  
6 2 3  slachtoffers gemaakt ,  d e  m a ch i n es 4 9 9  e n  d e  
heftoestel len 48 1 ; deze vi j f  oorza k e n  h e b b e n  
betrekk ing op  3 4  % van de ongeva l l e n  m et een  b e­
paa lde oorzaak .  

ln  de tabe l len van de vorige j a re n  was d e  b etrek­
kel ij ke belangri jkheid van deze oorza ken  a l  opgeval­
len . 

Toch dient aangestipt dat de twee eerstge n oe m d e  
oorzaken over ' t  a lgemeen geen zwa re o n g eva l l en  
u it l okken . De  dr ie andere oorzaken (bra n d e n d e  stof­
fen ,  mach ines, heftoestel l en) hebben i n  1 9 7 9 ,  5 van 
de 1 3 dodel i jke ongeva l l en veroorzaakt .  B i j  één zwaar 
o ngeva l zij n 4 doden geva l len door verg ifti g i n g .  Van 
de 4 3 5  o ngeva l len  d ie een b l ijvende werkon-
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TABLEAU n° 7 .  - Accidents su, venus en 7 q 79 
dans les établissemen ts 

de l 'industrie sidérurgique 

TA B E L  7 .  - ln 7 9 79 in de 1/zer- en 
s taalbedn/ven 

gebeurde onge vallen 

, \..'mbr� de' \ 1 "t1r1e 
;'l').H'I 'Uhl 

un ,ne-,, ncitt! 

C A  S E S  

tt?œp ,,11,e 
t lJ t: 

Tuès 

O O R Z A K E N  

.:..3 al 
slach otfers 

A rtt.JI sloch10lf rs n t!t 

- Machines 
- Mach ines motrices ou génératrices 

et pompes 
- Ascenseurs et mon te-cha rges 
- Appareils de levage 
- Transporteurs-courroie.  chaines à 

godets etc . . .  
- Chaud ières et autres récipients 

soumis à pression 
- Véhicules 
- Animaux 
- Appareils de transm ission d"énergie 

mécanique 
- Appa rei l lage électrique 
- Outi ls à main 
- Substances chim iques 
- Substances brûlantes ou très in-

-
-

f lammables 
Poussières 
Radiations et substances radio­
actives 
Surfaces de trava i l  qui ne sont pas 
classées sous d'autres rubriques 

1-- Agents matériels divers 
- Agents non classés faute de don­

nées suffisantes 
1-- Intoxication CO 

Total 

499  

79  
8 

4 8 1  

1 0 1  

3 1  
447 

5 

1 0 1 
1 08 
969 
1 34 

623 

807  

82  

1 8 9 7  

1 9 7 5  

1 478  
4 

9 8 2 9  

,-:,!lea·g� 
t " ... ,,e 

463  

76  
7 

444 

96 

30 
4 1 4  

5 

93 
1 06 
926 
1 3 1  

609 
800 

82  

1 7 8 9  
1 8 5 1  

1 4 5 9  

9 38 1 

accidents ayant entraîné une inca pacité permanente, 
35 sont dus au mach ines, 3 5  aux apparei ls  de levage 
et 32 aux véhicules. La cause de p lus de la moitié des 
accidents à incapacité permanente n 'a  pas été préci­
sée (2 50 su r 435) . 

Les travaux effectués par le Comité de la  S idéru rg ie 
belge permettent de calculer les taux de fréquence et 
de gravité des accidents survenus dans les usines 
sidérurgiques .  Les résu ltats sont consignés dans le 
tableau n° 8 .  

80 

bl')Vt.'ndc 
onge­

:chi 1hcrd 

35  

3 
1 

3 5  

5 

1 
3 2  

8 
2 

43 
3 

1 0  
7 

1 08 
1 2 3 

1 9 

4 3 5  

Doden 

2 

4 

4 

1 3  

- Mach in  s 
- A a n d ri j fr�1-h::: i nr: .  generatoren en 

pom pen 
- Personen ., n  g o ·- •eren l iften 
- H eftoest f r · ;---
- Transport e , .  s-ba •de n , em merlad-

ders. enz .  
- Stoo m kete ls en él r: dere vaten onde, 

d ruk  
- Voert u i ge n  
- Diere n  
- T ransm issies van m echan ische 

en erg i e  
- E lektr ische a p pa ra t u u r  
- H a n dgereedscha p  
- Chemische stoffen 
- Brandende  of l ich t  on tvlambare 

stoffen 
- Stof 
- Stra l i n g e n  e n  ra d ioact ieve stoffen 

- N iet  onder  een  a ndere ru br iek inge­
deelde werkv lakken 

- Vers che idene mater ië le agentia 
- Wegens onvoldoende gegevens 

n iet ingedee lde  agentia 
- l n toxicat ie CO 

Totaal 

geschiktheid veroorzaakt hebben ,  zijn er daa ren tegen 
3 5  te wijten aan machi nes, 3 5 aan heftoestel l en en 
32 aan voertuigen.  Va n meer dan de he l ft van �e 
ongeva l len met een bl ijvende werkongesc h ikth eid 15 
de oorzaak n iet nader bepaa ld  (2 5 0  op 43 5) . 

De werkzaamheden van het Com ité va n de Bel· 
gische S iderurgie l everen de nod ige gegevens voor 
de bereken ing van de  veelvu ld ighe idsvoet en de 
ernstvoet van de in  de staa l industr ie gebeurde  onge· 
val len .  De uitslagen staan in tabel 8 .  
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TA B L E A U  n° 8 TA B E L  8 
Taux de fréquence et de gravité des accidents 

survenus dans / 'indus trie sidérurgique belge en 1 9  79 
et nombre moyen de journées chômées 

par accident 

Veelvuldigheidsvoet en ernstvoet  van de in 1 9  79 
in de Belgische s taalnijverheid 

gebeurde ongevallen en gemiddeld aan tal 
verle tdagen per ongeval 

(chiffres pro visoires) (voorlopige cijfers) 

Nombre d ' i nscr i t!: au 3 1 . 1 2 .  7 9  
N ombre tota l d ' heu res prestées N 
N ombre c r acc idcr.ts mortels 
Nombre .-1 · nccic-i :?.:,ts chôman·ts (y compris les 

cas de  1 , :orts e ·  c inca pacité perma nente) : 
A 

Taux de  f réquence T, = 

Rappel  d e  1 9 7 8  : T ,  

Nom bre d e  jours d ' i ncapacité tempora i re to­
ta le  (à l ' exc l us ion d es cas de mort et des 
incapacités permanentes) : J 

N ombre d e  jours convent ionne ls  de  chômage 
pour les cas de mort et d ' i ncapac ité 
perma n ente 

Aantal ingesch reven op 3 1  . 1 2 .  7 9 
Totaal aanta l  gewerkte arbeidsuren N 
Aantal dodel i jke ongeva l len 
Aanta l  ongeva l len met a rbeid sverzu im (dode­

l i jke ongeval len en ongeva l len met b l ij­
vende ongesch iktheid inbeg repen) : A 

A X 1 0" 
Veelvu ld igheidsvoet 

N 

Idem voor 1 9 78 : T r 

Aantal dagen met vo l led ige t i jde l ij ke on­
geschiktheid (met u its lu i t ing van dodel i jke 
ongeva l len en ongeva l len met b lijvende  
ongesch iktheid) : J 

Overeengekomen aanta l  verloren dagen we­
gens dodel i jke ongeva l l en  en ongeva l len  
met  b l ijvende ongesch iktheid 

p 
J '  = (M + -- ) X 7 . 500 

1 00 

TOTAL 

Ta ux d e  g ravité : T.  
- sans J '  

rappel  de 1 9 7 8  
- avec J '  

rappel  d e  1 9 7 8  
N om bre moyen d e  journées 

chômée s  par accident  
- sans J '  

ra ppel  d e  1 9 7 8  
- avec J '  

rappel  d e  1 9 7 8  

TOTAAL 

E rnstvoet : T. 
- J '  n iet  i nbegrepen 

idem voor 1 9 78 
- J '  i nbegrepen 

idem voor 1 9 78 
Gemiddeld aanta l  verletdagen 

per  ongeval 
- J '  n iet i nbegrepén 

idem voor 1 9  7 8  
- J '  inbegrepen 

idem voor 1 9 78 

U sines s idérurg i q ues 
IJzer- e n  staa l fabr ieken 

Sa la riés 
Werkl ieden 

4 2 . 6 6 5  
6 8 . 4 6 4 . 3 5 6  

9 

8 . 8 7 2  

1 2 9 .  7 

1 2 0 ,  1 

1 3 1 . 5 7 8  

2 5 2 . 1 54 

3 8 3 . 7 3 2  

1 , 9 
1 , 8 
5 . 6  
4 , 9  

1 4 . 8  
1 4 . 8  
4 3 . 3  
40, 7  

E mployés 
Bed ienden 

9 . 1 9 5  
1 6 . 2 0 5 . 2 0 0  

3 

1 6 6 

1 0, 4  

1 0, 5  

2 . 9 54 

2 9 . 4 7 7 

3 2 . 4 3 1 

0 , 2  
0 . 2  
2 . 0  
1 , 1 

1 7 . 8  
2 0 . 9  

1 9 5 , 4  
1 00 . 0  

Ce tableau rep rend les us ines s idérurg iques affi­
l iées au Comité de la s idérurgie be lge ; i l  concerne au 
tota l  4 2 . 6 6 5  sa la riés et 9 . 1 9 5  em p loyés. sur  un  tota l 
de 4 5 . 6 0 1  sa la riés et 1 0 . 4 1 4 employés occu pés 

Deze tabel slaat op de staal bedrijven d ie b ij het 
Comi té van de Belg ische S ideru rgie aangesloten z ij n  
deze ondernemi ngen stel len 42 .665  arbeiders en  
9 . 1 9 5 bed ienden tewerk op een totaa l  va n 4 5 . 60 1  
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dans I s éta bl i ssements de l ' i ndustr ie s idérurg iq u e  
belge su rv i l lés par 1 .  dm in istrat ion d es M ine  e n  
1 9 7 

Le ta de  fréquen e nt le ta ux  de  gr ité sont 
c I u lés de la même faç n que pou r  les m i nes . Pou r le 

al ul  u :aux de  g ra i té . .  e nombre de j u rs ffectifs 
u c n en i nn ls de 1..;h - mage µou r  les cas de mort 

e ' ï n -apa i té pern anente ou tempora i re est éta b l i  
d e  l a  même man ière q u e  po r les m ine  , m , n ière s  e t  
carrïres soute ra ines (7 . 500 our la mort ou l ' i nca-

acité per 1anente tota l e  à 1 00 % . 

Le tableau n° 3 :-nontr que le tou. de fréq ue•  ce , 
c' est-à-dire l e  nombre d ' accidents chômants par  m i l ­
l ion d ' h eu res d ' exposit ion au r· sque ,  est  passé à 
i 2 , 7  en  1 9 7 9  contre 1 2 0, 1 en 1 9 7 8 .  

L e  tau ·  d e  gravi é ( 1 )  ca lculé au ableau n" 8 est de 
5 . 6  en 1 9 7 9  e a d im inué  par rapport à l ' année p ré­
céd ente (4 , 9  en 1 9 7 8) .  

Enfin ,  ces é léments permettent d ' étab l i r  l e  nombre 
moyen de journées chômées par accident du trava i l ,  
appelé « taux de r isque » .  S i  l ' on t ient  compte d es 
nombres de  jou rnées attr ib uées forfa i ta i rement  aux 
acc idents morte ls ou gén érateurs d ' i ncapacités  
permanentes on obtient  4 3 , 3  jou rnées chômées par  
acc ident dans les  us ines  s idéru rg iques .  

TABLEAU n° 9 
Accidents survenus en 1 9  79 
dans les fabriques d'explosifs 

Fabriques d'explosifs Sud 
Zuiden 

- Nombre de victimes : 
- ayant subi une incapacité 

temporaire totale 78 - permanente -
- Tués -

Total des victimes 7 8  

(1 ) Nombre de journées chômées des suites d'accidents par 
1 .000 heures d'exposition au risque, y compris les journées 
ch6mées conventionnellement attribuées aux accidents mortels 
(7 . 500) ou aux accidents entraînant une incapacité permanente de 
travail (7 . 500 pour 1 00 % d' invalidité). 

82  

arbeiders e n  1 0 .4 1 4  b ed i e n d e n  i n  a l  d e  ond erne· 
m ingen van de Be lg i sche  staa l i n d us t r i e  d i e  in 1 9 7 9  
onder het toez icht  va n h et M ij n we z e n  g ep laa tst wa· 
ren . 

De  vee lvu ld i ghe idsvoet e n  d e  e rn stvoe t  worden op 
dezelfd e man ie r  berekend a i s  voo r d e  m i j n e n .  Bij de 
bereken i ng  van de ernstvoet wordt het  a a n ta l  daad­
werke l i j k  of konvent ionee l  ver loren d a g e n  voo r i eder 
dode l i j k  ongeva l of voor i eder  o n g eva l m et b l i jvende 
of ti jde l i jke  vo l l ed i ge  ongesch ikt h e id o p  d eze lfde 
wijze vastgeste ld  a i s  voor d e  m ij n e n ,  d e  g raver i jen en 
de onderg rondse g roeve n (7 . 500 voor e e n  dode of 
een vol l ed ige  b l i jve nde  werkong esch i k t h e id van 
1 00 % ) .  

U i t  ta bel  8 b l i j kt dat d e  vee lv u l d ï g h e i dsvoet, d . i .  
het aantal ongeva l l en  m et a r b e i d sve r:w i m  per m i ljoen 
u ren  b lootste l l i n g  aan het r i s ico ,  i n  1 !) 7 9  r.; estegen is 
tot 1 2 9 , 7  tegen 1 20 ,  1 i n  1 9 7 8 .  

De ernstvoet ( 1  ) ,  d i e  in  ta b e l  8 �;:-: : i ge c"u i d is ,  be­
loopt 5 , 6  in 1 9 7 9  (4 , 9  i n  1 9 7 8) .  

Aan d e  hand van d eze c i j fers ka n ten  s lotte het 
gemidde ld  aanta l  ver letdagen p e r  a rb e i dsongeval .  
soms « r is icovoet » genoe m d ,  be re k e n d  word e n .  Ais 
men de dagen d i e  aan de dode l i j ke  o n g eva l l e n  en aan 
d ie  met b l ijvende ongesch i kthe id  word en  toegekend 
meerekent,  bekomt m e n  4 3 , 3  ver let d a g e n  pe r  onge­
val in  d e  i jzer- e n  staa l fa br ieken .  

Nord 

T A B E L  9 
ln 1 9  79 in de springs to ffabrieken 

gebeurde ongevallen 

Roya u m e  
Noorden Het R i jk 

Spr ingstoffa br ieken 

99 
-

1 

1 00 

- Aantal  s lachtoffers 
- met vol ledige t i jdel i jke on-

1 7 7  gesch iktheid 
- - met bl i jvende ongesch iktheid 

1 - Doden 

1 7 8 Totaal aanta l  s lachtoffers 

( 1 ) Aantal dagen met arbeidsverzu im i ngevolge ongeva l len per 
1 .000 uren blootste l l ing aan het risico, met i nbeg r ip van  het kon­
ventioneel aantal verlore n  dagen wegens dodel i jke o ngevallen 
(7 . 500) of wegens ongeval len d ie een b l ijvende a rbeidson­
geschiktheid veroorzaakt hebben (7 . 500 voor 1 00 % i nva l id iteit). 
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5 .  - FABRIQUES D 'EXPL OSIFS 

Le tab leau  n° 9 concerne les acc idents su rvenus en 
1 9 7 9  dans les  fa br iq ues d ' explosifs. I l  y a eu dans les 
1 2  fa br iq ues d ' exp losifs ,  les 6 manufactu res de py­
rotechn ie  et les 6 dépôts de vente d 'exp losifs, qu i  
occ u pa ient  en 1 9 7 9 ,  2 . 3 9 3  ouvriers e t  1 9 1  
em p loyés, 1 7 7  acc idents chômants contre 2 3 6  en 
1 9 7 8 .  

E n  1 9 7 9 ,  i l  y a au ssi u n  accident morte l  dans une 
fa br ique d ' exp los i fs .  

1 / 1 9 8 1  

5 .  - SPRINGS TOFFA BRIEKEN 

Ta bel 9 heeft betrekk ing  o p  d e  o ng eva l le n  i n  de 
spri ngstoffa br ieke n .  ln  de 1 2  spr ingstoffa br ieken ,  d e  
6 v u u rwerkerijen e n  d e  6 verkoopdepots v a n  
springstoffen ,  waa r  i n  1 9 7 9 ,  2 . 3 9 3  a rbe iders e n  1 9 1 
bedienden tewerkgeste ld  wa ren ,  z i j n  1 7 7  o n g ev a l l e n  
met a rbeidsverzu im gebeurd ,  tegenove r 2 3 6  i n  
1 9 7 8 .  

Eén a rbeider is vero n g e l u kt i n  een s p r i n gstof­
fabr iek .  
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COA L IN OuSTRY 

5362 
Saving fuel by us ing waste heat and environment 
energy. 
Bauer L . 
Energieanwendung ; 28 (6) ; 207-2 12 (Nov. 1979) 

Discusses a l ternatives for meeting long-term energy 
requ irements in  Austria which are es t imated to be­
corne 50 % h igher in 1 990 than i_n 1 979. Although 
Austria possesses national resources (58 mi l l ion tons 
of exploi table brown coal plus the same amount again 
of further certain and probable brown coal  reserves 
22 mi l l ion tons of crude oi l  and 1 4  mil l ion m3 of gas 
plus possible reserves of  6 1 -64 bi l l ion m3) up to 80 % 
of the country's needs energy wi l l  have to be met by 
import. Proposais are presented for more efficient 
energy use, appl ication of  alternative energy sources 
. and introduction of  energy saving technologies which 
: include : increased use of  waste heat from ex isting 
; power p lants for household heating, construction of 
1mini-power plants ( 10 M W )  for smal l  ci ties with 
10,000 i nhabitants and more and use of  waste heat for 

lhousehold heating, the com bustion of wood and har­
wested straw in  power plants, i nstal lation of  heat 
JlPUmp systems and solar equipment in  households. 
îhe a l ternative for increasing the efficiency of  fos­
ssil-fuel power p lants lies in the u ti l ization of the Au­
!iitrian « trip le steam process »,  with which up to 30 % 
of fossi l  fuel can be saved. The process employs po­
Lassium, d iphenyl and water for steam production. 

AAnnales des Mines de Belgique 

The proposed al ternatives are d iscussed w i th est im a­
tes on i nvestment costs, economic ca lcu la t ions, and  
figures on  e lectricity production and  saving. ( 1 5  refs . )  
( In  German). 

5364 
Coal and the human need for energy. In  Future sources 
of organic raw materials : CHEMRA WN I 
Bagge C.E. 
World conf. on future sources of organic raw materials, 
Toronto, Canada, 10-13 July 1978. Oxford, UK, Per­
gamon Press, pp 33-40 (1980) St-Pierre, L.E. ; Brown 
G.R. (eds.J. 

The world faces the problem of  d ecli n ing supplies o f  
petroleum and natural gas, and must tum increasingly 
to its abundant supplies of  coal, which make up 47 % 
of the energy content of recoverable reserves o f  the 
globe's fossi l  fuels. Coal is widespread, wi th enorm ous 
deposits in  the  U .S .  and U .S.S .R .  and the People's 
Repub l ic of China, and important  reserves in  m any 
other coun tries. Most industrial nations plan expan­
ded coal production by 1985. U .S. pol icy calls for 
virtually doubled coal production in that period . The 
U.S.  is the lead ing coal exporter, but its sh ipments 
have been decl in ing recently, due to domestic con­
straints on mining and i ncreasing costs. Ali coa l-pro­
ducing nations need to redouble their effo rts to boost 
production .  

Anna/en der Mijnen van Belgil 



5�l68 
Coal-oil mixture market ing poten t ial  in the state of 
Florid:1. ln 2nd internat ional sympo. ium on coal-oil  
mixture combust ion. 
\'; rn�Y A .� t . : Tuli. th. L . : W ern�r G . W . : \V rb, 
H . .  
- ·  Îllf n/O[Ï()/1(1/ ympo Ïlllll Oil coa!-oi! IJ1Î.\" {llte COll l ­

flllS( . )11, Dam· r ·. \ f.--1 . U A. 7 :\"0 1· J 9 ï9. 
AF- ï9/ l60 - , i  'ol. - )  1 p. Pop r :. e· ·ion I î l i  pp 

( / -9J. 

Th ... � tatc f Flori · ha compkt d a n in1::-mon1h 
, r �e t ond t11.: 1 a te hn ira l- in u�tri ·1l a· e. m 'nt r 
th ' p ·ibi l i t ie of ign i ficant energ�• aYin 0 • in the 
in u · trial and mmercial et r throu::h th' ' nver­
.:wn f cu rrent liquid and ga fuded �- t ms t 

umm::, al and oal- i l  m ixtur . The pr  j t 
eri rman e c n i ted of : 1 )  A broad ngin ering 
tud_ · · im d at iden tifying the major indu. trial and 

c mmercial u ers of fo si l  fuel in the tate f FI r ida. 
2 )  An economic tudy to e L imate the nnual i l ­

u ivalent energ; saving achievable b) the om er-
i n of present ystem to coa l/c al oi l  m ixture y -

tem . (3)  Prepara tion of an energy con er at i  n plan 
based upon the recommendat ions of the project .  Du­
ring the cou rse of the project. fossi l  fuel energy user 
have been identified. located with in the tate bv mai l  
z ip code, and catalogued according to : ( 1 )  Base fuel : 
(2) User application : ( 3 )  User consumption ; (4) 

umber of units ; (5) Size of each unit : and (6) De­
sign of each unit . The data collected in the present 
study permit a un ique approach to assessing the mar­
ket potential of coal-oil mixtures in the State of Flo­
rida, particularly, since it is now possible to ident ify 
the energy consumption regionally. by unit type, etc. 
These data, and the subsequent analyses have ena­
bled a market ing assessment to be forrnulated from 
both the supplier and user points of view. The supplier 
now knows where his potential markets are located 
and what the anticipated demand would be ; on the 
other hand, the user categories have been assessed and 
cost-to-convert to COM has been established. Since 
the State of Florida is essentially energy dependent 
upon sources from outside the State's boundary, the  
conclusion reached in  the  present project may provide 
some fundamental guidelines for marketing COM on 
a national scale. 

RESERVES & EXPLORATION 

5382 
C�oss-borehole electromagne,ic probing to Iocate 
high-contrast anomalies. 
Lytle R.J. ; Laine E.F. ; Lager D.L.  ; Davis D .T. 
Geophysics ; 44 (JO) ; 1667- 1676 (Oct. 1 979). 
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Ekctromagnet ic ( E M )  probing  be twccn boreholcs is 
usd"tt l f0 r 1 )  ·at i n "  h igh-con t ra t geoph  1s ical  anoma­
lie� ·uch a a tu nne l . Theo re t ica l a nd  e xperimental 
s 1ud ic or E t fi eld in teract ion w i th  a t un ne l  show that 
m in ima in the received ig1n l can be uscd fo r locating 
the tu nnel . The theoret ical t ud i e  h w tha t. as a 
transmi t ter and receiver a re lowered in  cpara te bo­
rd1 le . th'  m in i ma  can be i n te rp re tcd ea  ily to yield 
b th th ' btcnl and vert ical po i t ion o r  the tunnel. 
Th main mechan i  m of E M  fi e ld i n te rac t ion  wi th the 
tunn ·I · 1ppear to be d i ffract ion ,  and  1 h e  spat ial va­
riat i n r th field st rength  is a ffccted b the tunnel 
shap . fr quencie from 1 0  to 70 M H z wcre tud ied to 
a·s · 1he u · 1ble frequencie . The  fi ld i n  the receiver 
bor h le wa an effect ive d iagno t i  whcn a half-wa­
v lcngth in the su rrounding m ed ium w.is less than or 

u I to the d iam eter of t he  tu n nc i .  F. î probing at 
tw k t ite gave the loca t ion of ttl ': ·1c l s  \ i t h in  I ft of 
the u rve ed loca t ions . 20 ligu re . 

5386 
Preparing standardized diagrams for dri l l i ng, water le­
Yels and wells by automatic p lot t ing in the Knap­
penrode Glückauf brown coal complex. 
Elter P. 
Neue Bergbaurech. ; 10  (5) ; 3 1 1 -312  (May 1 980). 

Demonstrates a data flowsheet and coding symbols 
for dri l l ing methods, and symbols fo r  geologic strata 
and underground water levels. G eological c u ls strata 
isol ines and hydroiso l ines o f  brown coal surface mines 
can be eva luated by compu ter and demonstrated by 
automated p lott ing. T mproved mapping qua l i ty as 
wel l  as standardized and fast geologica l data eva lua­
tion has been achieved with th is system .  (In 
German). 

5396 
Slotting of borehole sequences. 
Gordon A.G . ; Reyment R.A. 
1. !nt. Assoc. Math. Geol. ; 1 1 (3) ; 309-32 7 (Jun 1979). 

A method is described for comparing and correcting 
borehole sequences using informat ion from one or 
more physical logs recorded in the boreholes . The 
method is i l l ustrated by a smal l  worked exam pie. 
Ways are described whereby constra ints m ay be im­
posed on the comparison to al low the incorporat ion of 
relevant information, such as the p resence of  m arker 
beds. An account is given of  the comparison of  three 
boreholes in the Lausing G roup  of  Kansas and the 
effects of fi l teri ng, standardizing and weigh ing the 
logs are briefly d iscussed . 
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M I N I NG 

5403 
lmproved ext ract ion of coal 
K i ng P. 
J. S. Afr. 111st. Min. Meta//. ; 80 (1) ; 1 -4 (Jan 1 980). 

l n  consider ing t he  avai lab le reserve of coa l ,  the im­
portance of  impr ved recovery is  stres ed, and th ree 
ex tract ion ra t io are de fined : the geo logical ex trac­
tion ra t io (or exp lo i ta t ion factor), the econom ic ex­
traction ra t io ( r m in ing factor), and the geometrical 
extract ion ra t io (or vo lumetric ex traction factor). 
Factor affect ing each of these ratios are d iscussed 
and it i concl ud d that  al though geological factors 
cannot be cons idered i n  isola tion from techn ical and 
econ m ie factor , the geological extraction factor is 
the m st ign i fïcan t cri terion of whether the best use is 
being m adL· l)r coa l  resources. 

5404 
Horizonta l ch H ing technology for advance degasifica­
t ion 
Thakur  P. . ; Poundstone W.N .  
Min. Eng. (N. Y. ) ,· 32  (6) ; 6 76-680 (Jun 1 980). 

A mobi l e  horizontal dri l l ing rig, and dr i l l ing opera­
tions, are described . Borehole su rveying instruments 
measure the  p i tch ro l l  and azimu th of the borehole 
assembly and ind icate the t h ickness of coa l between 
the borehole and the  roof or floor of the seam thus 
locat ing faul ts clay veins sand channels and changes 
in seam th ickness ahead of m in ing. Ho les 75- 1 00 mm 
also a re dr i l l ed  300 m or more in advance of  develop­
ment head ings. 

541 2  
Extraction, preparation, transport and storage of solid 
carbonaceous material. In Future sources of organic 
raw materials : CH EMRA WN I 
Durie R .A .  
World conf on future sources of organic raw materials. 
Toronto, Canada, 1 0- 1 3  Jul 1 9 78. Oxford, UK, Perga­
mon Press, pp. 2 19-231 (1 980) St-Pierre, L. E. ; Brown 
G. R. (eds. ). 

Coal ,  because of i ts abundance relat ive to other foss i l  
fuels, i s  be ing looked to as a major source of  energy 
not only for d i rect use, but  also i n  the form of  l iquid 
and gaseous fuels as petroleum and natural gas re­
sources near deplet ion. There are many cha llenges to 
be met i f  coal is to fu lfi l l  th is prom ise. A mongst these 
is the need to supp ly coa l, as economical ly as possible 
and with m i n imum environmenta l  impact, in ever 
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i ncreasing amounts, in the qual i ty requ ired ,  to coal 
based processes, be th ese thermal power or coal con­
version plants. This paper considers briefly the  cur­
ren t approach es to the m in ing, p repara t ion, t ransport 
and storage of coa l .  The need to increase product iv i ty 
and recovery effici ency during coa l m in ing and pre­
para tion, to increase safe ty and m in im ize h ea l th  ha ­
zards, and  to  min im ize envi ronmental p roblems are 
emphasized. Sorne areas where developmen ts a re un­
derway also receive ment ion .  To conclude, bri e f  refe­
rence is made to some difficul ties rel a t ive to coa l, wi th  
regard to  t he  use of  o i l  sha les, and present  day pro­
ducts of  photosynthesis as  energy sources ; and to  t h e  
role of  government. (22 refs . ) .  

5413 
Analysis  of the mechanics of rock cutting with dise 
rol ler cutters 
Wang K .  
Coal Sei. Technol. ; (3) ; 22-26 (Mar 1 980) 

Dise roller cutters on tunnel boring m ach ines eu t  rock 
basicaUy with crush ing and sheari ng. Equat ions a re 
derived for the calculation of  thrust force, axial fo rce 
and normal drag force of d ise cu tters .  C u tt ing para­
meters of  rol ler cu tters, such as d epth  of  penetration, 
rad ius of cu tter, angle and rad ius of cutt ing edge are 
analysed and investigated.  Finally an exam ple o f  d e­
sign and calculation is given. ( ln  Ch inese) 

541 7  
Coal surface mining in the Uni ted Kingdom 
Leigh W.J .P .  
Neue Bergbautech. ; JO (3) ; 1 4 1 - 143 (Mar 1 980) 

Summarizes the present state, m in ing cond it ions and  
future development o f  U .K. coal surface m in i ng. An­
nuai coal production of almost 70 surface m ines is 1 4  
mi ll ion tonnes ; the  majority o f  the mines have a smal l  
capacity. Continuous coal exploration i s  provid ing 
increasing amounts of exploitable coal ; the presen t  
level of production can be maintained fo r  more than 
30 years. Due to the  hardness of  the  overburden the 
most sui table technology is excavation by d ragline 
excavators (45 %) and shovel dozers (55 %) in com bi­
nation with frequent blast ing. Trends in  improving 
excavation technology are directed toward : a m e­
dium sized and easily assembled and dismantled 
dragl ine excavator with a 12 m3 bucket and 52 m 
boom length ; larger, h igh powered shovel dozers wi th 
a 9 m3 shovel ; and larger skip lorries of 63 to 77 for 
material transport. Sorne features of land reclamation 
and environmental p rotection measures are also pre­
sen ted . ( ln  G erman) 
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5419 
Prel imina1J i te inn� t igation for openca. t cout  mining 
in the United Kingdom. ln Use of he�ny l'qu ipment in 
openca t mines 
Leigh \\ .J .P. 
Symp. 011 use of hem:r Jury equipm m in op ·nca r lll i­

nes. Coub11s. Germa11 Democraric Rëpuhlic. 16 -_  0 Ocr. 
1978. COA LISE.\!. IR . -l  ·11ir d .\ uion . Eco110111 i 
Commissio11for E11ropè. 3 pp ( 1 9  8). 

Describes the main :m�a of  inve ti,...,ati n undcnak.en --
by geologi t and g techn i  a l  engineers f lhe 1a -
tional Coal Board Open ::n Exe ut i, c when x · 1m i­
ning prop sal for the urfac mining f new p n ·:1 · 1  
· i tes in the .K .  An expre sion i ·  gi (:n � r lculat in:::­
the total o l f min ing a given t nn:igt: .  Each f th 
parameters and variation · which ur de ndin� n 
working method and geol gical c nditi n are e · ­
plained. The gathering. tabulati n and �t rage of in­
formation from exploratorv dri l l ing in th · . K .  i 
explained. A sch edule of parameter u d t  a ·e th 
« rippabil i ty » of rocks as an alternati,·c: to bla t ing i 
given. Cri teria include specific grav ity. m i tur c n ­
tent and seismic velocit) . Compre ive lrength atone 
is regarded as an inadequate indicator. Procedure 
used in investigating soil and rock tabi l i ty are briefly 
described . Circumstances are cited under which soi! 
mechan ics analysis bas proved useful a \1, ell as s i tu­
ations in which rock mechan ics analJ ·si i required . A 
concludi ng description is given of how stereographic 
projection is used to assess combinations of d is­
continui ties. The stereography analysis is i l l ustrated 
by an actual example of an investigation carried out  
using a polar plot and Schmidt net. ( In English) 

5432 
Coal, concrete and cernent (some newer uses of con­
crete and cernent in mining) 
Middup C.G. 
Min. Technol. ; 62 (715) ; 233, 235-236 (May 1980) 

Glass fibre reinforced cernent is used in roadway and 
shaft l inings ; polypropylene reinforced concrete is 
being tested for this purpose. Steel rod reinforced 
concrete is also used as l ining. Autoclaved concrete 
blocks reinforced with a steel mesh envelope can be 
used as a replacement for wooden chocks. S pecial 
cements are used for pump packing. 

5448 
Mecbanized anhydrite storage depot in an H BNPC 
mine 
Pub/. Tech. Charbon. Fr. ; {l) ; 19-21 (1980) 

Report on CoRT research successfu lly concluded in 
1979. Presents a short description of the mechan ized 

88 

:1 nh_1d rit · -st  )rage depot wh ich s upp l ie pi t  5 wc t of 
the Lens group .  The dcpot i ope ra tcd  by one man. 
D · ri bes tran load ing, the  t i pp ing  hoppc r. the fi ll ing 
h 1pp(:r :rnd the contr  I ys tem for the  ma terial level 
and u t l''e<ls . ( l n  I rench ) 

-... 4 
Blanz) coalficld - improving hydrau l ic  stowing 
mcth ds 
Pul /. Tech. Charbon. Fr. · ( 1 )  ; 3 1 -34 ( ! 980) 

e ·...:r ib - CoRT research  wh i  h wa uccessful ly 
· ncluded in 1 978 .  l nc ludes a de  cri p t i  n of  the Ro­
z �bJ h drau l ic-s towing ins ta l l a t ion , h ich is located 
t.l ir et !  b neath 2 vertica l b re!· �1 .e 1 220 m long) 
wh ich l ink it wi th the  surface s k)-.· • i n g sy tern .  The 
rel at ive! complex feed in  ta l l a ti<J :  f .. � t u res a flow 

nt ro l u n it and is s i tu a ted ab \ , th ·: ,; n try to the 
b rehole . The system fea tu re th -: ...l is , •· : u tor  units. 

ne for washery di rt  0 / 8  mm.  th t oth -..: · for  power 
talion fly ash ; a vibrat ing screen é: i l d  criJ her  for the 

fly a h · below th is is the mud tan k  w i !h  · rn echanical 
agita tor. Describes the water feed tem a nd the sa­
fe ty featu res ; the  flow speed is grea ler  t han  the sedi­
mentation speed . Presents the  au toma t ic control and 
flow regu lat ion systems. The ma in  object ive of the 
CoRT research was to mai n tain the  dens i ty of the 
washery material ; au tomatic wash ing  seq uence . The 
resu l ts obtained proved exce l lent .  ( I n  French)  

5450 
Centre and Midi coalfields - remote monitoring of 
front-end loaders engaged in face operat ions in the 
Aquitaine coalfield 
Pub/. Tech. Charbon. Fr. ; ( 1) ; 35-45 ( 1 980) 

Since the mach ine running-t ime con t rai system was 
unable to keep u p  with the  sequence o f  work at the 
workings, the Aqui taine coalfield decided to develop 
a remote-monitoring system com p ris ing : a t ransmit­
ter on each mach ine, underground t ransd ucers (ail 
connected to a contro l  poin t) and a s u rface control 
equipped with printers, coun ters and recorders .  Two 
in�tallations of this type have been pu t  i n to service. 
G 1ves numerous details of the meth od of operation 
and of the dispatch ing system .  ( I n  F rench)  

5456 
Face-end restraint 
Prod. Prod. Bull. ; (8) ; 9-10 (Mar 1 980) 

Comp�res lasses in  production at  advancing and 
retreatmg _faces du ring longwall min ing d u e  to face 
end restramts. Discusses th e mechanisat ion o f  work-
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i n g  advanced longwa ll face ends using an i . - �cated 
face end system, ra lher than . epara te ly developed 
pi eces of eq u i pment .  A ga le-end sy tem i then briefly 
descri bed . 

5459 
Simula t ion of face end act iv i t ies 
Prad. Prad. Bull. ; (8) · 19-20 (Mar 1 980) 

Descr ibe two compu te r  systems for  assi t ing in the 
de ign of face end . CMAC (computer a ided mu l t i p l e  
act ivi ty char t ) and  PREFECS (progra m to  eval ua te 
face end  sy tem by computer s imula t ion )  are both 
part of lhe Face End l n tegra tion Project of the M in ing 
Re earch and Development Es tablish men t  and are 
be ing te ted a t  coal mine in the Ba rnsley, Western 
and N o rth  De rby h i re Areas. 

5463 
Su·:�oni!!g h igh roof fa ll areas along hau lage roads 
B u ikr. \'.,, .E . : Burns F .A .  
Min. Cc,! rsr. J. ; 66 (4) ; J 5 -1 7 (Apr 1980) 

Roof su pport methods used i n  some US co l l i eries a fter 
roo f  fa l l s  wh ich have left a h igh void are described.  
Sem i-ci r u lar  tee! arch tu n nel l in ers have been used . 
Th i me thod i expensive bu t fast sa fe and perma­
nen t .  I n  one  ins tance, the void above lhe arches was 
back fi l led t h rough a bo reho le  from the  su rface . Va­
rious methods of t imbering are briefly descr ibed.  A 
l idable can opy can be used to pro tect men ahead of 

the last su pport .  

5464 
Aspects of support technology in West German mines 
Stace L . R .  
Min. Eng. (London) ; 139 (224) ; 841 -846 (Ma) 1980) 

The increasi ng use of  sh ie ld supports with in the West 
German coal  indus try and the contribution that these 
supports are making in both th ick and th in  seam sec­
tors are discussed. A visit to a face inco rpo rating fu l l  
stowing of  the waste is a lso described, a long with an 
account  of  the p neu mat ic transport underground of  
cernent and aggregate i n  a major coal mine develop­
ment. The rock mechanics research group at Stein­
kohlenbergbauvere in  is described , and West German 
mining practice is com pared with that in Brita in .  

5466 
Factors that affect underground rockbol t reinforce­
ment systems design 
Farmer I .W.  ; S h el to n  P .D .  

' 1 / 1 9 8 1  

lnsl. Min. Meta//. , Trans. , Sect. A ;  89 ; A 68-A 83 (Apr 
1 980) 

Rock bolts u t i l ize the structu ra l  prope rt ies o f  rock to 
im prove the stab i l i ty o f  su rface and und erground  ex­
cavations. The mechan ics of re inforcemen t  inc lude 
the restra int  o f  individual  rock blocks bounded by  
discont inui ties, t he  reduction o f  d i la ta t ion by  i n h ibi ­
t ion of  s l ip and rota t ion in b lock of  rock ,  the  red uct ion 
of strata separatio n  in stra tifïed rocks and reco m p res­
sion of relaxed zones in weaker  rocks. The  d es ign o f  
rockbolt systems depends o n  the geotechn ica l p ro ­
perties o f  the  d iscont inui ty su rfaces and  of  th e i n tact 
rock between them the size and  shape  of the  excava­
t ion and the resul tant  m agn itude of red istr ibu ted 
stresses, and the degree o f  deforma tion acceptab le  i n  
t h e  completed excavation. The  complex i ty o f  d es ign 
depends on th e use and sensi t iv i ty of  the excavat ion .  A 
simple design approach for unde rgro u n d  excavat ion 
i s  outl ined and i l lustrated by refe re nce to case h isto­
nes. 

5505 
Cage posi tion monitor using magnetic striping 
Lewis D .C. ; Ormondroyd H .  
Min. Technol. ,· 62 (71 6) ; 267-2 71 (Jun 1 980) 

A contactless magnetic sensor m easures t h e  d is tance 
travelled by the cage by counting  m arks o n  a w ind ing 
rope or gu ide rope. Experience w i th the  system is 
reviewed. 

5510 
Results of swing measurements on cages conducted in 
rope guided mine shafts with strong air  currents 
Poppe D .  ; Weissen bom H .  
Neue Bergbautech. ; J O  (4) ; 238-242 (Apr 1 980) 

I nvestigates the influence of  a i r  cu rren ts from ven ti­
lating roads on the swing motion of ho ist ing cages .  
Two mine shafts were selected for  the tests, s haft A 
with two-cage hoisting, and shaft B wi th one  large 
hoisting cage for material transport. M easurements 
were carried out either with measurement  rods  o r  wi th 
3 film cameras and markings in  the shaft. The test 
results of the investigations show the max imum ho­
rizontal swing lengths in cm at cage speeds between 4 
and 12  m/s and ventilation air speeds between 7 and  
1 3 .3 mis. The swing of  the cage in  shaft A was  low and  
had a maximum value of  14  cm after slowly pass ing 
the ventilation road. The cage swing in  shaft B showed 
values between 20 and 75 cm in strong air currents, 
even after i ncreas ing the number of guide ropes from 
6 t o  8 .  Various proposais are made for  the sa fety o f  
hoisting operations i n  shaft B ,  including that the mean 



air speed ( resul t ing frc1m cag, :-p ed plus Yent i�a t ing 
12urrent speed ) -lhmld n t CX\.'eed _Q m / __ ( 1  r 1. ) ( l n  
German) 

55 14 
'.\lanriding by APOD ki- l ift featuring a bi-d irect io a l  
s,· tem with one actiYe trand in an H B. PC mine 
Pub . .  Te ·h. Charbon. Fr. : (/ ) : _ 3  __ ( 1 9 O; 

Thi rep rt pre ent a . hon de  cripti n or 1 T r -
. ear h whi h wa ucc, sfu ll�· on lud d in 1 
forth the principle and adYantag�- c, r bi- ir t i  n ·  1 
endle ·-r pe manriding with one activt: · t ran . 
De�cribe the i U wing compon nt  : driY, h ad. 
b arding and al ighting poin t  . ten ion tat i  n. c ir  ·u i t  
structure. haulage rope and the manrid ing at  · nd 
di cu ::.e� the afety device . G i  e· an ac unt  of th 
method of operation and how the in ta l la t ion is u·eJ .  
Pre ents the condition of instal lat i  n .  lnclud · an 
account of how the s ·stem wa in talled at Led ux 
coll ief)' - special features. co t of the  equ ipmen t and 
runnino costs. Draw conclusion gained as a re u l t  of 0 � 

the Ledoux operation . ( ln French) 

5520 
Application of thermoelectric transducers for surf ace 
monitoring of air velocity, humidity and temperature 
for underground mines 
Srivastava S.C. and others 
J. Mines, Met. Fuels ; 27  (8) ; 22 7-230 (A ug 1979) 

Transducers which detect the cu rrent due to the tem­
perature difference between two thermoelectric semi­
conductor metal junctions can be used to measure air 
velocity, humidity and temperature. Therm istors can 
be used to measure temperature. A simple system for 
recording these quantities continuously at the surface 
bas been undergoing mine trial .  

5521 
An air-flow anemometer with digital indication 
Srinivasan S.S. ; Rangachari S. 
J. Mines, Met. Fuels ; 27 (7) ;  213-214, 224 (lui 1979) 

A vane-type anemometer bas been designed with di­
rect digital indication of air flow rate using optical 
sensing of the blade motion. This is inherently more 
accurate than either mechan ical coun ting or  e lectro­
magnetic sensing which in troduce damping of the 
shaft rotation. 
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5525 
Opt imum design of surface m ine dra inage pipelines for 
li l t<.'r w<.'11 ystcms 
\\ ciùn 'r  K. : \ ogw i tz R .  
,\ e 11e Bergba11 tech . : J O  (3) ; f 5 7- 1 60 ( Mar 1 980) 

Dcm n·trat  the a ppl icat ion o f  com pu ter  programs 
r)r th  de i o n  r m ine d ra i n age p i pe tems .  This 
m th d i_ u ed for proj ecti ng op t i m u m  mine 
l ra i n ·1g '. f r c t calcu la t ion  of  d ra i na ge investment 

\·�u ian t  and for plann ing ma te ri a l  a n d  equi pment 
r qu i r  m n t  . The parameters o f  d ra i n age pumps, 
fil ter \ e l l  . and  the connect ing ect ion  of  t he  pipe 
-y Lem are i ncl uded in the compu t� r  ·a lcu lat ions : 
r. te f \ a ter flow, capaci ty, water  pres:u re, loss o f  
water prcs u re, mater ia l  and  eq u i pme n t types and 
th i r  part icular inves tment  and m�� i nte ;: , rnce costs. 
On xample of the calcu lat ion i p n· · c n t, . The wa­
ter fl w rate between 0 .5  m 3 / m i n  , . ! •  i 2 . :· 1 11 3 /m in in 

ction of the p ipe system requ i re'-1 p i p •- d ia meters 
frorn 65 mm to 1 25 mm. The use of t h i. ethod is 
con idered to be particularly econo m ica l fo r d ra inage 
investment i n  large surface m ines . ( f n  G erman)  

5526 
Precalculation of atmospheric condi t ions in dry and 
moist underground m ines 
Aner L. ; Krause D .  
Neue Bergbautech. ; 10 (4) ; 229-234 (Apr 1 980) 

Proposes a un iversal ly app l icable m ethod for pre­
calculating underground air condit ions, in pa rticu lar, 
for forecasting mine temperatures in m ines with va­
rying moisture and underground a i r  vent i lat ion .  The 
calculation method, demonstrated with a number of 
parameters and equations, was developed by the In­
stitute of M ine Safety, Le ipzig and is based on  rev ised 
formulae of Djadkin (Len ingrad M in ing I nst i tute). 
Results of work on the subject by Koenig,  Boldizsar, 
M undry, Woropaew, Starfield , M uel ler  and oth ers are 
compared . Figures are taken predominan tly from 
Soviet underground coal mines. The proposed 
mathematical method of the I nstitu te of  M in e  Safety 
is regarded as accurate. Calcu lated temperatures in 
underground mines with varying dampness showed a 
maximum error of 0.4 K in comparison to actual 
measurements of mine temperature .  ( 1 6  refs . )  ( In 
German) 

5541 

Special methods for l im it ing methane and coal duS( 
explosions 
Roman P. and others 
Mine, Pet. Gaze ; 30 (3) ; 134-138 ( Mar 1 9 79) 
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Th e a rticle prescn ts the res u l ts of the resca rch undcr­
taken in 1 977 rega rd ing the accompl i  hmen t  of an  
a u tomated barrier for  the l im i tat ion f methane and  
coa l du · t  explosions . Im provemen ts o f  the exp lo  ion 
de tector were made by incrcasing i ts sta r tup  capaci ty. 
by red uci ng the re ponse t ime, in crea ing the pa ra · i t i c  
sou rce selcct iv i ty and by creat ing a perman en t  cont ra i 
of i t  opera t ion and alert ca paci ty. The range of the 
ex p lo ion veloci ty propaga tion was also determ ined . 
To th i  pu rpo e a mi xed barrier con i. t ing of an ex­
t i ngu ish i ng ub tance (sod ium bica rbona te) and wa­
ter wa formed, and the amou nt , of the ext i ngu ish ing 
substance wa dis tri bu ted i n  such a way a each d is­
persor wa able to extingui h the explosions wh ich 
cou Id pr duce in  any ection of the m in ing works. ( I n  
Roman ian )  

5549 
Th appfü:ation of high pressure water jets to longwall 
min ing 
Su nvn L· N.A. ; Summers D.A.  
Min. En1;. (London) ; 139  (225) ; 915-924 (fun 1 980) 

Conven t io. al hydrau l i c m in ing has shown the abil i ty 
to m ine  coal a t  a rate in  exces of3000 tons/sh ift .  bu t  is 
l im i ted in appl icat ion to seams wi th in  favourable 
geology and .  for h igher product ion rates . steeper i n ­
cl inat ion . The  poten t ia l  advantages of  water je ts for 
min ing have led to the  design of a Hydrom iner for the 
more standard seam cu rren tly m ined.  In order to ac­
com modate the less favou rable cond i t ions, the jet  
pressu res have been increased and the flow ra tes 
decreased to m in im ize the water effects on the sur­
rou nd ing geology .  I n  order to s impl ify the progress of 
such a mach ine  from the d rawing board t h rough the 
proof of  concept tests to the fïrst t ria ls in an un­
derground face the  design has been bui l t  around an 
adaptat ion of t he  BJ D Su permat ic shearer power 
pack . The development of the  mach ine from the first 
conceptual  design th rough to a field test of the first 
cu tt ing h ead i n  an opencast tes t s i te is descr ibed . Pro­
blems associated wi th the design of the head, ident i ­
fied in th is  tr ia l ,  are d iscussed w i th the proposed so­
lution .  The tests carr ied out  us ing the second genera­
tion of th e Hydro m iner  cutt ing head are briefly 
discussed. These tests were carried out at the  U S  Bu­
reau of M i nes test faci l i ty a t  B ruceton. Pa, i n  an art i­
ficial coal seam .  

5560 
Problems and findings of research in the field of wire 
ropes 
Jehml ich  G . ; S te inbach  G .  
Neue Bergbautech. ; JO  (4) · 234-23 7 (Apr 1 980) 
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Summarizes the achievements o f  the wire rope hoist­
ing sect ion of the Jns t i tu te for M i ne Safe ty ,  Le ipzig 
du ring the  last twenty years. Specific p rob lems of wire 
rope ut i l izat ion and safety have been solved, the  ser­
vice l i fe o f  wire ropes, for  instance, has al m ost  dou­
bled. Invest igat ions on serv ice l i fe and rope sta b il i ty 
were carried ou t  with con t inuous work ing  rope tes t ing 
eq u ipmen t DPM 50 and DPM 2 X 9. G u id e l in es fo r  
appropriate d imension ing o f  wire ropes and  rope 
hoist ing d rives were elaborated, a ca lculat ion mode )  
for rope service l i fe and rope d imens ioning based on 
Woehler  li nes was derived. Regulat ions for rope mo­
n i tor ing and mine hoist ing depend ing  on  m i ne con­
d i t ions we re d rawn up .  A new standard i n  m ine  ho is­
t i ng, TG L 34022, is being studied in  h ois t ing at va­
r ious m ines. (2 1 refs . )  ( f  n G erman )  

5579 
Theoretical and experimental studies o n  the  a i r  l i ft 
system of an explo ration dri l l ing rig 
Lewi tzk i W. 
Neue Bergbautech. ; JO (5) ; 285-292 (May 1 980) 

Demons trates deta i led opera t iona l  para meters and  
speci ficat ions of  t he  hyd ropneumat ic  d ri l l ing rig MT 
1 50/2M, employed in  G O R  b rown coal su rface m ine  
exploration and well d ri l l i ng. T h e  m ach ine  i s  ca pable  
of dri l l ing to a 1 20 m depth wi th a d ri l led  d iameter  o f  
330 mm. The dr i l led mater ia l  is b ro ugh t to the surface 
by combined a ir  L i fting and water flush ing. Pr inci ples  
of the system are expla ined .  Several g raphs  show the 
influence of  parameters on the  process i nc lud ing 
pressure and speed of the com pressed a i r  fo r  ma te ria l  
l ifti ng, length and diameter o f  the  m ater ia l  removal  
pipe, influence of particle size o f  the d ri l l i ng  s lush ,  a i r  
and water flow in  d ri l l  hole and pipe ,  a s  we l l  a s  e ffi­
ciency of the flush ing process. Suggest ions are made  
for  opt imizing t h e  r ig's performance by  using com ­
pressed air p ipes with a wider d iameter  ( 1 i nch ), b y  
maintaining a constant  s lush removal p ipe d iamete r  
and by avoiding a i r  and water turbu lences. (20 refs .) 
( ln German) 

5588 
Device enabling SSCM overhead locomotives to ne­
gotiate steep gradients in H BNPC mines 
Pub!. Tech. Charbon. Fr. ; (1) ; 1 - 7  (1 980) 

Report on CoRT research wh ich was successfu l ly 
concluded in 1 978. Th is involved the development  of 
a system enabling laden locomotives suspended from 
IPN 140 monorai ls  to negotiate steep gradients (27 
degrees instead of 16 degrees) so that the hau lage 
operation can continue without the need for unload­
ing. Describes the new system, which comprises a 



-
nwnûrai l  ra -k and a hydrau l il.' Jr in! t r  l lcy. Exp la ins 
hc metl11-,J l)f l)r ra t ion and the typl' oLq plic:1 l Î(II\ r 

the new de, ice. Desl rib s l10w the ·y, tcm was inst:1 l ­
kd at Ostricourt. Di"<:U%es cost - and the v i ab i l i 1�· o f' 
such a sy :')tcm.  Set f1rth the :1Jrnnt ·1g.es :rnd r l) tc:'n t ia l  
\,f th" new de,·dopment .  ( In  french ) 

li ation of an arch-cro"rn etter for ton drifts  i 1  
18.  'PC mine 

Pu /. T>th. Charbon. Fr. : ( J J : 9 - 13 ( 1 9 W)J 

Re n on re·eard1 concluded ucc ' - fu l ly  b\' th ' 
C, RT i r  I 97 . Thi involv d the de  ign and co i -
· trn tion 0f a !ab ur- aYing devi e ,, h ich w u l  al o 
improYe ·afet�· t, ndard du rin� th -eu in:::- f :1 r ·h 
' r  wns. The rep rt mention th l im itat i  n- impu:e 
by ,u h an oper:1t i  n together ,:v i th the pr )blem t\ b -. 

- 1'· -.J ( t  chn ical d ifii u l tie- and ur i l iznti n) : inc lu ­
dc.- a w U- i l lustrated annex -h  wing t h  de,·ic ,\·h ich 
can be read i ly adapted to the p· nicul r c ndi r i  n r 
each roadhead. ( I n  French) .  

PREPARATION 

5605 
lmproving fines flotation recovery 

Surdon R .G . ; M ishra S .K .  
Coal A ge ; 85 (5) ; 220-222, 225-22 7 (May 1980) 

Discusses the froth flotation of coal fines. There is an 
optimum size for each type of coal .  I f  the feed is 
unsized, each fraction behaves independently, and 
slimes may be entrained in the flotation product. Coal 
oxidation is detrimental to flotation. Am ines act as 
flotation promoters for oxidized coa l .  Electrokinetic 
studies, and the effects of clay m inerais. are reviewed . 

5609 
Results of experimental production of fine COM by 
wet type mill. ln 2nd international symposium on 
coal-oil mixture combustion. 
Sato N .  
2. international symposium on coal-oi/ mixture com­
bustion, Danvers, MA, USA, 2 7  Nov 1979. 
CONF-791 160 - ( Vol. 2) 25 p, Paper 4, Session VI pp 
(1979) 

This _ paper �eports the results of experimental p ro­
duct_1on �f Fme COM with a wet type mi l l .  Four  kinds 
0_f b1tummous coal were used as samples in the expe­
nments, to?ether with M iddle East h eavy crude o i l .  
The follo�mg results were obtained : ( 1 )  The holdup 
of COM m the mi l l  has an  important influence on 
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g.ri ndabi l i t  . ( - ) A i l  t 1pcs o f  coa l  su b m i t ted to  the  test 
pr ·scntcd �ood 0 r indab i l i ty .  ( 3 )  Th e c a l  density of 
5 c · a nd 55 �- prc e n ted sa t i . factory gr in cl abi l i ty. (4) 
Th ' tcmpcra t u re of O M  d u  r ing t h e  pu lver izing 
pr ) ,  '. ·hou ld be a h igh as pos i b lc . ( 5 ) An incrcasc 
in th ' pr du · t i  n ra te coa r  e n  t h e  pa r t ic le  si ze di­
s tri bu t i  n r 01  l a lmost  l i nca rl y . (6 ) W h en total 
1fü,i ·H i r ' · n t en t  f t h e  c rushed  coal  i f t h e  ordcr of 
l · or I s·, i t  " a  confi rmed tha t  t h e  rc. i d ua l mois-
u r  ntt.:n t  f O M  can be cl ewa t e red to approxi-

m:Hely 2 , hca t ing the h eavy i l  u pp l ied to the 
m i l ! .  

:659 
Ph. ·sil:o-chemical properties of coa ls ·with respect to 
the rock bur t phenomenon 
Z I i 1dza- Jez ier ka J . : Lason M .  : f ' ! O\' �} a A. 
.·i r h. Corn. · 2 - ( 1 ) ; 1 9-26 ( 1 980) 

Di  cu e the resu l ts o f  inve t i ?;;.:.i t i n i_; physico­
ch mica! properties o f  black coa l  '.";·om the Nowa 
Ruda  m i ne w i th  seams l iable  to rock bu  rsts . Analysis 
of carbon dioxide adsorption sam p k  ta k  n from re­
l i  ved and not re l ieved coal faces d ià n t how chan­
ge in pore structu re d u ring destre s i ng  p rocess. To 
determine the fil tration pro perties of  coal  coefficients 
of carbon d ioxide d i ffus ion in to coal s t ru c t u re were 
determined . Character of  gas-coa l  b i nd i ng  was esti­
mated by analyzing  adsorption heat .  A n  a t temp t  was 
made to relate the sorptive p roperties o f  coal and the 
val ue of a parameter which characterizes rock bursts 
the so-called degass ing factors .  ( I 8 refs .) ( I n  English) 

5698 
Extension of coking-coal resources by new process 
technologies of coal preparation and carbonization 
Beck K.G. ; M eckel J .F .  
Ironmaking Stee/making ; 7 (3) ; J 1 1 - 1 1 5  ( 1 980) 

Charge preheating, and partial br iquett ing,  arc 
described. The resu l ts of  p i lo t  a n d  ind ustr ia l  sca le 
experience with the precarbon process a re discussed. 
I nvestmen ts requ i rements and opera t ing  cos ts are 
compared for a coking p lant  with an annua l  p roduc­
tion of l .7 M t for the following al te rna tives : the  use of 
wet coal in conventional top charging ; the pa rtial 
briquett ing  of  the charge b lend ; and the use of p re­
heated coal . 

5720 
Westinghouse to launch coal gasifier with combined 
cycle unit 
Stavsky R.M . ; Margarit is P.J . 
Energy /nt. ; 1 7  (3) ; 1 1 - / 3  (Mar 1 980) 
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We t i nghou e ha de igned a proto type coal ga i fier  
which can be in tegra ted wi th a corn b ined cyc le un i t  
and enab le  p wer p lan ts to use coa l in  a n  e fficien t  and 
env i ron menta l ly acceptab le way. Coal Gasi ficat ion 
Corn bi ned ycle  ( CG ) tech nology burns ga made 
frorn coal in a ga t u rb ine to generate power and then 
co l l ect the h t exhau t gases to produce tearn for 
fu rth er power generat ion . The co rn rnerc ia l izat ion of 
thi proce wou ld meet the pub l i c' need for an 
eco norn ical and clean way to u e coa l ,  the u t i l i t ies 
need to rneet electric power dernands, and the na t ion 's 
need to reduce depend ence on im ported o i l . The 
We t inghou e proce i descri bed along wi th the  
company plan for a demonstrat ion plan t  and the 
opt ion of a phased i n trod uction to al low u t i l i t i e  to 
con t i nu  t he  u e o f  exist i ng equipment  and  generate 
revenue  wh i l e  adding to capacity . (DC K )  

5734 
A\ iat io:· raels from coal 
Aï,1 k'. .,: . S . J . ;  Pau l  P . F . M .  
J. ,·,,sr. _ . ,ergy ; 53 (41 5) ,· 55-62 (Jun 1980) 

When liq ü id  fuels from coa l  a re needed to supplement  
or  rep l are p tro leum prod ucts because of factors in ­
clud i ng  rel a t ive cost , ava i lab i l i ty tech n ical develop­
men t and  patt rn of demand it is essen t ia l  that  they 
be premi um fuels .  Aviat ion fuels can be produced 
from coa l e i ther by total gas i ficat ion fol lowed by 
syn thesis or by various hydrogenat ion processes. 
Syn thesis leads to h ighly iso-paraffi n ic je t  fue l  whe­
reas the hydrogenat ion of  locations of coa l  ex tracts or 
coal tars leads to h igh -dens i ty.  h igh-energy aviat ion 
kerosenes o f  near  conven t iona l  performance and 
compat ib le  with exist ing fuels .  Performance tes t ing of 
experimental quant i ties of  coal-derived fue ls has 
shown that  they can match most of the  requirements 
of exist i ng  specifications but  there may be some de­
v ia t ions, the  sign i ficance of wh ich has to be assessed .  
The econom ics of  coa l l i quefaction processes are 
briefly d iscussed .  

5745 
Mathematical modeling and experimental studies of 
thermal reactions of coal 
Jain  R .  
Pasadena CA , California Insr. of Tech., 3 12  pp (1 980) 
Thesis ( Ph. D.). 

This d issertat ion d iscusses theoret ica l and experi­
mental research on coal pyro lysis. In  the theore t ica l  
part, a mathematical mode! based o n  coal's chem ica l 
structure and i ts react ions is developed for  computer 
s imulat ion of pyrolysis. Firstly, the importan t  organic 
funct ional groups of carbon, hydrogen and oxygen in 
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medium and h igh ran k  coals a re o rgan ized in to a 
conceptual mode) for coa l 's chem ica l s tructure .  Us ing 
the pri nc ip les o f  thermochem is try of free rad icals as 
guide l i nes, the important  ca tegories o f  c hem ical  reac­
tions in  coal pyrolys is  are postu la ted . A set of 4 1  se­
ries-para l l e l  react ions represents the chem ical change .  
f t i s  concl uded that  th ere is no a p riori d is t inc t ion 
between vo lat i les and non-vola t i les i n  a coa l .  They a re 
both formed from the  same chem ical s t ructure, and 
are basical ly an i nevi ta ble  conseq uence of  each 
other's format ion .  For the pu rpose of m athematical 
model ing coa l i s  considered  to be a populat ion of 
randomly distri bu ted fu nct ional  groups on a ma trix. 
A scheme based on statist ical transformat ions  is  devi­
sed to compute concentrations of react ing configura­
t ions before and du ring pyrolysis. The rates of reac­
t ions are expressed in terms of these concen tra t ions .  
Differen t ial equat ions goveming the  rate of change of 
state variables w i th pyrolysis t ime are form u lated and 
numerical ly i n tegra ted on the  compu ter. Pyrolysis re­
su l ts are predicted i n  terms of the  state variab les. The 
dependence of the y ie ld  and com posi tion  o f  vola t i les 
on (a) transport parameters L i ke  p art ic le s ize and 
pressure, and (b)  k inet ic  paramete rs l i ke  t ime .  tem­
perature and t ime-tempera ture h istory, is i nvestiga ted 
experimenta l ly .  G aseous products a re ana lyzed us ing 
chromatography, wh ile tar  is  characterized by G PC, 
N M R  and elementa l  analysis. 

COMBUSTION 

5753 
Combustion of single coal partie les in a jet  
Ragland K.W. : Weiss G .A.  
Energy (Oxford) ; 4 (2) ; 341 -348 (Apr. 1979) 

The combustion of  isolated coal partic les suspended 
in  an ascend ingjet s imulat ing cond i tions i n  a flu id ised 
bed has been studied. D i fferen t  coals. particle sizes 
between 2 and 1 2  mm, gas temperatures of 705-8 1 6  C, 
and differen t  gas composi t ions (a i r  and m i xtures of a i r  
and nitrogen) were used. D evolat i l iza t ion took up  to 
80 s for the largest particles. The du ra tion of combus­
tion does not depend strongly on the coal type or the 
temperature but  varies as the square o f  part ic le size. 
and inversely with the concentra tion of  oxide in the 
gas. 

5794 
New ways to use coal probed : making an abundant  
fuel cleaner. 
Electr. Light Power (Boston) ; 58 (2) ; 9-1 1  ( Feb 1 980) 

Sorne Federal  support wi l l  be given to ai l  the potent ial 
schemes for using coal in a clean and efficient manner 
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.,,.l l - tï r  ·.J c.1pacity. 1.' pcà:i l l y  in  area:s wh ich n w de-
·n \ 'I l\ (' i l  :ind na tu rai oa�. al though 57  percent of t�e 

, rl ,J •xp·m,i ns wer dclaycd in 1 979 r r tïnanc1a l  1 • 1.. • ' • • 

.rnJ en,· i r1.)ll lH1.'n tal  rea. m · . C al pbnts w, 1 1  ad0pt 
,1.:w tcchnûl gi · . sud1 as dry s ·rubbin= ·;stcn� :rnd 
c :1; -.·h •mi . J add i t ive,. a th y bec me avai labk. 
�) rqu ·faction and �a ificat i  n. ynfuc\· .  m�2.�1e-

l "h, Jr Jvnamic . .  and re ·ear ·h int bctter m1 11m2, 
nd "t1 ·bu t i  n tedrnique ,\· i \ l  rec i,·e increasinc­

f ,  er I funding.  �umm. ry f l."urren t  pr jelL in­
·l tH.k funding Jeye\ . techn ical probl m H be c v · r­
com . :rnd a p� i tiYe prog.n i that a sol u t i  n " il l  b 
r� und , r the c untr\'· energy fri . ( DCK)  

5799 
R cent deyelopment in de ulphurizat ion of combu -
t ion gases from thermal power tat ion 
Darmont G . 
El clricilé : (169) ; 13- 1 9 (Dec 1 9 79) 

There are , arious techniques of reducing atmo pheric 
pol lu tion caused by S02 . The author only deal w i th 
the method of flue gas desu lphurization ( FG D) wh ich 
can be applied to botb coa\-fired and fuel-oil fï red 
heating systems. The method consists of selecti vely 
extracting sulphur oxide from the combustion gases . 
The most common method of ach ieving th is sepa ra­
tion is by chemical reaction. The large number of 
variations on this method faU into two main catego­
ries : compounds formed by sulphur oxide fixation. 
which are then marketable and compounds wh ich are 
not marketable. D iscusses the methods involving l i ­
mestone or chal.k, in which the compounds are not 
ungraded and the problems of storing such com­
pounds. Looks at developments in applications of 
FGD method in the U .S.A., Japan and Europe ; con­
siders the economic aspects and fu ture scope of the 
method. (3 refs. ) ( l n  French) 

5805 
The use of colliery spoil as a source material for the 
building and civil engineering industries 
Chauvin R. 
Pub/. Tech. Charbon. Fr. ; (1) ; 55-63 (1 980) 

The problem of colliery spoil is becoming more and 
more important due to the large space requirement for 
stocking purposes together with the environmental 
problems this poses. One solution involves an attempt 
to upgrade this material .  After grad ing, most black or 
red colliery spoil is used for road construction or  for 
making concrete. By means of thermal treatment  i t  is 
possible to obtain quality construction materials : 
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brick . .  l igh t\ e igh t  , and  and  i n  te recl or cxpandcd :1 1, grc�atc . The sp i l  can be li cd a, feedstock for 
ccmcn t  works o r  in  the  fa b rica t ion  or  pozzolanc or  
lwd rau l i c  b indcL. I nvest iga t ion  hav · been conduc· 
t�d inw th1.: fa brica t ion of  m i nen t  wo I and  vitroce­
r.uni · m,1 tcr ia l  . \ t  i p ropo cd to li c th cse material 
r r rn:1k in�  alu m ina .  ( l n  Fre nch )  

H ,. LTH & AFETY 

5 7 
Rcquiremcnts on elcct ro teclrnica l  i n stal la t ions in 
plant wi th coal and coke clust hazards 
\ cigo ld . 
S u� Bergbcwrech. · JO (]) · 180- 1 , '� (Mar 1 980) 

Safet , exp riments o n  coa l  a nd  ct:kc d 1 1  t i n flam�a­
t i  n and pontaneous ign i t ion  L'; ,  1 .-; 13 by electncal 
qu ipment are p resen ted a long  •y i th resu � ts . �om· 

mer ia l  connectors, e lectrica\ co i ! :- ekL ! ron tc pnnted 
b :.ud a embl ies, sw i tch and c i rcu i t  l) reak ing gear 
were tested for i nflammat ion u mlc r  � ust condition 
and \ i th a settled l ayer o f  d u  t o n  t l  e equ ipment. 
The e te t resu l ts were used for the  p re paration of a 
rcvi ed safety standard TG L 348 1 3 . w h ich  went into 
e ffect in J anuary 1 979. The s ta ndard i nc ludes red�c­
t ions i n  safety requ i rements co ncern ing spec1fic 
electrical instal lat ions. Various d eta i l s  from th is stan­
dard, e.g. permissi ble su rface heat ,  perm issible value 
of cu rrents and voltage, spark d isch arge and dust 
cleaning requirements, are given . (6 refs . )  (German) 

5880 
Consideration of coal dust propert ies for the util iza­

tion of electrotechnical equipment 
Linstroem H .-J . 
Neue Bergbautech. ; JO (4) ; 24 7-250 (Apr 1 980) 

l l lus trates detai ls of inflammation and smouldering 
fïre experiments conducted at th e l nsti t u te of M ine 
Safety in Leipzig. Five graphs show the t ime span to 
inflammation of dust layers u p  to 50 m m  th ick settled 
on prin ted board assembl ies, wh ich become heated 
during their operat ion. Further experimen ts on 
dust-ai r m ixtu re ign it ion by e lectric sparks from 
switches and connections are d iscussed .  The teSI 
enabled safety requ i rements to be lowered from I P  54 
to I P  43 i n  plants with coal d us t  h azards. M ain results 
of the tests are the adm issib i l i ty o f  con nect ing an� 
d isconnecting circui ts in dust  cond i tions  with electn· 
city flow of 500 V,  1 0  A ,  cos cp of 0 . 9 5  and  2 20 � ·  , o  
A, cos cp of 0 . 6 5 .  New standards for equ i pment i nsu· 
lation and dust protect ion of electr ical  cas ings have 

·t · safety also been developed . The lower i ng  of spec 1  1c 
requ i rements is seen as a substant ia l  cost saving 
measu ring in  the coal industry . { ln  G erman)  
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588 1 
Eflecfs of fi re smokc on mine rcscuc opcra t ions 
Florschue tz P. ; Roes igcr U.  
Neue Bergbautech. ; JO (4) ; 250-254 (Apr 1 980) 

S tud ies vis ib i l i ty in mine roadway fi l l ed wi th  smoke 
of  varyi ng density. Deta i l s  of t he  in vest igat ions show 
vis ib i l i ty using e i ther  self- rescuer , m in  ing  ga masks 
or no p ro tect ion devices. Resu l t. of vis i b i l i ty tests 
carried ou t  by four  differen t  au thor a re com pared .  
Va rious mine rescue work un der condi t ions wi th  vis i -
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bi l i ty between 0.5 m and 2.0 m due  to smoke and in  
temperatures not exceed ing 30  C inc luded : construc­
t ion of a fire dam, removal of a 1 5  m long conveyor 
belt, and use of an escapeway wi th tem pera ture and 
carbon monoxide m easuremen t . The main conclusion 
of  the investigation was that  rescue work un der smoke 
condi t ions req uires at least twice the normal rescue  
t ime.  The  resu l ts w i l l  b e  consid ered for  the  design of  
changing points for self-rescuers and  for t he  design of  
escapeways and escape chambers. ( 6  refs . )  ( l n  
G erman)  



Com m u n iqué  M ed ed e l i ng 

,\ T O  ��TISI E R U N G  D E R  BERGBAU I N D UST R I E .  Varna . 1 .  Untertagebaue 
Bu lgar ien ,  Mai  1 98 1 . 2 .  Tagebaue 

3. Aufbere i tu n g sa n la g en 
O ie IV .  Nationale Wissenschaftl ich - Technische 

' nferenz m i t  internationaler Bete i l igung zum Thema 
« Automatisieru ng der Berg bauindustrie » .  wird vom 
7 .  bis 9 .  Ma i  1 9 8 1  im l nternationalen Heim der 
' 1,ssenschaf Ier < F rédéric Jo l iot-Curie » . Kurort 
« Drusch ba 1> bei Varna stattf inden . D ie themati­
s l en R ichtungen s ind : 

4 . Automat is ie rung der E l e k t roverso rg u n g  in  den 
G ru ben . 

i b l iog ra p h i e  

1 E , E TO DES M I N ES ET CAR R I ERES .  - Régie Publ icité 
! ndustr ie l le ,  3 6 .  rue du Fer à Mou l in ,  F-7 5005 Pa ris . 
1 98 1 , 23e  édit ion, 540 p . ,  nombr .  f ig .  et tab l . Prix : 
246 , 9 6  F .  + port .  

1 .  Mémento admin istrat i f .  
1 1 .  Mémento de fourn isseurs de matériels de mi­

nes et carrières . Liste alphabétique, adresses. classe­
ment par matérie l s .  

I l l .  Mémento technique.  
1 .  Symboles d ' un i tés françaises - Masses vo l u m i-

ques 
2 .  Recherches et sondages 
3 .  Travaux préparatoi res et a battage 

Für  weitere Auskü n fte ,  wen d e n  S i e  s i ch  bitte an : 
1 00 0  Sof i a ,  Rak owsk i -S t rasse 1 0 8 .  Verband 
Berg bau , G eolog ie u n d  H ü tte n w e s e n  f ü r  d ie Konfe. 
renz « Automat is ieru n g  » .  

B i b l i og raf ie 

4 .  Extract ion 
5 .  Chargement et tra ns p o rt 
6 .  Soutènement 
7 .  Remblayage 
8. Aérage 
9. Exhau re 

1 O .  Sécu r ité et p rotecti o n  i n d i •., : -J u e l \o 
1 1 .  P réparat ion des m i nera is  e'L  d es n:a té r iaux 
1 2 .  Energ ie  
1 3 . Téléco m m u n icat i ons 
1 4 . Exp loitat ion à c ie l  ouvert 
1 5 . Transm issions hydra u l i q u e s  - L u b r i f i cat ion 

IV .  M é mento écon o m i q u e .  

L'offre mondiale 
de la technique minière. 

L'exposition spécialisée dans la construction minière en tète dans le monde 
entier. Le rendez-vous le plus important du monde pour les branches et experts 
concernés. Bourse internationale du savoir-faire. Une chance unique en 1981 . 
A Düsseldorf. 
Technique minière pleine d'avenir 
De nouvelles technologies. Des Systèmes. Des machines. C'est ici que les 
fabricants les mieux placés dans le marché mondial de la construction minière 
occuperont une surface d'exposition de plus de 100.000 métres carrés. En 1976, 
on comptait déja 518 exposants en provenance de 22 pays. 
Le know-how de la construction minière - des décisions pour 
aujourd'hui et demain 
Tremplin pour les solutions des problèmes de l'énergie et des matières premières. 
Le congrès sur la construction minière, Düsseldorf 
Les experts miniers du monde entier viendront échanger leurs idées et expéri­
ences sur_la �uvegarde de l'énergie et des matières premières, les possibilités 
de la valonsat,on du charbon et sur les développements techniques de l' industrie 
minière de _la houille, du lignite, de l'exploitation des minérais, de la potasse et 
des sels minéraux. 
Profitez de ces contacts a Düsseldorf! 

------ - - - ----1 Coupon. Veui l lez nous envoyer g ratuitement: 
1 D Prospectus visiteurs Bergbau 

D Programme du  congrès Bergbau 
1 □ Programme du congrès Tu nnelbau 

D Programme du congrès lnterocean 
1 Veuillez nous faire parvenir au prix unitaire de 1 35.-F  

1 + 10.-F de frais d'envoi sus . . . . . . . . .  catalogues 
Bergbau, payable par chèque au nom de Debelux 

1 lors d� vo_tre corn.mande. Les catalogues seront 
publies debut ma, 1981 .  

1 Renseignement et cartes d 'entrèe CHAMBRE D E  COMME RCE B ELGO· 
LUXEMBOU RGEOISE-ALLEMANDE 10�0 Bru�elles. Rue  du Commerc 20 2e Et. Boite 2. Tel . :  02/51 1 .38.36. 

e .  · 

Exposition Mlnlàre 
Internationale et Congràs 

Congràs sur la  
construction de tunnels 

Congrè 1 l'exploi:'a 
nte rnatlonal sur 

Düsseldorf, 11 .-17.6.1981 Düsseldorf, 11 .-13.6.1981 
A l'occasion de Bergbau 81 

sous.Ill �Ion des fonds 
D .. Brins USSeldo Dans le 

rf , 1 5 .6 . 1981 
de BerQbcontexte a u 81 
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