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ABSTRACT

Approva l  to  opera te  Longwal l  No.  7  a t

App in  Co l l ie ry  tn  L919 was gran ted  pursuant

n o t  o n l y  t o  t h e  u s u a l  s t a t u t o r y  p r o v i s i o n s ,

bu t  a lso  tha t  an  adequate  means o f  d ra inage

of  methane gas  be  incorpora ted .  A  ne thane

dra inage p lan t  was  subsequent ly  des igned and

const ruc ted  some two km f rom the  p i t  top  a t

the  s i te  o f  the  Co lL le ry  ma in  upcas t  and dom-

c a s t  s h a f t s .

M o d e r n  P l a n t s  o f  t h i s  n a t u r e  a r e

conpLete l l '  au tomated us ing  programable

c o n t r o l l e r s  a n d  c o m p u t e r s  t o  p r o v i d e  c o o t r o l

and managenent  repor t ing  func t ions .  Complex

n e c h a n i c a L  s - v s t e m s  a r e  i n s t a l l e d  l o  e x t r a c t

t h e  g a s  a n d  i n  h a n d l i n g  a n d  s t o r a g e  p r o c e s s e s '

G a s  u t i l i s a t i o n  P l a n t s  e x i s t  w h i c h  c a n

genera te  power  f rom methane.  These p lan ts  a re

Eur ther  enhanced by  harness ing  waste  heat

p r o . l u c e d  i n  L h e  g e n e r a L i o n  P r o c e s s .

T h e  i n s t a l l a t i o n ,  a u t o m a t i o n  c o n t r o l  a n d

non i to r ing  o f  these p lan ts  incorpora tes  many

facers  o f  eng ineer ing  f rom h igh  vo l tage power

supp ly  and computer  techno logy  to  complex  gas

h r n d l  i n g  p r o c e d u r e s  u s e d  i n  g a s  c o m p r e s s i o n

s t o r a g e  a n d  g e n e r a t i o n  o f  e l e c t r i c  p o w e r '

INTRODUCTION

T h e  e x t r a c t i o n  a n d  u t l l i s a t i o o  o f

I' ) lanager  
Cont rac ts  and Tender ing ,

Hawker  S idde ley  Eng ineer ing  Pty .  L imi ted '

M e L b o u r n e ,  V I C .
)- E l e c L r L c a I  

P r o j e c r  E n g i n e e r '

B . H . P .  S t e e l  D l v i s i o n  C o l l i e r i e s ,

i r l o l l o n g o n g ,  N . S , W .

methane fo r  sa fe ty  o r  economic  reasons

r e q u i r e s  d i l i g e n t  a p p l i c a t i o n  o f  p r o v e n  s a f e t y

methods  and inovat ion  in  the  process  p lann ing

and d .eve lopment  o f  equ ipment  des igned to

modern  techn ica l  s tandards .

A p p i n  C o l l i e r y r s  m e t h a n e  e x t r a c t i o n

p lan t  i s  an  example  des igned around proven

prac t ice  and cur ren t  technoLogy '

G a s  u t l l i s a t i o n  p L a n t s  r e q u i r e  a d e q u a t e

c o n s i d e r a t i o n  t o  b u f f e r  s t o r a g e  m e d i u m s '  S i z e ,

t y p e ,  p r o t e c t i o n  a n d  c o n t r o l  a r e  o n f y  s o n e  o f

t h e  a s p e c t s  t o  b e  c o n s i d e r e d '  T h e s e  P L a n t s

i n c o r p o r a t e  c o m P r e s s o r s ,  d e - h u n i d i f i e r s  a n d

w a s t e  h e a t  r e c o v e r y  u n i t s ,  w i t h  e l e c t r l c  p o w e r

g e n e r a t i o n  b e i n g  o n e  l i k c l y  e n d  u s e '  S e l e c t i o n

of  th is  equ iPment  must  be  nade w i th  end use

and economic  cons t ra in ts  borne  in  mind '

T h e  A p p i n  e x t r a c t l o n  P l a n t  i s  l o c a t e d

a t  a  r e m o t e  s i t e  i n t r o d u c i n g  r e q u i r e m e n t s  f o r

remote  cont ro l  and mon i to r ing  computer  s -vs 'ems '

B e c a u s e  o f  t h i s  p l a n t r s  i m p o r t a n c e  t o  n i n e

s a f e t y  a n d  p r o d u c t i o n  m a n y  a s p e c t s  r e l a t i n g  t o

p l a n t  i n t e g r i t y  a r e  i n c o r p o r a t e d '  M i c r o

processors  a re  used in  au tomat ion  and

moni to r ing  hardware  and in  management

r e p o r t r n g  s y s t e m s .

MECHANICAL ASPECTS METHANE

GAS EXTRACTION AND PLANTS

Hawker  S idde ley  Eng ineer ing  Pt -v '  L in i ted

submi t ted  a  tender  fo r  the  sur face  works

assoc ia ted  w i th  the  methane dra inage pro jec t

a t  App in  Co l l ie ry  as  descr ibed in  a  paper  by

S .  B a t t i n o  a n d  R .  R e g a n  ( 1 9 8 2 ) '  I n  t h e  e v e n t

the  company was awarded two cont rac ts '  namely
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one fo r  the  supPly ,  ins ta l la t ion  and

c o m . j  s s  i o n i  n g  o f  t h e  m e c h a n i c a l  s u r f  a c e  e c u i p -

n e n r  a n d  t h e  s e c o n d  f o r  t h e  s u p p l y ,  i n s t a l l -

a t i o n  a n d  c o m i s s i o n i n g  o F  t h e  c o n t r o l

equ ipment  assoc ia ted  w i th  the  mechan ica l

g lan t .  The des ign  parameters  were  the  sub jec t

o f  d iscuss ion  rc i th  the  Co l l ie r ies  D iv is ion  o f

A . I . S .  a n d  t h e  f i n a l  p l a n t  l a v o u t  r e f l e c t e d

f e a r u r e s  p e c u l i a r  t o  t h e  s i t e .  B a s i c  d e s i g n

p h i l o s o p h y  w l 1 1  b e  d e a l t  w i t h  i n  l a t e r  s e c t i o n s ,

f h e r e f o r e  r c m a r k s  i n  t h j s  s e c t i o n  o f  t h e  p a o e r

w i l l  b e  l i m i t e d  t o  t h e  f o l l o w i n g .

L .  R e v i s e d  P  a n d  I  d i a g r a m  f o r  t h e  s u r f a c e

e q u i p n e n t  i n s o f a r  a s  i t  r e f l e c t s  t h e

r e q u i r e n e n t s  p e c u l i a r  t o  t h e  c l i e n t s '

r e l u i  r e n e n L s  a n d  r h e  s p e c  i I i c a t i o n

s t ipu la t ion  tha t  th is  i s  an  unmanned

a n d  
" r e m o t e "  s i  t . .

l .  l h e  s u g g e s t e d  e q u l p m e n t  n e c e s s a r v  c o

c o n v e r t  t h i s  g a s e o u s  r e l e a s e  o f

p o t e n t i a l  e n e r g y  i n t o  a  r e l i a b l e  a n d

b e n e f i c i a l  e n e r g y  s o u r c e .  I n

par t i cu la r  th is  wou ld  dea l  w i th  e lec t r i -

c a l  p o w e r  g e n e r a t i  o n  f r o m  g a s e o u s  f u e l

d e t a i L i n g  a  p l a n r  w h i c h  i s  a l r e a d y  i n

o p e r a t i o n .

3 .  The var ious  a lcerna t ive  means o f

c o m p r e s s i n g .  s L o r i n g ,  a n d  m o d i f y i n g

c r u d e  m e r h a n e  c o l f e c  t i o n  s y s c e m s  t o

p r o v i d e  a  s r : b l e  e n e r g y  s o u r c e . f o r

convers ion  in to  e lec t r i ca l  o r  thermal

e n e r g y .

@
INSTATLATION

A s  o r i  g i  n a  I  l y  e n v  i s a g e d  t h e  A P P i n

ins ta l la t ion  fo l lowed a long the  l ines

r p . ^ m m o n j - /  h \ /  F h o  a ^ n c , , 1  F - - F -  - - r  - -  ^ L ^ r l n
J )  L . ' u  u v L r r u l

b y  M o r r i s  ( 1 9 8 2 )  F i g .  4 .  T h e  f i n a l  i n s t a l l -

a t ion  was as  shom on the  a t tached P and I

D r a v i n g ,  F i g .  J ,  w h i c h  L n c o r p o r a t e d  t h e

[ o I l o w i n g  a l L e r a t i o n s  w h i c h  w e r e  p e r t i n e n t  t o

the  pecu l ia r  c i rcumstances  a t  App in .

1 .  The suc t ion  hand open ing  magnet ic  va lve

u a c  A a l o r o A : n r I  r o n l r n p r l  h r , .  m ^ t ^ r i c o i

u p e n / s h u t  v a l v e .  f h i s  d e c i s i o n  w a s

n r ^ m n t p r ' 1  h v  t h a  r e : l  i . a t i o n  u n d e r  s o m e

fa I l / sa fe  c i rcumstances  i t  was  more

rea l i s t i c  to  a l low th is  to  remain  in  the

n n c n  r n e i r ' o ^  T -  f . . ' -  c l o s u r e  r a s  o n l v

r e g u i r e d  i n  t h e  e v e n t  o f  f i r e  o r  q a s

r t r l F a e e  F ^ , f r ^ q n h p - p  w i c h i n  t h e  b u i l d -

i n o  T n  r I I  n t h p r  : n d  a l r r n

modes the  va lve  wou ld  remain  open.

An au tomat ic  by-pass  sys tem was

ins taL led  wh ich  wou ld  re lease the

m e r \ r n a  r .  a . - n e n h o r p  i n  t h e  e v e n L  o f

f ^ f '  I  f .  i  1  " r a  n i  I  h e  o r c  p w h e r r c  r i  n o

c v c r a n  P l A A q e  n n r e  r h 3 L  f h e  u s e  o f  a

- p o r r i ' , a 1 r .  h t r e e d  n n n  r e f u r n  v a l v e  i n

r h  i  c  h v - n : s c  I  i - t r  e n c I r e s  L h a  L  d e c a v  o f

s u c t l o n  v a c u u m  w i l l  r e l e a s e  r o e t h a n e  t o

' L  l  v a l v e  w i l  l  r e -d L u u 5 P ' L c !  c

sea l  on  es tab l i shment  o f  in le t  vacuum.

l l i  c F o r p - r : r i  n r p s s l - p  r r a l v e S  w e f e

d e l e t e d  f o r  l n s t a l l a t i o n  a t  a  l a t e r

d a t e  i f  g a s  w a s  t o  b e  u t i l i s e d  f o r

^ - ^ - ^ . .  ' - - ^ J . . ^ + l  ^ -
E r r c r 6 f  P ! u u u u L r v L r "

V e t h a n e  c o u l d  b e  r e l e a s e d  L o  a t m o s p h e r e

a t  t h e  v e n l i l a l i o n  f a n  o u f - l e t s  o r  b y

m o : n e  n F  '  q p n r r A r p  n h i m n e v : n d  t r : n c F n r

r r n n  o n e  d i s c h a - o p  n n i n L  L o  t h e  o t h e r

was au tomated so  tha t  re lease v la  the

ch imey wou ld  occur  i f  the  vent i la t ion

f a n s  s t o p p e d .

Cr i t i ca l  va lves  such as  those on

c o m p r e s s o r  o u t l e L s  w e r e  p r o v i d e d  w i t h

- ^ ^ i r i ^ -  i - f , i ^ - r ^ r -  \ - , ,  * - 1 4 , , - ^ +  i ^ ^
/ u > r L ' u I  d r r f  l r d r r u , L L L ! u ' ,

cou ld  thus  be  a la rmed and ac t ion  taken.

C o m p r e s s o r s ,  t o g e t h e r  w i t h  t h e i r  w a t e r

coo l ing  and punp ing  c i rcu i ts  were

t rea ted  as  un i t  i tems so  tha t  in  the

event  o f  ma l func t ion  on  any  un i t

c r i t i c a l  c o m p o n e n L  L h e  c o m p r e s s o r  w u u l d

shut  dom.

O n l y  L w o  c o n t r o l s  ( c o m p r e s s o r  h a n d  s t o p

a n d  c o m p r e s s o r  m o L o r  t h e r m i  s t e r )  w e r e

z .

4 .

3 .

6 .

) .

7 .
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hard  w i red  in to  the  compressor  cont ro l .  ho lder  i s  empty .

A l l  o t h e r  s t o p / s t a r t  t r a n s f e r ,  s h u t d o m ,  4 .  A 1 l o w  r e - s t a r t  o f  c o m p r e s s o r s  w h e n

cont ro l  and a la rm func l ions  were  par t ia l l y  fu l l ,

i n c o r p o r a t e d  i n t o  t h e  P . L . C .  T h e  5 .  V e n t  g a s  t o  a r m o s p h e r e  i f  h o t d e r  t r a v e l

s t a t i o n  w a s  t h e r e F o r e  d e s i g n e d  f o r  u n -  i s  i m p e d e d .

a t t e n d e d  o P e r a t i o n .  6 .  G i v e  r e n o t e  l e v e l  a n d  a l a r m  i n d i c a t i o n .

EQUIPMENT SELECTION The gas  ho lder  i s  des igned w i rh  a

The type o f  equ ipment  tha t  i s  needed to  spec ia l l y  re in fo rced be l l  to  w i ths tand s l igh t

conver t  the  methane a i r  m ix tu re  in to  a  usab le  vacuum cond i t ions  and ex terna l  re in fo rc ing

I u e l  d e p e n d s  o n  t h e  P r o p o s e d  e v e n t u a l  u s e  t o  t o  p e r m i r  s t a b l e  o p e r a t i o n  i n  L h e  e v e n L  o f  a

wh ich  the  gases  are  pu t .  The remarks  in  th is  cyc lone (50m/sec  w ind  ve loc i ty ) .

sec t ion  are  ccn f ined to  the  t rea tment  and Compressors

h a n d l i n g  o f  g a s e s  t h a t  a r e  t o  b e  u s e d  f o r  H o r l z o n t a l l _ v  o p p o s e d  r e c i p r o c a t i n g

e l e c t r i c a l  p o w e r  g e n e r a t i o n .  T h e  p r o c e s s  i s  c o m p r e s s o r s  a r e  u s e d  o n  t h e  g a s  h o l d e r  o u t l e t

e s s e n t i a L l y  t h e  s a m e  i r r e s p e c t i v e  o F  w h i c h  t o  c o m p r e s s  t h e  g 3 s  t o  3 4 0  k P a .  E a c h

r y p e  o f  p r i n e  m o v e r  i s  u s e d  ( g a s  t u r b i n e ,  c o m p r e s s o r  w i l l  d e l i v e r  s u f I i c i e n t  g a s  f o r  o n e

dua l  fue l  o r  spark  ign i t ion  eng ine) .  Gas is  dua l  fue l  eng ine  o f  1 .0 ) t l {  g iv ing  two work ing

requ i red  a t  p ressures  o f  approx imate ly  54O kPa compressors  and one in  reserve .  The

f u r  c u r b i n e s  e n d  J 4 0  k P a  f o r  r e c i p r o c a r i n g  c o n p r e s s o r s  h a v e  r h e  f o l  I o w i r g  s a [ e r y  a n J

. r r g i n e s .  A  t y p i c a l  g a s  h a n d l i n g  s c h e n e  i s  a s  c o n t r o l  f e a r u r e s .

s h o m  i n  F i g .  2 .  T h a  e q u i p m e n t  i s  i n s t a l l e d  l .  L o w  l n l e t  p r e s s u r e  s h u t d o m .

o n  a  s l u d g e  g a s  u t i l i s a t i o n  s c h e a e  a t  a  2 .  A u t o m a t i c  o u t l e t  p r e s s u r e  r e g u l a t r o n

major  sewage works  in  Aus t ra l ia .  The b l r  s tep  cont ro l  (252 -  5A7,  -  75 ' l  -  LOOi i ,

i n s r a l  l e d  c r p a c i r y  o I  t h e  g e n e r a t i n g  p l a n l  i s  f l o w ) .

4 .OMl {  and fhe  s ludge gas  has  the  same 3 .  Automat ic  shut  dom fo r  lub  o i l  fa i lu re ,

c a L o r i f l c  v a l u e  a s  a  m i x t u r e  o f  6 0 2  n e t h a n e  c o o l i n g  w a t e r  f a i l u r e ,  h i g h  o u t L e t  g a s

a n d  4 0 i j  a l r .  t e m p e r a t u r e .

Cas Ho lder  4 .  Automat ic  oversp i l l  in  the  event  o f

A  convent iona l  water  sea led  gas  ho lder  excess  gas  compress ion  (normal  opera t ing,]
i s  used o f  4500n"  capac i ty  wh ich  a l lows node is  vo lume modu la t ion  w i th  no  Dower

r r r  s a o  y r u - u C t i o n  r a t e s  t o  b e  w a s t e d  b y  o v e r s p i l l )  .

c a t e r e d  f o r .  I t  a l s o  c a t e r s  f o r  v a r i a t i o n s  5 .  A u t o m a t i c  t r a n s f e r  o f  d u t v  b e t w e e n

i n  g a s  u s a g e  w h e n  t h e  g e n e r a t o r s  a r e  r u n n i n g  c o m p r e s s o r s  o n  f a i l u r e  t o  s t a r t  o r  L o s s

i n  " i s l a n d  m o d e " .  T h e  g a s  h o f d e r  i s  c o l u m n  o f  o u t l e t  p r e s s u r e .

g u i d e d  a n d  f u l l y  a u t o m a t e d .  P o s i t i o n  6 .  A u t o m a t i c  s t o p / s t 3 r t  o f  c o m p r e s s o r s

S w i t c h e s  o n  t h e  h o l d e r  n a r f n r n  r h a  f n l l n c i n o  a c c o r d i n g  t o  g a s  d e m a n d .

f u n c t i o n s .  7 .  C o n t r o l  b y  l o c a l  P . L . C .  o r  r e m o t e

1.  Shut  the  in le t  va lve  when the  gas  ho lder  computer  as  se lec ted .

is  fu l l  and  ign i te  the  waste  gas  burner ,  Gas De-Humid i f ie r

2 ,  O p e n  t h e  g a s  i n l e t  v a l v e  a n d  e x t i n g u i s h  A f t e r  c o m p r e s s i o n  g a s  b e c o m e s  s a t u r a t e d

the  burner  when the  ho lder  moves f rom and a  sna l l  de-humid i fy ing  p lan t  i s  ins ta l led

t h e  f u l - l .  t o  r e d u c e  t h e  g a s  d e w  p o j n l  L o  l 5 o u  t r u s

l .  S h u t  o f f  g a s  c o m p r e s s o r s  w h e n  r h e  g a s  p r o t e c L i n g  c h e  e x t e n s i v e  d o w n s L r e a m  p i p e r o r .

The  Aus . l .M .M .  l l l awa r ra  B ranch  Sympos ium,
"Seam Gas  D ra inage  w i t h  pa r t i cu l a r  r e fe rence  t o  t he  Work i ng  Seam" ,  May  1982
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a n d  g a s  r e c e i v e r s .  T h e  g a s  i s  c o o l e d  i n  a

she1 l  and tube heat  exchanger .  The coo led

o u t L e t  g a s e s  P a s s  t h r o u g h  a  c o n d e n s a t e  f i l t e r

a n d  t h e n  L h r o u g h  a  s e c o n d  h e a t  e x c h a n g e r

w h e r e  t h e v  s e r v e  t o  c o o l  t h e  i n c o m i n g  g a s e s .

In  th is  way max imum use is  mde o f  the

^ . - ! , a - r i n n : l  - e ' r i o e r r - i o n  u n i t  w h i c h  w i I L
i .

d e a l  w j  t h  I  l 0 0 m - / h r  u s i n g  a  s m a l l  5 k W  e l e c t r i c

R. STANBURY and G. MOFTATT 3 3 3 .

fue l  source  fo r  an  au touat ic  power  s ta t ion

c o m p r i s i n g  t w o  3 . 3 k V  2 . O k W  g e n e r a t o r s .  I t

shou ld  be  no ted  tha t  the  en t i re  p lan t

i n c l u d i n g  w a s L e w a t e r  p r o c e s s i n g  i s  r u n  b v  L w o

s h i f r  o p e r a r i v e s  f h r o u g h  a  c e n r r c - L  c o n r r o l

f a c i l i r v  u t i l i s i n g  a  H o n e y u e l l  T D C  2 0 0 0

comPucer .

T h e  a u t o m a t i c a l l y  c o n t r o l l e d  s t a t i o n  c a n

b e  r u n  i n  p a r a l  L e J  w i  f h  t h e  )  o c a l  s u p p  l v

au thor i ty  o r  in  " i s land mode" .

T h e  p o w e r  s t a t i o n  f a c l l i t i e s  i n c l u d e :

1 .  Automat ic  svnchron isa t ion  w l th  the

e ' , n n l  1 r  . , ' r h ^ - i  r  i  "- - . J S  s y s L e m .

2 ,  S o f t  l o a d i n g  o f  i n c o m L n g  g e n e r a t o r .

3 .  Impor t ing  or  expor t lng  o f  f i xed

q u a n t i t i e s  o f  k W  p o w e r .

4 .  A u t o  s e l e c t i o n  o f  a n _ v  r e q u i r e d  i n  h o u s e

p l a n t  p o w e r  f a c t o r .

5 .  Auto  kW/KVA shar ing  be tueen gen se ts .

Due to  the  requ i rement  tha t  the  s ta t ion

be run  unat tended or  w i th  l im i ted  a t tendance

c o m p l e x  p r o t e c t i o n  n o n i l o r i n g  e q u i p m e n r  w a s

emplo1 'ed .

F i g .  4  s h o w s  t h e  t y p e  o f  i n t e r c o n n e c t j o n

o f  p r o t e c t i o n  s u p p l  i e d  o n  t h i s  s t a r l o n ,  : n d

c i v e s  a  b r i e F  n ' i . s  f r r n c L i o n s .

F l c e i r r . r l  F a r i n n p a i  L i s r  -  f u n c t  i o 1" 1 ' . .  . - . . .  . . - . .  . - .  . . . , . j r y

1 .  D i f l e r e n r i a l  l r o L e c t i o n  f o r  g p n e r a L o r :

D e t e c t s  f a u l t  i n  g e n e r a t o r  c a b l e s  o r

i n t e r n a l s ,  w h i c h  n o r m e l  c v e  r c u r r e n  L

p r o r e c t  l o n  c o u L d  n o L  d e r e c L ,  a n d  t r i p s

b r e a k e r ,

2 .  I s o l a t i o n  s w l t c h :  U s e d  f o r  s a f e t y /

n a i n t e n a n c e  i s o l a r i n n  c f  d a - p c r c r r s

6 .

4 .

5 .

v o l t a g e s .

r - r - L :  - ^  - . , i  F ^ L .  ^ .  t  -  , A  f ^ r  < a F o r v  /L d  L  L I I  L I I t s

main tenance.

C i r c u i t  b r e a l ' e r  s i z e d  t o  s u i c  g e n . r l r o r :

U s e d  t o  c o n n e c t  t h e  g e n e r a L o r  r o  g r i d .

v e r p r i r o :  a r i c  V o t  F c  K i ,  K V A R S ,  P .

Fac  to r  .

O v e r c u r r e n t / e a r t h  f a u l t  p r o t e c t i o n :

- r ' i  n q  h r e : k p -  '  t  c r r - - a 1 6 g  e x c e e d  n a c h  i  n e

m o t o r .

Waste  Heat  Recover

The p lan t  under  d iscuss ion  u t i l i ses  dua l

f u e l  ( m e  t h a n e / d i e s e  l )  e n g i n e s  t o  d r i v e  t h e

o o n F r . f n r q  L J r q r e  h e r r  i c  i n c t :  I  l p . l

J S  a  u s e  c a n  b e  f o u n d  o n  t h e  s i t e ,  [ o r  ] o w

o r : , l e  h c a r  ' n  - h e  c n m  o f  h o L  w a c e r .  H e a L  _ [ s

r e c o v e r e d  f r o n  b o t h  t h e  e n g i n e  j a c k e t  w a t e r

a n d  e x h a u s t  g a s e s  a n d  t h e  p i p e w o r k  [ o L L o w s

t h e  L a ) - o u t  a s  s h o m  i n  F i g .  3 .  S u c h  a

c \ i < r p m  i c  r n n l  i . r h l e  r o  o a c  r l r h i n e e  L f t r e r o

h  i  o h p r  o r e , l o  h p r  r  i  c  r e a t t i r e t '  a w l , e r r e r  c t c e -

b o i l - r s ,  i o r c e d  h o r  w a t e r  o r  h e a t i n g  o i I

b o i  I  e r s  c a n  b e  I  i L L e d  t o  e x h a u s t  s v s L e m s .

J a ' k e L  w l L e r  h e a r  r e c o v e r ' '  i s  I i n i r e d  t o  1 o w

g r a o e  c e m P e r a t u r e s .

_ E l e c  t r i c a l  G e n e r a t i o n

T h e  e l e c t r i c a l  g e n e r a t o r s  a n d

a s s o c i r r e d  c o n t r o l s  a l l o w  F o r  L h e  I o l L o w - L n g

op t  Lons  .

-  P e a k  l o p p i n g  f o r  p e a k  t a r i f f

c o n s u m e r s .

-  L o a d  s h e d d i n g  f o r  p o w e r  o u t a g e s .

-  Fue l  economies  -  match  se ts  to  load

f o r  d - L f f e r e n t  s i z e s .

-  R " - ^ , ' . / , - l ^ , . m  F ^ .  - , , ,  , , - / ^ 4 . , ,L  u P /  > r ' u L

d o m .

-  M a n u a l  o v e r r i d e  c a p a b i l i t y ,

-  A u t o  r e c l o s u r e  f o r  n o n  c r i t i c a l  f a u l t s .

-  Data  logg ing  or  in te r facg  rv i th  ex is t ing

d a t a  l o g g e r s .

-  U t i l i s a t i o n  o f  w a s t e  h e a t  f o r  s t e a m

o r  h o t  w a t e r  p r o d u c t i o n .

At  th is  Wastewater  Trea tment  P lan t

n e L h a n e  ( w a s c e  s e w e r a g e  g a s )  i s  u s e d  a s  r h e

The  Aus . l .M .M .  l l l awa r ra  B ranch  Sympos ium,
"Seam Gas Drainage wi th part icular  reference to the Working Seam",  May 1982
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9 .

o .

1 0 .

1 r .

t 2 .

1 5 .

t 6 .

t ]  .

r a t i n g s .

Exc i ta t ion  vo l tage t rans former :  Prov ides

power  to  exc i te  Senera tor  f ie ld .

Auromat ic  vo l tage Regu la to r  (AVR)  :

Automat ica l l y  ma in ta ins  genera tor

vo l tage leve l  o r  quadra ture  cur ren t

d r o o p  c h a r a c t e r i s t i c s .

F i e l d  f a i l u r e  r e l a y :  D e t e c t s  l o s s  o f

g e n e r a t o r  f i e l d  -  t r i P s  b r e a k e r  -

p r e v e n t s  g e n e r a E o r  a b s o r b i n g  l a r g e  o v e r

c u r r e n t s .

R e v e r s e  P o w e r  R e l a y :  D e t e c t s  l o s s  o f

p r i m e  m o v e r  t o r q u e  ( e . g ,  L o s s  o f  f u e l )

a n d  t r i p s  b r e a k e r .

B i a s  U n i t :  C o n t r o l s  G e n  r e a l  o r

reac t ive  power  cons tan t  fo r  para l le l

o p e r a t i o n  w i t h  g r i d '

Wind ing  Tempera ture  Re lay :  Mon i to r

w ind ing  Lemp and l r ips  b reaker  i f

t e m p e r a t u r e  b e c o m e s  d a n g e r o u s .

E x c i t a t i o n  C . T . ' s :  C u r r e n t  t r a n s f o r m e r s

t o  p r o v i d e  e o e r g y  t o  e x c i t a t i o n  c i r c u i t

i n  e v e n t  o r  s h o r t  c i r c u i L  d r o P P i n g

t e m i n a l  v o l t s  b e l o w  l e v e 1  c a p a b l e  o f

s u s t a i n i n g  s h o r t  c i r c u i t  c u r r e n t s .  T h i s

i s  n e c e s s a r y  L o  e n s u r e  c u r r e n t  o P e r a t e d

i i r o f e c f  i o n  b : s  o p e r a L e d .

S r 3 r  P o  i  n L :  P o j  n t  a L  w h i c h  g e n e r a L o r

n e u t r a l  i s  e s t a b l i s h e d .

S t a n d b y  E a r t h  F a u l t :  B a c k u P  e a r t h

f a u l t  p r o t e c t i o a ,  v o l t a g e  o p e r a t e d .

N e u t r a l  C o n t a c t o r :  C o n t a c t o r  c a n  b e

o p " n e d  w h e n  g e n e r a c o r  i s  r u n  i n

para11e1 w i th  another  genera tor  whose

neut ra l  i s  bonded to  ear th ,  o r  in

p a r a )  l e I  w i  f h  g r i d .  O p e n i n g  c a n  L i n i L

harmon ic  curcu la t ing  cur ren ts  l f  se t

^ i ^ ^ i F i ^ ^ ^ F 1 , ,  F - ^ -
>  r ' E r i l

the  l ine  vo i tage waveform.

Neut ra l  Ear th  Cub ic le :  Ear th ing

Res is to r  o r  Reactor  to  l in i t  fau .L t

c u r r e n t  L h a r  c a n  I l o w  t r o m  P h a s e  r o

ear th ,  l in i t ing  fau l t  MVA/danage i t

c o u l d  c a u s e .

I 8 -  A r ! t o r r i  i c  S v . c h r o n i z e r :  C o n c r o l s  v o - I t -

a g e  a n d  s p e e d  o f  i n c o m i n g  s e t  L o  m a f c h

I  i n e  v o L t s  a n d  f r e q u e n c y ,  a n d  e n a b l e s

c  I  o s u r e  o f  b r e a k e r  w h e n  p h a s e  a n g L e s  a r e

wi th in  cer ta in  to le rances  fo r  su f f i c ien l

l e n g t h  o f  t i n e .

l O  M . - , ' - l  c . r n n h r n n i c i n o .  F n r h l p <  ^ n a r . i n r

I  t . ,  ^ ^ ^ ^ - ^ 1 ; ^ A  - ^ r ^ L i ^ ^  I  i - ^  . , ^ 1' . - -  '  - L s '

F - a a , , a n r t t  a n , ' l  n h r e o  r ^  o a n p r .  t ^ r  \ , ^ l  r  c

F r e o l e n c v  a n d  r h a s e .

2 0 ,  I m p o r t / E x p o r t  U n i t :  E n a b l e s  o p e r a t o r  t o

n o n r r o r  i - n ^ r r  n r  e x p o r t  o F  Y 1 i  a n d / o r

) f V A R  r o  a  g r i d  i n  c o n j u n c r i o n  w i L h  o m

ln  hcuse Load demands.

f r c  ( r n - r o e  - ' e  
r h r e e  t y p e s  o f

s L o r a g e  a v a i l a b I e  a r e  d e r a i ] e d  b e - [ o w ,

t o g o  s L " r  w i t h  c o w e a  f  s  o n  L l r e  i  r  r e s p e c  t  i  v c

f e a t u r e s .

I .  L o w  p r e s s u r e  s L o r a g e  i n  c o n v e n t i o n J l

w a t e r  s e a l e d  g a s  h o l d e r s .  C a p i t a L  c o s t

i c  h i o l ,  h r r r  h , n n i n o : n r l  m . i n r e n . n . p

c o s E s  a r e  n e g l  i g a b l e .  L n  P a r r  i c u l a r

s m a l  I  s t o r a g e  v o L u m e s  a r e  e x P ( n s j v c  a n d
'l

economy o f  sca le  i s  apparent  over  3000m-  -

i . .  ^ i - F ^ ^  ' . , ^ ^  L ^ l  l
L U w  P L f 5 s u r  c  b r  u ! d B c  r r r  P r s L U r r  L ) H q  I ' u L u

e r s  w i t h  m e c h a n  i c e l  o r  d i e p h r a g m  t y p e

s e a l s ,  C a p i t a l  c o s t s  a r e  s l i g h t l y  l e s s

than a  water  sea led  ho lder  bu t

main tenance and runn ing  cos ts  a re

i n c r e a s e d .

3 ,  I { igh  pressure  s to rage in  cy l indr icaL

b u l l e t s  o r  s p h e r i c a l  v e s s e l s .  C a p i t a l

c o s t  i s  a p p r o x i m a t e - [ y  h e l  f  t h a t  o f  L o w

e r ^ r . o p  h , , i  r i , n n i n o . n q T c  t r F

h  i o h  h c i n o  m :  i n l v  r h e  e n P r o v  . o q r  s

a s s o c l a t e d  w i t h  c o m p r e s s i o n .  T o

a c h  i  e v e  r e a s o n a b  I  e  s L o r a g e  v o  I u m e s  i  t  - s

n e c e s s a r y  t o  c o m p r e s s  t o  m u c h  h i g h e r

p r e s s u r e s  r h a n  L \ o s e  r e q u i r e d  f o r

c o m b u s t i o n .  A  c o m o n l v  a c c e p t e d  l i n i t  i s

E h e  t o p  p r e s s u r e  a c h i e v a b l e  b y  s i n g l e

The  Aus . l .M . lM .  l l l awa r ra  B ranch  Sympos ium,
"Seam Gas Drainage wi th part icular  reference to the Working Seam",  t !4ay 1982
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R. STANBURY and G. MOFIATT 337.

s t a g e  c o n P r e s s o r s  b e i n g  a p p r o x i m a E e l y

6 0 0  k P a .

C o m p r e s s i n g  P i a n t .  T h e  c h o i c e  o f  I i q u i d

r ing  type  compressors  fo r  combust ib le  gases  &

r u e l - a i r  E i x t u r e s  i s  o n e  o f  I o n g  s t a n d i n g .

T h e  a d v a n t a g e  o [  r h i s  t y p e  o [  m c h i n e  i s  i t s

abso lu te  sa fe ty  in  hav ing  no  mov ing  meta l l i c

o a r t s  i n  c o n l a c L .  H o w e v e r ,  a s  m e a n s  o f

mov ing  gas  a long a  p i -pe  l ine  i t  has  the  d is -

. i r ' . n F . o a <  n F  h i o h  . a n i r - 1  ^ - - F  h ^ - . ^ , , , ^ i - L +
d J v d r t ( u 6 u J  !  !  r r 1 6 . r

a n d  d e p e n d a n c e  o n  a n  e x r e r n a l  w a t e r  s u p p l y ,

O l h e r  L y p e s  o f  c o m p r e s s o r s  c a n  b e  u s e d  o n  t h e

n " t l o r  n f  1 i n r r i d  r i  c  r ^ . . h i o l ' o

. h e  h ; o h  n r e s s r r r e q  n a e d e d  f o r  u t i f i s a t i o n  o n

t h e  a s s m p t i o n  t h a t  e x p l o s i v e  m i x t u r e s  w i l l

n o c  b e  h a n d l e d  d u e  t o  t h e  i n s t r u e n t a t i o n

i n e n r n n r e t  p d  i n  r h c  e v h - " ^ * L ' 1 6  > f  5  L c x L .

c h o i c e  o I  c o m p r e s s i o n  p l a n t  h a s  a n  i n f L u e n c e

^ n  ' h p  n l r n f  l r v n ! t i  r n d  c p l p . l i ^ n  n F  < r n r r o a

L v p c  a n d  v o l m e .  T h e  r e s p e c t i v e  f e a t u r e s  o F

f v ^ c c  F r o  . .  . [ o ] I o w s :

I .  L i q u i d  R i n g

S u i t a b l e  f o r  m e d i u m  f l o w s  a n d  l i n i t e d

d i F F a r a n f i e l c  r r h o r a  c : f o t v  i c

n r  i m p  . ^ n c  i A e r a r  i r \ s 9 u r r E r  w d L c !

- - J  - ^ - l  i - ^  , ' - t s ^ -  , , i '  L  ^ ^ ^ 1  i - ^  ^ , , ^ F ^ -
r r r u  J c d  r ! " 5  L w u  L  r r r t s  5 ]  5  L c L u .

N o t  s u i t e d  f o r  v a r i a b l e  f l o w  r a t e s .

E F I i c i e n c y  7 0 / 7 3  p e r  c e n t  u p  c o  7 0  k P a

6 / /  l O  p e r  c e n t  u p  r o  l 8 0  k P a

2 .  R o o t s  T y p e

Sui tab le  fo r  sml l  to  med iuu  f lows w i th

a  max imm of  80  kPa d i f fe ren t ia l .

a v a i - L a b I e .  N o  c o o l i n g  w a t e r  n e e d e d ,

N o L  s u i t e d  f o r  v a r y i n g  f l o w  r a t e s .

E f f i c i e n c y  6 5 / 1 0  p e r  c e n t  a t  7 0  k P a ,

, \ E L ! u r  u L d L  l u t  I  v P L

Sui tab le  fo r  sm1l  and la rge  f1ows.

S t  r o p d  m r c h  i n p  c r r - L- - - .  -  - t 4 0

r r i F F c r p n r : - 1 ^ u u u I r r B  w d L c r

r a t e s  o v e r  [ u I L  r a n g e  o f  o u t p u t  w i t h

r r L L , r  P U w c ,  , v r o

F f l i c i e n c y  7 6  c o  7 8  p e r  c e n t  u p  t o  l : ]

p r e s s u r e  r a t i o  ( 3 7 0  k P a )  .

4 .  Screw Type

S u i t a b l e  f o r  l a r g e  f 1 o w s .  S t a g e d

m , . h i n a  r : n r h l p  n f  h i o h

d i f f e r e n t i a I s .  N o t  s u i r e d  I o r  v a r y i n g

f l o w  r a t e s .  E f f l c i e n c y  7 O / 7 5  p e r  c e n t

a t  u p  t o  4 : 1  p r e s s u r e  r a t i o  ( 3 7 0  k P a ) .

5 .  C e n t r i f u g a l

Su i tab le  fo r  low or  h igh  f lows a t  low

p r e s s u r e s  o r  v e r y  h i g h  p r e s s u r e s  c a p a b l e

o f  v a r y i n g  F l o w  r a L e s  o v e r  t o p  i 0  p e r

c e n t  o f  t l o w  r a n g e .  E t t i c l e n e y  1 2 / 7 6

p e r  c e n t  a t  u p  t o  2 : l  p r e s s u r e  r a t i o

( 1 0 2  k ? a ) .

F v . a n f  f  ^ r  c n o n  i  r ' l  i  a t  , , c o  ^ -  ' , o r ' ,  l . - - -

v o l m e  f f o w s  t h e  c h o i c e  o f  c o m p r e s s i o n  p L a n t

f o r  r e t h a n e / a  i r  i l s : o e  w o u l d  b e  b e L w e e n  S c r e w

a n d  r e c i p r o c a t i n g  L v p e s .  A  s c r e w  c o n p r e s s o r ,

wh l ls t  poss ib ly  cheaper  wou ld  be  less

p f F i . i o n r  f h r ^ r o h ^ , , r  i r -  r , ^ 1 , , - d  F - - - ,  ^ - ,!  d r r S c  4 L , u

. e r l a i n l w  n o i s v  M e r n s  o f  c o n t r o l  w o u l d  b e  b v

i n l e t  r h r o r L l i n g ,  v a r i a b l e  s p e e d  d r i v e  o r

r a l  i e F  t n  i n l p t  R p . i n r d . . i i n o

' , - , , - l l "  ^ r  f h ^  6 ^ - i - ^ - r . l  n n n n c o r i  r r r n -u r u d l l ]  U P P U J L U  L / / L ,  u _ (

e f f l c i e n t  c h r o u g h o u t  t h e  v o l u m e  r a n g e .  C o n t r o l

i  ^  L , ,  - ^ ^ ^ -  ^ a  - . , ^  F  i  ^ -  . , ^  L , ^  . , -  |  ^ ^ f ,
r J  u y  L u c d , r J  r [ H  w ' L r (  r l

- 1 1 ^ . , -  * h ^  n i - F - n  F ^  r r r r a o  
r . r l r p > t !  F n r  n a r r  n f

P  ! - e  u L r  L U

i t s  s t roke .  There  are  var ious  means o f

a c h i e v i n g  s u c t i o n  v a f v e  u n i o a d i n g  w h i c l r  c c n

r e c r r l  r  i n  e r p n  r r n l , , m p  i n e r p r c e c  i n

i n F i n i f a l v  r r r r i r h l p  ^ , , f n , ' i  r h r n , , o h n , r r  r h o

v o l m e  r a n g e  a l l  a t  m a x i m u m  e F f i c i . n c y ,  I n

. d d i f i ^ n  ^ n a r . t i . n  i c  r a l . t s i v a l v  n r r i e t  F , . r

c o n t i n u a l  u s e  a t  m a x i m u m  e [ [ i c i e n c y  w L r h

n r o r i c p  m p r n c  n F  . ^ n r r ^ '  - - ,  . , ' ^ r : . h - . ,  - , , F ^ ,J r ,  a t r q  a  v a r  L a o I t s  o u f p u f

the  rec ip roca t ing  compressor  wou ld  p -ppear  to  be

pre ferab  le  .

F o r  u s e  i n  d u a I  f u e ls 4 J  u u r r u ! L f u r L r ! r 5 !

o n o i n e c  . r  i n  t , , r h i n p c  :  r o : c o n : h l w  . . n < r . . r

gas qua l i t y  must  be  main ta lned.  Th is  neans

c o n t r o l l  i n g  t h e  m e t h a n e  a i r  p r o p o r r  L o n s  r o  :

cons tan t  ca lo r l f i c  va1ue.  Dua l  fue l  eng ines

w i l f  t o l e r a L e  a  + 5 %  s w i n g  i n  c a L o r i f i c  v a l u e

f rom se f  Do in t  thor rqh  qas  tu rb ines  are  sonewha l

The  Aus . l .M .M .  l l l awa r ra  B ranch  Sympos ium,
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l ess  f lex ib le .  Equ ipment  bu l1 t  in to  p r ine

novers  Eo compensaEe fo r  a  var iab le  ca lo r i f i c

va lue  is  no t  genera l l y  ava i lab le  f rom a f1

manufac turers .  An a l te rna t ive  method o f

s taba l i s ing  the  ca lo r i f i c  va lue  is  by

"ba l las t ing"  w i th  add i t iona l  a i r .  Th is  a i r

can  be  admi t ted  e i ther  be fore  or  a f te r  the

exhausters  and can be  cont ro led  to  a  se t

spec i f i c  g rav i ty  o f  the  resuLtan t  mix tu re .

I t  wou ld  appear  tha t  a  se t  po in t  o f  602

methane wou ld  be  prac t icab le  and wou ld  1 ie

we l l  ou ts ide  the  exp los ive  l in i t s .

AUTOMATIC OPER.{TION, CONTROL AND

MONITORING OF A METHANE DMINAGE

PLANT _ APPIN COLLIERY

Appln  Co l l ie ry  i s  one o f  n ine  opera t ing

co l l ie r ies  omed by  the  Broken H i l l

P ropr ie ta ry  Company L in i ted  (BHP)  Stee l

D iv is ion  in  the  l lLawar ra  Reg ion  south  o f

S y d n e y .

The n in ing  d is t r i c t  a round the  tomsh iP

of  App in  has  a  h is to ry  o f  h igh  ne thane gas

i n  i t s  p r o d u c t i v e  B u l l i  S e a n '

Approva l  by  Ehe Ehen Depar tment  o f

Minera l  Resources  and Deve lopmenE in  1979 to

opera te  App in  Co l l ie ry 's  new longwal l  No.  7

was gran ted  pursuant  no t  on ly  to  the  usua l

s t a t u t o r y  p r o v i s i o n s '  b u t  a l s o  t h a t  a n

adequate  means o f  d ra inage o f  methane gas  be

i n c o r p o r a t e d .

From th is  ins t ruc t ion '  dec is ions  were

made to  des ign  and imp lement  no t  on ly  a

sys tem adequate  fo r  the  dra inage o f  longwal l

7  and o ld  goaf  a reas ,  bu t  o f  su f f i c ien t

capac i ty ,  in  two s tages  o f  cons t ruc t ion ,

to  p re-dra in  fu tu re  longwalL  b locks  w i th

prov is ion  fo r  fu tu re  co l l ie ry  expans ion '

The s i te  o f  the  ex t rac t ion  p lan t  and

the  assoc ia ted  sur face  to  underground p iPe

range a t  App in  was necessar i l y  remote  f rom

the Co l l ie ry  admin is l ra t ion  and p i t  top  areas

t o  n l . . e  r h p  1 l A n r  A s  n e a r  a S  P r a c t i C a l  t O

work ing  areas ,

R. STANBURY and G. MOFFATT

The  Aus . l -M .M .  l l l awa r ra  B ranch
'Seam Gas Drainage wi th part icular  reference to

The loca t ion  se lec ted  was a t  Ehe s i te  o f

the  ex is t inB iE in  vent i la t ion  fan  comPlex  two

km f rom the  p i t  top '  Th is  s i te  was under -

go ing  mjor  changes w i th  the  p lanned

i n s t a l l a t i o n  o f  a  6 6 / 6 . 6  k V  s u b s t a t i o n  t o

prov ide  power  to  the  new fans ,  two new mine

feeders  to  be  ins ta l led  in  the  dom cas t  sha f t

and fo r  feed ing  the  Co l l ie ry  p i t  top  area  over

a n  e x i s t i n g  6 . 6  k V  t r a n s m i s s i o n  l i n e -

The s i t ing  o f  the  p lan t  remote  f rom the

p i t  top  was the  pr ine  reason fo r  the  dec is ion

to  au tomate  the  normal  opera t ions  o f  the  P l -an t .

Remote  cont ro l  and non i to r ing  o f  the  P lan t  was

requ i red  to  e l im ina te  fu l l  t ime labour

requ i remen!s .

POIITR SUPPLY SYSTEM

The impor tance o f  the  methane gas

ex t rac t ion  p lan t  to  the  sa fe ty  o f  the

Col l ie ry  and fo r  the  main tenance o f  con t inued

h igh  produc t ion  leve ls  i s  Paramount .  I t  i s

w i th  these aspec ts  in  mind  tha t  the  des ign  o f

Lhe power  supp ly  sys ten  deveLoped.

I th i l s t  i t  i s  economica l l y  no t  feas ib le  to

bu i ld  in  a  comple te ly  redundant  supp ly  o f  power

tha t  wou ld  guarantee  to  ma in ta in  permanent

opera t lon ,  the  sys tem can be  prov ided w i th  a

supp ly  o f  h igh  re l iab i l i t y '  By  des lgn ing  the

p l a n t ,  a s  f a r  a s  i s  p r a c t i c a l ,  i n  s u c h  a  w a y

tha !  no  one comPonent  fa i lu re  can inh ib i t

e i ther  fu I1 ,  par t  o r  emergency  modes '  the

idea l  o f  a  secure  p lan t  f rom the  power  supPly

po in t  o f  v iew can be  aPProached.

The supp ly  f rom the  Prospec t  County

Counc i l ,  the  locaL supp ly  au thor i ty  i s  a t  66kV

and is  a t  p resenE unfor tunate ly  on  a  rad ia f

feed.  Th is  neans  tha t  on  loss  o f  66kV the

p lan t  must  have an  a l - te rna te  power  source  fo r

p lan t  pover  dom mode fo r  sa fe ty  reasons .

A 415V,  200 KvA d iese l  a l te rna tor  se t

was provided witlh the new main ventilation

fan  complex  to  d r ive  one fan  a t  ha l f  speed by

a 75kI.I pony drive.

This generator  set  is  star ted auto-

Sympos ium,
the Working Seam",  MaY 1982
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n d t i c a l l y  o n  P o w e r  f a i l u r e  a n d  p r o v - i d e s

s tandbv power  w i th in  seconds to  the  methane

^ . . - - - ^ t s i ^ n  n l . n f  . ^ n r r o l e  m ^ t s ^ r ; c o r {  r z r l r r o c

and n ine  mon i to r ing  sys tem.

T h e  6 6 k V  s u p p l y  i s  c o n v e r t e d  t o  6 . 6 k V  b y

two 5 MVA ONlu\ transformers with on load tap

changers .  The 6 .6kV sys tem is  h igh  inpedance

neut ra l  ear thed !o  res t r i c t  ear th  fau l t

cur ren ts  in  accordance w i th  the  Coa l  Mines

R e g u t d r i o n s  A c L .  D i s t r i b u t i o n  a E  6 . 6 k V  i s  b y

a  convent iona l  s ing le  bus  Reyro l le  bu lk  o i1

. i  r - , , i  I  h r a r l r a r  h n : r , . 1  - , . -  i -  -  ^ - 1  i  +  L . . ^

c o n f i g u r a t i o n  w i t h  a  b u s  c i e  r u n  n o r m a l l y

o P e n .

F l g .  5  i s  L h e  I  i n e  d i a g r a m  f o r  t h e

d i s t r j b u t i o n  s y s t e m  a n d  d e t a i l s  f h e  i n h e r e n t

. . . . i  , -  i - 1 6 - r i i , ,  ^ r ^ , , : r a i  h r ,  c 6 - - - - r i - -  r h -5 j 5 L E " '  ! r ' L C 6 r

power  supp ly  f ron  66kV dom.

AUToltr\TIC CONTROL TLARDWARE

T h e  r e q u i  r e n e n f  t h a t  t h e  p L a n t  s h o u l d

h o  r h l o  r ^  n n p r r r a . . n r i n ' , ^ , ! - "  ' ' i t s h ^ , , *  r q ^, f  w r L L L u u L  L " c

n p n e c < i r v  n f  ,  F r r l  I  r i m p  , i i a n d r n i  n n e p d

- . n ' r  n r ^ h  I  o m c  T h  i  c  . c - d ^ r  - i  i ^  F q dr L r r J  o J y c L  L

recomendat ions  o f  the  Nat iona l  Coa l  Board

( N . C . B . )  C o n s u l t a n t s  a n d  r e q u i r e d  a p p r o p r i a t e

cons idera t ion  in  bo th  mechan ica l  and

e l e c t r i c a l  d e s i g n .

A u t o m a t i o n  o F  t h e  p l a n t  c a n  b e s t  b e

descr ibed as  encompass ing  au tomat ic  cont ro l

o f  the  methane ex t rac t ion  pumps and

r n e i l  l c r i o c  h v  c o l p e r i r r a l w  . l a r o r m i n i n o  r h a

number  o f  exhausters  requ l red  and cont ro l l ing

I  h a  i n l a f  ' r o  e c  r o n " i r a l  h r r

methane gas  produc t ion  and pur i ty .

T h i c  f v n c  ^ F . o n i r o 1  n e c e s s i t a t e S

c o n L i n u o u s  m o n i c o r i n g  o f  p r o c e s s  v a r i a b l e s ,

per fo rn ing  ca lcu la t ions  u t i l i s ing  the

var iab les  and us ing  the  resu l t  to  in i t iaLe

t h e  r o n " i r o . l  e r / c r a m  . h ._ _-_nges .

f h " e  r h a  n l e n r  r e n r l i r e r l  e n  i n r p l l  i o e n r

c o n t r o l  s y s t e m  w i t h  r h e  c a p a c i t y  t o  r e a d i l y

m o d i f y  c o n t r o l  p a r a m e t e r s ,  a n d  t h e  n e c e s s a r y

f ie ld  hardward  to  be  cont ro l led .

In te l l igen t  con t ro l le rs  were  inves t iga ted

w i t h  d u e  r e g a r d  t o  t h e  a b o v e  r e q u i r e m e n l s  a n d

cons idera t ion  to  the  fac t  tha t  the  enc i re

p lan t  con t ro l  and ind ica t ion  shou ld  be  hand led

h v  r h c  o n p  d p r ' i n o  a  w o r k  I o a d  o I  t h j s

m g n i t u d e  w a s  c o n s i d e r e d  b e s t  h a n d l e d  b y  a

m i n r n  n r n n o c c ^ r  i n  r  h a  f ^ -  ^ F  .  n r ^ - - - - - - k l  -

l o g i c  c o n t r o l l e r  ( P . L . C , ) .  A f L e r  e v a l u a r i o n

o f  a  n u m b e r  o f  d i f f e r e n t  t y p e s  o f  P . L . C .  t s  t h e

Texas  fns t rument  PM550 was cons idered to

n r n r r i d e  t h p  n ^ s r  c , r r r r b l e  c o s t  e f f e c t i v e

s o l u t i o n ,

' I  
h o  P M \ \ l )  n r ^ r r i r ^ ^y r  u !  r u c r  d u ' u r r 5  ! ' d r r y  u  '  I  r  >

f : c i l  i f i p e  r h p  r e n ' , i r p d  < n n h i c i i . a r i ^ n  i n

n , r h F h i f i . <  c r n a h i l i r v  p n h r r a o r l  n n n r r r i n - e l

m o n i t o r i n o  f e r ' l t  f i n d i n o  n e n e h i l ; i i n c  . n . l

v i  s u a l  d i s p J a y  c a p a b i l  i t i e s  w i t h  E n g l  i  s h

l a n o r r a o p  l v n p  i n l e r r . f_  _ . _ -  _  _ 1 v e  p r o g r a m r n g .

T h i s  P . L . C .  i s  s t r u c t u r e d  u t i l  i s i n g

m o d e r n  n u l t  i - r a s k i n g  m i c r o  o r o c e s s o r s

prov id ing  a  f lex ib le  sys tem wi th  the  capab i l i t v

n F  n a r F n r n i n o  l : d d o r  l ^ o i .  F , ! n . i i n r <  r n ' l  f a a , l

h q e l t  l n o n  . 6 n f r ^ l  F i o  6  i  I  l " < t  r . r a <  t h o

P . L . C .  c o m p o n e n t s  m o u n t e d  i n  t h e  c o n t r o L

c u b i c l e .  T h e  P 1 " 1 5 5 0  c o n s i s L s  o f  t h e  f o J  l o w i n g

m . i ^ r  o 1  o m o - f c .

l  P o w e r  s u p p l y  ( P . S . U . )

2 "  C e n t r a l  C o n r r o l  U n i t  ( C . C . U . )

3 .  T n p u t / O u t p u t  R a c k s  (  I  / O )

/ ,  r - ^ . . -  / n . . - ^ , . F  . - r , r l e s  ( a n a l  o g u e  a n d

d i g i t a l )

5 .  T n p u t i / 0 u t p u t  B u s  E x p a n d e r s

6 .  F ie ld  Power  Supp l ies

7 .  V i d e o  P r o g r a m i n g  U n i t  ( V . P . U . )

The power  supp ly  and cent ra l  con t ro l  un i t

a r e  t h e  b a s l c  b u l l d i n g  b l o c k s  o f  t h e  P . L . C .

s y s t e m ,  p r o v i d i n g  r h e  r e q u i r e d  v o l L a g e s  a n d

^ , r - r o n f c  f ^ r  F h o  c v e r o m  . - l  ^ ^ n r . i n i n ^  r l  I

f h p  i n r p l l i o e n e e  f o  n c r f n r m  r h e  . n n t r ^ 1 1  i . o

+ ^ ^ 1 . ^  - ^ ^ , , i - ^ J  T L ^  a  n
L d r N -  r < Y u ! ! s u .  r e t s d L r -  L ' r r

s t a t u s  o f  a l l  i n p u t s  b o t h  d i g i t a l  a n d  a n a l o g u e

. n . l  p v a . l r f o <  r e c  i . l p n t  n r n o r e - m p e  F n r

c o n ' , a r f i r l  l n o i c  r n r l  n r n r r i d p <  r h o  n o n o c c r r . ,

The Aus.  l .  N, l .  l / '1 .  I  I  lawarra Branch Symposi  um,
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o u t p u t s  f o r  t h e  P r o c e s s  c o n t r o l .

F ig .  6  App ln  Co l l ie ry  Methane Dra inage

C o n t r o l  P a n e l  S h o w i n g  ? . L . C .

Components .

A 1 l  s i g n a l s  i n t o  a n d  o u t  o f  t h e  P ' L . C .

a r e  e l e c f r l c a l l y  i s o l a E e d  a t  t h e  I / 0  m o d u l e s .

T h e s e  m o d u - l e s  a l s o  p r o v i d e  t h e  s i g n a l  c o n -

v e r s i o n  n e c e s s a r y  t o  i n t e r f a c e  t i e l d  s i g n a l

l e v e l s  t o  C . C . U .  c o m p a t i b l e  l o g i c  v o l E a g e

I e v e l s .  S p e c i f i c  m o d u L e s  a r e  p r o v j d e d  f o r

v a r y i n g  f i e l d  v o l t a g e s ,  d i s c r e t e  i n p u t s  ( l i n i t

s w i  t . h e s  e t c . )  a n d  a n a L o g u e  i n p u r s

r t s p a a p r . r r r r a  . r r r r c a -  e t c . ) .  I n t e r f a c e

n o d u  L e s  p r o v l d e  t h e  n e c e s s a r y  P a r a f l  e 1  t o

s e r i a l  s i g n a l  c o n v e r s i o n  f o r  C . C . U .

i n t e r r o g a t i o n .

Opera tor  in te r face  ls  v la  the  v ideo

, , - ;  t s  / \ / O l ' \  " h i ^ h  i n ^ ^ r ^ ^ r . f a e  .
P '  u S L d u u , ! L r 5  u t t r L  \ Y

v isua l  d isp lay  type  screen w i th  a  keyboard

i n  o n e  p o r t a b L e  p a c k a g e .  A  p r i n t e r  P o r r  j s

a l s o  p r o v i d e d  f o r  p r o d u c i n g  p a p e r  c o p i e s  o F

R. STANBITRY and G. MOFIATT 1 / ,  1

i r r l r l a r  
' l n o i c  

n n d  n r n c p c c  I ^ o n  i n s r r r . l  i n n s

On l ine  mod i f i ca t ios  to  p rograme,  p rocess

var iab les  and se t  po in ts  can a lso  be

accompl ished w i th  th is  un i t .

T h e  V . P . U .  i s  p e r m a n e n t l y  l o c a L e d  i n

the  cont ro l  room fo r  use  as  a  main tenance

t o o l  a n d  f o r  d i r e c t  a c c e s s  t o  p r o c e s s

v a r i a b l e s .

A 1 1  p r o g r a m e s  a r e  s t o r e d  i n  t h e  C . C . U .

. , r  i 1  i ^ i - ^  L - r  F ^ - - .  L ^ ^ 1 . ^ ;  ' , n  r r n r l n n  r e e p c cu L ! r  ! b r r r B  u d L L c r )  u d L ^ e e  u y

- o - ^ r . ,  r ' p A M l  r r r n a  i n r  a o r a r o A  e i r n , r i t r v  r r i r h

n F F  I  i n o  F n r  h o r r c e k p c n i n q  n r r r n o q e q  o n

^  - ^ f , ; -  ;  ^  F t ^ ^ ^ , ,  i i ^ t ,  - - ,
' u d t s r r t r L r !  ! l u P P v  u r r N  d ' L u  P d P s r  L U P v

fo r  ma in tenance purPoses .

P r a o r : m m i n o  r  h e  " n i t  i s  m : d p  r c l : t  i r r e l v

c i m n l o  h w  i h p  p v r o n < i r r e , r c e  n F  d p d i c : r e d  k e v s

a n d  a  o , u e s r i o n - a n s w e r  t y p e  L n l e r 3 c t  i v e

p r o g r a m i n g  f o r m a L .  T h e  s p e c i a l  k e y s  a r e  u s e d

t o  d e n o l e  L h e  f u n c t i o n s  n o r m a l l y  l o u n d  i n

e l e c t r i c a l  c o n t r o l  c i r c u i L r y  j , e .  n o r m a i l v

o p e n  a n d  c l o s e d  c o n t a c L s ,  c o n L r o L  r e f a w s ,

t s i m o r c  D a c . r i n t  i v p  c r r h q . r  i n l  c

a n d  c o n t r o l  v a r i a b l e s  s u c h  a s  t i m e  i n  a  L i m i n g

c i r c u i L  a r e  e n L e r e d  f r o m  t h e  a l p h a  n u m u r i c

keyboard .

TRANSDUCERS

F i e l d  d a t a  i s  t r a n s m i t t e d  t o  t h e  P . L . C .

f r o m  v a r i o u s  t r a n s d u c e r s  w h i c h  m o n j t o r  g a s

r e m p e r a r u r e ,  s t a t i c  p r e s s u r e ,  f l o w  e t c .  t a c h

q e n s o r  i s  d e s i s n e d  t o  c o n f o r m  L o  i n t r i n s i c

c r f o r  '  n r  F l e m a n r n n f  e f r n . l r r d c  : c  r e n r i r p d  h v

t h e  S t a n d a r d s  A s s o c i a t i o n  o f  A u s t r a l i a .

F i e l d  s i g n a l s  f r o m  a c L i v e  a n d  p a s s i v c

t ransducers  a re  cond i t ioned fo r  in t r ins ic

s a f e r v  h v  r n o r o n r i a T e  b a r r i e r s  w h i c h  I  i m i t

poss ib le  f ie ld  power  leve ls  in  these

insEruments  to  acceptab le  l im i ts .  Each

t r a n s d u c e r  i s  t r e a L e d  a s  a  s e P a r a t e  e x e r c i s c

w i t h  d u e  c o n s i d e r a t i o n  t o  c a b l e  P a r a m e L e r s ,

i n s t r u m e n t  b u r d e n s  s o u r c e  P o w e r  s u p p l i e s  a n d

i n s t a l  - L a t  i o n  t e c h n  i q u e s .

s i o n q l  l e ' r p l  c n n d i r i o n i n o  i s  n r o v i d e d

F ^ r  q i o o a r  p n , ' i n n e n f , , c e d  f o r  c o n c e n t r a L i o n! v !  v + g 6 u !
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pressure  and f low measurements  due to  non

s t a n d a r d  o u t p u t  v o l t a g e s '  I n  a d d i t i o n ,  t h e

outpu t  f rom the  BM2H concent ra t ion  t ransducer

i s  a l s o  n o n  l i n e a r .  T h e r e f o r e ,  i n  o r d e r  t o

use th is  insEr (ment  in  an  au tomaEic  cont ro l

sys tem,  i t s  ou tPut  requ i res  l inear isa t ion '

T h i s  i s  a c c o m p l l s h e d  i n  b o t h  t h e  P ' L ' C '  a n d

moni to r ing  sys tem by  u t i l i s ing  a  l inear isa t io l

equat ion  deve loped to  very  c lose ly  aPprox imate

the  requ i red  l inear  ou tPut .

MECHANICAI, SYSTEM

The f ie ld  comPonents  o f  the  au tomat ic

c o n t r o l  s y s t e m  a r e  c o n t r o l L e d  v i a  t h e  M ' C ' C '

b y  t h e  P . L . C .  T h e s e  c o n s i s t  e s s e n t i a l l y  o f

the  exhauster  pmps and the  var ious  motor ised

va lves  used to  i so la te  p lan t  and the  motor -

i sed  by  pass  va lve  wh lch  is  used to  regu la te

g a s  f e e d b a c k  t o  c o n t r o L  i n l e E  p r e s s u r e '

The four  exhauster  Pumps in  s tage I  (

four  more  are  proposed fo r  s tage 2)  a re  Nash

Hytor  CL3O02.  Each exhauster  i s  d r iven  by  a

f l a n e p r o o f  l 8 5 k W  1 4 4 0  r e v . / m i n  4 1 5 V  m o t o r

s ta r ted  d i rec t  on  l ine  and dr iv ing  i t s  Pwp

a l  500 rev ' /m in  v ia  a  Hansen gearbox '  The

water  sea l ing  fo r  each exhauster  i s  p rov ided

b y  a  2 . 2  k W  m o n o  p u n p  w i t h  5 . 5  k W  f a n  c o o l e d

rad ia to rs .  Water  f low,  tempera ture  and gas

make in  the  hoE we l l  tanks  are  mon i to red

and used in  the  cont ro l  c r i te r ia  fo r  the

p l a n t .

Manua l  i so la t ion  o f  gas  l ines  is

prov ided by  Saunders  d iaphragn va lves  '  Key-

s tone bu t te r f l y  va lves  dr iven  by  415V ZkW

Rotork  ac tua tors  a re  used in  the  P lan t

au tomat lon .  The ac tua tors  e lec t r i c  d r ive

mechan ism is  conp le te ly  enc losed in  an

approved f lameProof  encLosure .

The cur le r  Hamer  Un iEro l  no tor  cont ro l

c e n t r e  ( M . C . C . )  i s  d e s i g n e d  w i t h  p h a s e

segregat ion  on  busbars  and is  mcdu lar  in

cons t ruc t ion  w i th  separa te  coopar tments  fo r

each dr ive .  Th is  i so la t ion  adds  to  sys tem

secur i ty  and enhances  re l iab i l i t y  and

serv iceab i l i lY  '

yq$r93lre
As BHP Stee l  D iv is ion  Co l l ie r ies

Eng ineer ing  Serv ices  Depar tment  had recent ly

comple ted  a  de ta i led  inves t iga t ion  in to

computer  mon i to r ing  sys tems fo r  coa l  mine

usage, and had concluded that the Honela{eLl

De l ta  1000 Sys tem nos t  cLose ly  met  the

requ i rements  spec i f ied  fo r  BHP Co l l ie r ies '

the  se lec t ion  o f  a  mon i to r ing  sys tem fo r  the

methane dra inage p lan t  had been made cons ider -

a b l y  l e s s  d i f f i c u f t .

The cont ro l  sys tem a t  the  remote  s i te

was subsequent ly  des igned around th is  equ iPment '

S lnce  a l l  func t ions  re la t i ve  to  the  oPera t ion

of  the  p lan t  were  to  be  remote ly  mon i to red  by

the  computer ,  access  to  the  computer  a t  the

dra inage s i te  was prov ided fo r  a  comPrehens ive

loca l  a la rm sYstem.

For  s tand a lone mon i to r ing  and cos t

e f f e c t i v e  r e a s o n s  t h e  i n t e r f a c e  f o r  f i e l d

s igna ls  be tween the  p lan t  Process  cont ro l le r

( ? . L . C . )  a n d  t h e  m o n i t o r i n g  c o m p u t e r  w a s

cons idered bes t  hand led  a t  l /0  leve1 in  l ieu

o f  a  s o f t w a r e / h a r d w a r e  c o m p r o n i s e '

Each f ie ld  s igna l  there fore  is  used to

e n e r g i s e  a  P . L . C .  i n P u t  m o d u l e  a n d  i s  u s e d

concur ren t ly  as  an  input  to  the  non i to r ing

sys tem.  Th is  tyPe o f  hardware  so lu t ion  can

prove t roubLesome,  Par t i cu la r ly  where  varaous

sys tem power  supp l les  cannot  co-ex is t '

I so la t ion  is  there fore  requ i red  and th is  i s

genera l l y  p rov ided by  s igna l  d iodes  or  op to

coup lers .  The la t te r  dev ice  a lso  prov ides  a

degree o f  t rans ien t  vo l tage pro tec t ion  and is

p r e f e r r e d .

.Both  d isc re te  and ana logue s igna ls  gener -

a t e d  w i t h i n  t h e  P . L . C .  a r e  s i m i l a r l y  d e c o u p l e d

for  t ransmiss ion  to  the  mon i to r ing  sys tem or

the  a la rm annunc ia to r  on  the  dra inage cont ro l

d e s k ,

The cont ro l  room a t  the  methane dra inage

s i te  houses  a  nunber  o f  too ls  fo r  loca l

The  Aus . l .M .M .  l l l awa r ra  B ranch  Sympos ium '
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o p e r a c i o n a l  p r o c e d u r e s  a n d  m o n i t o r i n g

p u r p o s e s .  S e e  I ' i g .  7 .  T h e s e  c o n s i s t

^ r 1 , ,  ^ F  -  - i - i ^  l . ^ - r - -  - l - F -
e s s c L r L  L d f  L y  u '  d  r u r r u r L  u r d S ! d u

a n n u n c i a t o r ,  c h a r t  r e c o r d e r s '  P . L ' C .  V . P . U .

and an  operaEors  te rmina l  fo r  the  De l ta  1000

moni to r ing  sys tem.

F i g .  7  A p p i n  C o l  I  i e r y  y e t h a n e  D r a i n a g e

C o n t r o l  R o o m

T h e  m i m j c  d i a g r a m  P r e s e n l s  a t  a  g J a n c e

t h e  c u r r e n r  o p e r a L j o n a l  s t a t u s  o f  t h e  p l a n t

i n c l u d i n g  i n l e c  g a s  m o n i t o r i n g  ( t e m P e r a t u r e ,

p r e s s u r e ,  c o n c e n l r a t i o n  a n d  f l o w  r a t e ) ,  t h e

p o s i t i o n  o f  a l l  n o t o r i s e d  v a l v e s ,  t h e  s t a t u s

o f  m c h i n e r y  ( i n c l u d i n g  e x h a u s t e r s ,  w a L e r

pumps,  rad ia to r  fans  and min  vent i la t ion

fans)  and ou t le t  gas  pressure .  Cur renL va lue

of  p rocess  var iab les  are  presented  on  d ig i ta l

p a n e l  m e t e r s ,

Char t  recorders  a re  Prov ided to

c o n L  i n u o u s l y  r e c o r d  p l a n t  v a r i a b l e s  i n c l u d i  n g

concent raE ion  teopera ture  f low ra te  and

methane f low ra te  (ca lcu la ted  f rom Lota l  f lov

and concent ra t ion) .  A  mechan ica l  to ta l i ser

is  used to  inLegra te  f low ra te  s igna ls  to

record  to ta l  f low in  un i ts  o f  hundreds  o f

c u b i c  m e t r e s .

A sml l  a la rm annunc ia to r  Pane l  i s  a lso

lnc luded wh lch  prov ides  a  genera l  a la rm

i n d i c a t i o n  f o r  l o c a l i s i n g  p l a n !  a b n o r m L

opera t ing  cond i t ions .

A bank  o f  se ldc to r  sw i tches  on  the  desk

prov ide  maln tenance personne l  w i th  an  ab i l i t y  to

l a l i L a r e r a l r r  i c n l r r p  a o r r i n m e n r  ^ r  r ^  q a l p . '

e x h a u s t e r s  j n  c e r n s  o f  p r i o r i  t y  u n d e r

a u t o m a l i c  c o n t r o l .  T h i s  I e a L u r e  p e m i L s  - v e n

, , f  . 1 , - - t s i ^ -  ^ f  - 1 . n i  i n  F p 1 f i e  n F  o n p r : t  i n n

d u r a t i o n .

A c c e s s  t o  t h e  P . L . C .  s o f t w a r e  i s

o b t a i n a b l e  v i a  t h e  V . P . U .  l o c a t e d  i n  t h e

c o n t r o L  r o o m  a n d  p e r m a n e n t L y  c o n n e c L e d  L o

t h e  P . L . C .  T h l s  u n i t  a l l o w s  a c c e s s  t o  t h e

p lan t  p rocess  cont ro l le r  fo r  rou t ine

main tenance (d iagnos t ics )  as  we l l  as  p lan t

and breakdom fau l t  f ind ing .  The v ideo

d i s p l a y  c a n  s h o w  e i r h e r  w h i c h  p a r l s  o f  L h e

c o n t r o l  s y s t e n  ( l a d d e r  d i a g r a m )  a r e  a c t i v a L e d

a n d  w h i c h  e l e m e n t s  a r e  j n h i b i  t i n g  o P e r a r i o n

. i  F  e n "  n r  d i q n  I  a v  i  n c t a n t a n e o u s  v a l  u e s  , I

ana logue input  s igna ls .

T h e  m o n i t o r i n p  c o m n r r l o r  i s  l ^ . 1 i  e d  t -  t  h e

p i t  L o p  c o n t r o l  c e n t r e .  S e e  F j g . 8 .

In fo rmat ion  is  accumula ted  a t  rhe  methane

d r a i n a q e  s i t e  b v  l o c a 1  s L a r i o n s  c a l l e d  D a c :

c a t h e r i n g  P a n e l s  ( D . G . P . ) ,  E a c h  s e r i e s  1 2 0 0

D , G . P .  ( t h r e e  a r e  u s e d  a t  t h e  d r a i n a g e  s i t e )  i s

capab le  o f  mon i to r ing  a  max imun o f  140 d ig l ta l

p o i n t s  o r  6 0  a n a l o g u e  p o i n t s  a n d  i s  c a p a b l e

o f  p r o v i d i n g  c o n t r o l  o v e r  3 5  o n / o f l  p o i n t s  o r

12  anaLogue ou tpu ts .  Combinat ions  o f  the

a b o v e  a r e  p o s s i b l e  w i t h  c o r r e s P o n d l n g  r e d u c t l o n s

in  o ther  a reas .

The in fo rmat ion  is  t ransml t ted  to  the  P i t

t o p  u s i n g  f r e q u e n c y  s h i f t  k e y i n g  ( F . S . K . )  t y p e

m o d e m s  o v e r  a  s i n g l e  t e l e p h o n e  p a i r  a n d  u s e s

a redundant  pa th  comunica t ions  l ink .  One Path

i s  v i a  i n t r i n s i c a l l y  s a f e  b a r r i e r s  t h r o u g h  t h e

n o m a l  u n d e r g r o u n d  L e L e p h o n e  c a b l e  s y s t e m .

T h i s  p e r m i t s  u n i n t e r r u p t e d  o P e r a t i o n  i n  L h e

e v e n t  o f  l o s s  o f  C o l l  i  e r y  v e n t i l a  t  i  o n .  T h e

second pa th  i s  v ia  the  ex is t ing  ca tenary  cab le

unders lung on  the  6 .6kV t ransmiss ion  l ine  to

t h e  p i t  t o p .

A th i rd  pa i r  i s  p rov i -ded to  d r ive  the

The  Aus . l 'M .M .  l l l awa r ra  B ranch  Sympos ium '
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F ig .  8  App in  Co l l ie ry  Sur face  Cont ro l  Room

m o n i t o r i n g  s y s t e m  V . D . U .  a t  t h e  d r a i n a g e  s i t e .

Th is  te rmina l  has  fu l l  access  to  the

moni to r ing  computer  and ls  ac t i va ted  e i ther

under  computer  cont ro l  to  d isp lay  cur ren t

s ta tus  o f  po in ts  in  a la rm or  can be

ac t iva ted  v ia  i t s  keyboard  to  in te r rogate

p l a n t  s t a t u s .  T h e  V . D . U .  i s  l o c a t e d  n e a r  t h e

P . L . C .  V . P . U .  t o  f a c i l i t a t e  i n f o r u t i o n

a c c e s s  f o r  p l a n t  d i a g n o s t i c s .

The comPuter  mon iEor ing  ins ta l la t ion  a t

the  p i t  top  prov ides  Ehe capab i l i t y  necessary

fo r  record ing  and mon i to r ing  the  opera t ion  o f

t h e  d r a i n a g e  p l a n t .  B o t h  d i s c r e t e  ( o n / o f f )

type  in fo rmt ion  as  we l l  as  ana logue va lues

are  recorded and d isp la lzed  a t  tha t  loca t ion .

A la rns  are  au tomat ica l l y  d isp layed on  the

V . D . U .  a n d  l o g g e d  o n  o n e  o f  t h e  t w o  p r i n t e r s

in  the  sur face  cont ro l  room.  The second

pr in te r  i s  used to  Produce mnagement

in fo rmat ion  repor ts  wh ich  are  genera ted  a t

. r p c e r . r r p  : n l c r v e l s  s u c h  a s  e n d  o I  s h i f L ,

d a y ,  w e e k  e t c .

The methane dra inage p lan t  opera t ion  can

b e  a c c e s s e d  a t  a n y  t i m e  b y  t h e  V . D . U '  i n  t h e

cont ro l  room.  Da i ly  repor ts  a re  genera ted  to

r e c o r d  p r c c e s s  c o n t r o L  P a r a m e t e r s  s u c h  a s

F , + - r  ^ ^ -  c 1 ^ r ,  - ^ /  r . r 1 1  6 e 1 h 3 a s  f l o w  e t c ,L u L d a  B d 5

Other  recorded va lues  inc lude mean va lues  as

well as maxima and uinlma, hours run on mjor

p lan t  and co l l ie ry  power  usage.  Energy

mnagement  i s  a  s tandard  so f tware  package and

R. STANBURY and G. MOFI'ATT

wi l l  be  used to  mon icor  and cont ro l  co i i ie ry

power  consumpt ion .

A co lourgraPh ics  te rmina l  i s  a lso

prov ided fo r  the  genera t ion  o f  d iagraus  to

represen i  the  dra inage opera t ion  and genera l

co l l ie ry  s la tus .  These mimics  are  prov ided

wi th  up  to  26  in te rac t ive  a la rm po in ts  be ing

incorpora ted  on  uP to  80  separa te  d isp lays .

The mon iLor ing  computer  i s  used a lso  to

log  process  var iab les  in  the  underground

sec t ion  o f  the  methane dra inage p ipe l ine .

Sta t ic  p ressure ,  concent ra t ion  and

d i f fe ren t ia l  p ressure  are  metered  a t  four

po in ts  on  the  underground 1 ine .  F ig .  9  i s  a

b lock  d iagran  o f  the  comple te  mon i to r ing

sys tem and f igure  10 .  shows an  underground

i n s t a l l a t i o n  w i t h  D . G . P .  I . S .  b a r r i e r s  a n d

t ransducer  power  supp l ies .

?LANT AUTOMATION

A t  t h e  t i m e  o f  P : c j e c t  i n c e P t r o n '  n o

s : r I a c e  n e t h a n e  e x L r d ^ t . i o r '  P ] a n t s  w o I '  L n

opera t ion  in  Aus t ra l ia  and tc  the  au thors '

knowledge,  the  App in  o lan t  was  to  be  the  f i rs f

fu l l y  au tonateC p lan t  to  be  comiss ioneC'

F ig .  lO App in  Co l l ie ry  Methane Dra inage Under -

G r o u n d  M o n i t o r i n g  S h o w i n g  D . G . P '  I ' S '

'Bar r ie rs  
and I /S  Power  SuPPl ies .

The  Aus . l .M .M .  l l l awa r ra  B ranch  Sympos ium '
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N . C , B .  C o n s u l t a n t s  r e c o m e n d a t i o n s  w e r e

l in i ted  to  the  des ign  o f  a  p lan t  w i th  n in ima l

opera tor  in te rvent ion  ye t  requ i r lng  fu1 l

t ine  a tEend.ance fo r  sw i tch ing  exhausters ,

ac l jus t ing  p lan t  p ressures  and genera l  p lan t

surve i l fance '

Hav ing  nade the  major  hardware  dec is ions

noted  in  earL ie r  Paragraphs  and recorded by

Bet t ina  & Regan ( f982) ,  what  remained was the

deve lopment  o f  the  ac tua l  con t ro l  loop '  Many

aLtera t ions  to  th ls  loop have been made and

are  ye t  to  be  nade as  more  is  learned about

the  equ iPuent  and the  ac tua l  genera t ion  o f

gas  f rom the  underground work ings .

The in i t ia l  approach was to  se t  up  the

p lan t  w i th  the  concept  tha t  Prov ided enough

hoLes were  dr iven  in to  gas  produc ing  areas

then the  grea ter  the  vacum app l ied  (w i th in

equ ipnent  and p ipe  res is tance parameters )

then the  grea ter  the  gas  f low,

Th is  p roved to  be  a  par t ia l l y  incor rec t

assumpt ion ,  Whereas  the  number  o f  ho les

does have a  marked e f fec t  on  the  amount  o f

gas  produced and reduced pressure  does

narg inaLL l r  inc rease the  amount  o f  methane gas

ex t rac ted ,  o ther  var iab les  such as  the

apparent  loca l - i sed  e f fec t  o f  longwal l  m in ing

equ ipnent  (work lng  face)  to  par t i cu la r  ho les

and apparent  seam s t ruc ture  var ia t ions  have

a  m o r e  s i g n i f i c a n t  e f f e c t .

As  gas  is  Produced under  vary ing

p r e s s u r e s ,  t h e  r o l e  o f  t h e  e x t r a c t i o n  P l a n t

is  to  p rov j .de  a  reduced pressure  on  the

ho les  to  p revent  gas  leakage in to  roadways

through r ib  f rac tu res ,  overcome the  losses  in

the  p ipe  range,  p rov ide  a  s l igh t  negat ive

pressure  to  the  o1d goaf  a reas  and prov ide

a  s u f f i c i e n t  p o s i t i v e  P r e s s u r e  a t  t h e  o u t l e t

t o  o v e r c o m e  b a c k  p r e s s u r e s .  F u r t h e r  b a c k

Pressures  are  an t ic iPated  w i th  the

i n s t a l l a t l o n  o f  a  f u t u r e  u t i l i s a t i o n  p l a n t '

The most  impor tan t  aspec t  i s  tha t  the

exhausters  be  capab le  o f  hand l ing  the

quant i l ies  o f  gas  produced under  peak

cond i t ions  in  o rder  to  reduce the  poss ib l l i l y

o f  excess  methane po l lu t ing  mine  roadways

resu l t ing  in  loss  o f  Produc t ion .

CONTROL LOOP

The fo l low ing  parameters  coot r ibu te  to

the  process  cont ro l  a lgor i thn .

1 .  M e t h a n e c o n c e n t r a t i o n

2 .  T o t a l  g a s  f l o w  r a t e

3 .  S t a t i c  P r e s s u r e

F i g u r e  1 1 .  i s  a  b l o c k  d i a g r a m  o f  t h e  a n a l o g u e

c o n t r o l  l o o p  a n d  f i g u r e  1 2 .  i s  a  b l o c k  d i a g r a n

o f  t h e  c o n t r o l  l o g i c  f o r  t h e  d r a i n a g e  p l a n t '

Gas Pur i ty

G a s  P u r i t Y ,  s t a t i c  P r e s s u r e  a n d

d i f f e r e n t i a l  p r e s s u r e  ( f o r  f l o w )  a r e  m o n i t o r e d

a t  v a r i o u s  l o c a t i o n s  u n d e r g r o u n d  o n  t h e  p i D e

r a n g e  a n d  a t  t h e  i n l e t  t o  t h e  e x t r a c t i o n  p l a n t '

l , . l i t h  t h e  e x c e p t i o n  o f  d i f f e r e n t i a l  p r e s s u r c ,

t h e s e  v a r i a b l e s  a r e  a l s o  m o n i t o r e d  a t  t h e  o u t -

l e t  o f  t h e  p l a n t .  G a s  t e m p e r a t u r e  i s  a l s o

m o n i t o r e d  a t  t h e  i n l e t  t o  t h e  P l a n t '

The S ieger  BM2H has  been used fo r

c o n t i n u o u s  m o n i t o r i n g  o f  h i g h  l e v e l  m e L h a n e '

S o m e  d i f f i c u l t i e s  e x p e r i e n c e d  i n  u s i n g  t h r s

equ ipment  inc lude:

1 .  P r a c t i c a l i t y  o f  w a t e r  d r a i n a g e  o n  s a m p L e

l ines  underground.

2 .  W h e n  u s e d  i n  c o n j u n c t i o n  w i t h  o r i f i c e

p l a t e s  o r  p i t o t  t u b e s  s u b j e c t e d  t o  t h e

v a r i a t l o n s  i n  f l o w  e x p e r i e n c e d ,  r e g u L a t j ( ) n

o f  ins t rumenta t ion  gas  f lows are  requ i red

s o  a s  n o t  t o  e x c e e d  t r a n s d u c e r  r a t r n g s

f o r  p r e s c r i b e d  i n s t r u m e n t  a c c u r a c r e s '

T h i s  n e c e s s i t a t e d  t h e  d e v e l o p n e n t  o f  a

l o w  p r e s s u r e  g a s  r e g u l a t o r  f o r  t h i s

a p p l i c a t l o n .

Gas pur i ty  i s  used in  the  fo l low ing  sub

rout ines  o f  the  cont ro l  s ] ' s tem:

1 .  D i f f e r e n t i a l  p u r i t y  ( i n l e t  a n d  o u t l e t

gas  pur i ty  a t  the  ex t rac t ion  P lan t  a re

compared to  p rov ide  a  zoned Pro tec t ion

wi th in  the  p lan t  fo r  gas  leakage"  Th is

The  Aus . l .M . l v1 .  l l l awa r ra  E ranch  Sympos ium,
" s e a m G a s D r a i n a g e w l t h p a r t i c u l a r r e f e r e n c e t o t h e W o r k i n g S e a m " , [ i 1 a y 1 9 8 2
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R. STANBTIRY and G' l4u!'bArl

i s  in  add l t ion  to  the  M'S 'A '  4510 low

leve l  gas  de tec t ion  sys tem used in  the

exhauster building and above the hot

we l l  tank ' )

f ' low rate calculations

Actual Dethane flow rale

Set Points for plant shutdown alarm and

r r iP

5 .  In  the  Pressure  cont ro l  looP

Gas concentration at the inlet !o tbe

plant is used to control plant pressures if

the measured purity falls below a nominal

50  le rcent .  The degree o f  con t ro l  exe t ted

by this function is varied in accordance wlth

iEs  dev ia t ion  f rom th is  va lue '  Io r  va lues

b e l o w  5 0  P e r c e n t '  t h e  p l a n t  E o t a i  P r e s s u r e  
j s

increased (absolucely) in a nanner ProPortion-

a1 to the purlty excursion' This approach

has been found to be best in practice lo

avoid unnecessary plant shut dom due to

undu ly  1ow concent raE ions  o f  gas '  i {ys te res is

type cont ro l  i s  used to  pero i t  var ia t ions

wi th in  p rescr ibed l in i t s  w l thout  sys tem

hunEing '  Th is  ou tpu t  i s  d i rec ted  to  the

by-pass  va lve  cont ro l  loop  fo r  con t ro l  o f

i r le t  Pressure .  For  pur i t y  above 50  percent

tire gas concentratlon has no bearing on ln1et

pressure '  Th is  p ressure  is  lhen  so1e1y

cont ro l led  by  Lhe by-pass  va lve  cont ro l  looP '

Gas llow

Gas f low is  re la ted  to  the  d i f fe ren t ia l

p ressure  deve loped across  e i ther  an  or i f i ce

p la te  o r  a  P i to t  tube '  Each o f  ihese

devices must be designed for maxlmm

opera t ing  Pressures  w i th  a  p rescr ibed gas

dens i ty  a t  spec i f i c  f low ta tes '  To  use  the

d i f fe ren t ia l  Pressure  genera ted  across  these

dev ices  to  p roduce accura te  f low ra te

measurements' transducer signals are

cond i t ioned by  cor rec t ing  fo r  re la t i ve

density at any glven methane concentration

( re la t i ve  dens i ty  =  |  - 'oo4475 x  c l to%)  and

tak ing  inEo account  the  square  roo t  re la t ion-

ship and other fixed parameEers' This

ca lcu lac ion  is  per fogned fo r  each or i f i ce  p la te

or  P i to t  lube .

The cor rec ted  f low s igna ls  a re  used

compara tor  tyPe subrout ines  in  the  P 'L 'C '

Control the number of exhausters (in

con junc t ion  w i th  a  s t inu lus  per iod

timer of 30 nins) '

Provi-de a minimrm flow alarm and trip

po in t  (cons is ten t  s i th  a  p ipe  b tockage)  '

Determine a condition ca1led PiPe

Rupture (calculated from a tine

derivative of f low rate and inlet

p ressure)  in  wh ich  a  rap id  use  o f  f low

ind lca tes  a  reduc t ion  in  sys tem res is tance

cons is ten t  w i th  P lPe darnge '  the  ob jec t

being to prevent an explosive mixture of

air and methane from entering the systen'

Sanp le  ra te  ca lcu la t ions  fo r  concent ra t ion

inner  looP.

with

t o :

1 .

2 .

a

4 ,

5 .  ? rov ides  ou tpu t  to  compos i te  gas  f low

to ta i i ser  and to ta l  methane f low

ca lcuLat ion '

lnlet Gas Temperature

Inlet Gas Temperature is monitored and

l im i ts  se t  Lo  de tec t  poss ib le  abnorna l  gas

tempera tures '  A  cur ren t  re t ro f i t  to  the  f low

subroutine includes temperature compensation'

Th is  l s  necessary  due to  the  fac t  tha t  ambienL

air being dram dom the mine domcast shaft:

(approximately 5OOn) in whj-ch the drainage

p ipe  range is  ins ta l led  has  a  mrked e f fec t  on

gas temperature'

Var ia t ions  in  tempera ture  in  the  order  o f

up  to  +  2OoC have been recorded '  Th is

cor responds to  a  f low er ro r  in  the  or i f i ce

p la te  o r  p i to t  Lube ca lcu la l ions  o f  the  order

o f  +  3  Percent '

Inlet Pressure

In le t  p ressure  is  the  main  con l ro l led

variable and limits of 48kPa to 53kPa have

been set as the dead band linits for nomal

rhe Aus. r M, M I 
|:iy:i:?"R:Ti,i,?!T|i,iiil, r"am,,, May 1 e82
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opera t ion .  Th is  i s  cons is ten t  w i th

m a n u f a c c u e r s  r e c o m e n d a t i o n s  o n  o P e r a t i o n

o I  t h e  e x h a u s c e r s '  H o w e v e r ,  e x p e r i m e n t s

i h a  r . n o i  n F  n r e e c r r r e s r t L  w r L r r  5 v

pump prac t ice  and undergromd cond i t ions  are

cont inu ing .

A s  E h e  p u m p s  a r e  r a t e d  a t  7 O O  l / s e c .  a t

5 d  k P a ,  i t  a p p e a r s  t h a t  a L  7 5  k P a  t h e  g a s

make wou ld  be  over  1000 l / sec .  However ,

var ious  o ther  quant i t ies  must  be  taken in to

a c c o u n t .

l .  I n c r e a s e d  p r e s s u r e s  ( r e d u c e d  s u c t i o n )

has  led  to  inc reased po l lu t ion  o f

mine  roadways w i th  the  occur rence o f

unpred ic tab lv  h igh  gas  re leases '

,  q a n . r . F ^ r c . . n n n f  p F f i n i e n r l v  r p m n v c

w a t e r  a t  I O O O  l / s e c .  c a u b i n g  e x c e s s i v e

s e a l i n g  w a t e r  l o s s e s .

P r e s s u r e  i s  u s e d  i n  L h e  c o n t r o l  l o o p  i n

L i l c  r  u r r u w t r r t s

1.  PLant  shutdown in  the  event  o f  low

pressure  (backed up  w i th  Pass ive

t ransducers  on  each exhauster )  .

2 .  C o n t r o l  o f  b y - p a s s  v a l v e '

3 .  F l o w  r a t e  c a l c u l a t i o n s

0 u t l e t  P r e s s u r e

o u t l e t  p r e s s u r e  i s  m o n i l o r e d  f o r

e o r d - .  i o n s  c o  d e t e c C  b l o c k e d

F l a r p  t r l n s  n r  r l o s e d  v a l V e S ,

SYSTEM INTEGRITY

As noted  in  the  power  supp ly  sec t ion '

many s reps  have been taken to  p rov ide  power

L o  t h e  p l a n l  u n d e r  n o r m a l  a n d  e m e r g e n c y

s i tua t ions ,  However ,  many o ther  s t .eps  have

been taken to  inc rease the  re l iab i l i t y  o f  the

p l a n t .

C o n t r o l  v o l t a g e  ( f l o v A c )  t o  t h e  P . L . C . ,

computer  mon i to r ing  hardware  and Eransducers

is  supp l ied  by  a  3000 VA Gou ld  cons tan t

v o l  r a g e  t r a n s f o r m e r  ( C . V . T . ) .  T h e  C . V . T .

p r o v  i  d e s  p o w e r  s u p p l  y  c o n d i E i o n i n g  t o  t h e

loads  ment ioned fo r  var ia t ions  in  suPp ly  vo l tage

r n d  F r e q u e n c y .  W h e n  u n d e r  d i e s e l  g e n e r a t o r

t s h o  ^ ^ - r . ^ l  ^ , - ^ F . -  i -  - i i i F i - - . 1 1 ' ,r L -  l v w E !  s ) 5 L s u r  r r  d u u L L r u u 4 ! r /

pro tec ted  by  under  vo l tage and under

f requency .

Under  f requency  is  o f  Par t i cu la r

- :mpor tance w i th  t rans former  fed  c i rcu i ts

as  Ehere  is  a  l i ke l ihood o f  reduced l ine

f requency  caus ing  t rans ien t  over  vo l tages .

S h o r c  c i m e  b a r t e r y  b a c k  u p  i s  p r o v i d e d  o n

mine mon i to r ing  hardware  fo r  un in te r rup ted

moni to r ing .

T h e  s e c o n d  m a j o r  a s P e c r  i s  L h a t  o f

d e t e c t i o n  o f  m j o r  c o n t r o l  e q u i  P m e n L  f e  i  I  u r .  .

I n  t h e  c a s e  o f  t h e  P . L . C '  m a n y  s e l f  t e s t i n 8

rou t ines  are  bu i l t  in  and are  cont inuous fy

mon i to red .  In  the  event  o f  a  ca tas t roph ic

f a i l u r e  o f  t h e  P . L . C . '  a l f  o u t p u t s  a r e

p o w e r e d  d o m  t o  a  f a i l  s a f e  c o n d i t i o n .

T h e  P . L , C .  t e s t i n g  r o u t i n e s  a r e

supp lemented by  a  watchdog re lay  c i rcu j t

w h i c h  m o n i t o r s  t h e  C . C . U .  s c a n  o f  L / O .  T h e

P . L . C .  i s  u s e d  t o  a  S r e a t  e x t e n t  f o r  P l a n t

m o n i t o r i n g .  S u c h  i n t r i c a t e  y e t  e s s e n t i a l

aspec ts  such as  max imuu va lve  open ing  t ine

detec ted  by  l im i ts  and checked b-v  t ime,  a re

moni to red  and a la rms g iven in  the  event  o f

f a i l u r e .

Computer  equ ipment  a t  the  p i t  top  is

housed in  an  env i ronmenta l l y  su i tab le  a i r

cond i t ioned room.  Th is  room is  f i re

p r o t e c t e d  b y  a  s m o k e  d e t e c t o r  a c t u a t e d

s p r i n k l e r  s y s t e m .  A c c e s s  t o  t h i s  r o o m  i s

p r o h i b i t e d  t o  n o r m a l  t r a f f i c .  A  s m a 1 1

v ideo mon i to r  i s  p rov ided a t  the  en t rance to

t h e  c o n t r o l  r o o m s  f o r  u s e  b y  p i t  p e r s o n n e l .

Th is  de ters  most  f rom enter ing  the  cont ro l

room where  d i r t  car r ied  in  on  mine  c lo thes

cou ld  contaminate  V.D.U.  keyboards  or

pr in te rs ,

CONCLUS ION

By the  use  o f  modern  n ic roprocessor

based cont ro l  equ iPment  and sound eng ineer ing

prac t ice ,  methane ex t rac t ion  and u t i l i sa t ion

p lan ts  can be  success fu l l y  des igned and

o p e r a t e d .

The  Aus . l .M .M .  l l l awa r ra  B ranch  Sympos ium '
"Seam Gas Drainage wi lh part icular  reference to the Working Seam' ' ,  May 1982
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C o n c e p t s  o f  c o n t r o l  a n d  p r o t e c t i o n  h i t h e r -

to  re jec ted  due to  the  complex  hardware  requ i l -

ed  can now be hand led  we l l  w i th in  the  capac i ty

o f  e q u i p m e n t  w i t h  t h e  s o p h i s t i c a t i o n  o f  a
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