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H m E ^

In trod u ction  ;. .

This, rep o rt i s  in  Geelong Waterworks

and Sewerage !Cruat fo r  fu rth er  drawdown com putations on th e w e l l f ie ld  

la y o u t designed  fo r  the Barwon ltowns Suh-hasin . The p o s s ib le  to r e  ■ 

lo c a t lp n sf in y th e  w e l l f i e ld  d i f f e r  s l i g h t l y  from -those g iven  in  th e

o r ig in ^  d esig n  (B lakft 1978 ft and ;were optim ised  fo r  

p ip e lin e  , d es ig n . ; The W  .p o s it io n s  are shown p lo t te d  on P ig  1 and 
fo r  re feren ce  se e  &iW & ST p la n • No 23028 .

a  th e  o r iE to a l : „ e l l f i e ld  d ee ig „  i t  recohmeMed th a t  a fu rtheh

two or th ree p ro d a ctlo h 'ta res  could  he d r n ie d  to  to  GW1
and GW2. Ihe ue„ „eiia shp'ald he located lii the Tioiuity of GW2 
a t  iapproiiruitely one Idlomitio i t  was reoomeuded
that each here oould be;pu.i,ed at rates o f up to 33.6 i: s e c f  (8 m day-’ ).

would aoh ieve au annual y ie ld  o f  11; 680 m  fo r  a f i e l d  o f  fo u r  ta r e s  

(m o lu d in s  GUI and aJ2 )o r -a u ia u n u a l y i e ld  o f  14 600 m  f o r  a f i e l d  o f  
f i v e  b o res. /

I ’-’- ■

O h a tu ra l:rech a rse  ,and f l l  th r o u *  ta e
was c a lc u la te d  a t  a p p ro r ia a te ly  6000 .m year"’ (B lake, 1374). On the 
baars o f  th is , e s t im t e  the tapartmeut^^^ H iu era ls  and’ & e r g y  has giver 
approval^for er tr a o t lo u  f ^ a  the.Barwou B owus'sub-basiu o f  up to  12 500

m,Joar an a y  one year but not to exceed 80 000 Ml o
ch y e a r s . It " y  c o u s id e y d  th a t th e  l i c e t a e  fo r  e x tr a c t io n  cou ld  be 

p ev ised  on th e  b a s is  o f  sev e ra l j e a r i  bperation  o f  th e  f i e l d ,  i e  basis 
fo r .ie v ie w r n g  the lic e n s e d  ex tra o tlo u  would be a study o f  the e f f e c t s  o f

p o s s ib le  cM uoed r e c h a r g e  i n  th e in tak e areas fo llo w in g  development.

In  a  rep ort to the. Trust by th e tCruat's co n su lta n ts  (A.G.C., 137a) a  

K v is e d  e stim a te  o f  recharge a id  y ie ld ta m  made in  which i t  was su ggested  

^ t  b a s ih c o u ld ^ y ie ld  25 0 0 0 *  y e a r - ’ fo llc w in g  development ra th er  
han th e p r e s e n t ly  e s t i y t e d  8000 Itt year" ’ . On the b a s is  o f  t h i s  h igher  

estim a te  I t  was recommended by th e co n su lta n t th a t a  fu r th er  f i v e  bores

00 d be d r i l l e d  ( in  addition to the existing O il and (M2) and th a t
each production tare could be pumped at 110 1 sec'’ (9 .5 Ml day'’) for
a total annual yield of 23 000 .H. It was also r e c o -e n d e d  by the
co n su lta n t th a t th e f i e l d  cou ld  be; developed in  two s ta g e s , the f i r s t

s ta g e  to  comprise a t o t a l  o f  fou r, bores and th e second s ta g e  a  t o t a l  o f  
seven b ores.



Drawdown C alc ia la tio n a

On th e  h a a is  o f  th e  o o n s n lta n ts  le o o m o n a a tlo n s  th e  I t n s t  h a s  re o u o s ta d  

th e  D opartm snt o f  M in e ra ls  and a . , r g y  to  make f u r th e r  drawdo™  c a lo u la t io n s

on a  w e l l f i e ld  c o m p r i s l ^  e i th e r  f o u r ,  s i x  o r  seven b o re s  a l l  p .n ,„ ln g  a t  

(9 -5  Ml day ) .  The e x a c t c o n d it io n s  to  be m odelled  a re  
co n ta in e d  In  a  l e t t e r  from  th e  T ru s t - to  th e  B ire o to r  o f  th e  G eo lo g lo a l 
S nrvcy  rep ro d u ced  h e re  i n  Appendix 1 . The o o n d itio n s  c « ,  bo
as fo llo w s ( f o r  b o re  lo c a t io n s  r e f e r  F ig  l ) .

i )

i i )

i i i )

iv )

O p e ra tin g ^ b o res  OV2, CT/5, GW5,-GN8 and^GWII a t  
110 1 sec  f o r  a )  one y e a r  and b ) two y e a r s .

As f o r  i )  b u t w ith  GW3 o m itte d .

O p e ra tin g  b o re s  OT1, 0 2̂ , G¥4 and GW5 a t  110 1 s e c " ■■ f o r  
a )  one y e a r  and b ) two y e a rs .

The c a p a c i ty  from  th e  b o re s  l i s t e d  i n  i i i )  b u t w ith  drawdo'^ais 
in c re a s e d  to  be  w ith in  th e  v a lu e s  o b ta in e d  f o r  i i ) .

WM re q u e s te d  t h a t  re o h a re e  be ta k e n  in to  aooount b u t th e  amount o f  
re o h a re e  to  be assumed was : n o t a p e o lf le d .  B ecause th e  dra»low n f o r  

each  b o re  i n  th e  w e l l f i e ld  i s  d e p .n a e n t on th e  r a t ,  o f  re c h a rg e  i n  th e
^ t a i c e  a r e a ,  a  re c h a rg e  r a t e  had to  be assum ed f o r  each  ca se  m odelled .
Two c o n d itio n s  were assumed;

i ) R ate o f  t o t a l  re c h a rg e  (n a b u ra l and in d u ced ) eq u a l to  t l i  

t o t a l  e x t r a c t io n  r a t e  from th e  f i e l d  (up to  a  t o t a l  o f

i i )

24 280 m  y e a r ~ ‘) .

R ate o f  t o t a l  re c h a rg e  eq u a l to  o n ly  th e  p r e s e n t ly  e s tim a te d  
n a tu r a l  f l o w - th r o u ^  th e  b a s in  ( i . e .  8000 Ml y e a r " ^ ) .

4; 1 /
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Computer P rosram  f o r  W e llf ie ld  D esign /.

The w e l l f i e ld  c a lc u la t io n s  were c a r r ie d ' o u t on a  desk  to p  com puter 

^ i n g  a  program  w r i t t e n  s p e c i f ic a l ly :  f o r : t h e  Barwon Do-,ms p r o je c t
(B lak e , I 978) . 1  d e s c r ip t io n  o f  th e  program  i s  in c lu d e d  h e re  i n

Appendix 2.  An im p o rtan t f e a tu r e  o f  t h e ;program  i s  t h a t  b o th  

re c h a rg e  ^ d  d ls 'c h ^ g e  l^oundaries can be a llo w ed  f o r  by image: w e ll 
th e o ty .  The same h y d ro g e o lo g ic a l c o n d it io n s  as; assumed in  th e  - 

1978 r e p o r t  were m odelled  ^ (i,.e . ' th e  Bambra F a u l t  d is c h a rg e  boundary 

and th e  B arongarook I n t ^ e  - ^ e a  re c h a rg e  boundary) . ;  ' Ih e  r a t e  o f  

re c h a rg e  a llo w ed  f o r  can  be v a r ie d  s im p ly  by chan g in g  th e  re c h a rg e  
r a t e  o f  in d iv id u a l  re c h a rg e  w e lls  on th e  re c h a rg e  boundary . The 

basxc in p u t  and r e q u ir e d  p a ram e te rs  f o r  each  o f  th e  w e l l f i e ld  ru n s
"tlie -OIIOWXTI^

i )  T ra n s m is s iv ity ,  T = 510: day'- i
a n d ,

S to rag e  C o e f f ic ie n t ,  S = 5  x  10~^

i i )  R adius o f  pung iing ,bo res, R = O .i m ( a t  t h e ; s c r e e n s )

i i i )

W ell lo s s  c o e f f i c i e n t ,  C n= 3.21 x  1 o f t  day^

C o o rd in a tes  ( in  m e tre s )  o f  a l l  b o r e s : ( in c lu d in g  re c h a rg e  
usage w e lls  a n d ■ d isc h a rg e  ifa g e  w e l l s ) .  These -were

o b t ^ e d  by  s c a l in g  from  p la n  No. 23023 and a re  c o r r e c t  
to  -  50 m.

f tlf

W ell Loss

The program  c a lc u la te s  w e ll lo s s  from  th e  fu n c tio n  CQ  ̂ where 

C = W ell lo s s  c o e f f i c i e n t  i n  ra'"^ day^ 

and q  = D isch a rg e  i n  day"^

The r e s u l t ,  o f  th e  w s U f is ld  o a lc u la t lo n a  a re  ta lm ls te d  ee t o t a l  draw
down i s  eaoh  p u n p in g  b o re  I n  . e t r e s  and th e  r e s p i t e  in c lu d e  a  v a lu e  f o r  
w e ll l o s s ,  • : .
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To c a lc u la te  th e  draw dom  in  each  b o re  due to  o n ly  th e  a q u if e r  and

to ^ in te r fe re n c e  from o th e r  w e lls  s u b t r a c t  th e  w e ll lo s s  fu n c tio n
. CQ f t 'f t '

The vaxue-of.,^the yrell .lo  c o e f f i c ie n t  in p u t  to  each w e ll f i e l d  ru n  

was the, v a lu e , e s tim a te d  by th e  T r u s t ’ s, c o n s u lta n t  on th e  b a s i s  o f  a  

l a r g e r  d iam e te r t r a n ^ s s i o n  c a s in g  b e in g  u sed  f o r  th e  new p ro d u c tio n  
co rea . In  o rd e r  to  c o r r e c t  th e  t o t a l  drawdowns in  OT1 and GW2 f o r  

th e  a c tu a l  w e ll l o s s  c o e f f i c i e n t s  r a t h e r  th an  th e  e s tim a te d  v a lu e  
th e  fo llo iv in g  w e ll, l o s s  c o e f f i c i e n t s  a re  a p p l ic a b le .

, GW1 : - .  C = 1 .54 X 10“ '̂  -~ 5  . , 2m /  day

. . /  GW2 c y  5 .0  X 10“ '^ > “ 5 ggy2

For example: th e  fo llo w in g  c a lc u la t io n  c o r r e c ts  th e  drawdown i n  ,GW2 
in  T ab le .3  a f t e r  piinqjing f o r  o n e 'y e a r  to  a llo w  f o r . th e  o b serv ed  w e ll 

lo s s  c o e f f i c i e n t  r a th e r  :than th e  assumed w e ll  lo s s  c o e f f i c i e n t .

I h : a ; ^ ^  = 102.6 _ . ( 3 . 2 i x i o - f t r  9504^) 4- (5 X lO-"^ x  9504^)

; 1-3.8 m

I t  should^be n o ted  t h a t  th e  u n i t s  f o r  pumping r a t e  Q, a re  i n  day""' 
n o t 1 s e c "  ,

R e su lts

•Tables 1 to  7 p re s e n t  th e  r e s u l t s  o f  th e  dravAiown c a lc u la t io n s  ta b u la te d  

a s  t o t a l  drawdown i n  m etres f o r  each  bore , f o r  each o f  th e  c o n d itio n s  i )  

to  iv )  re q u e s te d . T ab les 1, 2 , 3 and 6 p re s e n t  th e  r e s u l t s  w ith  th e  

assum ption  th a t  t o t a l  re c h a rg e  ( i . e .  n a tu r a l  and induced) i s  eq u a l to  

tl^e e x t r a c t io n  r a t e .  T ab les 4 , 5 and 7 sunmiarise th e  r e s u l t s  f o r
c o n d itio n s  i ) ,  i i i )  and iv )  w ith  th e  assum ption  th a t  t o t a l  re ch a rg e
i s  eq u a l to  8000 HL year'
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T ab le  1 Seven pumping b o re s  a t  110 1 se c  p e r  bo re  vd th  re ch a rg e  

assumed eq u a l to  th e  e x t r a c t io n  r a t e  ( i . e .  24 280 M /y e a r )

Y ears GW1 W2 G¥3 GW4 . GW5 ■ a m GWII
-'■y'- 138.9; 134.8 128.7 123.5 136.5 137. 8 : 124.1

2 , ’ ', 146.3 142.1 . 135.9 135.5 1 43 .5 144.9 131.3
■ 5' - , . 150.6 146.3 : 140.2 139. 7 . 147.7 149.1 135.5 .

T able 2. -1S ix  pumping b o re s , a t  .110 1 sec  ' p e r  b o re  w ith  re ch a rg e  

assumed eq u a l to  t h e ’e x t r a c t io n  r a t e  ( i . e .  20 8 I4 M l/y ear)

Y ears GW1 ©■/2 SiT4 GW5 . GW8 Gvni
' 1 . 129.4  .; '124. 3 . 118.0 124.8 . 127; 2 114. 1;

-'2 .'..-'., 135. 8 , 130.6 124.2 131.4 • 113 3 .5  . 120. 3 ,
, 3 , 139.5 

-— - — 1
.154 .2  ;, 127. 8 '.; 1 3 4 .7 137. 1 ; 123.9

Table 3. Pour pum ping 'bores; a t  110 1 sec  p e r  b o re  w ith  re c h a rg e  

assumed eq u a l to  th e  eh!:j:raction r a t e  ( i . e .  I 3 876 M l/y ear)

Y ears GW1 GW2' ,CŜ 4 ffi'/5.
1 107. 4 ;' 102.6; 9 9 .0 . "101.0
2 111.6 .106.7 103.2 105.1
3 1 1 4 .9 109.2 105.6 107.6f

T able 4 . Seven pumping b o re s  a t  110 1 sec   ̂ p e r  bore b u t w ith  
re c h a rg e  assumed eq u a l to  8000 M l/y ear

Y ears G¥1 GW2 GW3 ! W i GW5 GW3 GW11
1 155.4 155.2 150.4 149.5 156.4 157.1 145.3
2 167.4 167.1 162.2 161.4 168.3 169.0 157.1
3 174.4 174.0 169.1 168.3 175.3 175.9 i6 4 .0
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T able 5 . Ib u r  pumping b o re s  a t  .110 1 sec  p e r  b o re  b u t w ith  

t o t a l  re c h a rg e  assumed, eq u a l to  8000 M l/y ear

Y e a r s , GW1 .GW2 GN4 . aif5
1 113 .2  ; 109 .7 10 6. 4 - 108.1
2 119.1 115.5. 112 .3 114.0
3 1 22 ,5 11 8. 9 115.7 117.4

, 5 ■ ; 126 . 9 123.3 12 0 .0 1 2 1 .7

Table 6 . Pour pumping b o re s  pumping a t  d i f f e r e n t  r a t e s  f o r  one y e a r  

w ith  re c h a rg e  assumed eq u a l to  th e . e x t r a c t io n  r a t e  i n  each

T -11 sec GW1;. Gift- / :GN4 „ .a i5  , . Annual Recharge (ICL)

1,20 120,0 .,.114. 8 ; 110.-9 i .■,1:1.3.0;. '15'137-- /. -Vft' -';
125 126.5..; . 121.1 I I 7 .0 ■119.2 V  ■ i.5;.768;'. f t . ; .
130 133.1 127'. 5: ;-123.2 125.6 . ...ft 16'399..- ■ ft. -
140 . 148.7 : 140 .’6, 136. 1 : 138.6 . ,17 .,660 ;  ft

T able 7 . Ib 'u r pum ping 'bo res ;puiig)ing a t  d i f f e r e n t  r a t e s  f o r  one year.

b u t w ith  t o t a l  r e c h a r g e ■assumed eq u a l to  8000 M l/y ea r in  
- ' each  case"

“ 11 se c GliTI GV2 W 4 GW5

110 113.2 109.7 1 0 6 .4  . 108.1
120 127 .3 123.7 120 .3  " 121.9
130 141.7 138. 0 . 13 4 . 3 136.8
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Each conditioE , m odelled  was ru n  f o r  th re e , y e a rs  r a th e r  th an  th e  

two y e a rs  re q u e s te d  to  d em o n stra te  th e  ' f a c t  t h a t  e q u il ih r itu n  w i l l  
n o t be achieT-ed even at: th e  h i ^ e r  r a t e s  o f  assumed re c h a rg e .

The e f f e c t s  o f  re d u c in g  th e  assumed re c h a rg e  can  be seen  by com paring 

T able 1 and T a b le ,4 , Bie r e s u l t s  show f o r  exam ple, t h a t  dra;-«iowns 

a re  an  av e rag e  o f  20 m g r e a t e r  iia each  pungiing b o re  f o r  reduced  

re c h a rg e  a f t e r  one y e a rs  p u m p in g .fo r a  w e l l f i e ld  co m p ris in g  seven 

p ro d u c tio n  b o re s .  S im ila r ly ,  coniparing T ab le s  3 and 5 th e  drawdowns 

a re -o n  av erag e  7 m g r e a t e r  i n  each  pumping b o re  w ith  red u ced  re c h a rg e  

i n  a  w e l l f i e ld  o f  fo u r  p ro d u c tio n  b o re s  a f t e r  one y e a rs  pumping.

Table 6 p r e s e n ts  th e  r e s u l t s  o f  s e v e ra l  w e l l f i e ld  ru n s  to  t e s t  f o r  
th e  e f f e c t  o f  v a ry in g  c a p a c i t i e s  f o r  c o n d i t io n  i v f t  Tlie r e s u l t s  

i n d ic a te  t h a t  th e  in d iv id x ia l pun^iing r a t e s  co u ld  be in c re a s e d  to  

ap p ro x im a te ly  125 1 sec“  ̂ f o r  th e  b o ra s  l i s t e d  i n  c o n d i t io n  i i i )  

to  ac h ie v e  th e  elrawdowns w ith in  th e , yalu .es o b ta in e d  f o r  c o n d it io n

i i ) .  E xam ination  o l T able 7 on th e  o th e r  hand su g g e s ts  r a t e s  co u ld
o n ly  be in c re a s e d  to  120 1 sec  ' to  ach ieve; th e  same r e s u l t  i f  th e  
low er re c h a rg e  r a t e  i s  assum ed.

F in a l ly  i n  o rd e r  to  ca lcu la te s  th e  a c tu a l  drawdown below  ground l e v e l  

i n  each  b o re  an  av e rag e  v a lu e  o f  + 160 m A.H.D. f o r  th e  red u ced  l e v e l  

o f  th e  p o te n t io m e tr ic  s u r fa b e  o v e r th e  a r e a  o f  th e  w e l l f i e ld  can  be 
assumed,

C onclusion

The u l t im a te  developm ent p o t e n t i a l  o f  th e  Barwon Botos S u b -b asin  i s  

dependen t upon th e  amount o f  n a tu r a l  re c h a rg e  and th e  amount o f  re ch a rg e  
Tdiich can  be induced  fo l lo w in g  developm ent o f  th e  b a s in .  I n i t i a l l y  

th e r e  w i l l  a ls o  be an  a d d i t io n a l  c o n t r ib u t io n  from  s to ra g e  u n t i l  th e  

b a s in  a c h ie v e s  a  new e q u il ib r iu m . . The c o n s u l ta n t  to  th e  T ru s t  su g g e s ts  

t h a t  up to  15 000 ra. p e r  y e a r  o f  re c h a rg e  can. be in d u ced  by  developm ent 

o f  th e  Gerangam ete w e l l f i e ld .  .Some c a u tio n  i s  r e q u ir e d  however in  

s u g g e s tin g  such la rg e  amounts o f  induced  re c h a rg e  b ecau se  ex p e rien ce  

i n  s im i la r  b a s in s  e lsew h ere  i n .V ic to r i a  s u g g e s ts  much low er r a t e s  o f
induced  re c h a rg e  a re  p o s s ib le ;  ,

1

Pllfer
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The V e s te rn p o r t  B anin to  th e  e a s t  o f  M elbourne i s  s i m i l a r  i n  s iz e  

and a r e a  to  th e  Barwon Downs S u b -b asin  and s im i l a r ly  f a u l t  bounded.

The d ep th  to  th e  a q u if e r  i s  l e a s  b u t  th e  th ic k n e s s  o f  t o t a l  a q u i f e r  

i s  s im i l a r .  Average y e a r ly  e x t r a c t io n  from  th e  V e s te m p o r t  B asin  

i s  11 000 ML from ap p ro x im a te ly  260 i r r i g a t i o n  b o re s  and 1260 s to c k  

and dom estic , b o rq s . T his r e l a t i v e l y  sm a ll amount o f  e x t r a c t io n  

induced  s a l in e  w a te r in to  th e  a q u i f e r  b o th  from  se a w a te r  in t r u s io n  

and onshor® so u rc e s  by a  p ro c e s s  o f  g ra d ie n t  r e v e r s a l s  and a s i t u a t io n  

o f  overdevelopm ent i s  c o n s id e red  to  e x i s t  (L akey, 1980). A s im i la r  

s i t u a t i o n  o f  overdevelopm ent e x i s t s  i n  th e  L a tro b e  V a lle y  S u b -b as in . 

Tae m ajo r so u rc e  o f  g roundw ater e x t r a c t io n  is "  d e w a te r in g  o f  th e  h 
M orwell open c u t m ine. I b t a l  e x t r a c t io n  i s  c u r r e n t ly  30 000 Ml 

p e r  y e a r  and a  s i t u a t io n  o f  overdevelopm ent i s  o c c u rr in g . Tlie cone 
o f  d e p re s s io n  ex ten d s  to  a t  l e a s t  56 km to  th e  e a s t  w here w a te r  

l e v e l s  a r e  c u r r e n t ly  d ropp ing , a t  a  r a t e  o f  1,1 m p e r  y e a r .  At 
T ra ra lg o n  15 km to  th e  e a s t  w a te r l e v e l s  a r e  d ro p p in g  a t  a  r a t e  
o f  2 .9  m p e r  y e a r  (R eid , p e r s .  comm.) .  iT hese r a p id  f a l l s  i n  w a te r  

l e v e l  a re  o c c u r r in g  i n s p i t e  o f ' | i  d em o n strab le  re c h a rg e  e f f e c t  from  
th e  Baragw anath A n tic l in e ;  to  th e  so u th  o f  R osedale  and S a le  -vdiich 

i s  a  m ajo r in ta k e  a r e a ,  • A l th o u ^  n o t als v /e ll docum ented even when 

e x t r a c t io n  r a t e s  were h a l f  those, o f  th e  p r e s e n t  r a t e s  te n  y e a rs  ago, 

i t  was c o n s id e re d , t h a t  e x t r a c t io n  was ex c eed in g  r e c h a r g e  and th a t  

much o f  th e  w a te r was .b e in g  produced  from  s to ra g e .  The L a tro b e  V a lle y  

S u b -b as in  i s  l a r g e r  in  s iz e  b u t  s i m i l a r ' i n  s t r u c t u r a l  developm ent ( i . e .  

f a u l t  bounded) to  th e  Barwon Downs S u b -b as in . ;

The f i n a l  s a f e  y ie ld ,  from th e , Ban-zon Downs S u b -b as in  sh o u ld  be d e term in ed  

from  a  s tu d y  o f  in ta k e  i n  th e  B arongarook a r e a .  . A lth o u ^ i e q u il ib r iu m  

n o t be achieved , f o r  . some tim e i n  th e  d ee p e r p a r t s  o f  th e  b a s in  a  

new e q u il ib r iu m  sh o u ld  be e s ta b l i s h e d  i n  th e  in ta k e  a r e a  r e l a t i v e l y  

q u ic k ly  and sh o u ld  b e  obsem red i n  m o n ito r in g  b o r e s .r e c e n t ly  e s ta b l i s h e d  

i n  th e  a r e a .  A s tu d y  o f  b ase flo w s fro m ’s trea m s  vdiich d r a in  th e  in ta k e  

a r e a ,  p a r t i c u l a r l y  th e  Boundary Greek, sh o u ld  a ls o  h e lp  to  q u a n t i fy  th e  

amount o f  p o s s ib le  induced  re c h a rg e  w hich can  be  d iv e r te d  from  p re s e n t  

s u r f a c e  ru n o f f  to  g roundw ater. T ie o r i g i n a l  w e l l f i e ld  d e s ig n  o f  fo u r
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to  f i v e  b o re s  a l l  pumping a t  8 .0  Ml day“  ̂ i s  c ap ab le  o f  p ro d u c in g  

11 680 m  p e r  y e a r  from  fo u r  b o re s  o r  14 600 Ml p e r  y e a r  fz?om f iv e  

b o re s .  I f  in d iv id u a l  pumping r a t e s  a re  in c re a s e d  to  9 .5  ML day~^ 
th e  y i e ld  from  fo u r  b o re s  i s  I 3 370 ML p e r  y e a r  and from  f i v e  b o re s  

i s  17 338 MI p e r  y e a r .  A lth o x i^  a s  y e t  t h e r e  i s  no d a ta  upon idxich 

to  p r e c i s e ly  e s t im a te  th e  amount o f  in d u ced  r e c h a r ^  i t  i s  u n l ik e ly  

t h a t  th e  y i e l d  from th e  b a s in  w i l l  in c re a s e  3OO p e rc e n t  (from  8000 

to  25 000 m  p e r  y e a r ) .  A more p ro b a b le  f ig u r e  m i ^ t  be i n  th e  ran g e  

p 0~100 p e r  c e n t .  The o r ig in a l  w e l l f i e ld  d e s ig n  sh o u ld  th e r e f o r e  be 

ca p ab le  o f  p ro d u c in g  a llv id ie  a y a iia b le .  w a te r  from  th e  Barwof ;Doiras
S u b -b as in  u n le s s  o th e r ,  a t  p r e s e n t  T in id e n tif ie d , so u rc e s  o f  re c h a rg e

■ ■ e x is t .- ' .'.■■' •'■■"  ̂ 7 ■;■■:•.'■
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Appendix 1.

R equest f o r  f u r th e r  m o d e llin g .



Geelong We.erworke & SeworageTnm• 61;67 Ryrie S.reo,. Geelong. P.O. Box 659. Geeloni. Vic. 3220 .Telephone 26 2500

.,jRj/AK . ■""■■ V - " ■ ^

O ctober 21, 1980

The p i r e c t o r  o f  G eo lo g ica l; S u r v e y , '  -  . .
D epartm ent, o £ M n e r a l s  and E n e r g y ;  ■
107 R u sse ll  S t r e e t ,  ■ ■.i.'",:-/:: ■
NELBOURhE.3 ■ \ia C ^ ;;,:3 0 0 0 * ,J^ i. ^

A t te n t io n  R. B lak e : ; ‘;

,'Iteai; S i r > ; . / : ; / . / A  ' . f ' ’?'-',; V ' - . . '■

^ t a i l s  o f  ;tH e ;T ru s t ?;s ^ s o l u t i o n  t o  c c i^  1 o f  the ; Barwon
8 t o  th e  D epartm ent .on ,O ctober

The_ e x i s t in g  b o re s  Q fl and: p roposed  b o re s  QV4 and av.S, fo g e th e f
'^ ^ ^ ,  P ^ P ? l^ ^  fJ^'i tre a tn re n t: p l a n t  prbpios a re  shown on p la n  23028 

/ 'w h ic h 'is /e n c lo s e d .  f . i : - f, •

^ p e n d ^ g  on .a p re v is e d ;assessm ent^ y i e ld ;  a f t e r  o p e ra t in g
t  t o i  a ptimbef .o f  y e a r s , ' i f  i'/pu ld : b e . d e s i r a b le  to  i n s t a l l  a 

V P^'^*^^^^tori b o re s /in ;a c c 6 rd a n c e  iy ith  th e  recom m endations
by A u s tra lI jin  Ground-water C o n su lta n ts  F t) '.  L td . (Deconiber 1978). In  
a c c o r d ^ c e  w ith  d iscu ss io n s;b e fa tfe eh ;jb r,iJa ck so ri ' o f  th e  T ru s t  and' M rt 

20, 1980, th e  d ep th  o f  p iin p ,w e ll and s p e c i f ic a t io n s  
f o r  subm ersiD le, piinps , tb a s e d  : on c u r r e n t a n d  , 
recharge, b eh a v io u r , inust a llo w  f o r .  th e  drawdoivil e f f e c t s  from o p e ra t io n  
o f  up; t o ; 5 e v e n ; b o r e s i - - ' : ' . i ' , ' i \ , - - v v " ' f  " ■; ^

I t  would th e r e f o r e  be a p p r e c i a t e d / i f  drawdom ; com pu tations f o r  th e  
p ro p o sed  b o re  la y o u t co u ld  b e / c a r r i e d  b u t  by y our;D epartm en t f o r  t h e  ' 

•.fblloisring. c o n d i t i o n s i ' P - •

1 .

2 .'

3,

4.

O p e ra tin g  b o re s  a a , ;  Gî 2;, GIV3, GIV4, QVS, GV8 and Q a i  a t  110 L /sec  
f o r  (a) 1 y e a r  and (b) 2 y e a r s ;

As f o r  (1) b u t w ith  0V3 o :n itte d ; ' V / -

O p e ra tin g  b o re s  G \a , aV2 , aV4. a n d :®  110 L /se c  f o r  fa ) 1 y e a r  
■and (b); 2 y e a r s .- , ; : / ;y / '

Tlie c a p a c ity  fro m , th e  b o re s  l i s t e d  i n  (3) b u t  w ith  drawdovms
in c re a s e d  to  be w ith in  th e  v a lu e s  o b ta in e d  f o r  ( 2) .  '

The assigned s t a t i c  w a fe r l e v e l  a t  each b o re  i s  a ls o  r e q u ir e d  in  o rd e r  
to  o b ta in  dep th s beioi^ ground l e v e l  a t  each  b o re .

Yours f a i t h f u l l y ,  - : . /

J . R .  Jack so n , 
S e n io r  E n g in ee r,
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Appendix 2. ',._ .

. Computer Program  f o r  w e ll  f i e l d  d e s ig n  :

p ro c ed u re  n o ra ia lly  Tised to  c a lc u la te  i n te r f e r e n c e  lietw een b o re s  

in v o lv e s  a. p r o h ib i t iv e  .amount o f  c a lc u la t io n  I f  a  number o f  v a r io u s  

i r e l l  f i e l d  d e s i ^ .  a r e  to  be compared and i f  c a ic u la t io n s  a r e  p erfo rm ed  

ro a so n  a  program  was deye loped  f o r  th e  HP 98I 5A 
D esktop com puter and p l o t t e r  wliich d u p l ic a te s  the. p ro c e d u re s  vdiich 
would n o rm ally  be done m anually . Iho  program  deve loped  i s  a s  fo l lo w s .

The d ra M o ra  a t  any; p o in  r  from  a  pumping w e ll i n  a  co n f in e d
: a<3Uifer i s / g i v e n  ,b y /ih u  T heis e q u a t i o n - *  ;/■■/ ' ' ■ ' - ' f  ' .

■'///; ’;/-v"//'’'’"'/'.:-'t V / " f .

1<;/ / ’/■/;.,, / .4 v T * :.^ ;p y ,- ; ,.:^  '

. / .* * ; / .  =;c**:/v/u://,..i./x:/'/ 
;-/.*'4ITT//: " V/

E ie i n t e g r a l  Wu,: o r  t h e  w e ll  fd h c tio n " ^  fo l lo w in g
i n f i n i t e  s e r i e s  ; /■■/, ; /  /•■•'■/’ //:/;.■"•

y ' :'"'--U . . VÛ ' "/' ■'• u^" '
■ ;/;T iA i;= /'0 .5772 l6 /-.;inn ;+ .u '- '-■ 2x2r/+ ;’-3x3> / - ' ' 4 x 4 1 . . . /',

v iiere  . u  = r  S
4 ; Tt ; /■“ ' •'■;//- ' ■

’ • ■ ‘ : -I .'/ ' ' i" / /  /  ■3.' V '.ii-l':
Q, =- Pumping r a t e  in 'm  day. S'

,s- Drawdown, in- m e tre s  ■

r  = D is tan ce  i n  m etres

t. = Time since .pum ping , s t a r t e d  i n  m inu tes 

P / =  C o e f f ic ie n t  o f  T ra n s m is s iv i ty  i n  m~ day~

te'

II.

S = C o e f f ic ie n t  o f  s to ra g e  -  d im en s io n le ss
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The drawdown i n  a  puaiping "bore in  a  w e ll  f i e l d  i s  th e  a r i th m e t ic

'sum o f  th e  drawdown due to  i t s e l f  pum ping i n  th e  a q u i f e r ,  s

P-V:® ' ^ ®  Sim o f  .the drawdowns due to  ev e ry  o th e r  b o re  i n  th e

w e ll  f i e l d ,  s^ .j_ , p lu s  th e  drawdown due to  t h e 'w e l l  lo s s  i n  th e
'b o r e / i t s e i f , '  s / ' I  „ " , s e l f

x . e s ; s _ ,n  = ;s . + s .  ;, + sTOT saq  i n t  s e l f

B r i e f l y ,  th e  p ro g ram .in v o lv es  e n te r in g  and s t o r i n g  th e  m e tr ic  , 

c o o r d in a te s 'a n d  i n d i v i d u a l / j u t t i n g  r a te /o f ;  each  b o re  i n  th e  TOll : 

f i e l d ,  lio g e th e r vd.th th e  T and S o f  th e  a q u i f e r ,  th e  r a d iu s  o f  

.the p u l i n g  b o re s  ^and th e  w e ll l o s s / c o e f f i c i e n t .  - The d is tan ce--- 
o f  each  pumping b o re  to  e v e ry  o th e r  p u ip in g  b o re  can th e n  be ,

c a lc u la te d  from  the; c o o rd in a te s  and th e  jdrawdown a t  t h i s  d is ta n c e  

c a lc u la te d  from  th e  T h e is /e x p re s s io n .I  . The in te r f e r e n c e ,  drawdovnis 
so c a lc u la te d  a re  : summed and  added to  t h e / s e l f  drawdown , '

and th e  .w e ll lo s s  f o r  .each bo re .; iThe/ totkL;'drawdow ns , a r e ' then , 

p r in te d /a n d  a ls o  p lo t t e d  on th e  p l o t t e r  a t  th e  c o r r e c t  lo c a t io n s  / I  

to  p ro v id e /a n  im m ediate ■visual , i n t e r p r e t a t i o n  ;pf th e  r e s u l t s  . / ,

Hhe drawdo.-rfn a t  a i^ /p o ih t /  i n v th e /a q u i f e r  ( e .g .  a h .o b s e rv a t io n  b o r e ) , / 

can  a ls o  be c ia lcu ia ted ' a im p ly  by e n te r in g  a  ze ro  pumping, ra te .;  to g e th e r  

w i th . ' th e ;c o p r d ih a te s / f o r 't h i s . 'p o in t . / / ; - ;./■'//.'. ■/''‘'/ : : / ; / ./ . l - / 'l / / , . . / / .  ' I  / ■.■ ■/ . •/■

B y d ro g eo lo g ica l; b o u n d a r ie3 /can  be a llo w ed  f o r /b y  image w e ll th e o ry  

. ( i . e .  b y ; in s e r t in g - .m o th e r ■ b o re  . in  th e  f i e l d / a t  .a ...d istance eq u a l to  , 

th e  d is ta n c e  o f  't h e  pum ping /bo re  to ; th e  boundary  b u t/o n  the: o th e r  

s id e  o f  th e  b o u n d ary ). IDa th e  case  o f  . re c h a rg e  b o u n d a r ie s . th e  draw

downs due .to re c h a rg e  image w e lls  m ust be s u b t r a c te d  r a th e r  th a n  

added to  th e  t o t a l  drawdown; and t h i s  w as-a llow ed  f o r  in  .the. program .

The tim e v h ich  i t  i s  r e q u ir e d  to  pump th e  w e ll > f i e l d  can  a ls o  be v a r ie d  

i . e .  th e  program  does n o t r e tu r n  tp  th e  s t a r t  when a  w e l l / f i e l d - c a l c u l a t i o n  

i s  c o n p le te d /b u t  in s te a d  a llo w s th e  hame .w ell f i e l d  c o n f ig u r a t io n  t o  be 

punped a t  th e  same., r a t e  b u t  ;fo r  a  d i f f e r e n t  t im e .

E



15

Tbe/m aih. advan tage o f  th e  program  o v er o th e r  n u m erica l m odels i s  

t h a t  i t  i s  v e r y  simple* and’ ra p id  to  u s e -a n d 'a l lo w s  la rg e ,  numhers • 

o f  v a r io u s  w e ll f i e l d  c o n f ig u ra t io n s  to  he t e s t e d .

: Kie . m ain d isad v an ta g e  id  f  ;the p ro ^ a m  i s  t h a t  ,T and S. o f  th e  . ̂ u i f e r , 

c an n o t be v a r ie d  thro'ugj'.out th e  a q u i f e r  and th e  model i s  th e r e fo r e  ;

;subQ ectv to  t h e 'h  p la c e d 'o n  i t  by  th e  T heis e q u a t io n .■


