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ABSTRACT 

At Wanbi in South A u s t r a l i a the l a t e r a l l y e x t e n s i v e 
l imestone a q u i f e r of the Murray Basin i s over two hundred 
f e e t t h i c k , and in t h i s l o c a l i t y c o n t a i n s non-pressure w a t e r . 
Pump t e s t s on a 16£ inch diameter o£en b o r e h o l e showed the 
s p e c i f i c y i e l d of the b o r e to be about 450 g a l l o n s per hour 
per f o o t of drawdown, and gave a va lue of 2 5 f e e t per day 
f o r ft the h y d r a u l i c c o n d u c t i v i t y . Individual b o r e s a r e 
capable of y i e l d i n g volumes of water in e x c e s s of 2 0 , 0 0 0 
g . p . h o u r , but because o f the g r e a t d i s t a n c e to t h e i n t a k e 
a r e a and the f l a t h y d r a u l i c g r a d i e n t , t h e r e appears to be 
i n s u f f i c i e n t water f o r e x t e n s i v e development of i r r i g a t i o n . 



LOCATION 

Wanbi Experimental S t a t i o n , administered by the South 

Austra l ian Department of A g r i c u l t u r e , l i e s in the Hd. Mindorie 

in the main p a r t of the Murray Basin a t a p o i n t about th ree miles 

southwest from l/anbi township. I t i s approximately 35 miles west 

of the V i c t o r i a n - South Aust ra l ian border , and k5 miles south of 

the Murray River a t Overland Corner, near the southeastern corner 

of County A l b e r t . The land s u r f a c e i s approximately 200 f e e t 

above sea l e v e l , and the s t a t i c l e v e l of the groundwater about 

50 f e e t above s e a l e v e l . 

A 
% • • : ' • • • ' • • 
nfttfcVIOUS HISTORY 

^ many y e a r s landholders have been d r i l l i n g bores 

f o r s t o c K ^ t o i j supply, water being r e a d i l y obtainable a t a depth 

varying with topography, but genera l ly about 200 f e e t or l e s s . 

Barnes ( 1 9 5 1 ) recorded a considerable number of ouch b o r e s , but 

a t t h a t time no i r r i g a t i o n from groundwater sources had been 

undertaken. As a r e s u l t of his .racomoe/idations two attempts were 

made to i n t e r e s t landholder0 in conducting some experimental 

i r r i g a t i o n using groundwater, and pumping equipment was supplied 

to one proper ty , but f o r various reasons the p r o j e c t s l a p s e d . 

During the l a s t three y e a r s or so , p o s s i b l y because more 

money vras a v a i l a b l e to them a f t e r several good seasons, some 

landholders in surrounding a r e a s d r i l l e d r a t h e r deeper bores 

express ly f o r the pt^rpose of obtaining i r r i g a t i o n water , and 

supplies of the order of 1 2 , 0 0 0 - 1 5 , 0 0 0 ga l lons per hour were 

r e p o r t e d . 

INTEREST IN INVESTIGATION OF RESERVES 

The obtaining of such supplies immediately emphasised 

the importance of f inding answers to several problems. Work 

was c u r r e n t l y in hand by Ludbrook ( i 9 6 0 ) who e s t a b l i s h e d the 

s t r a t i g r a p h i c succession in the Murray Basin, and 0 * D r i s c o l l 
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( i 9 6 0 ) who i n v e s t i g a t e d the hydrology of the a r e a . As a 

r e s u l t , i t was known t h a t two p o t e n t i a l a q u i f e r s e x i s t e d , t h e 

upper one a l imestone sequence (Murray Group & Glenelg Group) 

and t h e lower a sand (Knight Group). Both these "beds o r i g i n a l l y 

contained s a l i n e water which was g r a d u a l l y being r e p l a c e d by low 

s a l i n i t y water from a d i s t a n t southeas tern i n t a k e i n V i c t o r i a , 

the connate water being pushed northwestward t o o u t l e t s along 

the bed of the Murray R i v e r . The p r o c e s s of replacement was 

apparent ly v e r y slow, and O^Driscoll ( o p . b i t . ) had c a l c u l a t e d 

the r a t e of groundwater movement as being about one f o o t i n two 

hundred days under e x i s t i n g h y d r a u l i c c o n d i t i o n s . Replacement 

te connate water i s only p a r t i a l l y complete, but i r r i g a t i o n 

icr occurs beneath a s u b s t a n t i a l a r e a o f the Main B a s i n . 

[,fer being d r i l l e d , and the one to which 

be confined in the f o r e s e e a b l e f u t u r e , 

was t h e u p p t S ^ I ^ S ^ ^ ^ ^ H F o u p - Glenelg Group l imestone sequence. 

These beds , al thdtf§HJPTappearance a f a i r l y s o f t and g e n e r a l l y 

r a t h e r marly and sandy c o q u i n i t e , will;, s tand unsupported in an 

uncased, h o l e , and a r e capable of y i e l d i n g qui te l a r g e volumes 

of water without the i n s e r t i o n o f a s c r e e n . The deeper Knight 

Group sand a q u i f e r , on the o t h e r hand, i s l o o s e l y c o n s o l i d a t e d 

and can only be developed as a source o f water by the use of 

s c r e e n s in b o r e s . 

As r e g a r d s t h e main l imestone sequence, l i t t l e was 

known of the a q u i f e r ' s c a p a c i t y to provide l a r g e volumes over a 

long p e r i o d ; the c o n s i d e r a b l y s t a t i c l i f t meant high pumping 

c o s t s ; and the water q u a l i t y d e t e r i o r a t e d with d i s t a n c e from the 

i n t a k e . This l a s t c o n s i d e r a t i o n not only would a f f e c t l andholders 

l i v i n g i n the t r a n s i t i o n zone from known good water to poor 

q u a l i t y w a t e r , but a l s o involved the problem of what would happen 

i f prolonged and heavy pumping i n contiguous a r e a s caused a 

r e v e r s a l o f f low, and consequent encroachment of s a l i n e waters 

from the n o r t h . 

I f groundwater was t o b e deve loped f o r i r r i g a t i o n , i t 

appeared d e s i r a b l e t o i n v e s t i g a t e the p e r m e a b i l i t y and genera l 

h y d r a u l i c c h a r a c t e r i s t i c e of t h e upper l imestone a q u i f e r , determine 



the probable s p e c i f i c y i e l d o f f u t u r e bores and the h y d r o s t a t i c 

l i f t , and the general farm economics o f water use under the 

p r e v a i l i n g condit ions of s o i l , c l imate and p r o d u c t i v i t y . I t was 

doubted whether individual landholders would be in a p o s i t i o n to 

c a r r y out experimental i r r i g a t i o n work and keep a d e t a i l e d and 

s a t i s f a c t o r y , account of c o s t s involved as well as would the 

Department of A g r i c u l t u r e , which very f o r t u n a t e l y had an a l ready 

es tabl ished experimental c e n t r e in the Waribi d i s t r i c t . This 

c e n t r e had another a t t r a c t i o n , in t h a t i t . was near t h e edge of 

the zone of good q u a l i t y water , and experiments could be made 

uteing water of a r a t h e r l e s s favourable s a l i n i t y than would be 

a v a i l a b l e to,many o t h e r s . The Department of A g r i c u l t u r e was 

t h e r e f o r e reproached, and agreed t o f i e l d permeabil i ty experiments 

being conducted on it*s, proper ty , and subsequently to u t i l i s e the 

main bore f o r i t s own experimental i r r i g a t i o n work. 

Test ing of the upper or limestone aquifer only was 

planned, as i t v/as roasoned t h a t landholders were u n l i k e l y , in 

the f o r e s e e a b l e f u t u r e , to d r i l l through t h i s known 3oxirce of 

water i n t o the underlying Knight Group sands in which development 

was only p o s s i b l e a t considerable e x t r a expense. 

STRATIGRAPHIC SUCCESSIOH 

The s t r a t i g r a p h i c succession was known from severa l 

r a t h e r widely s c a t t e r e d deep bores from which logs and samples 

were a v a i l a b l e (Ludbrook - op. c i t , ) . , 

L o c a l l y the upper beds of Recent age v a r y . c o n s i d e r a b l y 

in c h a r a c t e r , and t h e i r thickness i s p a r t l y a r e f l e c t i o n of the 

topography. They comprise red to yellow and yellow g r e y sandy 

marls , sands and sandstones, which o v e r l i e the Loxton Sands, 

represented by white, cream, yellow and often s t r o n g l y i r o n s t a i n e d 

sands, sandstones and g r i t t y l imestones , usual ly micaceous find 

f requent ly f o s s i l i f e r o u s in the lower s e c t i o n . The t o t a l thickness 

of Recent beds and Loxton sands was.expected to be e ighty to one 



hundred f e a t , "below which a thin c l a y stratum, the Bookpurnong 

Beds, was known to occur in the adjoining Hd. Allan to the 

eastward, thinning out t o the west . D r i l l i n g subsequently proved 

t h i s s t ra tum-hot- to occur a t Wanbi, the d r i l l passing d i r e c t l y 

into the uppermost Murray Group, l imestone. 

The Murray Group, which includes the sequence l o c a l l y 

known aa " c l i f f rock" and the upper p a r t of the underlying 

Glenelg Group, a r e r a t h e r s imilar types of highly bryosoal 

l imestone, usual ly cream to white in c o l o r , which in the main 

p a r t of the Murray Basin grade downward into a greenish or grey 

g l a u c o n i t i c marl . This i s a gradual l i t h o l o g i c change, and i t 

was not poss ible to p r e d i c t the thickness of limestones which 

would be an e f f e c t i v e ' a q u i f e r , although from the evidence of 

d i s t a n t bores , and the known thinning of the sediments in a 

westerly d i r e c t i o n , a t o t a l thiokness of four to f i v e hundred 

f e e t was a n t i c i p a t e d . Below t h i s the d r i l l would enter 

f i r s t the greyblack carbonaceous s i l t y c l a y s of the upper 

Knight Group, ana then the waterbearing sands of the same 

Group, although i t was not intended to d r i l l in to these l a t t e r , 

CHOICE OF SITE 

Three considerations control led the choice of s i t e , 

one being proximity to ah area having a sxii t a b l e s o i l type f o r 

the conducting of i r r i g a t i o n experiments, as not a l l s o i l s on 

the Research Sta t ion would"lend themselves to t h i s purpose. 

Since a c c u r a t e observation of water l e v e l s during pumping was 

necessary , the bore bad to be outside the ant ic ipated radius of 

influence of any other bores in use nearby, and there bad to be 

an adjacent area where the volumes of water pumped during the 

experiments could be dischargedWithout danger e i t h e r of flooding 
tkq, pum^td wzhs' 

the borehead surround or ofAmaking i t s way quickly downwards 

into the aquifer and being r e - e i r d u l a t e d , The s i t e u l t imate ly 

chosen was on a gent le slope where runoff could spread over the 

f l o o r of a small adjjaccnt flatbottomed v a l l e y seme hundreds of 



yards away. S ince t h e r e was a t h i c k n e s s o f well over one 

hundred f e e t o f dry sandy marls and sandstones beneath t h e f l o o r 

of t h i s f l a t , and the a r e a of spread was q u i t e c o n s i d e r a b l e , the 

danger of r e - c i r c u l a t i o n was considered to be n e g l i g i b l e over 

t h e s h o r t p e r i o d of opera t ion of the t e s t s . 

DIAMETER OF BORE 

The b o r e had to be of s u f f i c i e n t diameter t o permit 

use o f a l a r g e t u r b i n e pump i f a high d i s c h a r g e was to be 

maintained. Furthermore , i t has in the p a s t been found unwise 

to pump water from s i m i l a r l imestones in such a manner as to 

induce a v e r y high v e l o c i t y of e n t r y , as e ros ion and c o l l a p s e 

of the b o r e w a l l s may occur when t h e drawdown i s c o n s i d e r a b l e , 

and t h e a r e a of e n t r y of the water i s r e s t r i c t e d . The m a t e r i a l 

i s r a r e l y homogeneous, and the water probably gains e n t r y t o the 

bore through r e s t r i c t e d channels of high p e r m e a b i l i t y . 

Another hazard was t h a t t h e lower s e c t i o n of t h e Loxton Sand, 

expected somewhere between the depths of 80 and 120 f e e t below 

n a t u r a l s u r f a c e in t h i s a r e a , had elsewhere contained i r r e g u l a r 

beds of a dense hard sandy l imestone, which o f t e n hindered or 

prevented the i n s e r t i o n of the f i r s t s t r i n g o f c a s i n g t o g r e a t e r 

depth. 

I t was t h e r e f o r e decided to commence d r i l l i n g f o r 21+ 

inch diameter c a s i n g , and to continue with t h i s to the waterbear ing 

bed i f p o s s i b l e . Two f u r t h e r s t r i n g s of 1 8 - i n c h and 1 6 - i n c h 

c a s i n g were a v a i l a b l e i n c a s e of t r o u b l e . During subsequent 

c o n s t r u c t i o n 2 4 - i n c h c a s i n g was s e a t e d on a c o a r s e sandstone a t 

7 0 1 6 " ; and the 1 8 - i n c h c a s i n g was i n s e r t e d t o 132 f e e t where i t 

was s e a t e d in a r a t h e r marly l i m e s t o n e , the h o l e below t h a t depth 

and a l l through the a q u i f e r being of approximately 16£ inches 

diameter , and uncased. 



DEPTH 

I t was proposed to continue d r i l l i n g r i g h t through the 

bryozoal l imestones of the Murray and Glenelg Croupn, and s i n c e 

these sometimes l*avo marly l e n s e s in them, to p e n e t r a t e some 

f i f t y f e e t or so i n t o t h e lower p a r t o f the Glenelg Group sequence, 

a grey or greenish grey marl , to ensure t h a t the whole o f t h a t 

p a r t of the sequence a c t i n g as an e f f e c t i v e a q u i f e r was a v a i l a b l e 

f o r pump t e s t i n g . The depth was expected to be 5 0 0 - 5 5 0 f e e t , and 

d r i l l i n g was i n f a c t d iscont inued a t 2+95 f e e t , 

HYDRAULIC SURFACE ' 1 . 

Current i n v e s t i g a t i o n s (O^Driscoll op, c i t , ) had 

e s t a b l i s h e d t h a t t h e h y d r a u l i c s u r f a c e shov/ed a gradual d e c l i n e 

in a w e s t e r l y and n o r t h w e s t e r l y d i r e c t i o n from the d i s t a n t V i c t o r -
m 

ian i n t a k e s , and a t Wanbi was a t . a , l e v e l o f about own Vmnflrnil 

f e e t above sea l e v e l . Although confined by t h e c l a y e y Bookpurnong 

Beds and under s l i g h t p r e s s u r e in the Hd. Al len not f a r eastward, 

the water o c c u r r e d f r e e in Hd. Mindarie, the uppermost few f e e t 

of t h e l imestone a q u i f e r being d r y , 

Whether the water l e v e l remained c o n s t a n t or was s u b j e c t 

t o f l u c t u a t i o n s , e i t h e r n a t u r a l or induced by pumping from 

d i s t a n t b o r e s , was not known; A l l l o c a l bores were in c o n t i n u a l 

u s e , and none could be used f o r . observing the behaviour of the 

water s u r f a c e , so i t was decided to use one of t h e o b s e r v a t i o n 

b o r e s t o b e d r i l l e d a s p a r t of the esqperiment. This was done, and 

r e c o r d s of the water s u r f a c e l e v e l in the bore taken over a p e r i o d 

of some s i x weeks p r i o r to commencement o f t h e pump t e s t s , using 

an E l e c t r o - f l o m e t e r * * . I n i t i a l l y a l i g h t nylon cord was used 

t o suspend the f l o a t .in the w a t o r , but proved u n s a t i s f a c t o r y 

because o f s t r e t c h , and i t was r e p l a c e d by a s t a i n l e s s s t e e l w i r e . 

R e s u l t s were not a l t o g e t h e r s a t i s f a c t o r y because of t h e tendency 

of the f l o a t to s t i c k a g a i n s t the w a l l s of the h o l e , and the l a r g e 

s c a l e of t h e graph obtained, although i t v/as apparent t h a t only 

v e r y small s h o r t - t e r m f l u c t u a t i o n s o c c u r r e d . Subsequent t o t h e 

* * Manufactured by the E,M. Co, L t d , London, and having a 9£ inch 
d i a , r o t a t i n g f a c e , e ight day c l o c k mechanism, and a 10 f t , 
r a n g e . 



7 -

^ completion of tiie pump t e s t s , observat ions were continued over 

a five-month p e r i o d using a water s t a g e r e c o r d e r * . Some t r o u b l e 

was experienced with t h i s instrument a l s o , as i t was found 

d i f f i c u l t to prevent c logging of the mechanism with f i n e dust 

.which caused s t i c k i n g and o c c a s i o n a l sudden d i s l o c a t i o n s of the 

r e c o r d i n g t r a c k , but t h e general p a t t e r n was c l e a r enough. 

Two s e p a r a t e movements of the groundwater s u r f a c e 

were observed, one a long- te rm, presumably seasonal f l u c t u a t i o n , 

and the other. .with a s h o r t e r p e r i o d of e i $ i t to ten days . This 

l a t t e r e f f e c t i s considered to be c l o s e l y a s s o c i a t e d with pumping 

i n the same a r e a , some d i s t a n c e aiiay, n o t a b l y from a bore on 

S e c . 3 7 , Hd. Uindarie which was a t the time being developed, 

: pump t e s t e d , and p e r i o d i c a l l y pumped f o r a fow hours a t a time a t 

s e v e r a l thousand g a l l o n s p e r h o u r . The drawdown and subsequent 

r e c o v e r y caused by t h i s pumping i s considered to havo caused 

r i s o B and f a l l s i n the groundwater s u r f a c e r a t h e r in cxcoos of 

t h a t which would normally be a n t i c i p a t e d . 

• As the t h r e e b o r e s used i n t h e s e t e s t s were only each 

. some 50 f e e t a p a r t , and the e x t e r n a l pumping took p l a c e some 2 

mi les from them, i t may reasonably be assumed t h a t t h e groundwater 

s u r f a c e in a l l bores would be e q u a l l y a f f e c t e d . S ince the 

c a l c u l a t i o n s depend p r i m a r i l y on d i f f e r e n c e s in drawdown between 

each of the bores a t s p e c i f i c t imes , the e r r o r s induced in the 

f i n a l r e s u l t s by any such f l u c t u a t i o n would be of t h e order o f f 

a t most O.^S ; even i f pumping were commenced on S e c . 37 a t a 

c r u c i a l s t a g e in the t e s t s . -

DRILLING 

Observation Bores 

D r i l l i n g commenced on 1 7 / 1 1 / 5 8 and a f t e r some i n t e r r u p t i o n s 

f i n i s h e d on 6 / 5 / 5 9 . Three bores were d r i l l e d in a s t r a i g h t l i n e 

' A s a t f i f t y f e e t c e n t r e s , t h e two o b s e r v a t i o n b o r e s being l o c a t e d In 

; - a d i r e c t i o n southeastward of the main b o r e , or up s lope h y d r a u l i c -

a l l y . These were cased with s i x - i n c h c a s i n g and continued 

* Type C . Water s t a g e Recorder , marketed by E . i r a i r r ^ I s T O r ; 
and having 

an eight—day clockwork mechanism and a Pit T»ov><TO 



t o a depth of 220 f e e t , well i n t o but not through the a q u i f e r . 

Casing was suspended in one ko a depth of 1 5 7 i f e e t , and the 

other to I 6 3 i f e e t . 

Test Bore 

As a n t i c i p a t e d , some d i f f i c u l t y was experienced in 

d r i l l i n g through some of the dense and hard ca lcareous sandstone 

b a r s , and f u r t h e r t rouble was occasioned by the welded tubing 

used as c a s i n g , which was found to be not p e r f e c t l y round. 

D e t a i l s of the bore a r e s e t out hereunder. 

Hundreds Mindarie S e c t i o n ; 32 

£ < ^ t h _ i n j e e j . S t r a t a Descr ipt ion 
below .surface — •— * 

0 to 3 Brown sand 

3 - 5 l i g h t brown sandy marl 

5 30 lig^it creamy buff very marly sand 

30 - 60 l i g h t yelioT/ brown very sandy marl 

60 - 68 l i g h t greenish "brown d i r t y r a t h e r g r i t t y 

marl 

68 - 70 l i g h t grey buff hard c a l c a r e o u s sandstone 

70 - 79 l i g h t greenish brown marly c o a r s e sandstone 

79 - &k l i g h t greenish brown marly ooarse sandstone 

and g r i t 

81+ - 90 yellow buff marly sandstone and g r i t . 

90 95 yellow b u f f marly hard sandstone and g r i t 

95 - 103 y e l l o v / b u f f hard ca lcareous sandstone, some 

g r i t g r a i n s , 

103 - 113 l i g h t greyish cream, f o s s i l i f e r o u s limestone 

113 - 120 creamy white s l i g h t l y sandy limestone 

120 . 1 U 5 off -white r a t h e r marly l imestone 

1U5 160 white bryozoal l imestone 

160 - 165 white s l i g h t l y marly limestone 
I 6 5 — 180 white s l i g h t l y marly limestone with occasion-

a l g r i t g r a i n s . 

180 - 185 creamy white bryozoal limestone 

185 - 190 cream bryozoal l imestone 

190 - 195 very p a l e b r o m bryozoal l imestone 
195 205 very l i g h t grey bryozoal l imestone 
205 - 210 o f f - w h i t e bryozoal l imestone, with a hard 

sandy band. 
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£ejDth i n _ f e e t s t r a t a D e s c r i p t i o n 
below jsurface — * 

210 to 225 o f f - w h i t e s l i g h t l y bryozoal l imestone 

o f f - w h i t e bryozoal l imestone 

creamy white bryozoal l imestone 

cream bryozoal l i m e s t o n e , a hard b a r between 
295 ' and 300 1 

p a l e creamy grey bryozoal l i m e s t o n e . 

p a l e grey bryozoal l i m e s t o n e , a hard b a r 
between 320* and 3 ? 5 ' 

gn^ S</'<$AWy <*txrfy h'rrttsihniu 

l i g h t grey marly l imestone 

' l i g h t g r e y v e r y marly l i m e s t o n e 

l i g h t grey marly l imestone 
l i g h t grey very marly g l a u c o n i t i c l i m e s t o n e , 

probably f a i r l y impermeable 

l i g h t grey very marly bryozoal g l a u c o n i t i c 
l imestone 

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

l i g h t grey g l a u c o n i t i c v e r y marly f o s s i l i f e r -
ous l imestone 

l i g h t grey g l a u c o n i t i c very marly l imestone 

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

l i g h t grey g l a u c o n i t i c sandy marl 

l i g h t green f o s s i l i f e r o u s sandy marl 

l i g h t g r e e n i s h g r e y g l a u c o n i t i c f o s s i l i f e r o u s 
S l i g h t l y sandy marl 

. l i g h t green g l a u c o n i t i c s l i g h t l y sandy marl 

485 - 495 - l i g h t g r e y i s h green f o s s i l i f e r o u s sandy marl 

Water c u t , 157 f t . 

S t a t i c water l e v e l , 157 f t . 

S a l i n i t y 1 0 5 . 2 g r a i n s per g a l l o n , t o t a l d i s s o l v e d s a l t s 

Cased t o 7 0 ' 6 " with 24" diameter s t e e l tubing , and to 1 3 2 ' with 
18" diam. tubing, open 1 6 £ inch d i a ; h o l e below. 

Sludges of t h e s t r a t a i n t e r s e c t e d were c o l l e c t e d a t 

i n t e r v a l s o f f i v e f e e t f o r g e o l o g i c a l examination, from which, 

in conjunct ion with the d r i l l e r ' s r e p o r t , the g e o l o g i c a l l o g 

was compiled. 

225 255 

255 - 280 

280 305 

305 «M» 310 

310 - 350 

Sso — 3<bsr 
3SS - . 370 

•f 
370 — 375 

• 375 - : 380 

380 - 405 

405 — 410 

410 mm 415 

415 - 425 

425 430 

430 — 440 

440 - 470 

. 470 475 

475 - 480 

480 mm 485 
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3ALINITY 

A f a c s i m i l e of the a n a l y s t * s r e p o r t i s shown below. 

This was of a sample c o l l e c t e d f o r a n a l y s i s p r i o r to pumping, 

and subsequent samples showed no s a l i n i t y v a r i a t i o n . 

GEOLOGICAL SURVEY OF SOUTH AUSTRALIA 

, WATER ANALYSIS . 
Sample No. W 1 0 7 1 / 5 9 

. . ^ .' . » 
Name and Address: Dept. of A g r i c u l t u r e , Wanbi Research S t a t i o n 

Location of Sample: Hundred Mindarie Seot lon: 32 

Sample c o l l e c t e d by: D.R. P h i l l i p s Date: 6 / 5 / 5 9 

Analysis made by: T.R. F r o s t and dated 1 / 7 / 1 9 5 9 . 

. - ' . ; 

Grains 
per 

Gallon 
ASSUMED COMPOSITION 

OF SALTS 
Grains 

per 
Gallon 

Chlorine, CI 3 7 . 6 Calcium carbonate 6 . 2 
Sulphuric a c i d ( r a d i c l e ) , SO^ 12*8 Calcium sulphate 
Carbonic a c i d ( r a d i c l e ) , CO^ 1 6 . 1 Calcium c h l o r i d e -

N i t r i c ac id ( r a d i c l e ) , NÔ  n i l Magnesium carbonate 1 4 . 6 
Sodium, Na 3 2 . 0 Magnesium sulphate 1 -

Potassium, K 4a» . Magnesium c h l o r i d e -

Calcium, Ca 2 . 5 Sodium carbonate 3 . 5 
Magnesium, Mg . . b.2 Sodium sulphate 1 8 . 9 
S i l i c a , S i 0 2 Sodium c h l o r i d e 

Sodium n i t r a t e 
6 2 . 0 
Ni l 

Potassium c h l o r i d e 
1 

HARDNESS ( 

- ; • • . English 
Degrees 

" Tota l s a l i n e m a t t e r , Grains . 
* per gal lon . 1 0 5 . 2 

Total 
Temporary 

2 3 . 5 
2 3 . 5 

. Total s a l i n e m a t t e r , Ounces 
per gal lon , 0.21* 

Permanent . 
Due to calcium 

mm 

6 . 2 
1 7 . 3 

Suspended matter ( 

Due t o magnesium 

mm 

6 . 2 
1 7 . 3 

Organic matter 

' A REMARKS ' 
^ Bore No. ; . 1 

Depth i+95* 
Water Level 157* 
Water Cut 1 5 7 ' . 
Supply G.P.H. Not yet t e s t e d T.A. BARNES 

Government Geologist 



EFFECTIVE THICKNESS OF AQUIFER 

From an inspect ion of the sludge samples i t was not 

p o s s i b l e a c c u r a t e l y to determine the lower l i m i t of the s t r a t a 

which could toe regarded as e f f e c t i v e l y permit t ing the passage o f 

water . However i t was obvious t h a t a t a depth of atoout 380 f e e t 

the m a t e r i a l was f a i r l y impermeable and the bottom of the aquifer 

was t h e r e f o r e a r b i t r a r i l y chosen as 377 f e e t , or 220 f e e t below 

the s t a t i c water l e v e l . This f i g u r e of 220 f e e t was used i n 

subsequent c a l c u l a t i o n s , but i s admittedly an approximation. 

INFORMATION TO BE OBTAINED • 

The i n i t i a l i n t e n t i o n was to u t i l i s e both non-equilibrium 

and equilibrium condit ions of pumping in c a l c u l a t i n g the aquifer 

c h a r a c t e r i s t i c s , and compare the two methods under l o c a l conditions. 

S p e c i f i c a l l y , i t was desi red to obtain a value f o r the c o e f f i c i e n t 

of permeabil i ty in ga l lons per hour per square f o o t of c r o s s -

s e c t i o n a l a r e a , and from t h i s t o c a l c u l a t e the s p e c i f i c y i e l d of 

the bore , i . e . the quanti ty a v a i l a b l e in gal lons per hour per f o o t 

of drawdown. 

Cer ta in b a s i c assumptions common to both the Thels (non-

equilibrium) and Theim (equil ibrium) methods of c a l c u l a t i o n had to 

be made, . these being ( i ) t h a t the aquifer i s uniform in c h a r a c t e r 

and permeabil i ty both h o r i z o n t a l l y and v e r t i c a l l y . Quite 

obviously t h i s i s unl ikely to be t rue in a v e r t i c a l sense, as a 

glance a t the g e o l o g i c a l log w i l l show, but i t was f e l t that the 

v a r i a t i o n s which might occur would not s i g n i f i c a n t l y a f f e c t the 

v a l i d i t y of t i e c a l c u l a t i o n s . Hor izonta l ly , any permeabil i ty 

v a r i a t i o n s , in a l o c a l sense* could be regarded a l s o as small , 

( i i ) t h a t the aquifer i s o f uniform thickness and i n d e f i n i t e 

e x t e n t . No aquifer has i n d e f i n i t e e x t e n t , but t h i s one was f e l t 

to be a reasonable approximation f o r c a l c u l a t i o n purposes, as i t 

i s known to extend f o r many miles in a l l d i r e c t i o n s . Since i t 

gradually thins to the westward and thickens in the opposite 

d i r e c t i o n i t i s not uniform, and moreover s i n c e the lower p a r t 
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of the sequence becomes very marly and obviously Incapable of 

t ransmit t ing much, or any, water , some depth had to be 

a r b i t r a r i l y s e l e c t e d as the b a s e . However the e x i s t i n g condit ions 

a r e bel ieved to be & reasonable approximation f o r c a l c u l a t i o n 

purposes, although i t became apparent during the course of the 

t e s t s t h a t the aquifer was more permeable in i t s upper s e c t i o n . 

I t had a l s o to be assumed that no unant ic ipated s h o r t -

term water l e v e l f l u c t u a t i o n s occurred . 

WATER LEVEL MEASUREMENTS 

An a i r l i n e was i n s t a l l e d in the main b o r e , and the 

water l e v e l s in t h i s and the two observation bores were a l s o 

measured with two 200 f t . s t e e l t a p e s . Because of the depth and 

consequent a i r pressure involved, the o r i g i n a l p l a s t i c tubing 

f a i l e d , and was subsequently replaced by heavy rubber tubing. 

However i t was found that the a i r l i n e and pressure gauge were 

not s u f f i c i e n t l y a c c u r a t e to do more than serve as a check on 

the s t e e l tape readings , which were t h e r e f o r e used throughout 

on a l l three b o r e s . 

I n i t i a l l y , the tapes were smeared with a water s e n s i t i v e 

p a s t e , but t h i s was found to be u n s a t i s f a c t o r y f o r rapid use , 

and very messy to handle, so i t was discarded. E x c e l l e n t r e s u l t s 

were obtained by rubbing the s u r f a c e of the tape with white chalk, 

and readings were p o s s i b l e to the n e a r e s t 1 / 2 0 0 of a f o o t . 

Because of the depth to water , measurements were r a t h e r 

laborious even with two men handling the s t e e l tape , and i t was 

found t h a t each reading took 7 to 8 minutes, or approximately 

2 0 - 2 5 minutes f o r the three b o r e s , unless more than one team 

was employed. Using two teams of observers el iminated much of 

the time l o s t in winding up the measuring t a p e s , and t r a n s f e r r i n g 

from one bore to another . 



POROSITY OP AQUIFER 

No undisturbed samples were a v a i l a b l e f a r l a b o r a t o r y 

t e s t s on p o r o s i t y of the m a t e r i a l comprising the a q u i f e r . This 

type of l imestone however i s commonly known in outcrop in many 

p l a c e s , and G. Crawford had a l ready conducted a number of p o r o s i t y 

t e s t s on samples of t h e s e , obtaining an. average v a l u e , in round 

f i g u r e s , of 1+5$• As .some of the aquifer m a t e r i a l appeared 

s l i g h t l y marly, a s i i ^ h t l y lower value of UO$> was adopted in 

the c a l c u l a t i o n s , 

PUMPING EQUIPMENT - (Prel iminary) 

I n i t i a l l y , a f i v e - i n c h , f i v e - s t a g e M.C. turbine pump 

was i n s t a l l e d a t a depth of 300 f e e t - i . e . 11+3 f e e t below 

s t a t i c water l e v e l - and coupled to a 25 H.P . Wisconsin engine 

with an H^B he&d. The uni t did not perform to e x p e c t a t i o n s , as 

on a shor t t e s t on 2 1 / 5 / 5 9 the maximum d e l i v e r y r a t e was only 11+90 

gal lons per hour, &nd pumping was accompanied by strong surging of 

the water l e v e l , rendering I t d i f f i c u l t to measure the drawdown. 

A f t e r four and a h a l f hours, pumping was stopped and the u n i t 

removed. 

MEASUREMENT OF DISCHARGE 

During t h i s f i r s t run, measurement of the discharge 

was attempted by means of a long pipe with a c i r c u l a r inch 

o r i f i c e p l a t e . I t soon became obvious that t h i s was not 

s a t i s f a c t o r y , f o r three reasons . The pipe v / a s s u b j e c t to 

a c c i d e n t a l dis turbance , ahd d i f f i c u l t to keep p e r f e c t l y h o r i z o n t a l . 

Short term and quite s trong f l u c t u a t i o n s in pressure made i t almost 

impossible to read the manometer tube a c c u r a t e l y ; and v a r i a t i o n s 

in the pumping r a t e prevented a c c u r a t e recording of the p r o g r e s s i v e 

and t o t a l volumes pumped. 

. . The o r i f i c e tube was t h e r e f o r e r e p l a c e d by a previously 

c a l i b r a t e d flow meter connected in the middle of a long discharge 

pipe . This was then used throughout the main t e s t s made four 



months l a t e r , a delay occasioned by the n e c e s s i t y of obtaining 

s u i t a b l e pumping equipment, but which had the addi t ional 

advantage of allowing time f o r the aquifer t o recover completely 

from the e f f e c t s of removal of the small volume of water pumped 

during the prel iminary t e s t s . 

Despite hourly checks on pump r e v o l u t i o n s and the 

maintenance of constant t h r o t t l e once equilibrium was approached, 

f l u c t u a t i o n s in pumping r a t e s s t i l l .occurred with a r e s u l t a n t 

e f f e c t on drawdown l e v e l s . Since both the equilibrium and non-

equilibrium methods r e l y on constant d ischarge , i t i s considered 

t h a t f o r a l l f u t u r e t e s t s of t h i s type the engine should be 

equipped with a f i n e t h r o t t l e c o n t r o l and t h a t discharge readings 

should be taken a t 15 or 30 minute i n t e r v a l s . Diurnal temperature 

v a r i a t i o n s or some s i m i l a r f a c t o r appear to a f f e c t the e f f i c i e n c y 

of the engine, which r e s u l t s in these f l u c t u a t i o n s which should 

be eliminated r a t h e r than allowed f o r in l a t e r c a l c u l a t i o n s . 

PUMPING EQUIPMENT - (Main T e s t s ) 

For the main t e s t s a t e n - i n c h , t e n - s t a g e L . C . turbine 

pump with H^L geared head was s e t a t a depth of 306 f e e t from 

the s u r f a c e , or approximately 149 f e e t below s t a t i c water l e v e l , 

and coupled to a I 'erkins 6 Diesel engine of nominal 80 H.P. a t 

1800 R.P.M. . This was s u c c e s s f u l l y operated a t a maximum 

discharge r a t e of about 2 2 , 0 0 0 gal lons per hour . 

TEST PROCEDURE 

I n i t i a l Pumping - Duration 054Q hours . On 14th September 1959 

a t 1034 hours the pump was s t a r t e d , and operated a t a r a t e of 

approximately 2 1 , 0 0 0 gal lons per hour, in a prel iminary t e s t to 

determine an optimum pumping r a t e f o r the t e s t s to fo l low. The 

water l e v e l in the main bore declined u n t i l a t 1353 hours i t 

exceeded 43 f e e t , and was then over 200 f e e t below s u r f a c e , beyond 

the range of the measuring tapes , although roughly determinable 

by a i r l i n e . 

A f t e r several hours pumping, some d i s c o l o r a t i o n was 

evident in the discharge , but t h i s disappeared in about another 
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hour and a q u a r t e r . The pump was stopped a t 1&14 hours , 

a f t e r 1 2 1 , 2 0 0 g a l l o n s of water had been removed, a t an almost 

but not p e r f e c t l y s teady r a t e , 

As a r e s u l t o f the Information obtained, i t was decided 

t o s e t the pump a t the approximate r a t e s o f 1 0 , 0 0 0 and 1 5 , 0 0 0 

g a l l o n s per hour f o r the two main pump t e s t s . P i g , 6 shows a 

c r o s s s e c t i o n through the threes b o r e s , and the general shape 

of the drawdown c u r v e , 

. Test No. 1 ' 

Pumping a t a r a t e of 11,l\0Q g a l l o n s per hour commenced 

a t 0900 hours on 15 th September, and continued f o r f i f t y h o u r s . 

The e x t e n t of the s t a t i c water l e v e l r e c o v e r y following the 

previous d a y ' s pumping 18 hours e a r l i e r i s shown by the fo l lowing : 

1 V 9 / 5 9 1 5 / 9 / 5 9 D i f f e r e n c e 
• s . w . L . ( f t . ) ( f t . ) 

Bore No. 1 4 3 . 0 8 • _ 1*2.86 - 0 . 2 2 

Bore No. 2 U2.93 1*2.60 - 0 , 3 3 

Bore No. 3 4 3 . 3 0 4 2 . 8 6 - 0 . 2 * 4 

Drawdown l e v e l s during the operat ion wore taken i n No. 1 

r Bore a t four minute I n t e r v a l s , and in Wos. 2 & 3 Bores a t f i v e 

minute i n t e r v a l s . f o r a f u r t h e r hours . This r e q u i r e d two men 

reading No. 1 Bore water l e v e l s , two o t h e r s f o r Nos. 2 and 3 , and 

one man a t t e n d i n g the pump and reading d i s c h a r g e s a t ten minute 

i n t e r v a l s . 

A f t e r t h r e e hours continuous pumping, draudovrn readings 

were taken a t h o u r l y - i n t e r v a l s f o r the remainder of the f i f t y 

hour p e r i o d , . t h e pump being stopped f o r s e r v i c i n g a t 1201 hours 

on 1 7 / 9 / 5 9 , Equilibrium appeared to have been obtained in No, 1 

Bore a f t e r f o r t y - e i g h t hours , with a drawdown of some 25^ f e e t , 

and r e s u l t s were used in the c a l c u l a t i o n contained in Appendix 

, No, 1 , '• 



Te^t No, 2 

Pumping recommenced a t 1215 hours on 1 7 / 5 / 5 9 * a f t e r a 

shor t i n t e r v a l f o r s e r v i c i n g the engine. The d e l i v e r y r a t e was 

i n c r e a s e d . t o 1 6 , 5 0 0 gal lons per hour, and hourly readings 

continued u n t i l equilibrium was again es tabl ished a f t e r 45 hours 

with a drawdown l e v e l of approximately 37& f e e t in No. 1 Bore . 

R e s u l t s of t h i s second pump t e s t a r e shown in Appendix 

No. 2 . 

RECOVERY • 

The pump was stopped a t lijOO hours on 1 9 / 9 / 5 9 * and 

recovery readings taken of the water l e v e l s . These readings 

were a t two minute i n t e r v a l s f o r No. 1 Bore and four minute 

i n t e r v a l s f o r Bores No. 2 and 3 f o r the f i r s t hour, then a t 

ten minute i n t e r v a l s u n t i l 2000 hours ( a per iod of s i x hours 

d u r a t i o n ) , when observations,were discontinued. 

Even a f t e r the removal o f over mi l l ion gal lons of 

water , the water l e v e l during t h i s short recovery p e r i o d re turned 

to within two f e e t of the. o r i g i n a l s t a t i c water l e v e l , i n d i c a t i n g 

quite a high permeabil i ty within the a q u i f e r . Recovery l e v e l s 

a r e p l o t t e d in P i g . 19. 

•COMPARISON OF FORMULAS USED ' 

( 1 ) Non-Eaulllbrlum Conditions 

The Theis (non-equilibrium) formula assumes both 

immediate response of the water l e v e l to pressure changes, and 

p a r a l l e l flow l i n e s i n t o the b o r e , i . e . a small drawdown and f u l l 

penetra t ion of the a q u i f e r . Although f u l l p e n e t r a t i o n was 

obtained, the maximum drawdown of approximately 18$ of the t o t a l 

thickness of the aquifer appears, from the r e s u l t s , to be g r e a t e r 

than the permissible l i m i t f o r t h i s p a r t i c u l a r s tratum. 

( 2 ) Equilibrium Conditlone 

Use of the Thiem formula, which has been developed 

f o r pumping under equilibrium condi t ions , has given good 

agreement between t h e / v a l u e s obtained f o r and the S p e c i f i c 

Yie ld from the two t e s t s made* pumping a t the r a t e s of 11,U00 



gal lons per hour and 1 6 , 5 0 0 ga l lons per hour r e s p e c t i v e l y . The 

conclusion drawn i s t h a t t h i s formula i s more a p p l i c a b l e to 

condit ions e x i s t i n g in an unconfined a q u i f e r , a f inding in 

agreement with Jacob ( 1 9 3 8 ) and others f o r sedimentary bas ins 

having many f e a t u r e s in common with the Murray B a s i n . 

SUMMARY OF RESULTS ., ' . . 

( 1 ) The lower,boundary of the aquifer i s d i f f i c u l t to 

demarcate a c c u r a t e l y , but the t o t a l e f f e c t i v e thickness a t 

Wanbi was assumed to be 220 f e e t . 

( 2 ) The permeabil i ty i s n o t , c o n s t a n t throughout the whole 

v e r t i c a l r a n g e . o f t h i s depth, being higher in the upper s e c t i o n 

than lower down. 

( 3 ) The l o c a l conditions a r e not^favourable to the use 

of non-equilibrium pumping condit ions as a b a s i s f o r c a l c u l a t i n g 

the aquifer c h a r a c t e r i s t i c s . 

(1+) In any f u t u r e pUmp t e s t s , pumping should be continued 

t i l l equilibrium conditions a r e e s t a b l i s h e d , when the Thiem 

formula should be appl icable . . 

( 5 ) The values obtained in the pump t e s t s f o r Thiem*s 

f a c t o r ^ p , the c o e f f i c i e n t of permeabi l i ty , were 2 . 6 0 and 2 . 6 8 

gal lons per hour per square f o o t ; and f o r the hydraul ic conductivity 
' ' . * . •> . . . -

$ (Darcy1 s Law) were 2 5 . 0 and 2 5 . 8 f e e t per day. 

( 6 ) The s p e c i f i c y i e l d of the bore was W> - 450 gal lons 

per hour per f o o t of drawdown. This was f o r a bore of approximately 

16 inches diameter . Since reduct ion t o 8 - l n c h diameter may be 

expected t o reduce the output by about one- tenth , a normal 8 - i n c h 

bore d r i l l e d under, comparable condit ions should be capable of 

y i e l d i n g UQ0 gal lons per foot of drawdown. 

I t i s i n t e r e s t i n g to note t h a t in an 8 - i n c h bore 

pumping from 200 f e e t Of producing aquifer a t a r a t e of 20 ,000 

gal lons per hour, the entry v e l o c i t y of the water through the wallB 

of the bore would be only about 0 . 0 0 6 f e e t per second i f the water 

bearing stratum were homogeneous. 

( 7 ) The hydraul ic gradient between Wanbi and the d i s t a n t 
V i c t o r i a n intake area i s known to be approximately one f o o t per 
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mile . The- value of the .hydraul ic conduct iv i ty K has "been 

determined as 25 f c ^ t per day,.i?hich was the f i g u r e adopted by 

O ' D r l s c o l l , (1956* op. c i t e ) in c a l c u l a t i n g the amount of \7ater 

a v a i l a b l e f o r i r r i g a t i o n in the a r e a , under e x i s t i n g condi t ions , 

without deplet ing the s t o r a g e . 

water to i r r i g a t e a t i n y area on each p r o p e r t y , and the r e c e n t 

him in h i s c a l c u l a t i o n s . 

The conclusion to be drawn from the work so f a r done 

i s t h a t individual bores can be expected to y i e l d l a r g e volumes 

of water , probably well in excess of 2 0 , 0 0 0 gal lons per hour, but 

that any extensive f u t u r e development w i l l r e s u l t in depic t ion o f 

a v a i l a b l e r e s e r v e s . The grea t d i s t a n c e to the i n t a k e , and the 

f l a t gradient on the hydraul ic s u r f a c e a r e f a c t o r s which put 

severe r e s t r i c t i o n s on the o v e r a l l volume of groundwater a v a i l a b l e 

in that the movement of recharge wate?" i s extremely sloi7» Thio 

question has been d e a l t with by E . P . O f Driscol l ( B u l l e t i n 3 5 ) in 

which i t i s suggested t h a t only a comparatively l i m i t e d volume 

of water may be a v a i l a b l e f o r i r r i g a t i o n . Overpumping w i l l 

probably not only deplete the a v a i l a b l e r e s e r v e s , but a l s o 

induce l a t e r a l movement of more s a l i n e w&ter from the northward 

into t h e aquifer^ causing a gradual d e t e r i o r a t i o n in q u a l i t y 

which i-dll f i r s t a f f e c t bores in the marginal a r e a s . 

That w r i t e r suggested t h a t there uao only s u f f i c i e n t 

pumping operat ions have confirmed the value of 4 adopted by 

C o o o • • 

Geologist 

GJC& EPO'DsAGK 
2 9 / 7 / 6 0 E . P . D . O ' D r i s c o l l 

S enlor Geolo/yjgt 



APPENDIX NO. 1 

.. WANBI PUMP TESTS 

Equilibrium Test a t 11 .410 gal lons per hour: 

Applying the Dupuit-Theim Equation f o r an unconfined 
aquifer where equilibrium has been a t ta ined : -

4 
Q logfi r i /r 2 

•n*(hl2 - h 2 2 ) 

where ^p = c o e f f i c i e n t of permeability 

Q = r a t e of discharge 

and h = height of the water t a b l e above the base of 
the aquifer a t a d is tance r from the pumping b o r e . 

k a hydraulic conduct ivi ty (Darcy* s Law) 

Q = 1 1 , 4 1 0 gallons per hour, 

r V r 2 = i # e # : l o g Q ^ 2 . 3 0 3 1 o g 1 0 2 , 

m - thickness of aquifer a 220 f t . 

h^ = 220* - drawdown in Bore 3 a t equilibrium (= 8 . 6 0 f e e t ) , 

and h 2 = 220* - drawdown in Bore 2 a t equilibrium (= 1 0 . 9 0 f e e t ) . 

* ' ir> 11 .410 x 2 . 3 0 3 x 0 . 3 0 1 0 « 
' * ^ - TTV(220-6.60)^ - ( 2 2 0 - 1 0 . 9 0 ) ^ 

= 1 1 . 4 1 0 x 2 . 3 0 3 x 0 . 3 0 1 0 
IT" x 4 2 0 . 5 . x 2 . 3 0 

= 2 . 6 0 gallons per hour per square f o o t 

The p o r o s i t y of the aquifer i s assumed as 40%, 

. V k in Darcy* s Law > p o r f g l t y - 2 ' % * 1 0 0 = ^ g a l l s / 

^23 f e e t / h o u r 

" x 24 = 2 5 . 0 f e e t per day 

s p e c i f i c Y i e l d = a r a w d ^ l f S f m t o r e = " § 5 ^ = *»> - l i e / 
• 3 h r . / f t . 



APPEilDIX HO; 2 

WANBI PUMP TESTS • 

E q u i l i b r i u m T e s t a t 1 6 . 5 0 0 g . p . h . 

4 « ' Q x 2 . 5 0 3 i o g 1 0 r V r 2 when equilibrium has 
•••' 11 •• • 1 — • „ 11 1 ••• been a t t a i n e d 

T T ( h l 2 - h 2 2 ) 

Q = 1 6 , 5 0 0 g a l l o n s p e r hour l o g 1 Q vly A 0 . 3 0 1 0 
V2 

h x = 220 - 1 2 . 6 f e e t (Bore 3 ) 

hg 220 - 1 5 * 9 f e e t ( B o r e 2 ) 

# = 1 6 . 5 0 0 x 2 . 3 0 3 x . ? 0 1 0 
* : " , Tf£ ( 2 2 0 - 1 2 . 6 ) 2 - ( 2 2 0 - 1 5 . 9 ) 

= 1 6 , 5 0 0 x 2 , 3 0 3 x - . y i o 

IT x 4 1 1 . 5 x 3 . 3 0 

= 2 . 6 8 g a l l s . A r . / f t . 2 

• • k In Darcy 1 s Law ( = fe ) = 2 . 6 8 x 100 
p o r o s i t y 40 

= 6 . 7 g a l l s . / h r . / f t . 2 

V 1 . 0 8 f t . / h o u r . 

= 2 5 . 8 f t . / d a y . 

S p e c i f i c y i e l d . = . 1 6 . 5 0 0 = 440 g a l l o n s / h r . / f t . o f 
3 7 f 6 " drawdown 



APPENDIX NO. 3 

WANBI PUMP TESTS 

Recovery Test from 1 6 . 5 0 0 g . n . h » 

Applying t h i s Formula in , terms of t r a n s m i s s l b i l i t y : -

T = 2 . 3 0 3 x Q x l o g 1 0 t ^ 

4 T ( S 2 - S x ) 1 

where S 2 and S^ a r e drawdowns a t times t 2 and t ^ , and Q = 

discharge « 1 6 , 5 0 0 g . p . h . 

Choosing t 2 and t^ t o be one log c y c l e apar t ( e . g . 20 & 200) 

T = 2 . 3 0 3 3c 16 .^00 

k 1T x 4 . 0 4 

e 7 4 8 . 4 g a l l s . / h r . / f t . 

Thickness of aquifer = 220 f e e t 

i . e . jfp = 748 T 4 = 3 . 4 0 gal lons per hour per square f o o t . 
220 

. . k ( i n Darey 's Law) = 3 . 4 0 x 100 = 8 . 5 g a l l s . / h r . 
. 40 f t . ' 

= 1 . 3 6 f t . / h r . or 3 2 . 7 f t . / d a y . 



WANBI POMP TESTS 

OBSERVATION RECORDS 

Assumed Datum - Main No. 1 Bore Head 200.00 f t . 

No. 2 (Observation Bore) 199.38 

No. 3 ( " " ) 200.65 

Main Bore(l) 0bs.Bore(2) 0bs.Bore(3) 

Time Draw- Water Draw- Water Draw- Water Pumping Volume 
Date 

r (hrs.) down Level down Level down Level Rate pumped-progress-(hrs.) 
(g.p.h.) ive (gallons) 

] 
i 

• Preliminary Pumping • 

14/9/59 1000 — 43.08 42.93 2*3*30 nil 
w 1034 Pump Started n 1353 below nn 

21,500 70,400 

' » 

| 
1614 Pump Stopped 21,2(00 121,200 

! 

. I • First Test Pumping 
15/9/591 0830 42*86 2(2.60 42*86 

n ' 1 0900 Pump started 11,2(00 nil 
n 0906 , 30.83 12.03 7*10 35*50 4.21 38.65 21,000 2,046 
W 0913 34.62 8.24 8.93 33.67 5.83 37*03 12,000 2,726 
« 0925 22.24 20.62 7.22 35.38 5.02 37*84 17,000 7,240 

0930 23.36 19*50 7.27 35.33 5.10 37*76 16,200 8,460 
n 0937 22.60 20.26 7.42 35.18 5.21 37*65 11,400 9,720 
w ©941 22.60 20.26 7.49 35.11 5.30 37.56 11,400 10,470 
M 0948 22.85 20.01 7.60 35.00 5.42 37.44 11,400 11,280 
n 0952 22.63 20.23 7*69 34.91 5.49 37.37 11,400 12,060 
n 1000 22.84 20.02 7*85 34.75 5P 56 37*30 11,400 13,540 

1010 23.06 19*80 7*93 34.67 5.70 37*16 12,700 15,660 
1015 22.64 20.18 7.96 34.64 5.75 37*11 10,800 16,560 

H 1020 22.91 19.95 8.01 34*59 5.78 37*08 10,800 17,460 
. M 1030 23*66 19.80 8.12 34.4B 5.91 36*95 11,400 19,360 

•» 102*0 23.66 19.80 8.22 34*38 6.02 3 6 * 8 4 12,000 21,360 
n 1050 23.26 19.60 8.32 34*28 6.11 36*75 12,000 23,360 
n 1100 23.38 19.2.8 8.42 34.18 6.18 36*68 11,400 25,260 
« 1120 23.31 19.55 8.52 34.08 6 . 2 ( 3 36*53 11,400 29,060 
H 1140. 23.53 19.33 8.64 33*96 6 . 4 I 36*45 11,500 32,900 
n 1200 ; 23.21 19.65 8.57 33*83 6.51 36.35 11,100 3 6 , 6 0 0 
it 1300 23.46 19*2(0 8.94 33*66 6.76 36.10 11,200 47,800 n 12(00 23.88 18.98 9.19 33*41 6.99 35*87 11,300 59,100 n 1500 23.86 19.00 9.31 33*29 7*03 35*77 11,200 , 70,300 

• « 1600 23.99 18.87 9 . 4 1 33*19 7.21 35.65 11,300 81,600 n 1700 24.19 18.67 9.56 33*04 7.34 35.52 11,100 92,700 
H 1800 24.61 18.25 9.78 32.82 7.55 35.31 11,300 102*000 
n 1900 25.36 17*50 10.11 32.49 7.80 35*06 11,500 115,500 n ! 2 0 0 0 25*49 17*37 10.25 32.35 7.95 34.91 11,700 127,200 
it 2 1 0 0 . 25.55 17*31 10.32 32.28 8.03 34.83 11,600 138,800 
N 2 2 0 0 25.63 17*23 10.42 32.18 8.12 34.74 11,900 150,700 
n 2 3 0 0 2 5 . 8 8 16.98 10.52 32.08 8.23 34.63 11,700 162,400 
n 22(00 2 5 . 8 4 17.02 10.53 32.07 8.26 34.60 11,800 174,200 

16/9/59 j 0100 25.99 16.87 10.60 32.00 8.32 34.54 11,700 185,900 
n | 0200 26.09 16.77 10.63 31.97 8.34 34.52 11,600 197,500 
it ' 0300 2 5 . 8 8 16.98 10.64 31.96 8.33 34.53 , 11,500 209,000 
w ! 0 4 D 0 1 25.90 16.96 10.64 31.96 8.35 34.51 11,500 220,500 
«t j 0 5 0 0 i 25.94 16.92 10.66 31.94 8 . 3 8 34.4B ! 11,900 232,400 
n • 0600 {' 25.96 16.90 j10*67 31.93 8*35 34.51 : 11,700 244,100 
n l 0 7 0 0 26.21 16.65 10.62 31.98 8.44 34.42 j 12,000 256,100 



- 2 -

llaia Bore(l) 0bs.Bore(2) 6bs.Bora(3) 

Date Time 
(hro.) 

Draw-
down 

Water 
Level 

Draw-
down 

Water 
Level 

Draw-
down 

Water 
Level 

Pumping Volume 
Rate pumped-progreaa 

(g.p.h.) ive (gallons) 

1 6 / 9 / 5 9 0 8 0 0 2 5 « ¥ > 1 7 . 4 6 1 0 . 5 7 3 2 . 0 3 8 . 3 5 3 4 * 5 1 1 1 , 3 0 0 2 6 7 , 4 0 0 
it 0 9 0 0 2 5 * 4 0 1 7 . 4 6 1 0 . 5 8 3 2 . 0 2 8 . 3 5 3 4 * 5 3 1 1 , 4 0 0 2 7 8 , 8 0 0 
tt . 1 0 0 0 2 5 * 7 1 1 7 * 1 5 1 0 * 6 1 3 1 . 9 9 8 . 3 8 3 4 * 4 8 1 1 , 5 0 0 290,300 n 1 1 0 0 2 5 * 5 7 17.29 I O . 5 8 32.02 8 . 3 2 3 4 * 5 4 11,500 3 0 1 , 8 0 0 
N 1200 25*65 17*21 10.60 32.00 8.35 34*51 11,230 313,000 
tt 1300 25*32 1 7 * 5 4 10.56 3 2 . 0 4 8 . 3 0 3 4 . 5 6 11,700 3 2 4 . 7 0 0 
tt 1400 25*23 1 7 * 6 3 10.57 32.03 8.30 3 4 * 5 6 11,200 335.900 
it 1500 25*53 17*33 10.57 32.03 8.32 34*54 11,500 3 4 7 . 4 0 0 w 1600 25*53 1 7 * 3 3 10.75 31*95 8.40 3 4 * 4 6 11,500 358,900 
N 1700 25.53 1 7 * 3 3 10.72 31*98 , 8.39 34*47 11,500 370,400 
tt 1800 25*82 1 7 * 0 4 1 0 . 8 5 31*85 8 . 4 8 34*38 11,500 381,900 
t» 1900 26.05 16.81 10.79 31*81 8 . 5 2 34*34 11,500 393,400 n 2000 26.28 16.58 10.93 31*67 8.61 34*25 11,700 405,100 n 2100 26.19 1 6 . 6 7 10,94 31*66 8 . 6 4 34*22 11,700 416,800 n 2200 26.28 16.58 11.00 3 1 * 6 0 8.68 34*18 11,700 428,500 
it 2300 26.11 16.75 10.94 3 1 * 6 6 8.66 34*20 11,500 440,000 n 2400 25.94 16.92 10.90 31*70 8.62 34*24 11,600 451,600 

17/9/59 0100 25.88 16.98 10.84 31.76 8.63 34*23 11,500 463,100 
n 0200 25.94 16.92 10.87 31.73 8.63 34*23 11,400 474,500 
tt 0300 26.07 16.79 10.87 31.73 8.62 34*24 11,500 486,000 
tt 0400 25.88 16.98 10.83 31.77 8.59 34*27 11,600 497,600 
i> 0500 25.82 17.04 10.84 31.76 8.60 34*26 11,500 509,100 « 0600 25*63 17.23 10.81 31*79 8.59 34*27 11,500 520,600 
•V - _ 0700 26.25 1 6 . a 11.03 31.57 8.74 34*12 11,500 532,100 
tt 0000 25*69 17.17 10.83 31.77 8.60 34*26 11,400 543,500 
It 0 9 0 $ ^ 25*42 17.44 10.75 31.85 8 . 5 9 34*27 11,300 554,800 
tt 1000 -17.46 10.83 31*77 8 . 5 4 34*32 11,300 566,100 

• n 1100 25*15 l S 10.64 31*96 8 . 4 6 34*40 11,200 577,300 
tt 1200 25.09 1 7 * 7 7 ^ ° heading . No Reading 11,200 5 8 8 , 5 0 0 
It 1201 POMP S T O E P ® , 

SECOND TEST KMFIN& 

A 

17 /9 /59 1215 
« 1300 
n 1 4 0 0 

« 1 5 0 0 

" 1 6 0 0 

" 1700 
M 1800 
« 1900 
« 2000 
» 2100 
« 2200 
" 2300 
« 2400 

18/9/59 0100 
" 0200 
" 0300 
H Qi|00 
•• 0500 
" 0600 
" 0700 
" 0800 
» 0 9 0 0 

" 1000 
M 1 1 0 0 

" 1120 to 
n 1200 
» 1300 

PUMP STARTED 
34.23 
35*17 
35*86 
36.59 
34.23 
34.99 
35.71 
35*86 
35.90 

8 . 6 3 

7*69 
7*00 
6.27 
8.63 
7.87 
7.15 
7.00 
6.96 

13.70 
14.17 
14*64 
14*86 
14*22 
14*46 
14*79 
14.87 
14.97 

Rain-No reading 15.02 
3 6 . 3 6 6 . 5 O 1 5 . 1 8 

36.44 6.42 14*72 
36.76 6.10. 15.30 
36.49 6.37 15.19 
36.34 6.52. 15*23 
36.38 6.48 15.26 
36.53 6.23 15.32 
36.74 6.12 15.47 
3 6 . 3 0 6 . 5 6 15*29 
35.80 7*06 15*11 
35*86 7*00 15.21 
36.07 6.79 14.98 
36.21 6.65 14*39 

1122 PUMP STOPPED FOR SERVICING 
36.67 6.19 15*38 27*22 12.14 
36*82 6.04 15*43 27*17 12*13 

28.90 
28.43 
27.96 
27.74 
28.38 
28.14 
27*81 
27*73 
27*63 
27.58 
27.42 
27*88 
27*30 
27.41 
27.37 
27.34 
27.28 
27.13 
27.31 
27.49 
27*39 
27*62 
28.21 

10. 
11.10 
11.40 
11.63 
11.21 
11.39 
11.66 
11*74 
11.83 
11.81 
11.97 
12.01 
12.07 
12.05 
12.05 
12.11 
12.17 
12.23 
12.15 
12.03 
12.05 
12.05 
12.17 

12.21 
31.76 
31.46 
31.23 
31*65 
31.47 
31.20 
31.12 
31.03 
31.05 
30.89 
30.85 
30*79 
30.81 
30.81 
30.75 
30.69 
30.63 
30f71 
30*83 
30.81 
30.81 
30.69 

30.72 
30.73 

16,500 
18,100 
15.900 
1 6 , 1 ^ 
17,290 
14,250 
15.300 
15,700 
16,000 
1 6 , 0 0 0 

16,000 
16,000 
1 6 , 1 0 0 
1 5 . 9 0 0 

16,200 
16,000 
16,200 
16,300 
16,400 
16,200 
15.900 
16,000 
15,900 
15,900 

15.700 
16,200 

602,200 
618,100 
634*100 
'651,350 
665,600 
680,900 
696,600 
712,600 
728,600 
744,600 
760,600 
776,700 
792,600 
808,800 
824,800 
841,000 
857.300 
873,700 
889.900 
905,800 
921,800 
937,700 
953,600 

969,300 
985,900 



Main Bore(l) 0bs.Bore(2) Obs.BoreQ) 

Tim© Draw- Water Draw- Water Draw- Water Pumping Volume 
Date (hrs.) down Level down Level down Level Rate pumped-progre-

(g.p.h.) asiye (gallons) 

W9/59 

n 
ir 
i» 
n 
n 
N 

1400 36.1,4 6.42 15.22 27.38 12.13 30.73 
1500 36.61 6.25 15.52 27.08 12.03 30.83 
1600 Rain-No reading Rain-No reading Rain-no 

reading 
1700 38.36 4.50 16.12 26.48 12.11 30.75 
1800 38.36 4.50 16.01 26.59 12.63 30.23 
1900 39.15 3.71 16.25 26.35 12.81 30.05 
2 0 0 0 38.45 4-41 1 6 . 2 2 2 6 . 3 8 . 1 2 . 9 0 2 9 . 9 6 

2100 Rain-No reading 16.40 26.20 12.93 29.93 
2 2 0 0 3 8 5 16.35 26.25 12.93 29.93 

(Airline) 
2300 Rain-No reading Rain-No Reading Rain-No 

Reading 
16.27 
16.25 
16.16 

16,300 
15,800 
16,600 

16,600 
17,200 
16,900 
17,100 
17,100 
17,400 

n 2 4 0 0 •t 11 

1 9 / 9 / 5 9 0 1 0 0 3 6 . 1 5 6 . 7 1 
n 0 2 0 0 3 8 * 3 6 4 * 5 0 
M 0 3 0 0 Rain-No reading 
n 0 4 0 0 3 8 * 5 7 4 * 2 9 
n 0 5 0 0 3 9 * 5 3 3 . 2 3 « 0 6 0 0 3 9 * 4 2 3 * 4 4 
n 0 7 0 0 Rain-No reading 
n 0 8 0 0 n n 
n 0 9 0 0 it ii 
it 1 0 0 0 n * S 
« 1 1 0 0 3 7 * 3 6 5 * 5 0 
n 1 2 0 0 3 7 * 5 9 5 * 2 7 « 1 3 0 0 3 7 * 3 2 5 * 5 4 m , 1 3 3 0 No reading 
n 1 4 0 0 PUMP STOPPED 

RECOVERY 
n 1 4 0 2 
•t 1 4 0 4 1 2 . 0 7 3 0 * 7 9 n 

1 4 0 5 
M 1 4 0 6 1 1 . 3 0 3 1 * 5 6 
II 1 4 0 7 
II 1 4 0 8 1 1 . 3 8 3 1 * 4 8 
M I409 
ft 1 4 1 0 1 1 . 5 5 3 1 * 3 1 

" II 11,11 
it 1 4 1 2 9 . 0 5 3 3 . 8 1 
11 

1 4 1 3 n 1 4 1 4 8 . 5 9 3 4 * 2 7 
ii 1 4 1 5 
11 1 4 1 6 8 . 2 8 3 4 * 5 8 
11 

1 4 1 7 
it 1 4 1 8 8 . 0 1 3 4 * 8 5 
11 1 4 2 0 7 * 8 0 3 5 * 0 6 
•1 1 4 2 2 7 * 5 9 3 5 * 2 7 
ii 1 4 2 3 
H 1 4 2 4 7 . 3 6 3 5 * 5 0 
II. 1 4 2 6 7 . 1 7 3 5 . 6 9 
II 1 4 2 8 7 . 0 3 3 5 . 8 3 
II 1 4 2 9 
II 1 4 3 0 6 . 8 2 3 6 * 0 4 
n 1 4 3 4 6 . 5 5 3 6 . 3 1 tt 1 4 3 6 6 . 4 0 3 6 . 4 6 n 1 4 3 8 6 . 3 2 3 6 . 5 4 « 3 4 4 2 6 . 1 9 3 6 . 6 7 

1 4 4 5 

16.28 
16*54 
15.30 
15*40 
15*64 
15*67 

26*33 
26.35 
26.44 
26.45 
26.32 
26.06 
27*30 
27.20 
26.96 
26.93 

12.87 
12.90 
12.82 
12.80 
12.78 
13.12 
12.27 
12.29 
12.51 
12.47 

29.99 
29.96 
30.04 
30.06 
30.08 
29.74 
30.59 
30.57 
30.35 
30.39 

17,100 
17,200 
16,700 
16,900 
16,900 
17,400 
16,200 
15,400 
1 6 , 3 0 0 

16,400 
Rain-No Reading Rain-No Read±ngL6,400 

15*93 
15*86 
15.85 
15*91 

26.67 
26.74 
26*75 
26.69 

12.66 
12.68 
12.64 
12.63 

30i20 
30.18 
30.22 
30.23 

16,300 
16,500 
16,700 

12.15 30.45 

9.51 33*09 

8*25 34*35 

7*57 35*03 

6.85 35.75 

6 . 5 0 3 6 . 1 0 

6.23 36.37 

5.69 36.91 

9.51 33.35 

8.39 34.47 

7.53 35.33 

6.95 35.91 

6 . 4 6 

6.10 
36.40 

36.76 

5.58 37.28 

5.21 37.65 

1,001,800 
1,017,600 
1,034,200 

1,050,800 
1,068,000 
1,084,900 
1,102,000 
1,119,100 
1,136,500 

16,800 -• 1,153,300 

1,170,400 
1,187,600 
1,204,300 
1,221,200 
1,238,100 
1,255,500 
1,271,700 
1,287,100 
1,303,400 
1,319,800 
1,336,200 
1,352,500 
1,369,000 
1,485,700 

16,500 1,502,200 
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Uain Bore(l) 0bo.Bore(2) 0bs.Bore(3) 

Date Time Draw- Water Draw- Water Draw- Water Date (hrs.) down Level down . Level down Level 

19/9/59 1446 5.84 37.02 
tt 1447 5*29 37*31 
tt 1450 5.67 37.19 
tt 1454 5.55 37*31 

38.01 tt 1455 4.85 38.01 
tt 1457 . 4*96 37*64 

38.14 • tt 1500 5.34 37.52 4.90 37*70 4.72 38.14 n 1510 4.88 37*98 4.59 38.01 4.45 38.37 
n 1520 4.77 38.09 4*34 38.26 
tt 1530 4.51 38.35 4.12 38.48 
« 1545 3.94 38.66 3.83 39.03 
tt 1600 3.97 38.89 3.64 38.96 3.61 39.25 
« 1625 3.69 39.17 3.36 39.24 3.30 39.56 
tt 1645 3*45 39.41 3*17 39.43 3.16 39.70 
tt 1720 3.13 39.73 2.92 39.68. 2.85 40.01 
n 1745 2.72 39.88 2.68 40.18 
tt 1830 2.69 40.17 2*50 40.10 2.54 40.32 
tt 1850 2.61 40.25 2.37 40.23 2.38 40.48 
tt 1920 2,lfi 40.46 r 2.24 40*36 2.24 40*62 
tt 1950 40.58 2.15 40.45 2.17 40.69 

2 0 / 9 / 5 9 084-5 1.94 41.66 

Pumping Volume 
Rate pumped-progrea-

(G.p.h.) sive (gallons) 



aresKpix it 

Kon-»f qalllbrlurn Teat ft g y ^ l y y i ^ u t f 

Applying the Theis Formal* in terms of trs»smis»ibilitjrr-
f 9 2 . 3 0 3 x Q x ( l o j > ) 

/ n r x ( s 2 - a ) 

lh«w S2 ami «re dr»«do«iui at timet tad and 
Q * discharge * 11,410 gal lone per hour. 

Choosing t f and ^ ox>e log cyel« apart ( t .g . 20 
mizrotc* and 200 mlnuteo) t -

* « 2 * 3 ° 3 x 1UU10 
. ^ * 2 . 2 9 

* 9X2.0 gallons per hoar per foot. 

For Ma aquifer 200 fowl thick. 

Coefficient of P^nneability « - TiilgfcflBil 
* ||0 » 4.1 gallons per hour per square foot. 

. * 1 0 . 0 g a l l . A i / f U 

«r 1 . 6 f e e t per hoar or 3 f . S f e e t / d a y 
2SH22JHt 
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