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POLDA BASIN AQUIFER CHARACTERISTICS 

ABSTRACT 

E a s t o f Polda pumping t rench pump-tests have 
been made on s e v e r a l l±3 inch diameter b o r e h o l e s . They 
were d r i l l e d in Polda Basin a p o r t i o n o f an e x t e n s i v e 
shallow non-pressure or dra in a q u i f e r . This a q u i f e r 
covers a l a r g e p a r t o f County Musgrave. Polda Bas in 
c o n t a i n s water o f l e s s than 1 , 0 0 0 ppm and i s surrounded 
by waters of h i g h e r s a l i n i t y . 

The i n d i v i d u a l boreholes are capable o f y i e l d i n g 
up to 1 . 5 c u s e c s . Because of the l a r g e cone o f drawdown 
formed while pumping cont inuous ly , PT bores 4 and 7 
should be pumped a t a r a t e rot h igher than 1 c u s e c . Ground-
water s t o r e d i s s u f f i c i e n t f o r f u r t h e r development o f town 
and country s u p p l i e s . 



1 . 1 INTRODUCTION 

The presence of f reshwater in Polda Bas in has been 

known and d i s c u s s e d f o r a very long t i m e , as e a r l y as 1911 the 

suggest ion was made tha t s i g n i f i c a n t su ppl ies of groundwater 

could be drawn from that a r e a . Pump-tests which gave 

encouraging r e s u l t s were c a r r i e d out in 1929* 

A shortage of water f o r s t o c k and other purposes on 

Eyre Peninsula became almost acute i n 1962 . This r e s u l t e d in 

the c o n s t r u c t i o n of a 200 yard long t r e n c h from which the 

groundwater was pumped to Loch. Also an i n t e n s i v e h y d r o l o g i c a l 

i n v e s t i g a t i o n was s t a r t e d combined with an e x t e n s i v e d r i l l i n g 

programme. 

I t soon became c l e a r t h a t an open t rench has i t s 

d i sadvantages . Windblown m a t e r i a l s could p o l l u t e the ground-

water and growths of algae could b lock the s u c t i o n p ipes o f 

the pumps. Therefore the Department was approached to 

i n v e s t i g a t e the p o s s i b i l i t y of obta in ing l a r g e q u a n t i t i e s o f 

groundwater from b o r e h o l e s . Encouraging r e s u l t s were obta ined 

from the pump-tests done i n 1963 on 16 inch diameter b o r e h o l e s 

hence d r i l l i n g of four l a r g e r diameter b o r e h o l e s was recommended 

Pump-tests o f seven days d u r a t i o n , fo l lowed by mul t ip le 

s tage t e s t s were c a r r i e d out on two of the 43 inch diameter 

bores while the t h i r d was t e s t e d f o r 23 hours at a s i n g l e r a t e 

fol lowed by a mul t ip le s tage t e s t . The f o u r t h was abandoned 

a f t e r a short t e s t . 

Unpublished r e p o r t s on the area have been prepared by 

var ious w r i t e r s , inc luding R. Lockhart J a c k , and R.G. Shepherd, 

included such e a r l i e r work in h i s r e p o r t Hyd. No. i 4 8 6 , Report 

Bk. No. 57/26 , in which he gave a comprehensive d e s c r i p t i o n of 

the geology and hydrogeology. Therefore only the r e l e v a n t d a t a 

are used in t h i s r e p o r t . 



1 . 2 LOCATION 

Polda Bas in comprises an area o f 50 square m i l e s and 

i s a p o r t i o n of an e x t e n s i v e "basin i n County Musgrave. I t i s 

named a f t e r the Homestead which l i e s almost i n the c e n t r e of 

the "basin and i s l o c a t e d about 25 m i l e s west o f Loch ad jacent 

t o the E l l i s t o n road. 

The area i s g e n e r a l l y undulating with some sand dunes. 

These are roughly p a r a l l e l and t rend s o u t h - e a s t e r l y and l i e at 

approximately h a l f mile i n t e r v a l s . A l a r g e oblong shaped s a l t 

water swamp l i e s north-west of Polda homestead almost p a r a l l e l 

with and north of the main road to E l l i s t o n i 

The Engineering & Water Supply Department 's pumping 

t rench l i e s 2 . 1 5 m i l e s west of the homestead and the pump-test 

boreho les are l o c a t e d on a l i n e t rending south from the t r e n c h 

Pump-test borehole No. 1+ (P iT . No. 4 ) i s the f i r s t borehole 

south of the t r e n c h , see map S 4435* and i s l o c a t e d at a ' ' 

d i s t a n c e of 729 yards from i t . The d i s t a n c e s e p a r a t i n g the 

a d j a c e n t bores P . T . No. P . T . No. 5\ P . T . NO. 6 and P . T . No. 

7 are r e s p e c t i v e l y 968 yards , 903 yards and 834 y a r d s . 

1 . 3 GEOLOGY 

A t h i n c l a y bed of P l e i s t o n e n e to Recent a g e , u s u a l l y 

not more than 8 f e e t t h i c k forms the base o f the f r e s h w a t e r 

b a s i n . The sequence below t h i s c l a y bed i s of T e r t i a r y age, 

the upper beds o f which are sandy. These T e r t i a r y beds w i l l 

not be f u r t h e r d i s c u s s e d . A e o l i a n i t e s i n which o c c a s i o n a l 

l e n s e s and t h i n bands of sandy s i l t s occur , and cemented 

a e o l i a n i t e s o v e r l i e c l a y b e d s . About 30 f e e t of windblown 

sand was p e n e t r a t e d in a number of observat ion boreho les ' 

although t h i s t h i c k n e s s i s not c o n s i s t e n t and as l i t t l e as 10 

f e e t of a e o l i a n i t e s were observed in one obs er v a t ion b o r e h o l e . 

These a e o l i a n i t e s are capped by a 4 f e e t t h i c k c r u s t 

of sheet kunkar. The o lder sand dunes d i r e c t l y o v e r l i e the 

a e o l i a n i t e s and a kunkar hor izon was formed on them. The 

Recent sand dunes are depos i ted on t h i s type o f l i m e s t o n e . 
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1 . 4 HYDROG2GE0GY 

Good q u a l i t y groundwater of 770 p a r t s per m i l l i o n o f 

d i s s o l v e d s a l t s occurs i n the Recent a e o l i a n i t e s . The s a l i n i t y 

v a r i e s somewhat and in p l a c e s r i s e s to 1 ,.000 p a r t s per m i l l i o n . 

The average t h i c k n e s s of the a q u i f e r i s 14 to 18 f e e t and i t 

i s b e l i e v e d t h a t the water i s not only s t o r e d in the voids 

between the g r a i n s but a l s o in c a v i t i e s in the cemented 

a e o l i a n i t e . 

I t appears t h a t wherever sands or sandy s i l t s occur 

the groundwater q u a l i t y i s in the order o f 1 , 3 0 0 to 2 , 0 0 0 

p a r t s per m i l l i o n or even more. I t i s considered t h a t the 

p e r m e a b i l i t y i n these sands i s l e s s and t h e r e f o r e the movement 

o f the groundwater i s r e s t r i c t e d . Owing to the slower 

movement, the groundwater tends to become more s a l i n e as the 

time i s i n c r e a s e d to d i s s o l v e s o l u b l e s a l t s b S i n c e the 

groundwater movement through the sandy s i l t s i s r e s t r i c t e d i t 

i s considered t h a t these beds form a semi-boundary. Hence 

the Polda Bas in of 30 square m i l e s i s an area of very .good 

q u a l i t y water surrounded by poorer q u a l i t y water . 

I n the preceding s e c t i o n on Geology an 8 f e e t t h i c k 

c l a y bed was mentioned as forming the impermeable base o f the 

f reshwater b a s i n . I t c o n s t i t u t e s the s e a l between the o v e r -

l y i n g f r e s h w a t e r and s a l i n e water i n the T e r t i a r y sands below 

and i s t h e r e f o r e an a q u i c l u d e . I t s t h i c k n e s s i s , under s t a t i c 

c o n d i t i o n s , s u f f i c i e n t t o prevent downward movement o f the 

f reshwaters and a lso i t i s t h i c k enough to form a b a r r i e r 

aga ins t upward movement o f the s a l i n e w a t e r s , which occur in 

the T e r t i a r y sands d i r e c t l y underlying the aquic lude . I f the 

pressure on the aquiclude i s reduced c o n s i d e r a b l y then t h e r e 

i s a p r o b a b i l i t y t h a t the underlying waters1 may leak through 

the aquiclude and contaminate the over ly ing a q u i f e r . This 

p o s s i b i l i t y must be kept i n mind i n the u l t i m a t e developmait 

of the a e o l i a n i t e a q u i f e r . 



1 , 5 HYDROLOGIC CYCLE 

There are no r a i n gauges i n the area and thus the 

average annual r a i n f a l l must be deduced from r a i n f a l l 

recordings at s i t e s outside the a r e a . .Actual r e c o r d i n g s at 

Lock, Yeelanna and E l l i s t o n are r e s p e c t i v e l y 1 6 . 0 0 , 1 6 . 0 2 

and 1 6 . 6 7 . I t i s t h e r e f o r e considered tha t the r a i n f a l l a t 

Polda Bas in i s approximately 16 inches per annum. Prom May 

t o September i s the wet season in which the average r a i n f a l l i s 

9 inches* A small p o r t i o n of t h i s i s a v a i l a b l e f o r recharge 

of the a q u i f e r . E f f e c t i v e r a i n s do not f a l l in summer t ime . 

Ruh-of f occurs over short d i s t a n c e s only and water may 

accumulate in small interdune f l a t s . The remainder i s e i t h e r 

evaporated or evapotranspired and a small p o r t i o n p e r c o l a t e s 

downwards to the a q u i f e r . Elsewhere in the S t a t e measurements 

have been made on the p e n e t r a t i o n r a t e of r a i n and i t was 

concluded tha t in sandy s o i l s the wett ing f r o n t reached to 13 

or II4. f e e t below the. s u r f a c e . In t h i s area the groundwater 

l e v e l i s at an average depth of 10 f e e t so t h a t the annual 

recharge by downward p e r c o l a t i n g ra inwater i s not only p o s s i b l e 

but i s the only source of i n t a k e . 

To date no data are a v a i l a b l e on the ev apor a t ion , 

e v a p o t r a n s p i r a t i o n and downward, p e r c o l a t i o n . • The q u a n t i t y o f 

groundwater which i s discharged through spr ings f a r t h e r to the 

west i s a l s o unknown. For assessment of the u l t i m a t e 

development p o t e n t i a l of Polda Bas in e s t i m a t e s of t h e s e 

f a c t o r s should be obtained by means of r a i n gauges or 

p l u v i o g r a p h s , ' s o i l moisture meters and poss ib ly , evaporat ion 

measurements. This however, w i l l r e q u i r e a prolonged study 

of the a r e a . 
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1 . 6 PIEZOMETRIG SURFACE • 

Monthly records of the water l e v e l s have been taken 

o f some of the observat ion boreholes while t h r e e monthly 

records are measured on a l l b o r e s . The accompanying four 

maps, S 4436 c , d , b and a , show the i s o p o t e n t i a l 3 j u s t b e f o r e 

pumping s t a r t e d from the Engineer ing & Water Supply Department 

t r e n c h , 1 s t . September, 1964; in the middle o f the pumping 

per iod 15th J a n u a r y , 1965 ; at the end of the pumping per iod 

1 s t . A p r i l , 1964 and the recovery a f t e r puinping was stopped 

3 r d . J u l y , 1 9 6 4 . 

I n general the groundwater f lows in a w e s t e r l y 

d i r e c t i o n and the gradient of the pieeometric s u r f a c e v a r i e s 

between 17- f t . per mile and . 3 . 1 f t . per m i l e , the lower 

gradient occurr ing in the c e n t r e o f the B a s i n . The y e a r l y 

v a r i a t i o n i n the p iezometr i c s u r f a c e i s not very grea t and i n 

genera l the i s o p o t e n t i a l l i n e s a r e d i s p l a c e d l e s s than 0*2 of 

a m i l e , as shown on the maps mentioned above. ; 

A r i s e i n water l e v e l , as shown on the i s o p o t e n t i a l . map 

of the 1 5 t h . January 1965? S 4436 d , was not expected during; 

the period t h a t the t rench was pumped and appears to be anomalous. 

The r a p i d change i n gradient i n d i c a t e d by the c l o s e l y 

spaced i s o p o t e n t i a l s i s due to the change i n p e r m e a b i l i t y o f 

the a q u i f e r . J u s t e a s t o f the l i n e of bores P . T . 4 t a P . T . 7 

the gradient i s l o w e s t . However, i n t h i s area the a q u i f e r i s 

not s u f f i c i e n t l y t h i c k t o warrant the d r i l l i n g of water supply 

b o r e s . . " 

There i s a r e l a t i v e l y very s teep gradient j u s t south 

o f P . T . 7 which suggests an a q u i f e r boundary. Hovi/ever, the 

occurrence•of such a boundary so c l o s e , to the borehole i . e . 

wi th in 250 f t . had c e r t a i n l y not been i n d i c a t e d by the drawdown 

d a t a , during the 7 day s i n g l e r a t e t e s t on t h i s b o r e . I t could 

be argued t h a t the period i t had been pumped was i n s u f f i c i e n t l y 

long f o r the cone of drawdown t o reach t h i s boundary. I t wil l , 

be explained l a t e r that t h i s could not have been the c a s e , as 



* 

the drawdown in the bore P . T . 7 and the observat ion b o r e s 

should have been i n f l u e n c e d . 

. 1 . 7 TYPE OP AQUIFER 

Although small r i s e s i n the water l e v e l were recoDded 

a f t e r p e n e t r a t i n g the a q u i f e r while d r i l l i n g , i t i s considered 

t h a t Polda Bas in conta ins a f r e e water t a b l e a q u i f e r . The 

recorded r i s e s in water l e v e l were, probably due t o the f a c t t h a t 

the top of the water l e v e l was passed unnot i ced . 

S i n c e the sediments forming the a q u i f e r c o n s i s t o f 

a e o l i a n i t e s and cemented a e o l i a n i t e s i t i s u n l i k e l y t h a t i t i s 

a homogeneous a q u i f e r . Voids i n the f i n e sands are not 

comparable in s i z e with s o l u t i o n caverns which occur i n the 

cemented a e o l i a n i t e s . However, the a q u i f e r as a whole i s con-

t i n u o u s . This i s of utmost importance in e v a l u a t i o n of the 

a q u i f e r , as a l l present equat ions are based upon homogeneous 

a q u i f e r s extending t o i n f i n i t y . 

The aquiclude i s not a h o r i z o n t a l plane and t h e r e f o r e 

small v a r i a t i o n s were found in the t h i c k n e s s of the a q u i f e r . 

The average i s probably 18 f e e t but f o r c a l c u l a t i o n s o f the 

t r a n s m i s s i b i l i t y and s torage c a p a c i t i e s the a c t u a l t h i c k n e s s e s 

are used i n the e q u a t i o n s . 

1 . 8 POROSITY OP THE AQUIFER 

Undisturbed samples of the beds forming the a q u i f e r 

have not been a v a i l a b l e f o r p o r o s i t y t e s t . The sediments are 

probably comparable with f i n e sands. However, the cavernous 

cemented a e o l i a n i t e s could have a much h i g h e r p o r o s i t y . An 

average p o r o s i t y o f 30$ i s es t imated f o r t h i s type o f a q u i f e r . 
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1 . 9 FACTORS AFFECTING THE FREE WATER TABLE AQUIFER 

Workers on the a q u i f e r e v a l u a t i o n such as .G. Thiem, 

C. V. T h e i s , C. F . Tolnan, L. K. Wenzel and o t h e r s have 

developed equat ions f o r the c a l c u l a t i o n s o f t r a n s m i s s i b i l i t i ^ s 

and s t o r a g e c a p a c i t i e s o f i n f i n i t e a r t e s i a n and homogenous 

a q u i f e r s . This i s the i d e a l c a s e , but the formulas can be 

used and give a good approximation. However, t h i s i s not th$ 

case f o r a ' d r a i n * or ' f r e e water t a b l e ' a q u i f e r . D i f f e r e n t 

procedures have been suggested but in general the approximations 

are f a i r l y poor . However, the b e s t approximation may be 

obtained by the use o f the equat ion developed by Jacob ( 1 9 4 4 ) 

's = s - s.^ i n which ' a 1 i s the ad jus ted drawdown, ' s ' i s t h e ' 
2m 

drawdown measured and 'm' i s the a q u i f e r t h i c k n e s s . 

A l l water l e v e l readings have been ad jus ted i n t h i s 

manner, and used in the equations of the a r t e s i a n a q u i f e r s . 

Drawdowns read from the graphs accompanying t h i s repor t are 

the ad jus ted drawdowns and must be c o r r e c t e d f o r drawdowns 

which would a c t u a l l y occur in the f i e l d , see t a b l e s 1 to 1 4 . 



1 . 1 0 REQUIRED INFORMATION 

S i n c e the Polda Bas in conta ins a dra in a q u i f e r which 

i s recharged only by l o c a l r a i n f a l l , and a s the withdrawal o f 

an e x c e s s i v e q u a n t i t y of water may r e s u l t i n c o l l a p s e of the 

a q u i f e r , i t i s o f utmost importance to c a l c u l a t e a s a f e yield® 

I t was " therefore d e s i r e d t o a r r i v e at a good approximation o f 

the t r a r i s m i s s i b i l i t y and the s torage c a p a c i t y which are used 

to assess the cone of drawdown and calculate the extent Of . 

the area which w i l l be a f f e c t e d by heavy pumping. 

There i s one other f a c t o r which must be c o n s i d e r e d . 

As d i s c u s s e d b e f o r e , the aquiclude i s a t h i n one only and 

o v e r l i e s T e r t i a r y . s a n d s conta in ing s a l i n e waters . I f the 

p r e s s u r e o f the f r e s h waters i s reduced too much, then the 

s a l i n e w a t e r s may f o r c e t h e i r way upwards and contaminate the 

f r e s h water above. t 
I t must be borne i n mind t h a t the s .eui fer i s not 

uniform i n c h a r a c t e r and c e r t a i n l y not o f i n f i n i t e e x t e n t . 

However, the e f f e c t o f the' pumping probably w i l l not reach t h e 

boundary o f the b a s i n hence boundary e f f e c t s w i l l not be f e l t . 

Short term water l e v e l f l u c t u a t i o n s were not expected 

s i n c e the t rench was not pumped while the boreho les were 

be ing t e s t e d . However, a r i s e o f the water l e v e l r e s u l t e d 

a f t e r some 2 inches o f heavy r a i n during the recovery a f t e r 

the t e s t i n g o f P . T . No. b> This r i s e , however, does not 

a f f e c t the c a l c u l a t i o n s . 
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i l l 1 SALINITY, 

Analyses o f samples taken a t the end o f the pumping 

t e s t are given i n the f a c s i m i l e s of the a n a l y s t ' s r e p o r t s . 

N i t r a t e s occur i n these w a t e r s . The i r t o t a l content 

l e v e l was h i ^ i b e f o r e pumping was s t a r t e d and probably above 

the accepted l i m i t f o r adult human consumption. The ana lyses 

are r e l a t i v e l y uniform with the except ion o f those of P . T . 4 

which were anomalously h i g h , i n t o t a l s a l i n i t y due mainly to 

sodium c h l o r i d e . 

The high s a l i n i t y a f t e r pumping in bore No. 4 may be 

due t o the s a l i n e swamp c l o s e t o t h i s bore and the f a c t tha t 

the t r e n c h was pumped the year b e f o r e , which may have drawn 

some of the s a l i n e waters i n t o t h i s por t ion o f the a q u i f e r . , i 
I f t h i s type of water i s mixed with the water of P . T . 

No. 7 borehole waters s u i t a b l e f o r d r i n k i n g w i l l be obta ined 

except t h a t the n i t r a t e content may be above the accepted l i m i t 
* 

when the b o r e s a r e pumped f o r the f i r s t time i n the spring. . 

The high s a l i n i t y i n P . T . No. 1+ i s d i s c o u r a g i n g . I f 

the t rench i s not pumped in the f u t u r e an i n c r e a s e i n s a l i n i t y 
i 

may not occur . Recommendations w i l l be made l a t e r on the s a f e 

pumping r a t e f o r P . T . 1+. I t i s i n the order o f one cusec and 

t h i s y i e l d may be low enough t o avoid f u r t h e r i n c r e a s e s i n 

s a l i n i t y . 

1 . 1 2 DRILLING 

D r i l l i n g o f the U3 inch diameter t e s t borehole and the 

o b s e r v a t i o n borehole commenced on 29th J u l y , 1961+ and with some 

interruption t h e s e werie ready f o r p r e l i m i n a r y t e s t s on 9 th 

October , 196l+« Five, observ a t ion boreholes were d r i l l e d near 

bore P . T . 4 and t h r e e near each o f bores P . T . 5 and 6 . At 

bore P . T . 7 f o u r observat ion bores were d r i l l e d . The pumping 

t e s t bore and observat ion boreholes were d i scont inued i n the 

c l a y underlying t h e a q u i f e r . The bore logs o f the P . T . b o r e s 

are given i n the appendix. 
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A l l observa t ion boreholes were l i n e d with 2 inch pipe 

while the pump-test boreholes were cased with 36 inch cement 

l i n i n g s . These l i n i n g s , however, were not complete ly 

s a t i s f a c t o r y and were l a t e r rep laced by 36 inch s l o t t e d s t e e l 

pipe and in each c ase the annulus f i l l e d with wel l rounded 

g r a v e l . P . T . No. 6 borehole gave a vfery smal l supply and was 

abandoned. 

1 . 1 3 PUMPING EQUIPMENT 

A f i v e inch s i n g l e s t a g e Pomona t u r b i n e pump was 

i n s t a l l e d , i n each c a s e , a t about e i g h t inches above the bottom 

o f the b o r e h o l e . In t h i s manner the a v a i l a b l e drawdown was 

maximum. This pump was coupled to an A.U.D. 26U I n t e r n a t i o n a l 

d r i v i n g ant H. & E. head with a one and h a l f t o one r a t i o . 

This equipment was capable o f pumping some i|5»000 g a l l o n s per 

hour . S ince the area i s almost f l a t t h e r e was no d i f f i c u l t y 

in d i spos ing o f the q u a n t i t y o f water from P . T . No. 4 i n t o the 

s u r f a c e tanks at the trencfr . However, t h e r e i s a smal l r i s e 

between P . T . Nos. 5 , 6 , and 7 and the t r e n c h t h e r e f o r e , a 

b o o s t e r pump, a s i n g l e s tage K e l l y and Lewis c e n t r i f u g a l pump 

coupled to a 3 - c y l i n d e r Detitz was used to f o r c e the water over 

the l i t t l e r i s e . 

The s i n g l e s tage Pomona pump was cons idered the most 

s u i t a b l e borehole pump as with t h i s uni t a high pumping r a t e 

could be obta ined with minimum power consumption. 

Although some minor r e p a i r s had t o be made to the 

engines used, i n genera l the equipment worked s a t i s f a c t o r i l y . 

A c l o s e watch was kept on the r e v o l u t i o n s o f the pump to 

ensure a continuous d i s c h a r g e . 
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1 . 1 4 DISCHARGE OP THE GROUNDWATER 

S i n c e the beds over ly ing the a q u i f e r are very 

permeable any groundwater pumped from a bore and discharged a t 

a shor t d i s t a n c e away could be expected to r e t u r n almost 

immediately to the a q u i f e r . Under these c o n d i t i o n s pumping 

would r e s u l t , a f t e r a Bhort per iod of t i m e , i n r e c i r c u l a t i o n 

o f the groundwater. Therefore the Engineer ing & Water Supply 

Department was approached with a r e q u e s t t o supply and l a y a 

6 inch diameter pipe l i n e through which the pumped water could 

be d e l i v e r e d to tanks i n s t a l l e d near the t r e n c h . Prom t h e r e 

i t was pumped i n t o the r e t i c u l a t i o n system and removed from the 

a r e a , t h e r e f o r e no water was returned to. the a q u i f e r during 

the pumping t e s t i n g . 

The d e l i v e r y pipe t o the tanks entered t h e s e at the 

b a s e * When t h e s e tanks were f u l l t h e r e must have been a 

g r e a t e r pumping head which decreased the d i scharge r a t e . This 

can be c l e a r l y seen i n the drawdown log time graphs on which the 

plots , do not l i e on the curves or on a s t r a i g h t l i n e . 

• 1 . 1 5 . DISCHARGE MEASUREMENT 

The d ischarge l i n e from the pump was d i r e c t l y coupled 

to the t emporar i ly l a i d 6 inch s u r f a c e p i p e . A H e l i x water 

meter was i n s t a l l e d i n t h i s short coupling l i n e . The water 

pumped was d e l i v e r e d to the sur face tanks at the t r e n c h , which 

hold only some 5 0 , 0 0 0 g a l l o n s . Prom t h e r e i t w§s pumped i n t o 

the r e t i c u l a t i o n mains. A l l water pumped i n t o these mains 

passed a flowmetre and the q u a n t i t i e s measured agreed c l o s e l y 

with those measured near the pumping equipment. 

Although a c l o s e watch was kept on the pump r e v o l u t i o n s , 

t h e r e s t i l l were some s l i g h t d i f f e r e n c e s i n the d i scharge which 

s l i g h t l y a f f e c t e d the drawdown l e v e l s "as i n d i c a t e d p r e v i o u s l y * 



1 . 1 6 WATER LEVEL MEASUREMENTS 

Water l e v e l s of some obs er v a t ion bores on Polda Bas in 

are measured every month while the remainder 'are included i n 

the survey every t h r e e months. The y e a r l y d i f f e r e n c e o f the 

p i e z o m e t r i c s u r f a c e obtained from t h e s e surveys have a l ready 

been d i s c u s s e d . 

Good r e s u l t s from pump-tests a r e obtained i f an 

a q u i f e r i s in s t a t i c c o n d i t i o n . Therefore the Engineering & 

Water Supply Department was requested not to pump from the 

t rench in order not to d i s t u r b the water l e v e l s p r i o r to the 

t e s t i n g . 

In the l a s t years an e l e c t r i c a l probe c o n s i s t i n g o f a 

twin core e l e c t r i c a l l e a d , b a t t e r y and an ampmeter was used to 

measure the l e v e l s in the pumping borehole and the obs er v a t ion 

b o r e h o l e s . • 

i t soon ,became•apparent that marking of the leads.,and 

reading, o f f the d i f f e r e n t water l e v e l s immediately was imprac-

t i cable . . S i n c e . c h a l k . m a r k s can e a s i l y be erased and ink . 

markings ,are not e a s i l y readable on the b l a c k TV. leads , used, 

a new. system.w§s adopted. Each T .V. a e r i a l wire was covered 

with marking tape and.whenever a .water l e v e l wgs measured a 

mark,.was made and a number p laced aga ins t i t . As soon as 

s u f f i c i e n t time, was a v a i l a b l e between r e a d i n g s , the leads, were 

measured and the water l e v e l s noted on the appropriate s h e e t s . 

The marking tapes were removed a f t e r the completion of the 

t e s t s and a re s t i l l a v a i l a b l e as a permanent r e c o r d . , 

. A l l water l e v e l measurements were taken.from a . 

r e f e r e n c e point e i t h e r . o n the eas ing or 2 inch p ipes of. the 

observa t ion boreho les and the h e i g h t of t h i s r e f e r e n c e point 

a l s o marked on the appropr ia te record ing s h e e t s . 

S l i g h t v a r i a t i o n s in water l e v e l s occurred a f t e r . t h e . , 

equi l ibr ium was...reached., However,, these f l u c t u a t i o n s are 

probably due t o . v a r i a t i o n s i n r e v o l u t i o n s of the pumping., 

equipment which could not be avoided and to an i n c r e a s e in 



head due to the f i l l i n g o f the sur face tanks a t the t r e n c h . 

While P . T . 7 was being pump t e s t e d a water l e v e l 

recorder was p laced on a borehole midway between P . T . 7 and 

P . T . 6 . The r e c o r d e r however, was not working s a t i s f a c t o r i l y 

so t h a t the graph made cannot be used f o r c a l c u l a t i o n s . 
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1 . 1 7 TESTING PROCEDURES 

Supply from the Engineer ing & Water Supply t r e n c h had 

t o be reduced i n February 1964 as q u a n t i t i e s o f water up t o 2 

cusecs had been pumped from the t rench and the water l e v e l 

decreased by as much as 4 f e e t over a per iod o f t h r e e months. 

With t h i s in mind the Engineer ing & Water Supply Department 

requested a seven day t e s t on a l l P . T . b o r e s . 

A p r e l i m i n a r y t e s t run of shor t d u r a t i o n had to be made 

t o develop the b o r e h o l e s and to a s s e s s the t o t a l q u a n t i t i e s o f 

groundwater which could be removed b e f o r e any long period of 

t e s t i n g on any one borehole could be commenced. 

I t was decided t h a t a 7 days pump-test was t o be done 

a t a s i n g l e high r a t e fo l lowed by a r e c o v e r y t e s t on each P . T . 

hole a f t e r which a m u l t i p l e s tage t e s t was to be made t o 

c a l c u l a t e the a q u i f e r l o s s and wel l l o s s . 

P . T . No. 4 was the f i r s t t e s t e d and the pump was 

s t a r t e d on 9th October , 1964 a t 0 9 . 0 0 hours , t h e recovery 

commenced on 16th October , 1964 . Pumping was done on an average 

r a t e o f 1 . 7 cusecs1 A f t e r completion o f the s i n g l e s tage t e s t 

the mul t ip le s t a g e t e s t «as made. I t commenced on 19th October , 

a t 1 6 . 0 0 hours and was completed on the 20th October at 0 3 . 4 0 

hours . 

The pumping equipment was moved t o P . T . No. 7 and a 

s i m i l a r t e s t procaduro r e p e a t e d . The pump was s t a r t e d on the 

6 t h November, 1964 a.t 1 6 . 0 0 hours and the whole t e s t i n g was 

completed ori 16 th a t 2 2 . 0 0 h o u r s . . 

S i n c e the l i n i n g was not considered to be s u i t a b l e , 

f u r t h e r t e s t i n g was d e f e r r e d u n t i l 36 inch s l o t t e d pipes were 

i n s t a l l e d and the annuli f i l l e d with g r a v e l . 

To a s s e s s the p o s s i b l e improvement obtained by r e l i n i n g 

the borehole pump-tests were r e s t a r t e d on P . T . No. 7 on 13th 

February, 1965 and completed on 14th February , P . T . No. 5 was 

pump t e s t e d f o r 23 hours o n l y , which s t a r t e d on the 22nd 

February, and recovery s t a r t e d on 2 3 ^ . 
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On P . T . No. U a second mul t ip le t e s t was made which 

s t a r t e d on the 3rd March, and was completed t h a t day. 

During the pump-test water l e v e l s were measured i n at 

l e a s t t h r e e , and near P*T . No. k i n f i v e , observat ion b o r e h o l e s . 

The water l e v e l s i n t h e s e observat ion h o l e s were used t o check 

whether equi l ibr ium had been reached. I n genera l i t was 

reached a f t e r a 2k hour pumping per iod although in many wate^ 

t a b l e a q u i f e r s two days pumping are r e q u i r e d . 

Mult ip le s tage t e s t s can be made on f r e e water t a b l e 

a q u i f e r s under c e r t a i n c o n d i t i o n s t No f u r t h e r exp lanat ion has 

been found i n the l i t e r a t u r e as t o what those c o n d i t i o n s a r e . 

Therefore the time i n t e r v a l s between each s t a g e were v a r i e d f o r 

each t e s t on the d i f f e r e n t b o r e h o l e s . I t appears t h a t only the 

l a s t one made on P . T . 1+ s e r i a l 030365 gave r e l i a b l e data f o r 

the f i r s t t h r e e of the f o u r s t a g e s . 
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1 , 1 8 RECOVERY 

A f t e r the pump was stopped i n each borehole the 

recovery of the water l e v e l s were taken at very rapid 

i n t e r v a l s . An example i s P«T. NO. 4 where the t o t a l drawdown 

was about 14 f e e t . S i x readings were taken in the f i r s t 

minute i n which the water l e v e l recovered some 6 f e e t . Hal f 

minute readings were t a k e n f o r a f u r t h e r 9 minutes and. 

t h e r e a f t e r minute readings were taken u n t i l 40 minutes a f t e r 

the pump stopped. Then readings were t a k e n a t f i v e minute 

i n t e r v a l s u n t i l 100 minutes a f t e r the pump had stopped. Ten 

minute readings were taken u n t i l 200 minutes t h e r e a f t e r 50 

minute readings were made u n t i l M , 0 0 0 minutes . Then 100 

minute readings were . taken u n t i l 2 , 0 0 0 minutes . T h e r e a f t e r 

500 minute i n t e r v a l readings were made. The l a s t reading was 

made 4»500 minutes a f t e r the pump was stopped and the water 

l e v e l was then s t i l l 0 . 4 0 f e e t below t h e s t a t i c water l e v e l . 

This type of slow recovery i s t y p i c a l of the a e o l i a n i t e . and 

cemented a e o l i a n i t e a q u i f e r s . 

S i m i l a r readings were made a f t e r the pump t e s t i n g o f 

P . T . bores Nos. 7 and 5 , and the r e s u l t s were comparable. 
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2»1 CALCULATIONS OF TRANS MIS SI BI LI TY AND STORAGE CO-EFFICIEjNTS 

The c o - e f f i c i e n t s of t r a n s m i s s i b i l i t y i n d i c a t e the 

c a p a c i t y of an a q u i f e r to t ransmit water and i s equal to the 

c o - e f f i c i e n t o f p e r m e a b i l i t y m u l t i p l i e d by the t h i c k n e s s of the 

a q u i f e r . S torage p r o p e r t i e s of an a q u i f e r are expressed by i t s 

c o - e f f i c i e n t o f s torage which i s de f ined as the volume of water 

the a q u i f e r r e l e a s e s per uni t change and the complement of head 

normal to tha$ s u r f a c e . 

The c o - e f f i c i e n t o f t r a d m i s s i b i l i t y can be obta ined 

from drawdown measurements from a pump-tested b o r e . For the 

c a l c u l a t i o n s o f the s t o r a g e c o - e f f i c i e n t however at l e a s t one 

observa t ion borehole i s r e q u i r e d . These two c o - e f f i c i e n t s can 

be c a l c u l a t e d with the Dupuit Thiem equat ions but in genera l 

the mathematical s o l u t i o n s are not as r e l i a b l e as g r a p h i c a l ones . 

I n the graphica l approach small v a r i a t i o n s i n pumping r a t e s can 

be adjusted v i s u a l l y which i s not p o s s i b l e when mathematical 

s o l u t i o n s are used. 

Under t h e heading " F a c t o r s a f f e c t i n g a Free Water Table 

A q u i f e r " i t was pointed out t h a t a l l drawdown measurements must 

be ad jus ted b e f o r e they can be used f o r the a r t e s i a n a q u i f e r 

e q u a t i o n . For convenience the formula i s repeated h e r e : 
o 

*S ss s - & 

2m 

i n which ! s i s the ad jus ted drawdown, s the drawdown measured 

i n . t h e f i e l d and m the a q u i f e r t h i c k n e s s . 

The drawdown data' used in the graphs f o r -the 

c a l c u l a t i o n s are the ad jus ted drawdowns. The convers ion graph 

to the drawdown as would occur i s shown on the l e f t hand s i d e 

of the Xime and D i s t a n c e Drawdown Curves 6 5 - 3 3 5 / 6 , 65-i+lU/5» 

Whenever the term f i e l d data i s used i n the f o l l o w i n g 

paragraphs i t should be borne i n mind tha t the a d j u s t e d f i e l d 

data are r e f e r r e d t o and not the a c t u a l measured drawdown l e v e l s . 

Theis (1935 developed a non leaky a r t e s i a n a q u i f e r type 

curve f o r computing e i t h e r mathematica l ly or g r a p h i c a l l y the 



t r a n s m i s s i b i l i t y and s torage c a p a c i t y o o - e f f i c i e n t s . J . S . 

C o l v i l l e ( 1 9 6 5 ) ("believed to be the f i r s t ) f u r t h e r developed 

these equat ions f o r the b a s i c u n i t s F , P , S and other u n i t s . 

A copy of the summary of the formulae i n w e l l h y d r a u l i c s i s 

given in the Appendix. The f u n c t i o n s f o r the c o - e f f i c i e n t s o f 

t r a n s m i s s i b i l i t y ! T ' and the s t o r a g e c a p a c i t y ' S 1 are 

T = W(u) 
k n s 

and 

i n which 

Q i s the pumping r a t e i n c u s e c s , 

, s t i s the drawdown i n f e e t , 

' r ' i s the distance in f e e t ' - t o the observat ion w e l l , 

' t l i s the time i n seconds and, 

W(u) i s the wel l f u n c t i o n of u . 

A graphica l s o l u t i o n of the equat ions i s obtained by 

preparing a p l o t c f the l o g o f drawdown a g a i n s t the log o f t i m e . 

A curve drawn through the p l o t should be matched with t h e type 

curve o f log W(u), aga ins t the log of Both p l o t s are t o be 

made on the same s c a l e log log. paper . A f t e r the type curve i s 

matched a g a i n s t the drawdown time p l o t a convenient match po in t 

i s s e l e c t e d . This match point does not n e c e s s a r i l y have to l i e 

on the type, curve but can' be chosen so t h a t i n t e g e r s are 

obtained f o r the v a l u e s W(u) and u on the type curve. The 

corresponding values o f ' s ' . a n d 1 1 ' are read from the drawdown 

time p l o t . a n d the values so obtained should be s u b s t i t u t e d i n 

the' equat ions f o r fT1 • and ' S * . I t w i l l be noted t h a t in the 

graphs accompanying t h i s report the type curve has been drawn 

on ' the drawdown time graph and that no separa te type curve i s 

< suppl ied . . ., 
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2 . 2 CALCULATIONS USING DATA CP THE PUMPING-TEST ON PT. 7 

Graph 6 5 - 4 4 g ives the p l o t o f the log of the ad justed 

drawdown agains t the log o f time of observat ion bore 7 a . The 

v a r i a b l e s obtained from t h i s graph-.a:re: 

s = 3 . 5 f t . 

t = 1 . 2 9 x 10^ s e c 

u = 1 0 - 3 

W(u) = 6 . 2 

The c o n s t a n t s are 

Q = 1 . 9 c u s e c . 

r = 20 f t . from P t . 7 . 

These values, s u b s t i t u e d i n the equation f o r T and S r e s u l t i n 

4773.5 T « x 6 . 2 « 2 . 8 x l©*"1 f t ; 2 / s e c . * 

S = 4 x 2 . 8 x I P " * x 10~ 3 x 1 , 2 9 x 1 (T U = 3 . 5 x 1 0 ~ 2 

C a l c u l a t i o n s f o r T and 3 using Observat ion Bore 7b 

The v a r i a b l e s obtained from graph 6 5 - 4 5 

s = 3 . 7 , f t . t = 5 . 1 6 x 10^ 

u = 10~ 3 and W(u) = 6 . 2 4 

The c o n s t a n t s are 

Q, = 1 . 9 cusecs and, 

r = 40 f t . 

These values s u b s t i t u t e d i n equat ion f o r T and S give 
1 . 9 - I P 

T = i j t 3 > 7 x 6 . 2 = 2 . 5 x 10 f t . / s e c . 

S = X ? t 5 x ^ x ^ Q - ? x 5 . 1 6 x 1 0 * = 3 , 2 x i o " 2 

O a l c u l a t i o n s using Obserya ;tion Bore 7o 

The v a l u e s o f the v a r i a b l e s obta ined from graph 6 - 4 6 are 

s = 4 . 2 5 f t * , 

t = 1 . 9 8 x 1 0 5 s e c . 

u = 10~ 3 

W(u) = 6 . 4 

The c o n s t a n t s are 

Q = 1 . 9 

r = 80 f t . 
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These values s u b s t i t u t e d in the equat ion f o r T and S r e s u l t in 
1 . 9 ? 

T = 4 H 14,25 X = 2 , 2 7 X 1 0 f t o / s e c ° 

s _ U x 2 . 2 7 x 1 0 " 1 x 1Q~3 x 1 . 9 8 x 1Q~5 = 2 . 8 x 10~2 

6 . 4 x 1 0 3 

I t i s evident t h a t t h e r e i s a c l o s e r e l a t i o n s h i p between 

the va lues o f T and S obtained in the three c a l c u l a t i o n s . Those 

from the observa t ion borehole 7c are l o w e s t . Probably they are 

more r e l i a b l e values as the pumping in bore PT 7 should not have 

i n f l u e n c e d the drawdown in t h i s obs er v a t ion h o l e . I n f u r t h e r 

c a l c u l a t i o n s f o r the d i s t a n c e time drawdown graphs the lower 

va lues o f T and S w i l l be used. 

I t should be noted t h a t on a l l time drawdown graphs 

d i scussed the drawdown o f the f i r s t 100 minutes do not l i e on 

the type c u r v e s . This i s a normal f e a t u r e as i n t h i s short 

per iod of time equi l ibr ium has not been reached which i s a 

requirement f o r the graphica l s o l u t i o n . 
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2 . 3 STRAIGHT LINE METHOD 

Cooper and. Jacob (1946 ) developed a modified non- leaky 

a r t e s i a n a q u i f e r equat ion which a l so e an be U3e<& to a r r i v e at 

the c o - e f f i c i e n t s o f t r a n s m i s s i b i l i t y and s torage c a p a c i t y . To 

so lve these f a c t o r s g r a p h i c a l l y , a p l o t i s made of the drawdown 

a g a i n s t the log o f t i m e . The equat ions to be used in the PPS 

and 

i n which 

Q = the pumping r a t e in cusecs 

d e l t a s = the drawdown per log c y c l e 

t = the zero-drawdown t ime, i n t e r c e p t of the drawdown o 
curve of an observat ion b o r e h o l e , i n seconds ' 

r = the d i s t a n c e of the observat ion borehole to the 

pumped borehole in f e e t . 

On Graph 65 -345 are p l o t t e d a g a i n s t log t the drawdown 

obtained in the pump wel l and those of the observat ion bore 7 c . 

S t r a i g h t l i n e s are drawn through the p l o t s r e p r e s e n t i n g the 

b e s t mathematical f i t . I t should be noted that f o r a • 

mathematical f i t c a l c u l a t i o n s have t o be made, f o r time saving 

purposes only a v i s u a l c a s t f i t i s drawn. I t should a l s o be-

noted that the e a r l y drawdown data are u s u a l l y e r r a c t i c . They 

t h e r e f o r e are not used i n the drawing of the curve . The 

c o n s t a n t s and the v a r i a b l e s obtained from the graph 6 5 - 3 4 5 are 

D e l t a s = 1 . 1 5 

t Q = 3 min = 180 s e c . 

Q = 1 . 9 cusecs -

r = 80 f t . 

These va lues s u b s t i t u t e d in the equat ions give 

T = ° » 1 8 3 j 1 . 9 = 3 o 0 i 4 x 1 0 - 1 f t > 2 s e c ^ 

S = 2 . 2 5 x 3 . 0 9 x I P " 1 x 1 . 8 x l O 2 _ 1 b 9 6 x 1 0 - 2 

6.4 x 103 

The values obtained by t h i s method f o r T and S are i n 

u n i t s are 
m 0.185Q 

d e l t a s 

S = 2 . 2 5 Tt 
r^ 



good accordance with those obtained with the type curve method 

of T h e i s . There i s an advantage in the s t r a i g h t l i n e method. 

With the curves obta ined the drawdown in the pump borehole can 

be p r e d i c t e d at any time e . g . the drawdown a f t e r 70 days o f 
5 

pumping, being equal t o 10 minutes , i s equal t o the drawdown 

obta ined a f t e r seven days pumping plus the d e l t a s o f 1 . 1 5 f e e t . 

I n t h i s case the drawdown a f t e r 70 days would be 

7 . 0 9 f e e t + 1 . 1 5 f e e t = 8 . 2 9 f e e t . 

A drawdown at any time can also.be calculated with the Theis 

equations, however, but it is more complicated. 
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2 . 4 DUPUIT-THEIM EQUATION 

For comparison the c o e f f i c i e n t o f t r a n s m i s s i b i l i t y i s 

a l s o c a l c u l a t e d with the use of t h i s e q u a t i o n . However an 

e x p r e s s i o n of the c o e f f i c i e n t o f p e r m e a b i l i t y which i s equal to 

the c o e f f i c i e n t o f t r a n s m i s s i b i l i t y divided by the a q u i f e r • t 
t h i c k n e s s m. The a q u i f e r ' s t h i c k n e s s v a r i e s s l i g h t l y as i t i s 

1 6 , 5 f t . , 17 f t . and 19 f t * i n the observat ion h o l e s a , b and c 

of PT 7 . 

The equat ion developed f o r the c o e f f i c i e n t o f 
P 

p e r m e a b i l i t y kp or % i s 

kp = 2.3Q log r l / r 2 i n w h i c h 

7 7 ( 1 ^ 2 - h 2 2 ) 

Q = 1*9 the pumping r a t e i n cusecs* 

r = r i s 80 f t . the d i s t a n c e to the jumped b o r e h o l e i 
1 c 

rk a r , i s 40 f t . d i s t a n c e to the puhiped b o r e h o l e . ci O 1 

h = h = 19 - 5 *54 f t * , the s a t u r a t e d t h i c k n e s s o f the 1 , c 
a q u i f e r a f t e r 10 minutes pumping. 

h = h = 17 - 6 . 2 4 f t . , the sa tura ted t h i c k n e s s of the 2 & 
a q u i f e r a f t e r 10^ minutes pumping. 

These va lues s u b s t i t u t e d i n the equation g ives 

k p = 2 . 3 x l . g loft 3 = . 6 . 3 4 x 10~ 3 f t . per s e c . 
I I ( 1 3 . 4 6 - 1 0 . 7 6 ^ ) 

as T = ^ m 

and the average t h i c k n e s s o f the a q u i f e r i s 17 f t . 

the v alue f o r the c o e f f i c i e n t o f t r a n s m i s s i b i l i t y becomes 

T = 6 . 3 4 x 10~"3 x 17 = 1 . 0 7 x i o " 1 f t . 2. per s e c . 

This value o f T obtained i s lower than those a r r i v e d a t 

by using the o t h e r methods which i s probably due t o the v i s u a l 

adjustment made in the graphica l approach. I t i s considered, t h a t 

the h igher v a l u e s o f T are more r e l a i b l e and t h e r e f o r e the 

Dupui£-Theim equat ion has not been used f o r the determinat ions 

of the va lues o f S and T of the boreholes PT 4 and PT 5* 
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2 . 5 VALUES OF T AND S OBTAINED FROM.PUMTING TEST ON'BORES 

PT. 4 AND PT. 5 

I n the previous paragraphs 2 » 4 , t h e values of these 

c o e f f i c i e n t s we're c a l c u l a t e d f o r E T . 7 "by means of d i f f e r e n t 

methods. They appear a l s o on the graphs and i t i s cons idered f 

t h a t f u r t h e r completed c a l c u l a t i o n s are not v/arranted in t h i s 

r e p o r t . For completeness , however, t h e v a l u e s of T and S 

obtained from the s i n g l e s t a g e pumping t e s t on PT. PT .5 and 

PT. 7 are given i n the t a b l e below. In these t a b l e s TO stands 

f o r the g r a p h i c a l method in which t h e type curve i s used and 

M.E<» i n d i c a t e d t h a t the r e s u l t s are obtained by means o f the 

modified s t r a i g h t l i n e e q u a t i o n . " i l j^ l 
Borehole Method Dis tance S Granh No 

No. t o P . T . 
bore in f t 

cuseos 
• 

in f t ner 
sfec 

Granh No 

4a TO 10 1 . 7 
. m o - i 3 . 6 x lO 1 2 . 9 x 10~ 2 6 5 - 3 4 1 

4b TO 20 1 . 7 ' 
l\l6 n 

2 . 7 x 10 1 5 . 6 x 10~ 2 6 5 - 3 4 1 
4e 40 1 . 7 

toio -1 
2 . 5 x 10 1 8 . 3 x 1 0 " 5 6 5 - 3 4 3 

4a ME 40 1 . 7 2 . 9 x 10 1 1 . 8 3 x 10""2 65-872 

PT . 4 ME 1 . 7 3 . 6 x 10 x 2 . 2 8 x 10~ 2 65-872 

5c TG 40 . 0 . 6 4 2 . 3 x 1 0 x 2 . 8 x 1 0 " 3 65-875 
5b TO 20 0 . 6 4 

IVIO n 
1 . 7 x 10 • 4 . 0 8 x 10""^ 6 5 - 8 7 3 

PT. 5+ ME 0 . 6 4 
118-0 

1 . 6 x 10 1 . 9 x 10~ 2 6 5 - 8 7 4 
5c ME 40 0 . 6 ^ 2 . 3 x 10 1 2 . 7 x 10~ 2 6 5 - 8 7 4 
7c TO 80 1 . 9 2 . 2 7 x 10 1 2 . 8 x 10~ 2 65-46 

7b TO 40 1 . 9 
lO to -J 

2 . 5 x 10 x 3 . 2 x 10~ 2 6 5 - 4 5 
7a TC 20 1 . 9 

i t TO , 
2 . 8 x 10 x 3 . 6 x 10~ 2 6 5 - 4 4 

7c 1 s t tes t ME 80 1 . 9 3 . 0 4 x 10 1 . 9 6 x 10~ 2 65-345 

PT.7 1 s t ME 1 . 9 3 . 0 4 x 10 -1 6 5 - 3 4 5 t e s t IWUo n 
6 5 - 3 4 5 

7c 2nd tes t ME 80 1 . 9 3 . 0 4 x 10"*-1 1 . 2 2 x lCT* 65-346 •UljO 65-346 

PT.7 2nd ME 1 . 9 3 . 0 4 x 10 1 65-346 
t e s t 

65 -346 

The drawdown d a t a , used to prepare the graphs and to 

c a l c u l a t e t h e values f o r T and S , are given in the t a b l e s 1. 

to 14 as they are d i f f i c u l t to read from the graphs . I t ^tould 

be noted the a d j u s t e d drawdowns are given a l s o * The raw f i e l d 
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data cannot be used i n the non leak<jr' a r t e s i a n a q u i f e r 

e q u a t i o n s . 

There i s a very c l o s e r e a l t i o n s h i p between the values 

o f the c o e f f i c i e n t s o b t a i n e d . The low value f o r 3 c a l c u l a t e d 

from observa t ion borehole 4e may be due to the f a c t t h a t t h i s 

i s the only b b s e r v a t i o n hole which was d r i l l e d down gradient o f 
I 

bore PT. k* I t i s considered tha t some o f the obs er v a t ion bores 

were d r i l l e d ij\ more cavernous cemented a e o l i a n i t e s . 

Bore PT. 5 must have been d r i l l e d in an area where there 

are probably no caverns as. i t s t o t a l y i e l d i s very low. However 

the c o e f f i c i e n t o f t r a . n s m i s s i b i l i t y and s torage c a p a c i t i e s 

c a l c u l a t e d from the o b s e r v a t i o n h o l e s a r e s i m i l a r to those o f 

the good y i e l d i n g b o r e h o l e s . I t must be borne - i n mind t h a t the 

a q u i f e r i a only 11 f t . t h i c k i n PT. 5# 

I t appears t h e r e f o r e t h a t the a q u i f e r i s almost 

homogeneous. 

The wel l l o s s i s an important f a c t o r which i n f l u e n c e s 

t h e drawdown c l o s e to a wel l pumped hence i t i s unfor tunate t h a t 

smal ler drawdowns were expec ted and t h e r e f o r e the o b s e r v a t i o n 

boreholes d r i l l e d too c l o s e t o the main b o r e h o l e s . 

Data given i n Tables 1 to l k i s the drawdown. I t should A 
be noted t h a t the a d j u s t e d drawdown ai»e given a l so . . The raw 

f i e l d data cannot be used i n the non leaky a r t e s i a n a q u i f e r 

e q u a t i o n s . 
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2 . 6 HYDRAULIC CONDUCTIVITY P AND PLOW VELOCITY fV* 

Values f o r T obta ined in the previous paragraphs are to 

be used to c a l c u l a t e the c o e f f i c i e n t o f P e r m e a b i l i t y a l s o c a l l e d 

Hydraulic Conduct iv i ty . I t i s the quot ient o f the c o e f f i c i e n t 

o f t r a n s m i s s i b i l i t y divided by the a q u i f e r t h i c k n e s s . The 

hydraul i c c o n d u c t i v i t y i s used t o a r r i v e at a v e l o c i t y f low i n 

D a r c y ' s law. 

v = P x i i n which 

v i s the v e l o c i t y in f e e t per time u n i t 

P i s the hydraul i c c o n d u c t i v i t y 

i i s the hydraul i c gradient 

Maps S4436 show t h a t the f a l l in p lezometr l c sur face i s 50. f e e t 

over a 5 mile i n t e r v a l . Hence the gradient 1 i 1 in round . 

f i g u r e s i s 

5O/5,0OOa= V500 * 2 . x 10"° 

With the use o f the values f o r T obtained e a r l i e r , c a l c u l a t i o n s 

are made f o r the f i e l d p e r m e a b i l i t y c o e f f i c i e n t and the 

v e l o c i t y of f low and they are t a b u l a t e d below 

P . T . No. T In Aquifer P i n f t / s e c V i n f t / s e c 
f t / s e c . Thickness 

m in f t . 
4 0 . 3 6 22 . 1 . 6 X l O - 2 3 . 2 X 1 0 - 5 

' 0 . 3 6 2 3 . 5 1 . 6 X i o - 2 3 . 2 X 1 0 - 5 

0 . 2 7 2 5 . 5 1 . 0 8 x IO*"2 2 . 2 X 1 0 - 5 

0 . 2 5 2 1 . 0 1 . 2 X I O " 2 2 . 4 X i o - 5 

5 0 .16 11.0 1 . 5 X I O " 2 3 . 0 X i o - 5 

0 . 2 3 1 8 . 1 . 3 X i o - 2 2 . 6 X i o - 5 

7 0 . 3 0 •15.5 1 . 9 X i o - 2 3 . 8 X 1 0 - 5 

0 . 2 8 1 6 . 5 1 . 7 X 1 0 - 2 - 3 . 4 X 1 0 - 5 

7b 0 . 2 5 17.0 1 . 5 X —2 10 * 3 x io- 5 

0 . 2 3 1 9 . 1 . 6 c —2 10 * 3 . 2 X 1 0 T ? 

Plow v e l o c i t y va lues and the c o e f f i c i e n t s o f 

permeabi l i ty , are wel l s u i t e d to compare the pump—test r e s u l t s . 

Although the agreement i s good in columns f o r P and l v ! 

the v e l o c i t y va lues are considered very h i g h . This i s b e s t shown 

i f the q u a n t i t y of r a i n requi red to supply t h i s f low i s 
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c a l c u l a t e d . To do t h i s the average value oif flow, v e l o c i t y which i s 

in the order of 3 x 10~3 f t / s e c . should "be converted t o f e e t per 

day which i s • 

3 x 10~ 3 x 8 . 6 4 x 10^ = 2 . 6 f t . per day. 

The average t h i c k n e s s i s thought to be 1.8 f t . so t h a t the q u a n t i t y 

of water f lowing through an area of the a q u i f e r of 1 f o o t wide would 

be 
\ • 

2 . 6 x 18 x 1 = 4 7 f t 3 / d a y 

T h i s volume of water f lowing through t h i s a r e a should be e q u a l to 

the r a i n f a l l i n g on a s u r f a c e area of one f o o t wide and 5 m i l e s long 

as the r a i n f a l l ( i s the only means o f recharge o f the a q u i f e r . The 

s u r f a c e area- i s in- round f i g u r e s . 

5 x 5 , 0 0 0 = 25 x 1 0 3 f t . 2 

Hence the volume of f low o f 47 f t 3 / day equa ls 

47/25 X 1 0 " 3 = 1 . 9 X 10~ 3 f t . of r a i n per day. 

T h i s converted t o inches per year r e s u l t s in 

1 . 9 x 12 x 365 x 10~ 3 = 8 . 8 inches 

I t was po inted out under t h e heading 'Hydrologic C y c l e 1 , 

1 . 5 , t h a t the e f f e c t i v e r a i n f a l l i s in the order of 9 inches per 

y e a r . The above c a l c u l a t i o n s suggest t h a t a l l t h i s r a i n should . 

reach the a q u i f e r and t h a t no water i s l o s t be evaporat ion or 

e v a p o t r a n s p i r a t i o n and t h i s i s cons idered t o be unreasonable . I t 

i s t h e r e f o r e .bel ieved t h a t the values of P and i t s dependent 1v1 

are about a f a c t o r 10 too h i g h . Pump-tests done in 1929 and 1963 

gave s i m i l a r r e s u l t s and they were obta ined by means of the Dupuit-

Thiem e q u a t i o n . There ds only one good explanat ion f o r t h i s ar_omaly. 

Due t o the pumping the g r a d i e n t of the p iezometr i c s u r f a c e i s 

i n c r e a s e d cons iderab ly and hence the l a r g e value of P and V. 

However the r a i n f a l l i s too low to.supplement the q u a n t i t y withdrawn 

hence the a r e a w i l l be overpumped i f l a r g e q u a n t i t i e s o f water 

are withdrawn over a- long per iod of t ime. 
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3 . 1 TIME AND DISTANCE DRAWDOWN GRAPHS 

This type o f graph i s used t o p r e d i c t a t any time the 

a n t i c i p a t e d drawdown at any d i s t a n c e from a "borehole "being • 

pumped a t a r a t e Q. For each pumping r a t e a separa te graph i s 

to be c o n s t r u c t e d . Therefore graphs were prepared, No. 6 5 - 3 3 5 , • 

6 5 - 3 3 6 , 65-415 and 6 5 - 4 1 4 f o r the P . T . No. 4 and No. 7 f o r the 

r a t e s 1 cusec and -g c u s e c . To c o n s t r u c t Time and D i s t a n c e 

Drawdown Curves, the va lues o f T and S obtained from pump-tests 

must be s u b s t i t u t e d in the Theis equat ions which i n FPS u n i t s 

are 

u - 4Tt 

and s = ^ W ( u ) 

The r e l a t i o n between u and W(u), the wel l f u n c t i o n of u , 

are obtained from the t a b l e s prepared by Wenzel ( 1 9 4 2 ) . Time 

' t * and the d i s t a n c e ' r ' a re v a r i a b l e s which t o g e t h e r with the 

constant pumping r a t e Q and the known values of T and S are 

s u b s t i t u t e d i n these e q u a t i o n s . Thence a value r e s u l t s f o r the 

drawdown s . An example w i l l show c l e a r l y the procedure of the 

c o n s t r u c t i o n o f a Time and Dis tance Drawdown graph. The adopted 

values f o r T and S , obtained from P . T . No. 7 are 

T = 2 . 2 5 x K f 1 f t 2 per second 

S = 2 . 8 x 10~ 2 

i f Q = 1 cusec 

r = 10 f t . d i s t a n c e from P . T . No. 7 

. t = 0 . 1 day or 8 . 6 4 x 10 s e c . s i n c e pumping 
s t a r t e d 

and these values s u b s t i t u t e d in the equat ion f o r u r e s u l t s in 
1 0 2 x 2 . 8 x 10~ 2 . ' 

u = ; = = 3 . 6 X 10 
4 x 2 . 2 5 x lO"-1" x 8 . 6 4 x 10J 

For t h i s va lue o f u a value o f W(u) = 7*35 i s found i n Wenzels 

t a b l e hence 

s = 1 , x 7 . 3 5 = 2 . 3 f t . 
4 x 2 . 2 5 x 10 

I f the d i s t a n c e and pumping r a t e a r e i e p t constant but the time 

i s changed t o 1 day = 8 . 6 4 x 10^ s e c . s becomes 
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s = 3.42 ft. and ' 
(T 

f o r a time t = 10 days or 8 . 6 4 x 10 s e c . 
\ 

s = 4 . 2 8 f t . 

For convenience the values o f s obtained are t abulated 

below. 

Pumping r a t e Dis tance Time Drawdown s 
Q i n cusecs : r in f t . t i n days i n f e e t 

1 10 0 . 1 2 . 3 

1 10 1 3 . 4 2 

1 10 10 4 . 2 8 

Values o f s are p l o t t e d a g a i n s t log t and a s t r a i g h t 

l i n e i s obtained as shown on graph 6 5 - 3 3 5 by the l i n e YX and 

marked v = 1 0 f t . Note tha t the values o f log t are shown on 

the base of the graph. This l i n e i s e x t r a p o l a t e d beyond the 

time of 10 days and the drawdown &% 10 f t . from the pumping 

wel l can be read o f f t h i s curve f o r as much as.J,COO d a y s . 

I n order to c o n s t r u c t the d i s t a n c e drawdown graph the 

value f o r the d i s t a n c e r i s v a r i e d while the time i s kept 

c o n s t a n t . 

For a value o f r = 10 and t = 0 . 1 day the s o l u t i o n of 
/ 

s i s as above. 

I f r i s taken 50 f t . the c a l c u l a t e d value o f 

s = 1 . 4 7 f t . and f o r r = 100 f t . 

s becomes .0.98 f e e t . 

These values of s are again given in the t a b l e below. 

Pumping r a t e Dis tance . Time Drawdown 
Q in cusecs r i n f e e t t in days , s in f t . 

1 10 - 0 . 1 2 . 3 

1 50 0 . 1 1 . 4 7 . 

1 100 0 . 1 0 . 9 8 

These values of s are p l o t t e d a g a i n s t the log of r as 

shown on graph 6 5 - 3 3 5 by l i n e YZ and marked t = 0 . 1 day. Note 

t h a t log r i s shown on the top of the graph. The drawdown a t 

any d i s t a n c e from the pumped wel l can be read oflFthis curve f o r 

as much as 3 , 0 0 0 f e e t . 
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H.G. May 1963 developed a method by which time drawdowns 

and d i s t a n c e drawdowns can be obtained f o r any time and any 

d i s t a n c e with the aid o f an index curve t h a t i s r e l a t e d to the 

i n i t i a l c u r v e s . 

The r e l a t i o n between the d i s t a n c e from the wel l and time, 

s i n c e pumping s t a r t e d can be expressed as • 

r = lO^t 

i n which n i s an i n t e g e r . 

The v e r t i c a l d i s t a n c e between the time drawdown curve 

and the index curve should be n t imes the d i s t a n c e measured 

along the same v e r t i c a l l i n e , between the d i s t a n c e drawdov/n curve 

and t h i s index curve . Consequently the index l i n e Y 0 i s drawn 

through p o i n t s t h a t d iv ide the v e r t i c a l l i n e s bounded by the 

two curves Y Z and Y X i n t o segments whose l ength are in t h e 

r a t i o 2 to 1 . 

An example w i l l a s s i s t the reader in t h e use of the 

graph. A l l l i n e s p a r a l l e l to the time drawdown graph Y X would 

i n d i c a t e the drawdown at any time at d i f f e r e n t d i s t a n c e s from 

the b o r e h o l e . 

A broken l i n e as shown on graph 6 5 - 3 3 5 p a r a l l e l to t h i s 

l i n e Y X i n t e r s e c t s the index l i n e on the v e r t i c a l l i n e r = 1 0 2 . 

I t i s t h e r e f o r e the' time drawdown curve f o r 100 f t . from the w e l l . 

At t h i s d i s t a n c e a f t e r one days pumping the a n t i c i p a t e d drawdown 

i s o . 2 f t . a f t e r 10 days i t i s 1 . 1 f t . and a f t e r 100 days i t i s 

1 . 8 5 f t . The convers ion graph at the l e f t o f the Time and 

Dis tance Drawdown, curves i n d i c a t e s t h a t the a n t i c i p a t e d drawdown 

i n the f i e l d would be 1 , 9 5 f t , . i n s t e a d of I . 8 5 f t . S i m i l a r l y a 

dashed l i n e i s drawn p a r a l l e l to the d i s t a n c e drawdown curve Y Z. 

I t i n t e r s e c t s the index l i n e and on the v e r t i c a l l i n e to 1 2 . 5 

days . I t i s t h e r e f o r e the d i s t a n c e drawdown curve a f t e r twelve 

and one h a l f days of pumping. The a n t i c i p a t e d drawdown a t 10 

f t . from the borehole i s 4 . 2 f t . and 100 f t . away from the bore 

h o l e i t i s 2 . 7 8 f t . the conversion graph to the l e f t i n d i c a t e s 

t h a t the a n t i c i p a t e d drawdown i n the f i e l d would be 3 . 1 i n s t e a d 

o f 2 . 7 8 f t . 
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Graph 65-336 i s the P . T . 7 Time and Dis tance Drawdown, 

graph f o r a pumping r a t e o f Q = 0 . 5 c u s e c s . On t h i s the 

a n t i c i p a t e d drawdowns f o r as l i t t l e as 1/100 of a day. can "be 

obta ined . For convenience the time drawdown and cUafcarice 

drawdown cmrves are marked with the same c a p i t a l l e t t e r s as was 

done on graph 6 5 - 3 3 5 i 

The b a s i c data from which t h i s graph was prepared are 

t a b l e d below: 

Pumping Rate Dis tance Time . Drawdown 
' s i n f t . 

1 2 10 0 . 0 1 0 . 9 2 
1 2 10 0 . 1 1 . 3 2 
1 2 10 1 1 . 7 4 

. 1 2 50 0 . 1 0 . 7 8 
•1 2 - 1 . ' '• n \ • 

100 0 . 1 0 . 6 2 

The same type of graphs were prepared f o r P . T . they 

are graph No. 65-2+15 f o r the pumping r a t e o f 1 cusec • and 6 5 - 4 1 4 

f o r a pumping r a t e o f ^ c u s e c . 

B a s i c data from which they are prepared arte 

I = 3 . 6 x 10""1 f t 2 / s e c . 

8 = 2 . 9 x 10~ 2 

The values c a l c u l a t e d with the c o e f f i c i e n t s are t a b l e d 

below: 

Pumping r a t e D i s t a n c e Time Drawdown 
•.Q' in cusec r i n f t . • t in days ' a i n f t . 

1 10 10 2 . 7 4 

. 1 10 1 2 . 2 4 

1 10 0.1 1.25 
"1 50 0 . 2 1 . 0 5 • 

1 100 0 .1 0.76 

i 10 10 1 . 4 6 
1 
2 

1 
2 

2 
JL 2 

10 1 1 . 1 5 

10 <r.i c . 8 4 

50 0 . 1 0 . 4 7 

100 0 . 1 0 . 3 0 



I t w i l l be n o t i c e d on the graphs t h a t the a n t i c i p a t e d 

drawdowns f o r P . T . 1+ are l e s s than those of P . T . 7» The 

explanat ion i s found i n the d i f f e r e n t va lues f o r c o e f f i c i e n t s 

o f t r a n s m i s s i b i l i t y and s torage c a p a c i t y used i n both c a s e s . 

I t should be horne in mind t h a t the a n t i c i p a t e d drawdown which 

can be produced from these graphs are est imations. They are 

dependent on the v a l i d i t y of the equat ions used f o r the 

c a l c u l a t i o n s o f T and S . 

S i n c e the d i s t a n c e between these boreho les P . T . k anc(. 

P . T . 7 i s 8 , 3 1 0 f e e t , the d i s t a n c e drawdown curves of the 

graphs i n d i c a t e s ' tha t i f P . T . 7 i s pumped at a rate, o f 1 cusec 

the cone of drawdown w i l l reach a point midway between P . T . J 

and P . T . I4. 1 2 i 5 days a f t e r pumping s t a r t s . The dashed l i n e on 

graph 6 5 - 3 3 5 i n d i c a t e s t h i s s i t u a t i o n . S i m i l a r l y i f P . T . 1+ i s 

pumped a t a r a t e of 1 cusec the cone o f drawdown w i l l reach the 
' r 

same point midway between P . T . 7 and P . T . k a f t e r 5 days . ' 

Obviously i f the pumping r a t e s were i n c r e a s e d to 1 . 5 cusecs or 

t o those used while t e s t i n g the boreholes t h i s point £ , 6 5 0 f t . 

away from both booea w i l l be reached a f t e r a s h o r t e r time of ; 

pumping. To e l u c i d a t e t h i s matter the Time Drawdown curve f q r 

P i T . 7 graph 6 5 - 3 3 7 , was prepared. The a n t i c i p a t e d drawdown; 

i n c r e a s i n g with time are shown f o r pumping r a t e s o . 5 c u s e c , ^ 

cusec and 1 . 9 c u s e c s . The curve f o r 1 . 9 cusecs shows c l e a r l y 

t h a t : t h e P . T . 7 would be depleted i n a shor t period of time i f 

i t was pumped at the high r a t e of 1 . 9 c u s e c s . The s p e c i f i c i 

c a p a c i t y curves prepared f o r P . T . 7 , graph 6 5 - 3 3 8 , d i s c l o s e s ; 

the same c h a r a c t e r i s t i c s as the q u a n t i t y of water obtainable . , 

per f o o t o f drawdown , s p e c i f i c y i e l d , d e c r e a s e s r a p i d l y with 

the i n c r e a s e i h pumping r a t e . 

I t was mentioned under the heading P i e z o m e t r i c Sur face 
) 

1 . 6 , t h a t boundary condi t ions were not observed during the 

pump-test on P . T . 7 . The Time and Dis tance Drawdown graph f o r 

1 c u s e c , 6 5 - 3 3 5 , i n d i c a t e s t h a t a f t e r l e s s than 0 . 1 day pumping 

the cone of drawdown would reach a point 250 f e e t away from 
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P . T . 7 . I f t h e r e i s a boundary then t h e r a t e of drawdown 

should have doubled i n t h e f i r s t hour of pumping as'pumping 

r a t e was not one but 1 . 9 c u s e c s . This i s a l s o i n d i c a t e d on the 

Time Drawdown curve , 6 3 - 3 3 7 . A rapid i n c r e a s e in thw r a t e o f 
v . 

drawdown i s not recorded during the b e s t . 

• The occurrence of boundary condi t ions a r e not supported 

by the c o e f f i c i e n t s of p e r m e a b i l i t y c a l c u l a t e d , 2 . 6 . I t should 

not have been reached by the cone of drawdown during the s i n g l e 

r a t e t e s t on P . T . h* Hence a l a r g e d i f f e r e n c e between the 

P ' s - c a l c u l a t e d f o r the two P . T . bores k and 7 should have 

r e s u l t e d i f i t o c c u r s . 
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3 - 2 SAFE PUMPING RATES FOR P . T . 4 and P . T . 7 

I t was shown in the previous paragraphs tha t the point 

midway between P . T . 4 and P . T . 7 would be reached a f t e r some 12 

days i f P . T . 7 i s pumped at a r a t e o f 1 c u s e c . I f both b o r e s 

are being pumped at the same time at t h i s r a t e mutual i n t e r -

f e r e n c e w i l l occur a f t e r approximately 4 days . I n tha t time a 

l a r g e area above the cone o f drawdown w i l l have been d e p l e t e d . 

An even l a r g e r volume of a q u i f e r w i l l be drained by pumping 

cont inuous ly . To date i t i s not known whether•an area d e p l e t e d 

during the pumping season would be capable o f res tor ing , - by 

, means o f r e c h a r g e , to i t s f u l l c a p a c i t y a f t e r pumping has 

c e a s e d . Aqui fer c o l l a p s e may occur when a l l water i s drained 

from i t . S ince the groundwater ' i s s t o r e d mainly i n cemented 

a e o l i a n i t e s the danger of c o l l a p s e i s probably not very g r e a t . 

Return t o the s t a t i c water l e v e l a f t e r pumping season, as 

measured, in the past on the observat ion b o r e h o l e s , does..not 

n e c e s s a r i l y mean t h a t no a q u i f e r c o l l a p s e has occurred. 

Groundwater used in the f i n a n c i a l years 1963-61+ and 

1964-65 are r e s p e c t i v e l y 3 . 2 x 10 7 cubic f e e t (200 m i l l g a l l s . ) 

and 2 . 7 x 1 0 7 cubic f e e t (164 m i l l g a l l s . ) I t i s considered 

l i k e l y tha t in the f u t u r e the demand w i l l i n c r e a s e . I t i s 

t h e r e f o r e assumed t h a t both bores w i l l be pumped at a r a t e of 1 

cusec f o r 200 days continuously« The groundwater withdrawn in 

a pumping season would then b e . ' 

2 x 2 0 0 " x 8 . 6 4 x lO^4 = 3.41+ x 1G7 cub ic f e e t . 

S ince the average t h i c k n e s s of the a q u i f e r i s 18 f e e t 

and the Polda Bas in covers about 1 50 square m i l e s , the volume o f 

the a q u i f e r i s es t imated to be 50 x 18 x ( 5 . 2 8 x 1 0 3 ) 2 = 

2 . 5 1 x 1 0 1 0 cubic f e e t . Assuming t h a t the p o r o s i t y o f 30$ i s a 

r e l i a b l e approximation the volume o f the water s tored would then 

be 
10 q 

2 . 5 1 x 10 x 0 . 3 = 7«5 x K r cubic f e e t . 

Average r a i n f a l 1 between May and September i s about 10 

i n c h e s . I f i t i s assumed tha t 1/20 o f the r a i n f a l l i s a v a i l a b l e 

f o r recharge while the remainder i s taken up by evaporat ion and 
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e v a p o t r a n s p i r a t i o n , the t o t a l q u a n t i t y o f water recharg ing the 

a q u i f e r would be 

1/20 x 10 x 50 x 2.8- x 1 0 7 = 5 . 8 x 1 0 7 

12 
I f . t h i s assumption i s c o r r e c t then t h e r e appears to be an 

excess o f y e a r l y recharge over demand equal to 

5 . 8 x 1 0 7 - 3 . 4 4 x 1 0 7 = 2 . 4 x 1 0 7 cubic f e e t . 

This q u a n t i t y o f water would reach the n a t u r a l o u t l e t s t o 
f 

the westward. I t appears t h e r e f o r e t h a t the volume o f annual 

recharge i s l a r g e enough t o supply the demand without drawing on 

the much l a r g e r Volume of s t o r e d w a t e r . 

The volume of groundwater which can be wi their awn from P . T . 

4 and P . T . 7 , i f they are used o n l y , i s r e s t r i c t e d by the f low o f 

water towards" these . I f the demand i n c r e a s e s above the es t imated 

q u a n t i t y new b o r e s should be d r i l l e d wel l away from the p r e s e n t 

s i t e s . 

I t w i l l be noted t h a t the y i e l d o f P . T . 5 has n o t . b e e n 

mentioned. This bore l i e s wel l wi th in the area which w i l l be 

a f f e c t e d by t h e c.one o f drawdown of the two P..T. bores 4 and 7 . 

As the mutual i n t e r f e r e n c e w i l l i n c r e a s e cons iderab ly whenever 

t h i s bore i s pumped and s i n c e the y i e l d o f P . T . 5 i s not very 

g r e a t i t i s considered t h a t i t should be used as a standby only . , 

I t should be pumped only in case mechanical d i f f i c u l t i e s a r i s e 

on one of the other two P . T . b o r e h o l e s . i 
I t i s i n t e r e s t i n g t o c a l c u l a t e the e n t r y v e l o c i t y under 

heavy pumping c o n d i t i o n s . A f t e r 100 days pumping at a r a t e of 

1 cusec the s p e c i f i c c a p a c i t y o f P . T . 7 f see graph 6 5 - 3 3 8 , i s 

0 . 1 6 5 cusecs per f o o t 

the surface, a rea of P . T . 7 i s 

3 . 5 8 x 1/7"= 1 1 . 2 f t . per f o o t h e i g h t . 

Groundwater e n t e r s through 30% of the area being 

3/10 x 11..2 f t . = 34 f t . 2 i n view of the p o r o s i t y adopted. 

Hence the e n t r y v e l o c i t y of the groundwater i s 

0 . 1 6 5 / 3 . 4 = 0 . 0 5 f t » per s e c . 

This low ent ry v e l o c i t y i s due to the l a r g e diameter o f 

the b o r e h o l e . I t avoids the breakdown o f t h e a q u i f e r . 
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There i s however another f a c t o r which needs c a r e f u l 

c o n s i d e r a t i o n . Seepage or leakage of s a l i n e water may occur 

from t h e 'swamp which l i e s about 1 mile west o f P . T . De Wiest 

( 1 9 6 5 ) d e c r i b e s an equat ion with which t h e cone of drawdown can 

be c a l c u l a t e d f o r a two o r , more well system i n an unconfined 

a q u i f e r . I n t h i s equation an a r b i t r a r y d i s t a n c e i s chosen away 

from the supply borehole and t h i s w i l l be reached by t h e cone 

o f drawdown whenever s teady s t a t e i s ob ta ined . This i s an i d e a l 

c o n d i t i o n as i t i s considered t h a t in the Polda Bas in s teady 

s t a t e w i l l not be reached as long as groundwaters are withdrawn 

from i t . I t i s assumed however tha t s teady s t a t e w i l l be 
- * 

obtained when the cone o f drawdown reaches the s a l i n e swamp so 

t h a t the a r b i t r a r y r a d i u s of the cone o f drawdown i s 5 *280 f e e t . 

The equat ion t o be used f o r the c a l c u l a t i o n i s 
h 2 = 1 x 2 * 3 1 log + r 2 ) + Qg x 2 . 3 l o g 

2 I I P ' ' "' ' 

n ~ r 2 ) ) + b . 

in which 

h = the s a t u r a t e d t h i c k n e s s of the a q u i f e r i n f e e t . 

P = the hydraul ic c o n d u c t i v i t y i n f t / s e c . 

and Qg = pumping r a t e o f e a c h borehole i n c u s e c s . 

= any d i s t a n c e from the point midway between the bore 

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

r 2 = d i s t a n c e from the boreho les t o the point midway 

between them in f e e t . 

D = a c o n s t a n t . 
, , n 

An average value of 1 . 6 x 10 f t / s e c . i s adopted f o r 

the hydraul ic c o n d u c t i v i t y , see 2 . 6 . The point midway between 

the two P . T . b o r e s . k and. 7 is . 4 , 6 5 0 f e e t , and the average 

t h i c k n e s s , m, o f the a q u i f e r i s 18 f e e t . 

Where' the cone o f drawdown reaches i t s l i m i t , s teady 

s t a t i c . . c o n d i t i o n s , t h e r e i s no drawdown so t h a t h = m = 18 f e e t . 

I n t h i s suppos i t ion the cone of drawdown would r e a c h 5 , 2 8 0 f e e t 

away f r o m . P . T , No, 4 : b e i n g the d i s t a n c e t o the s a l i n e swamps so 



t h a t = 5*280 f e e t . 

I t i s assumed tha t a simultaneous d ischarge o f one cusec 

i s sus ta ined i n b o t h . b o r e h o l e s and these and other known values ' 

substituted in the equation r e s u l t s in 

1 8 2 = '• 1 , _r X 2 . 3 ( l o g (5280 + 1+650)2 + l o g 
2 n x 1 . 6 

(5280^- U650) 2 + D or 

D = 321+ - 2 3 ( l o g 98 x 1 0 6 + l o g 3 . 9 6 x 1 0 5 ) . 

D = 321+ - 23 x 1 3 . 6 , 

D = 321+ - 312 = 1 2 f t . 2 

With the value of D known the s a t u r a t e d t h i c k n e s s oan 

"be calculated at the point midway between the two P.T. boreholes 

I n t h a t case r^ becomes 0 and remains 14,650 f e e t . 

The value o f P and Q are not changed so t h a t the known va lues 

s u b s t i t u t e d i n the equat ion r e s u l t s i n 

, h 2 = 23 ( l o g I46502 + log - U6502) + 12 

= 23 ( l o g 2 1 . 6 x 1 0 6 + log 2 1 . 6 x 1 0 6 ) + 12 

= 23 x 2 x 7 . 3 - 12 f t . 2 

= 336 + 12 = 34-8 f t . 2 

so tha t h = 18»£ f e e t . 

Therefore t h e r e would not be any drawdown a t t h i s p o i n t . 

The Time and Dis tance drawdown graphs f o r 1 c u s e c . , 6 5 - 3 3 5 , and 

6 5 - 4 1 4 , f o r P . T . No. 7 and No. 4 i n d i c a t e t h a t i f each one i s 

pumped s e p a r a t e l y t h i s point midway between the boreholes w i l l 

be reached a f t e r 1 2 . 5 days and 5 days r e s p e c t i v e l y . Therefore 

the assumption i s i n c o r r e c t t h a t the cone of drawdown w i l l not . 

reach the boundary of the s a l i n e swamp but reach treyond i t . 

Hence seepage o f s a l i n e water i n t o the a q u i f e r may o c c u r . A 

s l i g h t i n c r e a s e may be n o t i c e d in the groundwater s a l i n i t y 

during, the'pumping s e a s o n . 
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4 . 1 MULTIPLE STAGE OR STEP.DRAWDOWN'TEST 

A complete a n a l y s i s o f t h i s t y p e of t e s t made on P . T . 4 

S e r i a l No. O3O365 w i l l "be d i scussed hereunder . 

Mult iple s tage t e s t s a r e done to c a l c u l a t e the a q u i f e r 

l o s s and the well l o s s by e i t h e r mathematical or g r a p h i c a l 

means. Jacob (1947 ) cons iders t h a t in a pumped b o r e h o l e , the 
O 

t o t a l drawdown ' swf i s equal to BQ + GQ i n which BQ i s the 
2 

a q u i f e r l o s s and CQ the wel l l o s s . B and C are both constant 

and Q i s the pumping r a t e in c u s e c s . Rorabaugh' ( 1 9 3 3 ) 

developed a s l i g h t l y d i f f e r e n t equat ion and p o i n t s out tha t 

the power of Q in GQ i s not 2 but a s l i g h t l y h igher or lower 

f i g u r e . He suggested t h e r e f o r e the use of the equat ion 

s w = BQ + 0Qn . In a d d i t i o n he p o i n t s out t h a t par t o f the l o s s e 

occurr ing in the pumped wel l are due to t u r b u l e n t f l o w , which 

would decrease with an i n c r e a s e in hole s i z e . 

To a s s e s s s e p a r a t e l y the w e l l l o s s and the a q u i f e r l o s s 

a borehole could be pumped at d i f f e r e n t r a t e s and the drawdown 

sw taken a f t e r a f i x e d time i n t e r v a l provided t h a t the wel l was 

i n a s t a t i c c o n d i t i o n p r i o r to each s t e p , i . e . the water l e v e l 

had f u l l y recovered. However, to save time in the f i e l d , t h e 

wel l i s not allowed to recover between s t a g e s . 

J a c o b s method r e q u i r e s t h a t the incremental drawdown 

due to the i n c r e a s e i n pumping r a t e s be c a l c u l a t e d and t h e r e f o r e 

the drawdown data must be ad jus ted except f o r those o f the 

f i r s t s t a g e . 

I n a m u l t i p l e s tage t e s t the procedure i s t h a t the wel l 

i s f i r s t pumped at a low r a t e Q-̂  cusecs-. A f t e r some r e a s o n a b l e 

time the r a t e i s increased t o c u s e c s . The pumping r a t e i s 

i n c r e a s e d to Q^ cusecs a f t e r a f u r t h e r time' i n t e r v a l 

p r e f e r a b l y equal to t h a t used f o r the fi£»st s t a g e . Fur ther 

s t a g e s may.be performed. 

The t a b l e below g i v a s . t h e r e l e v a n t values f o r the 

mul t ip le t e s t on P . T . 4 , S e r i a l No. 030365 
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Stage Average Q t time a f t e r s t a r t in 
Q in g a l l / h r . in c u s e c s . minutes 

from ' to 

1 1 0 . 3 8 8 0 . 4 6 0 150-

2 19.300'- 0 . 8 6 150 300 

3 3 2 . 1 9 6 . 1 . 4 3 300 450 

4 4 4 . 1 0 0 1 . 9 6 450 600 
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4 . 2 MATHEMATICAL APPROACH 

F i r s t Stage 

Drawdowns' measured in the pumping w e l l , and obta ined 

during t h i s s t a g e , p l o t t e d aga ins t log t ( t ime in minutes) 

should give p o i n t s through' which a s t r a i g h t l i n e should be 

drawn. I f the pumping r a t e i s not cons tant then the p o i n t s on 

the graph may be s l i g h t l y s c a t t e r e d and the. l i n e t o be drawn 

should r e p r e s e n t the b e s t mathematical f i t . A b e s t v i s u a l f i t 

i s used h e r e . 

The two causes o f drawdown are assumed to be addi t ive 

and f o r a moderately l a r g e time can be approximated by the 

function 
p 

s 1 ( t ) = Q^ ( a + b l o g t ) + CQ or 

= Q1 (a + b log t ) + 0Qn i n vtfiich 

s ^ ( t ) s= the drawdown a t time t . 

Q^ = the f i r s t pumping r a t e in c u s e c s . 

' a ' i s a c o n s t a n t . 

' b ' i s a l so a constant which can be c a l c u l a t e d from the 

drawdown per log c y c l e . 

'C f i s a c o n s t a n t . 
2 n CQ or CQ i s the wel l l o s s . 

Q-L the pumping r a t e of the f i r s t s t a g e in P . T . 4 was 

0 , 4 6 cusecs and t h e r e f o r e T the t r a n s m i s s i b i l i t y could be 

c a l c u l a t e d . To do so Jacob's modified non s teady s t a t e formula 

i s used. However the unknowns ' a ' and ! C f cannot be obtained 

from one s t e p o n l y . I t should be noted tha t f o r a l l d i f f e r e n t 

t imes t the drawdown s^ can be read d i r e c t l y from the curve 

( s t r a i g h t l i n e ) of the graph 6 5 - 8 6 4 i n d i c a t e d b y ' F ^ ( t ) , This 

n o t a t i o n i s used as i t w i l l be convenient l a t e r , . 
• t 

The drawdown data f o r the f i r s t s t e p s are given i n 

Table I I . 

The equat ion of the s t r a i g h t l i n e o f s ^ ( t ) a g a i n s t l o g 

t i s 

F 1 ( t ) rs Q (a + b log t ) + CQ12 or 
= aQ + bQ log t + CQ21 or . . . . . . . CQ,n 
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I t can be seen on graph 6 5 - 7 6 1 t h a t at t = 1 0 minutes 

the drawdown s i s 1 . 2 5 f e e t . This i s composed of the drawdown 

at log 1 minute = 1 . 0 0 f t , plus 

d e l t a s per log c y c l e o f = 0 , 2 5 f t . 

There fore at 10 minutes 

F 1 ( t ) = 1 . 2 5 + 0 . 2 5 log t - 0 . 2 5 

Equating constant and time dependent terms i n the two 

equat ions f o r F ^ t ) r e s u l t s in 

hQ1 log t = 0 . 2 5 log t and • 

aQ-L + 0Q 1 2 = 1 . 2 5 - 0 . 2 5 = 1 

as l o g . 1 0 = 1 and Q1 = 0 . 4 6 

bQ1 log t = bQl̂  = . 0 . 2 5 and 

b = 0 . 2 5 / 0 . 4 6 = , 0 . 4 9 
• i 

I t g ives a l s o an express ion f o r a and 0 

aQx + 0Q 1 2 = 0 . 4 6 + 0 . 4 6 2 c = 1 or 
2 . 1 8 = a + 0 . 4 6 0 . 

Second Stage 

At a time t ^ , in t h i s case a f t e r 150 minutes, the 

pumping r a t e i s i n c r e a s e d to 0 . 8 6 c u s e c s . . I t i s considered t h a t 

at t h i s t ime a second pump j o i n s the o r i g i n a l and i s working at 

a r a t e of 0 . 8 6 - 0<i46 = fr.40 c u s e c s . 

Immediately a f t e r the increment o f pumping r a t e the 

drawdown wMl i n c r e a s e r a p i d l y but at a s u f f i c i e n t l y l a r g e time 

tg the drawdown i s again changing s l o w l y . The wel l l o s s 
2 n 

becomes immediately GQ2 or GQ2 • new express ion f o r the 

drawdown i s 

s 2 ( t ) = (Q2 - Qj ( a + h l o g ( t - t ^ ) ) + C!a22 • 

+. (a + b log t ) 

I n the Rorabaugh method the e x p r e s s i o n f o r the drawdown 

i s the same except f o r the wel l l o s s which i s CQ2 n . • 

The incrementa l drawdown (s 2 -s -^) i s obta ined by 

s u b t r a c t i n g from the drawdown measured in the second s t a g e the 

drawdown which would have occurred i f the f i r s t pump had 

continued working. 
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Equations to be used to p l o t the drawdown versus the 

log o f time a r e 

s 2 ( t ) = (Q2 - Qx ) ( a + b log ( t - t 1 ) ) + CQ22. 

+ Q^ (a + b log t ) and 

s 1 ( t ) = ( a + b l o g t ) + GQ^2 

S u b t r a c t i o n r e s u l t s i n . 

s 2 ( t ) - S l ( t ) = Q2 - Q x ) ( a + b log ( t - t - J ) + 0 ( Q 2 2 - Q 1 2 ) 

The p l o t o f the incremental drawdown F 2 ( t - t ^ ) i s given 

as a f u n c t i o n o f log ( t - t ^ ) • 

Table I 2 g ives the incremental drawdowns. I t should be 

noted t h a t the v a l u e s o f F-^(t) a r e from the e x t r a p o l a t e d 

curve . 

S u b s t i t u t i n g the v a l u e s obtained from F 2 ( t - t ^ ) graph 

6 5 - 8 6 4 , a t a time ( t - t -^) = 10 minutes obtained i s 

F 2 ( t - t x ) = 1 . 5 5 f t . - 0 . 3 1 l o g ( t - t . ^ which must be i d e n t i c a l 

with 

F 2 ( t - t 1 ) = a(Q2 - Q x ) + .b (Q 2 - Q 1 ) l o g (t—t-^) 

+ 0 ( Q 2 2 - Q x 2 ) 

(Qo 

— b l o g ( t - t -^) i s the term dependent on t hence 

(Q2 - Q-l) b log ( t - t ^ = 0 . 3 1 log ( t - t 1 ) 

As Q2 - Q^ equa ls 0 , 4 0 

, 0 . 4 0 b l o g ( t - t ^ = O.31 l o g ( t - t ^ ) or 

0 . 4 0 b = 0 . 3 1 

b = 0 , 7 7 

There i s no good agreement between the c a l c u l a t i o n s o f 

' b ' from the f i r s t arid second s t a g e s . 

Obtained a l s o from the f u n c t i o n of F 2 ( t - t 1 ) 

1 . 5 5 - 0 , 3 1 = a (Q2 - Q x ) + C(Q2 2 - Q 1 2 ) or 

1 . 2 4 = 0 . 4 0 a + ( 0 , 7 3 9 - 0 . 271 )C 

3 . 0 1 = a + 1,30G 

2 . 1 8 = a + 0 , 4 6 0 was obtained from the F i r s t S t a g e , and 

s u b t r a c t i o n g ives 

0 . 8 3 = 0 . 8 4 C or 

0 = 1 . 0 0 f t 2 / s e c 5 



A 
Third s tage 

300 minutes a f t e r the s t a r t o f the pumping the r a t e Q was 

i n c r e a s e d t o l.i+3 c u s e c s . I t i s assumed t h a t a t h i r d pump j o i n s 

the other two and i s working at .a r a t e Q3-Q2 o r - 0 . 8 6 = 0 . 5 7 

c u s e c s . The drawdown w i l l i n c r e a s e r a p i d l y at f i r s t hut at a 

s u f f i c i e n t l y l a r g e time t , the drawdown w i l l change s lowly aga in . 
2 n 

The w e l l l o s s becomes immediately OQ̂  o r CQ-̂  • 

The new express ion f o r the. drawdown i s now 

• s 3 ( t ) = (Q3 - Q 2 ) ( a + b l o g ( t - t 2 ) ) + CQ 3 2 , or CQ3n 

+ (Q2 - Q x ) ( a + b log ( t - t 1 ) ) 

+ Q.̂  ( a + b log t ) 

The p l o t o f incremental drawdown i n d i c a t e d by the f u n c t i o n 

- ( s 2 ( t - t 2 ) + t ) = P 3 ( t - t 2 ) i s a f u n c t i o n of t . 

The incremental drawdown i s obtained by s u b t r a c t i n g from 

the. f i e l d drawdowns of the t h i r d s tgge the sum of the drawdowns at 

the t imes t which would have occurred i f the f i r s t pump had 

cont inued'working, and the drawdowns at the t imes ( t - t 2 ) which • 

would have occurred i f the second pump had continued working. 

The equations t o be used t o p l o t the drawdown versus log time are 

s 3 ( t ) = ( q 3 - Q 2 ) ( a + b log ( t - t 2 ) ) + CQ32 

+ (Q2 - Q 1 ) ( a + b log ( t - t ^ ) ) 

+ Q^ (a + b l o g t ) and 

s 2 ( t ) = (Q2 - Q r ) ( a .+ b log ( t - t j - ) ) + CQ22 

+ Q 1 (a + b l o g t ) 

S u b t r a c t i o n g ives 

s ( t ) = s 2 ( t ) = F 3 ( t - t 2 ) = (Q3 - Q g ) ( a + b l o g ( t - t 2 ) ) 3 2 2 + cq3 - CQ2 

The value f o r P 3 ( t - t 2 ) are given i n Table 1 3 . 

The b e s t ..visual f i t of the s t r a i g h t l i n e o f F 3 ( t - t 2 ) , as 

shown on graph 65-86/+, i s given as a f u n c t i o n o f log ( t - t 2 ) . 

S u b s t i t u t i n g the value obtained from the graph i n t o the equation 

a t time ( t - tr>) = 10 minutes r e s u l t s in 

P 3 = 2 , 5 8 + 0 # i + 0 l o t ~ 
~ 2 . 1 8 + O.i+O log ( t - t 2 ) be ing i d e n t i c a l wi th . 

(Q2 - Q 2 ) (a . + b log ( t - t 2 ) ) + 0 ( Q 3 2 - Q 2 2 ) 



(Q 3 - Q 2 ) (h log ( t - t g ) ) i s the only term dependent on log time 

t h e r e f o r e 

2 . 1 8 = (Q3 - Q 2 ) a + (Q 3 2 - Q 2 2 )C 

2 . 1 8 = 0 . 5 7 a + ( 2 . 0 4 - 0 , 7 3 9 ) 0 

2 . 1 8 = 0 . 5 7 a + 1 . 3 0 0 g ives 

3 . 8 2 = a + £.£>8 C 

3 .01 ' a + 1 , 3 0 C was obtained from s tage 1 . 

S u b t r a c t i o n gives 

0 . 8 1 = 0 . 9 8 C 

so t h a t 0 = 0 . 8 l ^ 0 < 9 8 = 0 . 8 1 f t 2 / s e c 5 

The value o f 'b* from the f i r s t s tage i s considered lower 

than those of the second and t h i r d s t a g e s . . This low value cannot 

be r e a d i l y expla ined . I t i s however j u s t p o s s i b l e t h a t the 

a q u i f e r was l e s s s e v e r e l y drained i n t h i s s t a g e . The va lues of 0 
2 / 5 

obta ined from the two c a l c u l a t i o n s agree w e l l . C = 0 . 9 0 f t /sec 

i s considered a good approximation. These two v a l u e s f o r 1C1 and 

'b* w i l l be used l a t e r t o r e s o l v e an equat ion f o r any pumping r a t e . 

Fourth Stage 

The pumping r a t e was i n c r e a s e d to 1 . 9 6 cusecs 450 minutes 

a f t e r the s t a r t o f the pump. Once again i t i s assumed t h a t a new 

pump i s added to those a l ready working and the new express ion f o r 

the drawdown i s now , 

s ^ ( t ) = (Q^ _ Q 3 ) ( a + b log ( t - t 3 ) ) CQ^2 

(Q3 - Q 2 ) ( a + b log ( t - t 2 ) ) 

( Q 2 - + t ) l o g ( t - t ^ ) . 

Q1 ( a + b l o g t ) 

For c a l c u l a t i n g the incrementa l drawdown the same 

procedure , a s used p r e v i o u s l y i s fo l lowed. The va lues of the• 

incremental drawdown are given in Table I 4 and the f u n c t i o n as 

p l o t t e d on graph 6 5 - 8 6 4 i s marked F ^ ( t - t 3 ) 

Using t h i s f o u r t h s t e p f o r a check on the c a l c u l a t i o n s 

made above r e s u l t s i n a low value o f ' b ' and a very low v a l u e o f 

l 0 ' . I t i s considered t h a t t h e r e f o r e t h i s s t a g e can not be used 

f o r f u r t h e r c a l c u l a t i o n s . Walton ( 1 9 6 2 ) suggested t h a t a low 
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value f o r G i n d i c a t e s development of the "borehole. T h i s can 

not "be the case at i t was t e s t e d at t h i s high r a t e at an e a r l i e r 

date and development should have occurred t h e n . 

4 . 3 CALCULATION OP ' a t and THE EQUATION FOR sw 

S ince the c o n s t a n t s 'C1 and ' b ' are know, ' a * can a l s o 

be c a l c u l a t e d . I n s tage two a f u n c t i o n f o r f a f and tQ1 was 
• * • ' 

obtained being 

2 . 1 8 = a + 0 i 4 6 G or 

2*18 = a + 0l77 x 0 .74 so that 

2 . 1 8 = a + 0 . 4 6 

a = 2 . 1 8 - 1 . 4 6 = 0 . 7 2 

As the values o f ' a ' and 0 are known the drawdown » 
at any time f o r any pumping r a t e can be c a l c u l a t e d as 

sw = Q(a + b log t ) + GQ2 s u b s t i t u t i n g the known.values 

gives sw = Q(0 .72 + 0 . 7 4 log t ) + 0 . 9 0 Q2 

I f the drawdown i s c a l c u l a t e d f o r a f i x e d pumping r a t e 

Q at three d i f f e r e n t t imes the f u n c t i o n s o f P ( t ) a g a i n s t log 

t w i l l give a s t r a i g h t l i n e from which the d e l t a s can be read. 

The drawdown can the be c a l c u l a t e d f o r any t ime . 
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kmh METHOD TO CALCULATE ANTICIPATED DRAWDOWN FOR A DRAWDWON 
LOG t CURVE FOR ANY PUMPING RATE 

I f between pumping at d i f f e r e n t r a t e s the borehole i s 

l e f t i d l e and the water returned to the s t a t i c c o n d i t i o n then a 

t r u e drawdown log t curve can be drawn from water l e v e l s 

obta ined during the pumping p e r i o d s . However the sytem as 

g e n e r a l l y used i s time saving in the f i e l d . 

J . S . C o l v i l l e (1965) b e l i e v e d to be the f i r s t t o give a 

f u l l account , developed a method .by which the t rue drawdown log 

t curve can be obtained by using the incremental drawdown 

c u r v e s . 

"The mathematic procedure i s more compl ica ted . I t i s 

convenient t o r e c a s t the observed data so t h a t an a n t i c i p a t e d 

drawdown i s obtained which would have occurred i f the pumping 

had been done on a s i n g l e r a t e from the s t a t i c l e v e l o f the 

a q u i f e r . Suppose t h a t such d a t a were a v a i l a b l e then f o r some 

convenient and constant time t the equat ions would be . © 
S 1 t ,e = Q x (a + b log t ) + CQ^n 

s 2 t e = Q 2 (a + b log t ) + CQ2n 

s 3 t e = Q 3 (a +. b log t ) , + CQ3n 

.BU t Q = Q^Ca + b l o g t ) + CQ 1̂1 

i n which s ^ , s 2 , s^ and s^ are the a n t i c i p a t e d drawdowns which 

would occur i f the bore was pumped a t s i n g l e r a t e s Q-̂ , Q 2 , Q^ 

and 

This set o f equat ions must be so lved by repeated t r i a l 

f o r (a + b log t ) , tC t and ! n ' . I t should be noted t h a t ' a 1 , 

' b ' and tO< are a l r e a d y known. -

The problem i s t o f i n d a method o f c a l c u l a t i n g the: 

a r t i f i c i a l drawdown s ^ C t ) , s 2 ( t ) e t c . The f i r s t value p r e s e n t s 

no d i f f i c u l t y as the borehole was pumped at a r a t e o f from 

s t a t i c l e v e l . 

F i e l d drawdown d a t a , Table I 1 o f t h i s s tage without 

f u r t h e r adjustment , can be p l o t t e d a g a i n s t l o g t as was done 

p r e v i o u s l y f o r the c a l c u l a t i o n s o f the incrementa l drawdown 

graphs. I t i s t h e r e f o r e i d e n t i c a l to the F ^ ( t ) curve . Xta i s 

shown on graph 65-866 and i n d i c a t e d as Q-,. The-
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d e l t a s per log c y c l e which can "be read from the graph can be 

used t o p r e d i c t the drawdown in the pumped wel l at any t i m e . 

The. method t o be used i s the same as expla ined under 2*3 Cooper 

and Jacob Method. 

For the second s t a g e the equation f o r the incremental 

drawdown i s 

s 2 ( t ) - S l ( t ) = (Q2 - Q 1 ) ( a + b l o g ( t - ^ ) ) •+ CQ2n - CQ-̂ n 

To c a l c u l a t e the express ion f o r Q2 a l l terms involv ing 

Q^ must be removed. These terms are i d e n t i c a l to those i n • 

S 1 ( t - t 1 ) = Q 1 (a + b log ( t - t . ^ ) + CJQ-j2 

a d d i t i o n o f these two equat ions r e s u l t s i n 

s 2 ( t ) - S l ( t ) + s 1 ( t - t 1 ) = Q 2 (a + b log ( t - t 1 ) ) + CQ2n 

which i s o f the r i g h t form, but i s given i n terms of ( t - t ^ 

i n s t e a d of t . Changing the argument g ives 

S 2 ( t - t 1 ) - s 1 ( t - t 1 ) + S 1 ( t ) = Q 2 (a + b log t ) + 0Q2 n = s 2 ( t ) 

Hence the required equat ion i s obtained s 2 ( t ) can be c a l c u l a t e d 

from the incremental graphs F ^ ( t ) + F 2 ( t ) as 

s 2 ( t ) = F - ^ t ) + F 2 ( t ) = Q 2 (a * b l o g t ) + CQ2n 

i . e . the a n t i c i p a t e d drawdown which would have occurred i f the . 

borehole had been pumped at a s i n g l e r a t e Q2 from s t a t i c l e v e l . 

I t l a shown as the l i n e Q2 on graph 6 5 - 8 6 6 . 

The express ion f o r a t h i r d s tage can a l s o be developed 

from the equat ion of the incrementa l drawdown of the t h i r d s tage 

by s y s t e m a t i c e l i m i n a t i o n of the terms of Q2 and t h e r e a f t e r of Q^ 

This r e s u l t s i n 

s 3 ( t ) - s 2 ( t ) + s 2 ( t + t - t 2 ) - s 1 ( t - t ~ t 2 ) + s 1 ( t - t 2 ) = 

Q^(a + b l o g t - t 3 > + CQ 1̂1 ' 

This again i s an equat ion of the r i g h t form but invo lves 

the terms ( t - t 2 ) i n s t e a d o f ( t ) . The argument can be changed 

again r e s u l t i n g in 

i 3 ( t ) = s 3 ( t - t 2 ) + s 2 ( t ~ t 2 ) + s 2 ( t + t 1 ) - s 1 ( t + t 1 ) + s 1 ( t ) 

= Q 3 (a + b log t ) + CQ3n 

£ F 3 ( t ) + F 2 ( t ) + F 1 ( t ) or F 3 ( t ) + Sgt 

This i s the equat ion required to o b t a i n the a n t i c i p a t e d 
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drawdown i f the borehole had been pumped at a s i n g l e r a t e Q, 3 
from the s t a t i c water l e v e l . I t i s shown as the l i n e on 

graph 6 5 - 8 6 6 . 

For a f o u r t h s t a g e the equat ion i s 

= F u ( t ) + F 3 ( t ) + F 2 ( t ) + F ^ t ) or F ^ ( t ) + s 3 ( t ) . 

I t i s now p o s s i b l e to read from the s t r a i g h t l i n e 

incremental drawdown p l o t s , graph 65—861+ immediately, what the 

drawdown should be a t a time t g . For example i f the borehole was 

pumped at a r a t e Q, =1.1+3 cusecs at atime t = 100 minutes the j e 
drawdown should be Csee graph 6 5 - 8 6 4 and Table G 1 . ) 

s 3 ( lOO) = 1 . 5 0 + 1 . 8 5 + 3 . 0 0 = 6 . 3 5 f t . 

Two. va lues f o r the r a t e Q-j are s u f f i c i e n t t o draw the 

a n t i c i p a t i o n drawdown curve , a t h i r d one i s required f o r a cheek. 

In Table G 1 drawdowns a t 10 minute i n t e r v a l s are given f o r the 

four s t a g e s o f P . T . 4 and they are p l o t t e d on graph 6 5 - 8 6 6 . 

Each drawdown curve i s marked with i t s r e l e v a n t pumping r a t e . 
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4 . 5 CALCULATION OF ANTICIPATED DRAWDOWNS. FOR A DRAWDOWN LOG 
t CURVE WITHOUT USING THE INCREMENTAL. DRAWDOWN CURVES 

I n t h i s method the f i r s t s tage again p r e s e n t s no 

d i f f i c u l t y . 

For the second, t h i r d and f o u r t h s t a g e s a l i t t l e more 

t a b u l a t i o n o f drawdowns or expected drawdown i s requi red than in 

the method discussed above. 

The' 'equation 

s ( t - t j ) = s 2 ( t ) « s 1 ( t ) + s ^ t - t ^ 

= Q2 )a + b l o g t - t ^ + CQ2n 

was developed f o r the previous method, 4 « 3 . With t h i s equat ion 

i t i s p o s s i b l e to compute the drawdown expected had . the borehole 

been pumped only a t a r a t e Q2« 

The drawdown s 2 i s obtained by s u b t r a c t i n g from the 

drawdown of the f i e i d data of the second s tage the sum of the 

drawdown a t times ( t ) and ( t - t ^ ) which would have occurred i f the 

f i r s t pump had continued working. This sum i s always n e g a t i v e . 

C a l c u l a t i o n s f o r s 2 are given i n Table G 2 . I n column 1 

are tabula ted time t a f t e r t 1 = 150 minutes . In the second 

column are t a b u l a t e d the drawdown o f the f i r s t s tage which i s 

a n t i c i p a t e d a t t imes t . In the t h i r d column are t a b u l a t e d the 

drawdowns of the f i r s t s tage which occur a t t imes ( t - t ^ , 

( t - 1 5 0 m i n . ) S u b t r a c t i o n s o f the values of column 3 from those 

o f column 2 are given i n column 4 * These values are adjustments 

to be made to the values of the f i e l d data of s tage 2 given in 

column 5 . The values of the a n t i c i p a t e d drawdowns are t a b u l a t e d 

in column 6 which would occur i f the borehole i s pumped only at 

a r a t e of Q2 from s t a t i c water l e v e l . Times ( t - t -^) values 

p l o t t e d aga ins t those o f s 2 should l i e on a s t r a i g h t l i n e . Small 

dev ia t ions o f t h i s s t r a i g h t l i n e occur as shown on graph 6 5 - 8 6 5 , 

due to s l i g h t d i f f e r e n c e s in pumping r a t e s and p o s s i b l y 

inacourcy o f reading the t a p e s . I t should be kept in mind t h a t 

the d i f f e r e n c e s occurr ing are g e n e r a l l y l e s s than 0 . 0 5 o f a f o o t . 

The d e l t a s per l o g c y c l e can be used again to p r e d i c t the water 

l e v e l a t any t ime . An example w i l l show the method c l e a r l y . At 
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100 minutes the drawdown l e v e l i s l . i+2 f t . as read from the l i n e 

Qg grape 65-865. 
At 10^" minutes "being equal to 7 days the drawdowns would 

be 
s = 1.1+2 f t . + 2 x d e l t a s or 

= 1.2+2 f t . + 2 x 0 . 7 3 f t . = 2 . 8 8 f t . 

Having cons t ruc ted the curve f o r the second s tage which 

would occur i f the borehole was pumped from the s t a t i c water l e v e l 

i t should be used to c o n s t r u c t a s i m i l a r one f o r the pumping 

r a t e o f Q^. The equat ion to be used i s almost i d e n t i c a l to t h a t 

o f the second s t a g e be ing , 

s 3 ( t - t 2 ) = Q 3 (a + b log ( t - t 2 ) ) + CQ32 

. = s 3 ( t ) - s ^ t - t ^ ) + S 2 ( t - t 2 ) 

The c a l c u l a t i o n f o r s 3 i s mada i n Table G 3 . The columns 

used are s i m i l a r to those of the second stage i n Table G 2, and 

hence need no f u r t h e r e x p l a n a t i o n . 

b^ p l o t t e d a g a i n s t the l o g ( t - t 2 ) again g ives p o i n t s 

through which the s t r a i g h t l i n e should be drawn shown as Q3 on 

graph 6 5 - 8 6 5 * D e l t a s per log c y c l e . c a n be ,used a g a i n f o r the 

p r e d i c t i o n of drawdowns which would occur at any t i m e . 

For the l a s t s tage the procedure i s the same again and 

t h e r e f o r e w i l l not be f u r t h e r d i s c u s s e d . The a n t i e i p a t e d 

drawdowns are t a b u l a t e d in Table G 2+. 
\ 

Comments on the C a l c u l a t i o n s o f the A n t i c i p a t e d 

Drawdown Curves > 

An equat ion was developed f o r the drawdow'n at any time 

f o r any pumping r a t e with the mathematical method d i scussed 

e a r l i e r . I t was pointed out t h a t the c a l c u l a t i o n s f o r the f o u r t h 

s tage was not i n agreement with those of the f i r s t t h r e e . s t a g e s , 

t h e r e f o r e i t i s considered tha t the a n t i c i p a t e d drawdown curve 

f o r the f o u r t h s tage as developed i n the preceding paragraphs 

should be used with c a u t i o n . 
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4 . 6 GRAPHICAL METHODS OP COMPUTING B AND C 

Hundred minutes drawdown l e v e l s f o r the d i f f e r e n t 

pumping r a t e Q^, Q g , and Q^ are read from graph 65-866 and 

divided by t h e i r s u c c e s s i v e pumping r a t e s as shown i n the t a b l e 

below.. The f o u r t h s tage i s not used as i t . i s suspect and i t may 

e f f e c t the r e s u l t s . 

S tage Q s w 1 0 0 ^ 1 0 0 / Q 

1 - 0 . 4 6 . 1 . 5 0 3 . 2 6 

2 0.86 3.35 3.90 
3 1 . 4 3 6 . 3 6 4 . 4 0 

I n J a c o b ' s method the s p e c i f i c drawdown sw/Q i s p l o t t e d 

aga ins t the pumping r a t e s Q on a r i t h m e t i c paper . A l i n e i's drawn 

through the p o i n t s so obta ined represent ing the b e s t v i s u a l f i t 

as shown on graph S4390- The i n t e r c e p t o f t h i s l i n e with the 

a b s c i s s a i s the value of B i n t h i s case B = 2 . 8 . The s lope o f 
p c 

the l i n e i s the value o f G being 1 . 1 6 f t . /sec . 
2 In the f i n a l form sw^qq = BQ +• CQ becomes t h e r e f o r e 

SW10Q = 2 . 8 Q + 1 . 1 6 Q2 

The 100 minute drawdown which would occur at any pumping r a t e can 

be computed with t h i s equat ion . 

As mentioned b e f o r e Rorabaugh b r i n g s a t h i r d unknown ' n ' 

i n t o h i s e q u a t i o n . 

sw = BQ + 0Qn In order t o solve i t the log of the 

s p e c i f i c drawdown sw/Q minus B i s p l o t t e d a g a i n s t . t h e log o f t h e 

pumping r a t e s . Values o f B must be assumed and the s o l u t i o n o f 

equation i s obtained when a value of B i s found t h a t produces a 

s t r a i g h t l i n e . C i s obtained from the i n t e r c e p t with the v e r t i c a l , 

l i n e through Q = 1 as C - B , The s lope o f the l i n e equals 

(n - 1 ) which produces a s o l u t i o n f o r n . Graph 6 5 - 4 2 i l l u s t r a t e s , 

the methods. 

The values f o r B , C and n are r e s p e c t i v e l y 0 . 9 , 3 . 1 2 and 

1 . 7 as i l l u s t r a t e d on graph 6 5 - 4 2 . 

In the f i n a l form the. equat ion becomes 

s w 1 0 0 = 0.9Q + 3 . 1 2 Q 1 , 7 
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I n the t a b l e hereunder the s o l u t i o n obtained with the 

Jacob method i s s e t out against tha t o f the Rorabaugh method. 

Stage Jacob Rorabaugh f o r B = 0 . 9 
BQ OQ̂  s w i 0 0 0Qn s w i o o SW' 

a n t i c i p a t e d 
1 1 . 2 9 0 . 2 5 1 . 5 4 0 . 4 4 0 * 8 4 1 . 2 6 1 . 5 0 

2 2 . 4 0 0 . 8 6 3 . 2 6 0 . 7 7 2 . 3 9 3 . 1 6 3 . 3 5 

3 4 . 0 0 2 . 3 6 6 . 3 6 1 . 2 9 5 . 7 1 7 . 0 0 6 . 3 6 

This t a b l e i s shown a l s o g r a p h i c a l l y on the graphs 

S4391 and 6 5 - 4 1 . 

I l l u s t r a t e d i n the t a b l e i s that both methods give 

almost s i m i l a r r e s u l t s . However with the Jacob method b e t t e r 

r e s u l t s are obta ined than t h a t o f Rorabaugh's . 

The drawdown a n t i c i p a t e d a f t e r 100 minutes pumping can 

be read from graph S4391 f o r any given pumping r a t e and i n 

a d d i t i o n the expected w e l l , l o s s e v a l u a t e d . 

P r e v i o u s l y i t was i n d i c a t e d t h a t the two causes o f 

drawdown can be approximated by the f u n c t i o n s - ^ t ) = Q^(a + b 

log t ) + CQ , i t could a l so be w r i t t e n as 

sw = Q(a + b log t ) + CQ2 

t h i s i s i d e n t i c a l with sw = B Q + CQ .. 

I t i s ' t h e r e f o r e evident that the f a c t o r B i s time 

dependent as Q(a + b l o g t ) = BQ. 

S u b s t i t u t i n g the value f o r B = 2 . 8 of the J a c o b method 

and bear i n mind t h a t t h i s v a l u e i s obtained f o r a time t » 100 

r e s u l t s i n 

2 . 8 Q = (a + b log 100) Q 

b l o g t i s the only term dependent on time t h e r e f o r e , 

Q b log 100 = d e l t a s per log c y c l e , 

d e l t a s per log c y c l e f o r the second s tage = 0 . 9 8 

and Q = 0 . 8 4 cusecs hence 

O.8Z4. x b x 2 = 0 . 9 8 ttr 

This value o f b s u b s t i t u t e d i n the equat ion f o r BQ 

r e s u l t s i n 
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2 . 8 Q = (a + 0 . 5 8 x "2 ) Q or 

2 . 8 = 2 + 1 . 6 so t h a t 

a = . 1 . 6 4 

The v a l u e s of a ,b and C are now known t h e r e f o r e i n 

t h i s f i n a l form the equat ion f o r 
2 o 

sw = BQ + OQ = Q(a + b log t ) + OQ "becomes 

= Q ( l . 6 4 + 0 . 5 8 l o g t ) + 1 . 1 6 Q2 

&ith t h i s equat ion can be c a l c u l a t e d any drawdown f o r 

any given pumping r a t e . 

s 
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' 4 .7 MULTIPLE STAGE TEST ON P . T . 7 and P . T . 5 

This type of t e s t was made on both o f these b o r e s . 

R e s u l t s obtained however are not encouraging. C a l c u l a t i o n s made 

on the f i r s t two s t a g e s o f P . T . 7 appear to be in good agreement 

with the theory . 
\ 

The incremental .drawdown log time curves o f t h i s t e s t a r s 

shown Jem graph 6 5 - 7 6 1 and the r e l e v a n t drawdown data are given in 

Tables I 5 to I 8 . 

C a l c u l a t i o n s made to .arr ive at va lues of the a q u i f e r l o s s 

and wel l l o s s are given below ( s e e curve P- L ( t ) graph 6 5 - 7 6 1 ) . 

At 10 minutes s = 1 . 0 2 f t . ' 

d e l t a s/log c y c l e = 0 . 3 7 f t . . t h e r e f o r e 

s 1 ( t ) = 1 . 0 2 + 0 . 3 7 log t - 0 . 3 7 

= ( a + b log t ) Q' + OQ2 

Equating the constant and time dependent terms i n the • 

two equat ions we have 

bQx log t = 0 . 3 7 l o g t a id 

aQ + OQ2 = 1 . 0 2 - O.37 or 

as t = 10 minutes l o g t = 1 

and Q = 0 . 7 7 c u s e c s . These va lues s u b s t i t u t e d r e s u l t s i n 

0 . 7 7 x b = 0 . 3 7 

b = 0 . 3 7 / 0 > 7 7 = 0 . 4 8 

and a l s o 

a x' 0 . 7 7 + 0 . 7 7 2 C = 0 . 6 5 or 

a + 0 .77C = 0 * 6 5 / o > 7 7 = 0 . 8 4 

The 10 minute incremental drawdown o f curve P 2 ( t - t 1 ) 

graph 6 5 - 7 6 1 s 0 . 9 2 f t . ' 

D e l t a s per log c y c l e = 0 . 2 0 f t . 

Bd t h a t P 2 ( t - t 1 ) = 0 . 9 3 + 0 . 2 0 log ( t - t ] L ) - 0 . 2 0 

= ( Q g ^ X a + b l Q g ( t - t ^ ) ) - O ( Q 2 2 - Q 1 2 ) 

q 2 = 1 . 2 3 
= 

These v a l u e s s u b s t i t u t e d and equat ing the time dependent 

and constant terms r e s u l t s i n 



(Qg-^i ) b l Q g = 0 . 2 0 l o g (t-tz) 

(Qg-Qi) a + e ' t e ^ - Q ^ 2 ) = 0 . 9 6 - 0 . 2 0 = 0 . 7 3 and 

. fur ther development r e s u l t s in 

( 1 . 2 3 - 0 . 7 7 ) b = 0 . 2 0 

- b = ° » 2 0 / 0 ^ 6 = 0 . 4 0 and 

( 1 . 2 3 - 0 . 7 7 ) a + 0 ( 1 . 5 2 - 0 . 5 9 ) = 0 . 7 3 or * 

0 . 4 6 a + .0 .93 0 = 0 . 7 3 pr 

a + 2.02C = , 1 . 6 

from s tage one i s obta ined 

a + 0 . 7 7 0 = 0 . 8 4 - s u b t r a c t i o n , g ives 
1 . 2 5 0 = 0 . 7 6 

C = 0 . 7 6 / 1 . 2 5 = 0 . 6 1 f t . 2 / s e c 5 . 

S i n c e 'G' and ' b ' are known ' a ' can be c a l c u l a t e d 

from second s t a g e 

; a + 2 . 0 2 0 = 1 . 6 or 

a + 2 . 0 2 x 0 . 6 1 = 1 . 6 

"a i l . 6 - 2 . 0 2 x 0 . 6 1 = 4 . 3 5 

.. In t h e f i n a l form the equation f o r drawdown becomes now 

sw = ( 0 * 3 5 + 0 * 4 l o g t ) Q + 0 i 6 l Q2 

C a l c u l a t i o n s made, by using curve F ^ t - t ^ ) r e s u l t s in a 

value of b = 1 which i s much too high and a value of C = 0 . 0 3 

f t /sec 5 which i s much too low. This t h i r d s tage t h e r e f o r e 

cannot be used f o r f u r t h e r c a l c u l a t i o n . 

On graph 6 5 - 4 3 are drawn a curve of drawdown versus l o g 

t f o r the pumping r a t e s Q^ i n d i c a t e d as Q^ and the a n t i c i p a t e d 

curve f o r Qg, i n d i c a t e d as Qg^as would have r e s u l t e d i f the bore 

P . T * 7 was pumped a t a "rate o f Qg f r o m the s t a t i c l e v e l . This 

curve was drawn with the va lues f o r Sg obta ined from Table G 5 . 

The drawdown curve f o r a r a t e Q = 1 . 9 cusecs obtained from the 

s i n g l e r a t e t e s t made on 22nd February 1965» i s a l s o drawn on 

t h i s graph and i n d i c a t e d by Q . s 
An attempt was made to so lve the equation f o r wel l l o s s 

and a q u i f e r l o s s by means o f the modified Jacob method as shown 

on graph 3 4 5 1 8 . 
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The va lues f o r B and G from t h i s graph are B = 0 . 9 6 and 

G « 0 . 5 2 f t 2 / s e c 5 . 

These values s u b s t i t u t e d in the equat ion r e s u l t s in 

s w 1 0 0 = 0.96Q + 0 . 5 2 Q2 

The. v a l u e s o f C and B are oons ideravly d i f f e r e n t from 

those obta ined from the mathematical method. I t i s considered 

t h a t the r e s u l t s obta ined with the mathematical procedure are 

more r e l i a b l e . 

The drawdown data obta ined from the f i r s t o f the m u l t i p l e 

s tage on P . T . 5 are very e r r a t i c and i t appears imposs ib le t o 

draw a r e l i a b l e drawdown curve . I t i s t h e r e f o r e considered t h a t 1 ( 
an attempt t o o b t a i n any value f o r the wel l l o s s and a q u i f e r l o s s 

would be f r u i t l e s s . . 

There can be only one conc lus ion to be drawn from the 

r e s u l t s o f the mul t ip le s tage t e s t s * This a q u i f e r ' s 

c h a r a c t e r i s t i c s are such t h a t c a l c u l a t i o n s of wel l and a q u i f e r 

l o s s are v e r y d i f f i c u l t to o b t a i n . I t i s ques t ionab le whether 

f u r t h e r a t tempts ' should be made to a r r i v e a t values f o r these 

f a c t o r s . 

Wal ton 's suggest ion t h a t lower or h igher va lues f o r G 

from the m u l t i p l e s tage t e s t i n d i c a t e development or c o l l a p s e o f 

the a q u i f e r would not apply. S i n g l e s tage t e s t o f 7 day dura t ion 

were conducted p r i o r to the m u l t i p l e s tage t e s t and f u l l 

development o f the a q u i f e r should have occurred t h e n . 
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5 .1 CONCLUSIONS • 

A dra in of f r e e water t a b l e a q u i f e r i s n o t a l t o g e t h e r 

s u i t e d f o r t h e . c a l c u l a t i o n s of the a q u i f e r c h a r a c t e r i s t i c s . The 

values o f T and S are approximations only l a r g e l y due t o the f a c t 

t h a t the equat ions used are based upon i n f i n i t e and homogeneous 

a r t e s i a n a q u i f e r s . Good agreement i s obta ined however f o r the 

h y d r a u l i c c o n d u c t i v i t i e s . ' P ' c a l c u l a t e d from the t e s t r e s u l t s of 

the t h r e e P . T . b o r e s Nos. 4 , 5 , and. 7 . 

Discouraging i s the anomalous high f low v e l o c i t y o f 

3" x IO" 5 f t / s e c . which suggest d e p l e t i o n o f the a q u i f e r under heavy 

pumping c o n d i t i o n s . 

Annual e f f e c t i v e r a i n f a l l i s considered low compared with 

the r a i n required to s u s t a i n the c a l c u l a t e d flow v e l o c i t y . 

I t i s es t imated t h a t 7 . 5 x 1 0 9 cubic f e e t o r 1 7 2 , 0 0 0 . 

a c r e f e e t o f water i s s t o r e d in Polda B a s i n . 

The boundary suggested by the s teep gradient ' of t h e 

p i e z o m e t r i c sur face south o f P ; T . No. 7 have not been recorded 

during the 7 day s i n g l e r a t e pumping t e s t . No good reason f o r t h i s 

i s apparent . 

I t i s cons idered t h a t cemented a e o l i a n i t e forming the 

' Polda B a s i n a q u i f e r i s no t s u i t e d f o r mul t ip le s tage t e s t . 

The s ing le r a t e pump-tests done so f a r i n d i c a t e t h a t a 

l a r g e but shallow cone of drawdown w i l l be e s t a b l i s h e d under 

heavy pumping c o n d i t i o n s . I n d i v i d u a l bores should be spaced a t 

l e a s t a t one and one h a l f mile i n t e r v a l s but where p r a c t i c a l the 

d i s t a n c e between boreho les should be g r e a t e r , p r e f e r a b l y 2 m i l e s . 

Large suppl ies of 1 . 9 - 2 cusecs a r e o b t a i n a b l e from the 

1+3 inch diameter boreholes f o r a shor t p e r i o d of t ime . An 

average pumping r a t e o f one cusec i s recommended f o r a prolonged 

pumping p e r i o d ; 

The low e n t r y v e l o c i t y o f 0 . 0 5 f t . per s e c . of the 

groundwater i n t o the 1+3 inch diameter boreholes i s an advantage 

as i t avoids the breakdown of the a q u i f e r . 
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1 6 . 0 2 1 9 . 4 8 3 . 4 1 2 . 8 8 

1 5 . 0 219o51 3 . 3 8 2 . 8 6 
? 

1 4 . 0 219o53 3 . 3 6 2 . 8 5 

1 3 . 0 2 1 9 . 5 6 3 . 3 3 ' 2 . 8 3 

1 2 . 0 2 1 9 . 6 0 3 . 2 9 2 . 8 0 

1 1 . 0 2 1 9 . 6 3 3 . 2 6 2 . 7 8 -

1 0 . 0 2 1 9 . 6 7 3 . 2 2 2 . 7 5 

9 . 5 2 1 9 . 6 9 3 . 2 0 2 . 7 4 

9*0* 2 1 9 . 7 2 3 . 1 7 2 . 7 1 

8o5 2 1 9 . 7 5 3 . 1 4 2 . 6 9 

8 . 0 2 1 9 . 7 7 3 o l 2 2 . 6 8 

7 ? 5 219081 3 . 0 8 2 . 6 5 

7 . 0 2 1 9 . 8 4 3 . 0 5 2 . 6 3 

6 . 5 2 1 9 . 8 7 3 . 0 2 2 . 6 1 

6oO 2 1 9 . 9 2 2 . 9 7 2 . 5 7 

5 . 5 2 1 9 . 9 6 2o93 2 o 5 4 

5 . 0 220<>02. 2 . 8 7 2o50 

4o5 2 2 0 . 0 9 2 . 8 0 2o44 

4 . 0 2 2 0 . 1 7 2 . 7 2 2O38 

3 . 5 2 2 0 . 0 9 2 . 6 0 2 . 2 2 

3 . 0 2 2 0 . 4 2 2 . 4 7 2 c 19 

2 . 5 2 2 0 . 6 3 2 . 2 6 2 . 0 3 

2 . 0 2 2 0 . 8 4 2 . 0 5 1 . 8 6 

1 . 5 2 2 1 . 2 1 1 . 6 8 1 . 5 5 

1 . 0 2 2 1 . 6 6 1 23 1 . 1 6 

0 . 5 2 2 2 . 3 0 

2 2 2 . 8 9 

0 . 5 9 . 5 7 

Time t in minutes 
a f t e r s t a r t 

R.W .L. Drawdown in f e e t Adjusted draw-
down i n f e e t 

Pump s t a r t e d on 2 2 . 2 . 6 5 a t 1 3 . 0 0 hr , 

SURVEY: Polda B a s i n 

LOCATION: Polda 

SECTION: 19 HUNDRED: S u i r e 

WELL OWNER: Department o f Mines 

PUMP SETTING: R . L . . 

AQUIFER THICKNESS: m l i f t . 

TABLE 10 

Pump stopped, on 2 3 . 2 . 6 5 a t 1 2 . 0 0 

ELEVATION: 2 4 4 . 3 5 f t . 

MILITARY SHEET: Kappawanta 

AERIAL PHOTO: (Run 1 

(No. 12 

PUMPING RATE, Q, 0 . 6 4 cusecB 

SERIAL NO. 220265 

WELL NO. PT 5 

S 4-608 ni o/A 



1 6 0 . 0 .217 .47 4 . 4 2 3 , 5 3 

1 5 0 . 0 2 1 7 . 5 4 4 . 3 5 3oU9 

1 4 0 . 0 2 1 7 . 5 9 4 . 3 0 3 . 4 6 

1 3 0 . 0 217 .69 4 . 2 0 3 . 4 0 

1 2 0 . 0 2 . 7 . 8 7 4 o 0 2 3o29 

1 1 0 . 0 2 l 8 o 9 2 3 . 9 7 3c 25 

1 0 0 . 0 218.9ft 3o95 3 . 2 4 

9 5 . 0 218 .96 3 . 9 3 3 . 2 3 

90 cO 2 1 8 . 9 6 3 . 9 3 3 . 2 3 

8 5 . 0 2 1 8 . 9 8 3o91 3 . 2 2 

80 o 0 2 1 8 . 9 8 3c91 3 . 2 2 

7 5 . 0 2 1 8 . 9 8 3 . 9 1 3 . 2 2 

7 0 . 0 2 1 8 . 9 9 3o90 3 . 2 1 

6 5 . 0 2 1 9 . 0 0 3o89 3o20 

6 0 . 0 2 1 9 . 0 3 3 0 8 6 3 d 8 

5 5 . 0 219o06 3o83 3 . 1 6 

5 0 . 0 2 1 9 . 0 7 3o82 3 . 1 6 

4 5 . 0 2 1 9 . 0 8 3 . 8 1 3 . 1 5 

4 0 . 0 2 1 9 . 1 3 3 . 7 6 3 . 1 2 

3 5 . 0 2 1 9 . 1 8 3 . 7 1 • 3 . 0 8 

3 0 . 0 2 1 9 . 2 0 3169 3o07 

2 9 . 0 219 .20 3 . 6 9 3 . 0 7 

2 8 , 0 2 1 9 o 2 1 3 . 6 8 3 o 0 6 

27c 0 2 1 9 . 2 1 3 . 6 8 3 . 0 6 

2 6 . 0 2 1 9 . 2 2 3c67 3 . 0 6 

2 5 . 0 2 1 9 . 2 4 3o65 3 . 0 4 

2 4 . 0 219 .26 3 . 6 3 3 . 0 3 

2 3 . 0 219 .28 3 . 6 1 3o02 

2 2 . 0 2 1 9 . 3 1 3 . 5 8 3 . 0 0 

2 1 o 0 219o33 3o56 2 . 9 8 

2 0 . 0 219 .36 3 . 5 3 2 . 9 6 

1 9 o 0 2 1 9 . 3 9 3 . 5 0 2 . 9 4 

1 8 . 0 2 1 9 . 4 2 3 . 4 7 2 . 9 2 

1 7 . 0 2 1 9 . 4 5 3 . 4 4 2 . 9 0 

fptime t i n minutes 
a f t e r s t a r t 

R.W.L. Drawdown in f e e t Adjusted draw-
down in f e e t 

P . T . 5 
TABLE 10 S e r i a l No. 220265 

Cont inuat ion Sheet No. 1 



4 3 8 0 215o52 7 o 3 7 4 o 9 0 

4 0 0 0 2 1 5 . 1 1 7 . 7 8 5 . 0 2 

3 5 0 0 2 1 5 . 6 3 7 . 2 6 4 . 8 6 

3 0 0 0 2 l 5 d 7 7 . 7 2 5 . 0 1 

2 5 0 0 2 1 5 . 5 1 7 . 3 8 4 . 9 0 

2 0 0 0 2 1 5 . 8 9 7 . 0 0 4=77 

1 9 0 0 2 1 5 . 6 3 7 . 2 6 4 . 8 6 

1 8 0 0 2 1 5 . 7 1 7 . 1 8 4 . 8 4 

1 7 0 0 2 1 5 . 9 3 6 . 9 6 4 . 7 6 

1 6 0 0 2 1 5 . 5 2 7 . 3 7 

1 5 0 0 2 1 5 . 5 9 7 . 3 0 4 . 8 8 

1 4 0 0 2 1 5 . 5 9 7 o 3 0 4 . 8 8 

1 3 0 0 2 1 5 * 9 6 6 . 9 3 4 . 7 5 

1 2 0 0 2 1 6 . 3 7 60 52 4 . 5 9 

1 1 0 0 2 1 6 . 3 3 6 . 5 6 4 . 6 0 

1 0 0 0 2 l 6 o 4 9 6 o 4 0 4 . 5 4 

9 5 0 2 1 6 0 5 8 6 . 3 1 4 . 5 0 

9 0 0 2 1 6 . 5 0 6 . 3 9 4 . 5 3 

8 5 0 . 0 2 1 6 . 5 3 6 . 3 6 4 . 5 2 

8 0 0 . 0 2 1 6 . 5 7 6 . 3 2 4 . 5 0 

7 5 0 o 0 2 1 6 . 6 1 6 . 2 8 4 . 4 9 

7 0 0 . 0 2 1 6 . 6 8 6 . 2 1 4 . 4 6 

6 5 0 . 0 2 1 6 . 8 3 ' 6 . 0 6 4 . 3 9 

6 0 0 . 0 2 1 6 . 8 3 6 0 O 6 4 . 3 9 

' 550 .0 2 1 6 . 9 8 4 . 9 1 3 . 8 1 

5 0 0 . 0 2 1 7 . 0 2 4 . 8 7 3 . 7 9 

4 5 0 . 0 2 1 6 . 9 3 4 . 9 6 3 . 8 4 

4 0 0 . 0 2 1 7 . 0 3 4 . 8 6 3 . 7 9 

3 5 0 . 0 2 1 7 . 0 8 4 . 8 1 3 . 7 6 

3 0 0 ..0 2 1 7 . 0 7 4 . 8 2 3 . 7 6 

2 5 0 . 0 2 1 7 o l 8 4 . 7 1 3 . 7 0 

2 0 0 . 0 2 1 7 . 2 8 4 . 6 1 3 . 6 4 

1 9 0 . 0 

1 8 0 . 0 2 1 7 . 3 4 4 . 5 5 3 . 6 1 

1 7 0 . 0 2 1 7 . 4 3 4 . 4 6 3 . 5 6 

Time t in minutes 
after start 

R.W.L. Drawdown in feet Adjusted drawdoi 
in feet 

TABLE 10 

PT5 
S e r i a l No. 220265 

Continuat ion Sheet No. 2 



TABLE I 1 
P.T. 4 Serial 030365 

Time Drawdown 
t in minutes - s in ft. 

1 0 . 7 5 

5 1 . 1 5 

10 " 1 .23 

1 5 1 . 2 9 

20 1 . 3 3 

25 1 . 3 5 

3 0 1 . 3 7 

4 0 1 . 3 8 

5 i 1 * 4 3 

60 1.45 
70 ' 1 . 4 8 

80 1.50 
• 90 1 . 5 0 

100 1 .52 

1 2 0 1 . 5 3 

1 4 0 1 . 5 4 . 

.150 1 .56 



P.T. 4 Serial 030365 
TABLE I 2 

Calcu la t ion of the incremental drawdown s 2 - s^ 

t c 2 ( t ) V t ) ( S 2 - S l ) ( t - t l ) 

151 2 . 8 2 •1*55 1 . 2 7 1 

155 2 . 9 3 • 1 . 5 5 1 . 3 8 5 

160 3 .07- 1 . 5 6 1 . 5 1 . 10 

165 3 . 1 4 1 . 5 6 1 . 5 8 ' 15 

170 3 . 1 9 1 .57 1 . 6 2 20 

175 3 . 2 3 1 . 5 7 1 . 6 6 25 

180 3 . 2 6 1 . 5 7 1 . 6 9 30 

185 3 . 2 9 1 . 5 7 1 . 7 2 35 

190 3 . 3 1 1 . 5 8 1 . 7 3 40 

195 3 . 3 2 . 1 . 5 8 1 . 7 4 45 

200 3 . 3 5 1 . 5 8 1 . 7 7 50 

210 3 . 3 8 1 . 5 9 1 . 7 9 60 

220 1 . 5 9 1.8.2 70 

230 3 . 4 9 1 . 6 0 1 . 8 9 80 

240 3 . 4 6 1 . 6 0 lo 86 90 

250 3 . 4 9 1 . 6 1 1 . 8 8 100 

280 3 . 5 3 1 . 6 2 1 . 9 1 130 

300 3 . 5 4 1 . 6 3 1 . 9 1 150 

1 2 . 3 4 5, 

Values of column 3 subt rac ted from those of column 2 give the 

values o f Sg-S^ in .column 4» 

The values of column 4 are p l o t t e d aga ins t log ( t - t ^ ) o f column 

5 and r e s u l t i n 



P.T. 4 Serial 030365 
TABLE I 3 

Calculation for the incremental drawdown sx-s 
t F 2 ( t ^ Adjustment s 3 ( t ) s 3 " s 2 t - t 2 

301 1 . 6 3 151 . 1 . 9 1 3 . 5 4 4 . 8 0 1 . 2 6 1 

305 1 . 6 3 155 1 . 9 1 3 . 5 4 5 . 9 3 1 . 4 7 5 

310 1 . 6 3 160 1 . 9 2 3 . 5 4 6 . 1 2 2 . 5 8 10 

315 l ; 6 3 165 1 . 9 2 3 .56 . 6 . 2 2 2 . 6 6 15 

320 1 * 6 4 170 1 . 9 3 3 . 5 7 6 . 2 9 2 . 7 2 20 

325 1 . 6 4 175 1 . 9 3 3 . 5 7 6 . 3 4 2 . 7 7 25 

330 1 . 6 4 180 1 . 9 3 3 »57 6 . 3 8 2 . 8 1 30 

335 1 . 6 4 185 1 . 9 4 " 3 . 5 8 6.U1 2 . 8 3 35 

340 • 1 . 6 4 190 1 . 9 4 3 . 5 8 6 . 4 3 2 . 8 5 . 40 

345 1 . 6 5 195 1 . 9 5 3 . 6 0 6 . 4 6 2 .86 45 

350 1 . 6 5 200 1 . 9 5 3 . 6 0 6 . 4 8 2 . 8 8 50 

36c 1 . 6 5 210 1 . 9 5 3 . 6 0 6 . 5 3 2 . 9 3 60 ' 

370 1 . 6 5 220 1 . 9 6 3 . 6 1 6 . 4 2 2 . 8 1 70 

380 1 . 6 5 230 1 . 9 6 . 3 . 6 1 6 . 4 1 2 . 8 0 80 

390 1 . 6 5 240 1 .97 3 . 6 2 6 . 4 4 2 . 8 2 90 

40C 1 .66 ' 250 1 . 9 7 3 . 6 3 6 . 4 6 2 . 8 3 100 

410 1 . 6 6 260 1 . 9 8 3 . 6 4 6 . 4 7 2 . 8 3 110 

420 1 . 6 6 270 1 . 9 8 3 . 6 4 6 . 4 9 2 . 8 5 120 

430 1 . 6 6 280 1 . 9 8 3 . 6 4 6 . 5 4 2 . 9 0 130 

440 1 . 6 7 290 1 . 9 9 3 . 6 6 6 . 5 7 . 2 . 9 1 140 

450. 1 . 6 7 300 2 . 0 0 3 . 6 7 6 . 6 2 2 . 9 5 150 

1 2 3 4 5 6 7 • 8' 

Addition of the value of columns 2 + 4 gives those of column 5 . 

Values of column 6. minus those of column 5 gives value f o r s^-s 

i n column 7 . 

The values of column 7 are p l o t t e d a g a i n s t the log of ( t - t 2 ) o f 

column 8 and r e s u l t in Fx( t—t ,->•)• • 



P.T.4 Serial 030365 
TABLE-I 4, 

t ' F x ( t ) ( t - u ) F ^ t - t ^ ( t - t 2 ) F 3 C t - t 2 ) Adjust 
ment V S 3 t - t , 

451 1 . 6 7 301 2iQ4 151 3 . 0 8 6 . 7 9 7 . 7 4 0 . 9 5 1 

453 1 . 6 7 305 2 . 0 4 155 3 . 0 9 6 . 8 0 8 . 6 0 1 . 8 0 5 

460 1 . 6 7 310 2 . 0 5 160 3 i 0 9 6 . 8 1 8 . 8 5 2 . 0 4 10 

465 1 . 6 7 . 315 2 . 0 5 165 3 . 1 0 6 . 8 2 8 . 9 5 2 . 1 3 15 

470 1 . 6 7 320 2 . 0 5 170 3 . 1 0 6 . 8 2 9 . 0 0 2 . 1 8 20 

475 1 . 6 7 ' 325 2 . 0 5 175 3 . 1 1 . 6 . 8 3 9 . 0 4 2 . 2 1 25 

480 1 . 6 8 330 2 . 0 5 180 3 . 1 2 , 6 . 8 5 9 . 0 8 2 . 2 3 30 

485 1 . 6 8 335 2 . 0 6 185 3 . 1 2 6 . 8 6 9 . 1 1 2 . 2 5 35 

490 1 . 6 8 340 "2.06 190 3 . 1 2 6 . 8 6 9 . 1 5 2 . 2 9 40 

495 1 .68 ' 345 2 .06 195 3.1.3 6 . 8 7 9 . 1 8 2 . 3 1 45 

500 1 . 6 8 350 2 .07 200 3 . 1 3 6 . 8 8 9 . 1 9 2 . 3 1 " 50 

510 1*68 360 2 .07 210 3 . 1 4 6 . 8 9 9 . 2 2 2 . 3 3 60 

520 1 . 6 9 370 2 . 0 7 220 3 . 1 5 6 . 9 1 9 .27 2 . 3 6 70 

530 1 . 6 9 380 2 . 0 8 230 3 . 1 6 6 . 9 3 9 . 3 1 2 . 3 8 80 

540 
0 

1 . 6 9 390 2 . 0 8 240 3 . 1 7 6 . 9 4 9 . 3 5 2 . 4 1 90 

550 1 . 7 0 400 2 . 0 9 250 3 . 1 8 6 . 9 7 9 . 3 8 2.I4I 100 

560 1 . 7 0 410 . 2 . 0 9 260 3 . 1 8 6 . 9 7 9 . 4 0 2 . 4 3 110 

57.0 1 . 7 0 420 ! 2 . 1 0 270 3 . 1 9 6 . 9 9 9 . 4 3 2 . 4 4 120 

580 1 . 7 0 430 2 . 1 0 280 3 . 2 0 7 . 0 0 9 . 4 7 2 .47 130 

590 1 . 7 0 440 2 . 1 0 290 3 . 2 0 7 . 0 0 9 . 4 9 2 . 4 9 140 

600 1 . 7 0 450 2 . 1 1 300 3 . 2 1 7 :02 9 . 5 0 2 .48 150 

' 1 2 3 4 5 6 7 8 9 10 

Addition of the value of columns 2 + 4 + 6 gives the value of 

column 7» 

Value of coluijm 8 minus that of column 7 gives values f o r s^'-s 

in column 9« 

The values of column 9 are p l o t t e d against log of ( t - t ^ ) of 

column 10 and r e s u l t i n F, ( t - t * ) « 



P.T. 7 Serial 161164 

TABLE I 5 
F i r s t s tage of 60 minutes 

Q = 0 . 7 7 

Time s i n f t , 

1 0.18 

5 O.96 

10 1 . 0 3 

20 1.12 
25 1 . 1 4 

30 ' ' 1 . 17 

40 1.21 

50 1 . 2 5 

60 1.26 



P.T. 7 Serial" 161164 
TABLE I 6 

CALCULATIONS FOR INCREMENT IN DRAWDOWN DUE TO THE INCREASE IN 
PUMPING- RATE PROM 0 ,77. to 1 . 2 3 CUSECS 

The f i r s t s tep was o f 60 minute d u r a t i o n , the second 

s tep i s of 300 minutes durat ion and continued to 360 minutes 

a f t e r the s t a r t of the pump. 
So 

observed 
F - i 

increment a l 
s 2 - B l 

' t 
i n mi-mutes a f t e r inc , 
in pumping r a t e . 

65 2 . 1 0 a 1 . 2 9 0 . 8 1 5 

70 2 . 2 5 • 1 . 3 0 • . 0 . 9 5 10 

74 2 .27 1 . 3 2 0 . 9 5 14 

80 2 .30 1 . 3 3 0 . 9 7 20 

85 2 . 3 4 1 . 3 3 1 . 0 1 . 25 

90 2 .37 1 . 3 4 1 . 0 3 30 

100 2 . 4 2 1 . 3 5 I . 0 7 40 

110 2 . 4 5 1 . 3 7 1 . 0 8 50 

120 2 .46 1 . 3 8 1 . 0 8 60 

140 2 . 5 1 1 . 4 0 1 . 1 1 80 

160 2 . 5 5 1 . 4 3 1 . 1 2 100 

180 . 2 . 5 9 1 . 4 5 1 . 1 5 . 120 

200 2 . 6 2 1 . 4 6 1 . 1 6 140 

210 2 . 6 3 1 . 4 7 . 1 . 1 6 150 

260 ' 2 . 6 9 1 . 5 0 1 . 1 9 200 

310 2 . 7 3 1 . 5 2 1 . 2 1 250 

360 2 .77 1 . 5 5 1 . 2 2 300 

1 2 3 , 4 ' 5 

Values of column 3 subtrac ted from those of column 2 are given 

i n column 4« Those p l o t t e d against log t of column 5 are 

shown as curve ^ ( t - t - ^ ) o n 65-761 



7 S e r i a l 161164 

TABLE I 7 

Step 1 . 60 minutes Step 2 . 360 minutes a t Q 1 . 2 3 cusecs 

- S t e p 3? continued f o r t 720' .i r. 

minutes a t ; a. r a t e o f Q 1 . 5 6 

?ime ?1 . V • V A d j u s t - incre-? s tep 3 
A n t i c i p a t e d a n t i c i p a t e d ment pbserved mental : t • .rr 360 
' • ' I 

. , 'ij... . •. 
'' ' -

; s 3 ~ s 2 S 
370 1*55 . . 1 . 2 3 2 , 7 8 3^47 0 . 6 9 10 . 

380 1 . 5 5 1 . 2 4 2 . 7 9 3 . 5 5 . " 0 . 7 6 20 

390 1 . 5 6 1 . 2 4 2 . 8 0 3 . 5 2 0 . 7 2 30 

400 1 . 5 6 1 , 2 4 - 2 80 3 . 5 1 ' 0 . 7 1 40 

410 1 . 5 7 1 . 2 5 2 , 8 2 3 . 5 1 0 . 6 9 50 

420 1 . 5 7 1 . 2 5 2 . 8 2 3 . 5 4 0 . 7 2 60 

430 1 . 5 7 1 . 2 5 
-? • 2 . 8 2 3.59 0 . 7 7 70 

'hho 1 . 5 8 1 . 2 5 2 . 8 3 3 . 5 9 .0 .76 80 

450 1 . 5 8 1 . 2 5 2 . 8 3 I 3 . 6 2 . 0 . 7 9 90 

460 1 . 5 8 1 , 2 6 2 . 8 4 3 . 6 5 0 . 8 1 100 

.480. ,, • •.; .1.26. 2 , 8 5 ; 3,67 0 . 8 2 .. 120 

510 1 . 6 0 • •• 1.. 1 . 2 6 2 . 8 6 .3.73 O.87 ... 15© 

560 1 . 6 2 1 , 2 7 2 . 8 9 3.80 0 . 9 1 200 

610 1 . 6 3 '• 1 , 2 8 ' ' 2 . 9 1 3 . 8 8 0 . 9 7 2 5 0 " ' 

660 1 . 6 4 1 , 3 0 ' 2 . 9 4 3 . 8 9 0 . 9 5 300 

710 i f 6 5 . 1 , 3 0 2 . 9 5 3 . 9 3 0 . 9 8 3.50 ' 

1 ' 
f 

; 2 • • T - ' 
3 . 1. • • 4. • 5 7 -

The va lues o f column 2 and those o f column 3 are added and -

. given i n column 4 . These values s u b t r a c t e d from those o f . 

: column 5 are given in. column 6 . • Values o f column 6 p l o t t e d 

a g a i n s t log t of column 7 are shown a s the curve F x ( t - t 0 ) - o n 

• Graph 6 5 - 7 6 1 ' ' . , ' 



P.T. 4 Serial 030365 
TABLE G 1 

For c a l c u l a t i o n s of s 2 ( t ) , t ) and s ^ ( t ) 

using equation 

s 2 ( t ) - F ^ t ) + F 2 ( . t ) 

s 3 ( t ) = i 2 ( t ) + F 3 ( t ) 

s ^ t ) = i 3 ( t ) + F 3 ( t ) 

t P 2 ( t ) P 2 ( t ) s 2 ( t ) P 3 ( t ) s 3 ( t ) ah(t) 

1 1 . 0 0 1*23. 2 . 2 3 2 . 2 2 4 . 4 5 1 . 7 0 6 . 1 5 

5 1 . 1 7 1 . 3 8 2 . 5 5 2 . 4 7 5 -02 1 . 9 3 6 . 9 5 

10 1 . 2 4 1 . 5 4 2 . 7 8 2 . 5 9 5 . 3 7 2 .07 7 . 4 4 

20 1 . 3 3 1 . 6 4 2 . 9 7 2 . 7 2 5 . 6 9 2 .17 7 . 8 6 

30 1 .37 1 . 6 9 3 . 0 6 2 . 7 3 5 . 8 0 2 . 2 4 8 . 0 4 

40 • 1 . 4 0 1 . 7 3 3 . 1 3 2 . 8 4 .. 5 . 9 7 2 . 2 8 8 i 2 5 

50 1 . 4 3 1 . 7 5 3 . 1 8 , 2 . 8 7 6 . 0 5 2 . 3 1 8.36 

60 1 . 4 5 1.7.8 3 . 2 3 2 . 9 2 . 6 . 1 5 2 . 3 3 8 . 4 8 

70 1 . 4 7 1 . 8 1 3 . 2 8 2 . 9 5 6 . 2 3 2 .36 8 . 5 9 

80 . 1 . 4 8 I . 8 3 3 . 3 1 2 . 9 7 6" .'28 ' • 2 . 3 8 8 . 6 6 

90 1^49 1 . 8 4 3 . 3 3 2 .99 6 . 3 2 2 . 4 0 8 . 7 2 

100 1 . 5 0 1 . 8 5 3 . 3 5 3*00 . 6 . 3 5 • 2 .42 8 .77 

130 1 . 5 5 1 . 9 1 3 . 4 6 3 . 0 8 6 . 5 4 2 . 4 8 9 . 0 2 

1 2 3 4 5 6 . • 7 8 

The addi t ion of values of column 2 and those of column 3 r e s u l t 

i n the a n t i c i p a t e d drawdown S g ( t ) of column 4 . Their values 

added to those, of column 5 r e s u l t i n the a n t i c i p a t e d drawdown 

s^Ct) given i n column 6 . 

These again added to those of column 7 r e s u l t i n the a n t i c i p a t e d 

drawdown o f s ^ ( t ) as given i n the column 8 . • 

Values of columns 4> 6 and 8 p l o t t e d against the log of t Of 

column 1 give the a n t i c i p a t e d drawdown l o g time graph. 



P.T. 4 Serial 030365 
TABLE (* 2 

Ca lcu la t ion of. Drawdown s 2 of* the second stage using the equat ions 

^ ( t - ^ ) = Q 2 (a + V l o g ( t - t ^ + CQ2 = s 2 ( t ) + ( s 1 ( t - t 1 ) - S ; L ( t ) ^ 

Time S 3 U ) 
a n t i c i p a t e d 

s , ( t - t - , . ) 
x or 

s 1 ( t - 1 5 0 ) 

Ad jus t -
ment 

s 2 ( t ) i ^ t - t ^ ( t - t ^ 

151 1 . 3 5 1 . 0 0 0 . 5 5 .2 .82 2 .27 

155 1 . 5 5 1 . 1 7 0 . 3 8 2 . 9 3 2 . 5 5 5 

160 1 . 5 6 1 . 2 5 0 . 3 1 3 . 0 7 2 . 7 6 10 

163 1 . 5 6 1 . 2 9 0 .27 ' • 3 . 1 4 2 .87 r i 5 

170 ' 1.-57 1 . 3 3 0 . 2 4 3 . 1 9 2 . 9 5 20 

175. . 1 . 5 7 , 1 . 3 5 • 0 . 2 2 3 . 2 3 3 . 0 1 ' 25 

180 1 . 5 7 1 . 3 7 0 . 2 0 3 . 2 6 . 3 . 0 6 3P 

:L85 1 . 5 8 - 1 . 3 7 0 . 2 0 3 . 2 9 3 . 0 9 35 

190 1 . 5 8 I . 4 0 0 . 1 8 3 . 3 1 3 . 1 3 40 

200 1 . 5 8 •'1.43 0 . 1 5 ' 3 . 3 5 3 . 2 0 50 

210 1 . 5 9 1.45. 0 . 1 4 3 . 3 8 3 . 2 4 60 

220 1 . 5 9 1 . 4 7 0 . 1 2 ' 3 . 4 1 ' 3 . 2 9 70 

230 . 1 . 6 0 1 . 4 8 0 . 1 2 ' 3 . 4 9 3 . 3 7 80 

240 ' 1 . 6 0 1 . 4 9 0 . 1 1 3 . 4 6 3 . 3 5 . 90 

250 1 . 6 1 1 . 5 0 0 . 1 1 ' 3 . 4 9 3 . 3 8 100 

280 1 . 6 2 1 . 5 4 . 0 . 0 8 " 3 . 5 3 3 . 5 5 • 130 

300 1 . 6 3 • 1 . 5 5 0 . 0 8 3 . 5 4 3 . 5 6 150 

1 2 3 4 ' 5 ' 6 7 

The values of folumn 2 minus those of column 3 are given i n 1 
column 4« Values of column 5 minus those o f column!), r e s u l t s 

i n the s 2 which p l o t t e d a g a i n s t . l o g t of colpmn 7 g ives the 

a n t i c i p a t e d s lope of the drawdown f o r a pumping r a t e Q9» 



P.T. 4 Serial 030365 
TABLE I 3 

C a l c u l a t i o n of Drawdown S-* of the t h i r d s tage using the equation 3 
5 3 ( t - t 2 ) = Q3 (a + b log ( t - t 2 ) ) + CQ32 = s 3 ( t ) - ( i 2 ( t ~ t 2 ) ) 

- S g C t - ^ ) ) 

Time S 0 ( t - t . , ) s Q ( t - t 9 ) Ad jus t - s , ( t ) s , ( t - t p ) ( t - t 2 ) 
* x * Or * ment -> ^ or or a n t i c i p a -

ted,- or s 2 ( t - 3 0 0 ) 5 3 ( t - 1 5 0 ) (t-3< 
s 2 ( t -150) 

301 3 . 5 4 1 . 9 4 1 . 6 0 4 . 8 0 3 . 2 0 1 

305 3 . 5 5 . . 2 . 4 6 . 1 . 0 9 5 . 9 3 4 . 8 4 5 

310 3*57 2 . 7 8 0 . 7 9 6 . 1 2 5 . 3 3 10 

315 3 . 5 8 2 . 8 1 P . 77 6 . 2 2 5 . 4 5 15 

320 3 . 5 9 2 k 90 O.69 6 . 2 9 5 . 6 0 20 

325 3 . 6 0 2 . 9 7 0 . 6 3 6 . 3 4 5 . 7 1 25 

330 3 . 6 0 • 3 - 0 3 C.57 6 . 3 8 5 . 8 1 3 0 

335 3 . 6 1 3 . 0 8 0 . 5 3 6 . 4 1 5 . 8 8 35 

340 3 . 6 2 3*13 0 . 4 9 6 . 4 3 5 . 9 4 : 40 

350 3 . 6 3 3 . 2 0 0 . 4 3 6 . 4 6 6 . 0 3 50 

360 3 . 6 6 3 . 2 7 0 . 3 9 . 6 . 4 8 6 . 0 9 60 

370 3 . 6 8 3 . 3 1 ' C.37 6 . 5 3 6 . 1 6 70 

380' 3 . 6 9 3 . 3 6 C-.33 6 .42 6 . 1 9 80 

390 3 . 7 0 3 . 4 0 0 . 3 0 6 . 4 1 .6.11 9C 

40c " 3 . 7 1 3 . 4 3 0 . 2 8 6 . 4 4 6 . 1 6 100 

430 . 3 -75 3 . 5 0 0 . 2 5 6 . 5 4 6 . 2 9 130 

450 3 . 7 8 3 . 5 4 0 . 2 4 6 . 6 2 6 . 3 8 150 

1 2 3 4 5 6 • 7 

The v a l u e s of column 2 minus those of column 3 are given i n 

column 4« Values of column 3 minus those of column 4 r e s u l t s 

in the s 3 which p l o t t e d against the log t of column 7 gives the 

a n t i c i p a t e d s lope o f the drawdown f o r a pumping r a t e Q3« 



i 

P . I . 4 S e r i a l 030365 

TABLE G 4 

C a l c u l a t i o n of Drawdown s^ from the f o u r t h s t a g e using the 

equat ion 

s u ( t - t 3 ) = + "b l o g ( t - t ^ ) ) = s ^ t ) - ( s 3 ( t - t 3 ) - S 3 ( t - t . 

Time 
t 

i j t - t j 
3 or 2 

s ^ ( t - 3 9 0 ) 

I ( t - t , ) 
J or J 

s 3 ( t - 4 5 0 ) 

A d j u s t -
ment 

\ ( t ) I u ( t - t 3 ) t - t , 
or-' 

(t-45C 

451 6 . 4 4 4 . 4 6 1 . 9 8 7 . 7 4 5 . 7 6 1 

455 6 . 4 5 5 . 1 0 1 . 3 5 8 . 6 0 7 . 2 5 5 

460 6 . 4 6 5 . 3 8 . 1 . 0 8 < 8 . 8 5 7 . 7 8 10 

465 6 . 4 7 5 . 5 2 0 . 9 5 . 8 . 9 5 8 . 0 0 

470 6 . 4 8 5 . 6 6 • 0 . 8 2 9 . 0 0 8 . 1 8 20 

475 6 . 4 9 5 . 7 4 0 . 7 5 0 . 0 4 8 . 2 9 25 

480 6 . 5 0 5 . 8 1 0 . 6 9 9 . 0 8 8 . 3 9 • 30 

485 6 . 6 2 5 . 8 7 0 . 6 5 9 . 1 1 8 . 4 6 35 

490 6.53. 5 . 9 2 0 . 5 9 ' 9 . 1 5 8 . 5 6 40 

500 6 . 5 6 5 . 9 9 0 . 5 7 9 . 1 9 8 . 6 2 50 

510 6 . 5 7 6 . 0 8 0 . 4 9 9 . 2 2 8 . 7 3 ' 60 

520 6 . 5 9 • .6.13 0 .46 ' 9 . 2 7 • 8 . 8 1 70 

530. 6 . 6 1 6 . 1 9 0 . 4 2 9 . 3 1 8 . 8 9 80 

540 6 . 6 3 6 . 2 4 0 . 3 9 9 . 3 5 8 . 9 6 . 9°, 

550 6 . 6 5 6 . 2 8 0 . 3 7 9 . 3 8 9 . 0 1 100 

580 . 6 . 6 9 6 . 3 8 0 . 2 9 9 . 4 7 9 . 1 8 130 

600 6 . 7 2 6 . 4 4 0 . 2 8 9 . 5 0 9 . 2 2 150 

1 2 3 4 5 6 7 

The va lues of column 2 minus those .of column 3 ar.e given in 

column 4 . Values o f column 5 minus column 4 r e s u l t s i n the 

s^ which p l o t t e d agains t the log t o f column 7 g ives the 

a n t i c i p a t e d s lope o f the drawdown f o r a pumping . rate Q^. 



P.T. 4 Serial 030365 
TABLE G 5 

C a l c u l a t i o n of • Drawdown i 0 o f the Second Stage using the equat ion 
Q2 /a + b l o g ( t - ^ ) ) + CQ22 = s 2 ( t ) - s - ^ t ) + s ^ t - t ^ o 

Time S 1 8 1 A d j u s t - s / t _ t 
t a n t i c i p a t e d observed ment observed 2 v 1 

61 •1.28 

. and a n t i c -
ipated a t 

( t - t ^ 
•0.64 •O064 1 . 8 6 1.2.2. 1 

6 1 . 5 1 . 2 8 •0.71 •0.57 1 . 9 6 1 . 3 9 1 . 5 
62 •1*28 •0.75 - 0 . 5 3 2 . 0 2 1 . 4 9 .2 

6 2 . 5 1 . 2 8 0 . 7 8 „ 0 . 5 3 2 . 0 5 1 . 5 2 2 . 5 
63 1 . 2 9 0 . 8 2 0 . 4 7 2 . 0 9 1 . 6 2 3 
6 3 . 5 1 . 2 9 0 . 8 4 0 . 4 5 2 . 1 0 1 . 6 5 3 . 5 
64 1 . 2 9 0 . 8 6 0 . 4 3 2 . 1 2 1 . 6 4 4 ' 
6 4 . 5 l i '29 0 . 8 7 0 . 4 2 . 2 . 1 4 - 1 . 7 2 4 . 5 
65 1 . 2 9 0 . 8 9 0 . 4 0 2 . 1 5 1 . 7 5 5 
66 1 . 3 0 0 . 9 2 0 . 3 8 , 2 . 1 8 1 . 8 0 6 

67, 1 . 3 0 0 . 9 4 0 . 3 6 2 . 1 9 1 . 8 3 7 
68 1 . 3 0 0 . 9 6 0 . 3 4 2 . 2 0 1 . 8 6 8 

69 1 . 3 1 0 . 9 8 0 . 3 3 2 . 2 2 1 . 8 9 •9 
70 1 . 3 1 . 1 . 0 0 0 . 3 1 2 . 2 5 1 . 9 4 10 
72 . 1 . 3 2 1 . 0 3 0 . 2 9 2 . 2 7 . 1 . 9 8 12 

74 1 . 3 2 1 . 0 5 • • 0 . 2 7 2 . 2 7 2 . 0 0 14 
76 1 . 3 3 1 . 0 7 0 . 2 6 : 2 . 2 8 2 . 0 2 9 1 6 

78 1 . 3 3 1 . 0 8 0 . 2 5 2 . 2 9 2 . 0 4 , 18 

80 1 . 3 3 1 . 1 1 0 . 2 2 . 2 . 3 0 2 . 0 8 ' 20 
85 1.3.4 1 . 1 4 0 . 2 0 2 . 3 4 2 . 1 4 25 
90 1 . 3 5 1 . 1 7 0 . 1 8 2 . 3 7 2 . 1 9 30 

P5 1 . 3 5 1 . 1 9 . 0 . 1 6 2 . 3 9 2 . 2 3 35 
100 ' 1 . 3 6 1 . 2 1 0 . 1 5 2 . 4 2 2 . 2 7 •40 
105 1 . 3 7 1 . 2 3 0 . 1 4 2 . 4 4 2 . 3 0 45 
110 1 . 3 8 1 . 2 5 0 . 1 3 2 , 4 5 2 . 3 2 50 

115 1 . 3 8 1 . 2 7 0 . 1 1 2 . 4 5 2 . 3 4 55 
120 1 . 3 9 ir.28 0 . 1 1 ' 2 . 4 6 • 2 . 3 5 60 
130 1 . 4 0 1 . 3 1 0 . 0 9 2 .47 2 . 3 8 70 
140 1 . 4 2 1 . 3 4 0 . 0 8 2 . 5 1 2 . 4 3 80 
150 1 . 4 3 1 . 3 5 . 0 . 0 8 2 . 5 4 2 . 4 6 90. 
160 1 . 4 4 1 . 3 6 0 . 0 8 ' 2 . 5 5 2 . 4 7 100 
210 . 1 . 4 8 1 . 4 2 0 . 0 6 2 . 6 3 2 . 5 7 150 
260 1 . 5 0 . 1 . 4 7 0 . 0 3 2 . 6 9 2 . 6 6 200 
310 1 . 5 3 1 . 5 0 0 . 0 3 . 2 . 7 3 2 . 7 0 250 
360 1 . 5 5 1 . 5 3 0 . 0 2 2 .77 2 . 7 5 300 

1 . 2 3 4 5 6 7 
'Va lues of column 3 subt rac ted from those o f column 2 are given i n 

column 4« Values of column 4 subtrac ted from those of column 5 
are given i n column 6 . These p l o t t e d aga ins t the values o f column 
7 are represented as curve .Qp on Graph 6 5 - 4 3 . -



AUSTRALIAN MINERAL DEVELOPMENT LABORATORIES 

W2U29/6U WATER ANALYSIS 

i 
P a r t s Assumed Composition P a r t s j 

• per of S a l t s • per 
• iMil l ion IMil l ion ' 

Chlor ide , CI 282 Calcium carbonate 
i i 
i 172 ( j 

Su lphate , SO, 44 Calcium sulphate i — j 
H* — 

Carbonate, CO^ - 126 Calcium ch lor ide 
1 * 

Nitrate- , NO, 36 Magnesium carbonate I 32 ! 
Sodium, Na 158 ' Magnesium sulphate 55 • 
Potassium, K - Magnesium ch lor ide ! 8 2 
i 
jCalcium, Ca 69 Sodium carbonate — 

jMagnesium, Mg 41 Sodium sulphate — 

j s i l i c a , S i 0 2 Sodium chlor ide 365 ; 
i 1 Sodium n i t r a t e 1 50 

jTota l s a l i n e matter •756 Potassium c h l o r i d e 
i j j ' - ] 

j Hardness ' j 
jName Polda Basin (as Calcium Carbonate) I j 
|Hundred Squire I T o t a l ; 341 . 
j S e c t i o n 19 - Temporary i 209 | 
jBore No. PT. 5 1 Permanent • 132 ' •-] 
iSupply 15-18,000 i Due to calcium : 172 ; 
|Date collected 19/11/64 . 1 • i Due to magnesium 169 

t 



AUSTRALIAN MINERAL DEVELOPMENT LABORATORIES 

W243Q/64 WATER ANALYSIS 

per 
M i l l i o n 

Assumed composition P a r t s | 
of S a l t s per | 

M i l l i o n ! 

Calcium carbonate 150 : j 
Calcium sulphate -

Calcium ch lor ide 
Magnesium carbonate 66 i 
Magnesium sulphate '50 ! 
Magnesium ch lor ide 

» 

Sodium carbonate - , j 
Sodium sulphate i 
Sodium c h l o r i d e 302 
Sodium n i t r a t e 50 | j 
Potassium c h l o r i d e 

j 
Hardness 

- ( as Calcium Carbonate) ; 

Tota l Ôl 
VX) CM 

Temporary 228 
Permanent 41 
Due to calcium 150 
Due to magnesium 119 

Chlor ide , CI 
Sulphate , SO^ 
Carbonate, CO^ 
N i t r a t e , NÔ  
Sodium, Na 
Potassium, K 
Calcium, Ca 
Magnesium, Mg 

183 
40 

137 
36 

133 

60 
29 

S i l i c a , SiO i. 
T o t a l s a l i n e matter "&18" 
Name 
Hundred 
S e c t i o n 
Bore No, 
Supply 

Polda Basin 
Squire 
19 
PT. 6 
6-8,000 

Date C o l l e c t e d .19/11/64 

L . Wallace Cof fer 
D i r e c t o r 



AUSTRALIAN MINERAL DEVELOPMENT LABORATORIES 

• W2431/64 WATER ANALYSIS 

P a r t s 
per 

M i l l i o n 

Assumed Compositin 
of S a l t s 

P a r t s 
per 

M i l l i o n 

Chlor ide , CI 260 Calcium carbonate 177 
S u l p h a t e , SO^ 30 Calcium sulphate -

Carbonate, CO^ 123 Calcium ch lor ide 
N i t r a t e , NÔ  73 Magnesium carbonate 24 
Sodium, Na • 160 Magnesium' sulphate 38 
Potassium, K - Magnesium ch lor ide 74 
Calcium, Ca 71 Sodium carbonate -

Magnesium, Mg. ' 34 Sodium sulphate — 

S i l i c a , SiO^ 
I ~ 

Sodium ch lor ide 338 
Sodium n i t r a t e 100 

T o t a l s a l i n e matter 751 Potassium c h l o r i d e - . 

if 
Name Polda Basin 
Hundred Squire 

Hardness 
( a s Calcium Carbonate) 

S e c t i o n 19 
Bore Noo PT, 7 
Water Level " .26 
Supply 43 »JOO g/h 
Depth Bore 3 0 ' 
Date C o l l e c t e d 13/11/64 

T o t a l -
Temporary 
Permanent 
Due to -calcium 
Due to magnesium 

317 . 
206 
111 
1*7 
140 

Lo Wallace Coffer 
D i r e c t o r -



AUSTRALIAN MINERAL DEVELOPMENT LABORATORIES 

• W2431/64 WATER ANALYSIS 

-

P a r t s 
per 

M i l l i o n 

Assumed Composition 
of S a l t s 

P a r t s 
per 

M i l l i o n 

Chlor ide , 01-
Su lphate , SO^ 
Carbonate, CO^ 
N i t r a t e , No^ 
Sodium, Na' 
Potassium, K 
Calcium, Ca 
Magnesium, Mg .'• 
S i l i c a , SiO^ 

607 
105 
199 

7 
.355 

89 
76 

Calcium carbonate 
Calcium sulphate 
Calcium c h l o r i d e 
Magnesium carbonate " 
Magnesium sulphate 
Magnesium ch lor ide 
Sodium carbonate 
Sodium sulphate 
Sodium chlor ide 
Sodium n i t r a t e 
Potassium ch lor ide ~ 

222 

'93 
132 

86 

895 
10 

Tota l s a l i n e matter 1438 

Calcium carbonate 
Calcium sulphate 
Calcium c h l o r i d e 
Magnesium carbonate " 
Magnesium sulphate 
Magnesium ch lor ide 
Sodium carbonate 
Sodium sulphate 
Sodium chlor ide 
Sodium n i t r a t e 
Potassium ch lor ide ~ 

222 

'93 
132 

86 

895 
10 

Address Polda Basin 
Hundred Squire 
S e c t i o n 19 
Bore No. P . T . 1+ 
Water Cut 8 ' 
Water Level 6 l 

Supply • 3 8 , 0 0 0 
Depth Bore 3 0 ' 
Date Col lec ted '16/10/64 

i 

(as Calcium^8arBBnlte 
Address Polda Basin 
Hundred Squire 
S e c t i o n 19 
Bore No. P . T . 1+ 
Water Cut 8 ' 
Water Level 6 l 

Supply • 3 8 , 0 0 0 
Depth Bore 3 0 ' 
Date Col lec ted '16/10/64 

i 

Tota l 
Temporary 
Permanent 
Due to calcium 
Due to magnesium 

535 ; 

333 
202 
222 
313 

Address Polda Basin 
Hundred Squire 
S e c t i o n 19 
Bore No. P . T . 1+ 
Water Cut 8 ' 
Water Level 6 l 

Supply • 3 8 , 0 0 0 
Depth Bore 3 0 ' 
Date Col lec ted '16/10/64 

i 

L. Wal l ice Cof fer 
D i r e c t o r 

• : .! 



AUSTRALIAN MINERAL DEVELOPMENT LABORATORIES 

W1592/65 WATER ANALYSIS 

P a r t s 
per 

M i l l i o n 

Assumed Composition 
o f S a l t s 

P a r t s 
per 

M i l l i o n ' 

Chlor ide , CI 662 Calcium carbonate 92 
Sulphate , SOj^ 119 Calcium sulphate — 

Carbonate, 0 0 ^ ' 115 Calcium ch lor ide -

N i t r a t e , NÔ  29 Magnesium.carbonate 84 
Sodium, Na' 389 Magnesium sulphate 149 
Potassium, K - Magnesium c h l o r i d e 106 
Calcium, Ca 37 Sodium carbonate -

Magnesium, Mg 81 Sodium sulphate -

S i l i c a , SiO^ Sodium ch lor ide 
, Sodium n i t r a t e 

9 6D 
40 

Tota l s a l i n e matter 1432 Potassium c h l o r i d e 

Address Polda 
Hundred — ' 
S e c t i o n -

Address Polda 
Hundred — ' 
S e c t i o n -

Hardness 
(as Calcium Carbonate) 

Sample c o l l e c t e d 
by Paech 

Bore No. PT. 5 
Water Level • 6 ' 8 " 
Supply 14 ,000 
Depth Bore 29-6 

T o t a l 
Temporary 
Permanent 
Due to calcium 
Due to magnesium 

426 
191 
235 

92 
334 

Date C o l l e c t e d 3/3/65 P . Dixon 
Acting D i r e c t o r 



AUSTRALIAN MINERAL DEVELOPMENT LABORATORIES 

• W 2 4 3 1 / 6 4 WATER ANALYSIS 

P a r t s Assumed Composition P a r t s 
. per of S a l t s per 
M i l l i o n M i l l i o n 

Chlor ide , 01 262 Calcium carbonate 180 
Sulphate , So^ . 36 Calcium sulphate -

Carbonate, CO^ 155 . Calcium ch lor ide -

N i t r a t e , NÔ  ' 15 ' Magnesium carbonate 66 
Sodium, Na 163 Magnesium sulphate k5 
Potassium, K - Magnesium ch lor ide 27 
Calcium, Ca 72 Sodium carbonate -

Magnesium, Mg 35 Sodium sulphate -

S i l i c a , SiO^ - Sodium ch lor ide 399 ' 
Sodium n i t r a t e 21 

Tota l s a l i n e matter 738 Potassium c h l o r i d e — 

Name ' , Polda Basin Hardness 
Hundred — (as Calcium Carbonate) • 

Sec t ion . — Tota l 32i+ : 
Sample C o l l e c t e d Temporary 258 : 

hy E.- Wojeck Permanent 66' 
Bore No. P . T. 7 Due to calcium ' 180 
Water Cut — Due to magnesium Ikk 
Water Level — 

Supply U2 ,Uoo . P . Dixon 
Depth Bore 29 •6" j A s t i n g D i r e c t o r . 

Date c o l l e c t e d II+/2/65 
! ' 

i -i 

! • 
• 
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