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A hydrogeo log ica l  s t u d y  w a s  conducted t o  asses t h e  
s t r a t i g r a p h y  and groundwater p o t e n t i a l  of 3 5 0 0  k m 2  of t h e  
wes te rn  p a r t  o f  t h e  Canning Bas in ,  Forty-seven bo res  w e r e  
c o n s t r u c t e d  w i t h  an aggrega te  depth of 6 790  m. Two major 
a q u i f e r s  have been de f ined ;  t h e  s h a l l o m s t  i s  t h e  Rroome 
Sandstone which s u p p o r t s  an unconfined groundwater system, and 
t h e  o t h e r  is t h e  Wal la l  Sa.nd.stone which c o n t a i n s  a l a r g e l y  
confined! systea.  s e p a r a t e d  from t h e  Broom S a n d s t m e  by t h e  
almost impermeable J a r k e m a i  S i l t s t o n e  .) 

The Broome Sandstone has  an areal  exterzt of about  1 575 
2 krn and a s a t w a t e d  t h i c k n e s s  up t o  57 m. This  a q u i f e r  i s  

e s t i m a t e d  t o  c o n t a i n  about  3 . 2  x 1.0' m3 of groundwater i n  
s t o r a g e ,  Y ie lds  of up t c  9 O O Q  m /day of p o t a b l e  w a t a r  have 
been o b t a i n e d  from su.itab1.p cons t r u c t e d  bores e The groundwater  
s a l i n i t y  (T.D.S.) i n  t h i s  fo rma t ion  ranges  from 380 mg/L i n  t h e  
east  to more t h a n  3 0 0 0  mg/L i n  t h e  w e s t ,  N i t r a t e  c o n c e n t r a t i o n s  
are l o c a l l y  h i g h e r  t h a n  t h e  accep ted  l i m i t  f o r  human consumption. 
Recharge t o  t h e  Broome Sandstone is by d i r e c t  p e r c o l a t i o n  from 
x a i n f a l l  Groundwater movement i s  towards t h e  n o r t h  where it 
i s  d i s c h a r g e d  i n t o  t h e  Ind ian  Ocean. The throughflow h a s  been 

e s t i m a t e d  t o  be 20 x 1 0  m / y e a r  of which about  a t h i r d  i s  of 

domest ic  q u a l i t y ,  

-I 

3 

6 3  

The WaLla1 Saridstone has an  areal  e x t e n t  of about 2 100 
2 km and a s a t u r a t e d  t h i c k n e s s  of beeween 1 4  and 218 m. The 
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The work wss ~:nc ier ta l~ea  in three s t a g e s  : a reconnaissance 
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Figure 1 Location plan 

- 
GSWA 173’ Fqure 2 Generalized topographic contours and physiographic subdivis!ons 
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The curreirt  work is the f i r s t  systematic iiives isicjatj-on 

i n t o  the grrourzdirater ~ C S Q U ~ C ~ S  oE t h e  western park of the 
C a n n k g  B a s i n ,  Local studies have been made f o r  Derby town 
water supplyf (O'Driscoll, 1 9 6 4 ;  Leech, 1 9 7 2 1 ,  and of tl:e 

groundwater resources in t h e  alluvium a long  t h e  De Grey F i ~ e r  

f ~ r  P G Z ~  lic,dla:ld towii w a k e r  supp1.y (Davidscm,  1 9 7 3 )  



The physiography of the area c o n t r a s t s  w i t h  t h a t  of the 
P i l h a r a  r eg ion  t o  t h e  southwest i n  t h a t  it i s  a low-lying,  
rather f l a t  p l a i i z ,  l a c k i n g  d i s s e c t i o n  by r i v e r s  The 
g e n e r a l i z e d  topographic con tour s  g iven  on F i g u r e  2 show the 
Land rises g e n t l y  southward t o  an e l e v a t i o n  of no ~~zorr; t han  
200  m, A s t r i p  of l and  n o r t h  of t h e  10 17? con tour  c o n s t i t u t e s  
the coastal  p l a i n ,  whish i s  a f l a t  area of grass  p l a i n s ,  
tidal s a l t  f l a t s  and R e c e i i t  sand dunes,  which de-rvelcped a f k e r  

a hii jh P l e i s t o c e n e  sea l eve l ,  The i n l a n d  d e s e r t  area. (a.bove 
the 10 m contour)  i s  covered  by residual s o i l s  and sciids, w i t h  
o c c c s i o n a l  mesas and f i x e d  seif dunes,  

The D e  Grey River  and Pardoo Creek are t h e  on ly  two nzajor 
water cous-ses, The D e  Grey R i v e r  c r o s s e s  t h e  Canning Basin 
between D e  Grey S t a t i o n  and the c o a s t ,  Several small t i d a l -  
c r eeks  occur  a long  t h e  coast ,  Elsewhere,  a f e w  i n t e r n a l  
d ra inage  chance l s  which r ise  on mesas d i s s i p a t e  i n t o  su r round ing  
Recent sands ,  Flows in the D e  Grey River ,  Pard.oo Creek. and 
the i n t e r n a l  d ra inages  are ephemeral ,  f lowing f o r  a s h o r t  time 
only  a f t e r  i n t e n s e  c y c l c n i c  r a i n f a l l .  

C 6, I MATE 

R a i n f a l l  i s  a lmost  e n b i r e l y  c y c l o n i c  and o c c u r s  mainly 
du r ing  t h e  p e r i o d  December t o  March; month ly  r a i n f a l l  may 
exceed 3 5 0  rrm ( e . c ~ . ~  Kax-ch, 1 9 6 9 ,  see Fig .  3 ) .  Histograms of 
monthly r a i n f a l l  f o r  Port Eedland from 1 9 6 8  to 1 9 7 7  are shown 
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1968 19CY 1970 ' 1971 ' 1972 

F~gure 3 M3ntlily rninfull for Port 1-ledicnci Aerodrome, 1968 -197'7 
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Evaporation is v e r y  h i g h  throughotrt the area; at P o r t  

Hed land  the mean annual e v a p o r a t i o n  is 3 494 mn. EvaporaLion 
exceeds r a i n f a l l  each month of the y e a r  u n l e s s  there i s  

exccp kional. cyclonic rain Mean monthly e v a p s a t i o n  I rainfall 
and r a i n f a l l  d e c i c l t  arc g iven  in Table 2 ,  ;nd ik can be 
clearly seein that r a i n f a l l -  deficit i s  greater than 175 m r ~  for 
each month, The large annual raEnZal1 deficit h a s  i rnpor taa t  
irn~li cations when c o n s i d e r i n g  groundwater recharge .t 
Evapora t ion  close t o  t h e  coast in the southwes tern  Canning 
Basin a.rea would be sirni-lar to that recorded at Part Hediand; 

however, e v a p o r a t i o n  would be higher i n l a ~ d  due to lowcr 
hu in id i ty  away from the c o a s t ,  

7 
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Goldsts70r%hy a c d  Shzy Gap t c w n s i t e s  sit.uatec3 to the 
sou th  of t h e  areaI were e s t a b l i s h e d  by Goldsworthy Mining 
Limited t o  s e r v i c e  their i ron -o re  mines vh ieh  c?bs tract 
high-grade ore fsom the A r c h ~ e a n  Gorge Creek Grc~up rocks 

A l l  d r i l l i n g  was ccnipleted by the I l ines  Departiricnt 

D r i l l i n g  S e c t i o n ,  using Jacro 2500 and Xayheu 2000 rotary 
d r i l l i n g  r i g s .  Forty-seven bores  wi th  an aggrega te  depth  of 
6 790  m were d r i l l e d .  Their l o c a t i o n s  are shown on F igu re  4 .  

D r i l l i n g  d i f f i c u l t i e s   ere encountered when a q u i f e r s  
wi th  l a r g e  p o s i t i v e  heads were i n t e r s e c t e d  a t  sites 4 ,  5 ‘  17, 
2 2  and 25, These were overcome by t h e  a d d i t i o n  of b a r y t e s  ox- 
a s a l t / s u g a r  mixture  t o  t h e  d r i l l i n g  mid, This  i n c r e a s e d  i t s  
deazs i t l7  s u f f i c i e n t l y  t o  r a i s e  t h e  p r e s s u r e  e x e r t e d  bp t h e  mud 

co lu rn  t o  t i x a t  of  t h e  water in the formation.  The c o n t r o l  of 
mud d e n s i t y  and v i s c o s i t y  became critical in axeas where 
large p o s i t i v e  heads OGCUT a2 shallow depkh,  Such i s  t h e  case 
a t  bore  9A which was d r i l l e d  e a r l y  in t h e  i n v e s t i g a t i o n  and 

9 
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The second run of c a s i ~ y ~  as described abo.c*e, was oi*i. t ted 

f r o m  t:hare bozes corn le ted  in the unconfined aquifer (Broom 

Sandstone) orr dzill lines 3, 4 and 5 ,  A l l  bores have been 

left w i t h  head works and locked caps, f o r  s a m ~ l i n g  and 
observation purposes ,  

U p  to 4 bores were drilled on each of the 25 drilling 
sites (Fig. 4). Each bore is identified by the s i t e  number 
and followed by a letter A, B, C or D depending upon St b e i n g  

the first, seeon(?, third, or fourth bore d r i l l e d  on that s i t e ,  
The nonenc la - tu re  includes a h a n d o i ~ e d  bores I and reference 
should be m a d e  to Appendix I to determine the aqui fer  i n  which 
a particular bore has been leEt screened, 





PALYNOLOGY 

Sidewall-core or sludge samples from most bores w e r e  
submitted for palynological examination - T h e  ~ e s u 1 t s  are 
given by Backhcuse (1972; 1973; 3374a,I2; 1.975a,b; 1 9 7 6 a , b , c ,  

d , e , f ;  and 1 9 7 8 ) ,  

PETROLOGY 

Core samples  from same bores were submitted far  
petrological exaxd-nat ion and rock i d e n t i f i c z . t i o n  e These  

r e s u l t s  as well as hea'vy mi3eral analyses f r o m  bores 

13 
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For a l l  tests discharcje t7c7s mnasured r:sing a p i e z o m e k e r  

connected Lo a cal ibrated hor izon  tal, discharge p i p e  w i t h  an 
orifice p l a t e  of known diameter  at the olztlet, 

w a s  checked by measu.-%ng the t i m e  taken to fill a 500 L 

c o n t a i n e r ,  

T h i s  d i scha -ge  

Tyco AB strain gauge pressure t r a n s d u c e r s  W i t ! ?  operatf xlg 

rangesof 0 - 6 P 9  kPa (0-100 psi) or 0 - 3 3 7 8  k P a  ( 0 - 2 0 3  psi) were 
usec?. to measure p r e s s u r e  heac? changes in pumping or Elowinq 

bores (i - e drawdown) arid a l so  bsrometric pressure * The 

transducers operaiec? on a cons ta i l t  57.7 E", i n ? l 2 t f  which w a s  
srapplied from the o p e r z t i n g  console of a R i c k a d e n k i  or 
H e w ' l c t t - P a c k a r d  c h a r t  recorder e For tke measurerrx?nt of 
p r c s s u r e  changes  in a punping  bore the transduccr was s t r + ; p ~ d  

15 





s toraqc  coefficient, 

The secoaid step-draw2own test ~ a s  at the end. of the 
recovery per iod  froiii the constant discharge t e s t ,  T h i s  t e s t  
coEprised five steps of discharges of 15, 3 0 ,  4 5 ,  6 0  and '75% 
of the preLimi.nary t e s t  discharge, The r e s u l t s  from t h i s  t es t  

were used to ca lcu la te  the bore ~ f f i c i e n c y ,  i n  order to make 
corrections to drawdoim and  recovery data collected in the 

constant discharge t e s t ,  'The results f r o m  this t e s t  were 
also compared w i t l 1  t h e  first step-dra.wdowi2 t e s t  to deterrrtine 

whether development ha6 taken plaze in the interim. 
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Archacan rc ; cks  0% the Pi l .bara  B:ZOGk form the souitheir-n 

boun3ary to the i n v e s L i g a t L o n  arez, and a l so  the bzsement to 
the canaling B a s i n  en this area, 

Gorge C r e e k  II_ Grou.p: - T h e  Gorge Creek G m i z p  ( L i p p l e ,  1975j 
consists of metascdiments and- volcanic rocks of hxl-iae.an age 
Metamorphic g ~ a d k  is low, and these roGks are i n t r u  
Archaean grani tes  which have produced corltact rne'caaerphism 
and gran r l - tkza t ion  (Low, 1 9 6 5 )  L1 These rocks are unconfcrmably 

o v e r l a i n  by P e r m i a n  or Mesozoic sedimeiats ~ 

The Gorge Creek Group was i n t e r s e c t e d  in project bores 

i n  t h e  west of the  investigation are2 (Figure 6) R o c k  types 
encountered wxc altered. v i t r o p b y r e  (bore I.) I metamorphcsed 

shale (bores2C and 3 k )  I altered axphibo.Lite (bores  4A and l 2 A )  

i n t e rmed ia t e  igneous  rock (bore 8A), s c h i s t  (bores L l A  and L 3 F _ j ,  

and quartzite (bore I & ' i j  ALL o t h e r  deep bores "cerrnZnated i n  

granitic rocks, 

1 9  
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Figure 5 G e o k i g ~ ~ o l  F4ap 

Bas8.\ boundary 

____ __  
GSWA 153: 

Figwe 6 Axhoeen hasc-mrnl contours (:tddced to Australian Heigfii Da tum)  
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C a l  I_ovi?:l 

l3a-j 0ci ;zn 
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P e r n i a n  seC",Lmen"Ls \%'ere 0ril.y intersrcted in bore 25c E i U l R  

3 4 1  rn to t h e  bottom of the bore at 696 ;lie Bore 25C was drilled 
ofT the edge of the X z l l a l  P'latform xhere an abrupt tl.ii.ckciaing 

of t h e  sediments occurs P a l y ~ o Z o g i e a l  s t u d i e s  of sidewsll 
core san~ples iake i i  f3:oXl tile c lays  tones and siltstones bet~cea? 

341 and 696 rn h d i c a t e d  a Permian age f o r  the s e d i m e n t s ,  and . 
spore evidcnce suggested a non-marine ei1vironmeiIt of 
d e p o s i t i o n  (Baclcl iouse ,. i975b) e T%e Permian succession can be 
d iv ided  i n t o  t w o  ulni ts  on the b a s i s  oT the p a l y n o l o g i c a l  d k t a  

and geophysical lo9s, These are a s i l t s tor ie ,  c l a y s t o n e  and 

s a n d s t o m  u;ii t bekceen 565 and 696 m whi cli correlates w i t h  the 

*. 

Gract I ' o r ~ ~ ~ t l ~ ; ~ ,  ai3d a s i l t s t ~ f i e  and c l a y s t c n e   it bec\$iEen 

341 and 565 m .i.~I-ticb cor re la tes  w i t h  the Dora Shale, There lis 

2 3  
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The Brcic:ne Sandstone d.isconformahly overlies the J-arfkmsj- 

Sil .- tstone over most of 'che wzsirern C: iling B a s i n  area; hct 

to the south, it rests on the Xallal  Sands-tone where the 

s i l . t s tonc  \ledges out .  T h e  Bucoxx? Sarbdst.oize overiaps .the Wa.tlal 

sands-tone i.n most areas,  so t h a t  at the southern  nmrgin o f  the 
bash the former rests on the Archaean basement, Figure 8 

shows this rnargi.n a id  c o n t o u r s  of the base of t h e  Broone 

Sandstone. 

2 '7 



Tert iary 

Later i te :  The laterite is mainly pisolitic I .indurated and 
unconsolidated, and has a maximum thickness of about 5 m. It 
. ~ . _ ^ ^ _ _ -  

crops GL1-k Cl.OSe to Pc;.rc?oO C r e e k  and 3.1~0 towards the South  of 
drill lines 3 and 4 (Fig. 5 ) -  The laterite forms small 
unZuJ.ating r i d g e s ,  and. i s  developed on t o p  o f  the Broome 
Sandstone, 

7i:an.kar: The kanlrar is a w h i t e  to cream, indurated limestone 
with occasional resid-ual quartz grai.ns, 

Paxdoo C r e e k  to about  longitude 120 I and has formed as a thin 
concre t iona . ry  l imestoize aloriij the f l a n k s  and v a l l e y s  of 
palaeodrainages. 

_I- - ~ -  
It crops ou-t  east of 

0 

2.8 
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Figure 7 : Isopachs of Jarietnoi Siltstone 

-. 30 



GSWk 175 Figure 9 : Isopachs of the Wallnl Sandstone 

Fiqiire 10 Contours on bcsc of Jarlerrai Siltstone 

31 
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TABLE 5. FU3DUCED LEVELS AND THICKNESS OF MESOZOIC RGCK UNITS* 

Reduced 
l e v e l  of 

(a) 
Bore n a t u r a l  

s u r f  ace 

1 
2D 
3A 
4A 
5A 
6A 
7A 
8 A  
9D (c) 

1OA 
1 1 A  
1 2 A  
13A 
14A 
15A 
16A 
17A 
1 8 A  
19A 
2 OA 
21A 
2 2A 
2 3A 
2 4A 
25C (d)  
Shay Gap 
O b s  1 

w 

19.666 
31.062 
19.170 
12.675 
64.712 
48.269 
34.229 
15.115 

7.075 
20.975 
19.732 
32.168 
46.100 
53.704 
84.314 
41.976 
18.750 

157.641 
105.918 

77.056 
37.877 
11.081 
70.912 
43.768 
16.212 

t 132.284 

Wallal Sandstone 

Reduced 

of  base 

Depth t o  
base (b)  Thickness  l e v e l  

(m) (m) 

63 
103 

90 
117 

40 
73 

119 
158 
219 
113 

97 

36 
6 2  
35 
42 
1 4  
2 8  
62 
82 
78 
72 
2 1  

-43.3 
-71.9 
-70.8 

-104.3 
24.7 

-24.7 
-84.8 

-142.9 
-211.9 

-92.0 
-77.3 

Jarlemai S i l t s t o n e  Broome Sandstone 

Reduced Reduced 

of  base 
Depth (kp Thickness  l e v e l  Depth to Thickness  level 
base base  (b) 

(m) (m) 
(m) of  base 

(m) 

4 1  
55 
75 
26 
45 
57 
76 

1 4 1  
4 1  
76 

8 
25 
36 
1 4  
1 5  
30 
46 
69 
20 
30 

-9.9 
-35.8 
-62.3 

38.7 
3.3 

-22 .8  
-60.9 

-113.9 
-20.0 
-56.3 

N 0 T R E C 0 G N I 2 E D ----------I-- ------------ N O T  R E C O G N I Z E D  ------------- 
------------- 

72 36 -18.3 
114 51 -29.7 
180 89 -138.0 
253 116 -234.3 
122 69 35.6 
175 96 -69.1 
215 107 -137.9 
227 115 -189.1 
343 218 -331.9 
1 7 1  104 -100.1 
266 1 5  1 -222.2 
339 18 9 -322.8 

1 2 5  89 7.3 

(a) R e l a t i v e  t o  AHD 
(b)  R e l a t i v e  t o  n a t u r a l  ground s u r f a c e  

36 
63 
91 

137 
53  
79 

108  
112 
125 

67 
115 
150 

36 

26 
40 
46 
64 
1 5  
28 
51 
69 
69 
43 
74 
95  

10 

17.7 
21.3 

-49.0 
-118.3 

104.6 
26.9 

-30.9 
-74.1 

-113.9 
3.9 

-71.2 
-133.8 

96.3 

33 
36 
39 
12  
30 
27 
30 
72 
2 1  
36 
40 
53  
10 
23 i 
45 
73 
38 
5 1  
57 
43 
56 
24 
4 1  
55 

26 

32 
35 
38 

5 
24 
2 1  
18 
7 1  
12  
31  
1 5  
26 

9 
1 3  
41  
62 
37 
45 
55 
33 
55 
23 
40 
43 

25 

- 1.9  
-16.8 
-26.3 

52.7 
18.3 

7.2 
-14.9 
-64.9 

0.0 
-16.3 

-7.8 
-6.9 
43.7 
61.3 
-3.0 

-54.3 
119.6 

54.9 
20.1 
-5.1 

-44.9 
46.9 

2 . 8  
-38.8 

106.3 

(c) 
(d) Bore 25C i n t e r s e c t e d  357 m of Permian sed iments  below t h e  Wallal Sandstone. 

Bore 9D i n t e r s e c t e d  an  unn’amed Middle Jurassic c l a y s t o n e  u n i t  between 219-224 m bns 



GEOLOGICAL HISTORY 

There are no i n d i c a t i o n s  of P a l a e o z o i c  sed imen ta t ion  i n  
t h e  i n v e s t i g a t i o n  area p r i o r  t o  t h e  E a r l y  Permian. 

t h e r e f o r e  l i k e l y  t h a t  ei ther t h i s  p a r t  o f  t h e  b a s i n  w a s  a l a n d  

I t  i s  

m a s s  b e f o r e  t h i s  t i m e  or ,  i f  sed iments  had been d e p o s i t e d  t h e y  
had a l r e a d y  been removed by e r o s i o n .  During Permian t i m e s  t h e  

y l a c i g e n e  Gran t  Formation of Sakmarian age w a s  d e p o s i t e d  
unconformably on Archaean basement rocks .  During L a t e  Sakmarian 

o r  E a r l y  A r t i n s k i a n  t i m e s  t h e  b a s i n  svrbsided and t h e  Dora Shale ,  

a c o n t i n e n t a l  sequence of  c l a y s t o n e ,  s i l t s t o n e  and sands tone ,  .% 

w a s  d e p o s i t e d .  
occu r red  and sed imen ta t ion  ceased. 

A t  t h e  end of  t he  Permian an  i n t e r v a l  of u p l i f t  

During Middle J u r a s s i c  t i m e s  renewed subs idence  r e s u l t e d  

in a marine t r a n s g r e s s i o n ,  which by t h e  Bajoc ian  had reached  
t h e  s t u d y  area. The mnamed c l a y s t o n e  u n i t  w a s  t h e n  d e p o s i t e d  

unconformably on Archaean basement. F u r t h e r  subs idence  

o c c u r r e d  i n  t h e  C a l l o v i a n ,  and t h e  Wallal Sandstone w a s  
d e p o s i t e d .  
t h e  basal u n i t  o f  t h e  J u r a s s i c  marine t r a n s g r e s s i o n ,  and i n  

t h e  s t u d y  area it w a s  d e p o s i t e d  unconformably on Archaean o r  
Permian rocks .  By Oxfordian t i m e s  t h e  sea had moved f u r t h e r  
i n l a n d ,  and t h e  marine Jarlemai S i l t s t o n e  w a s  d e p o s i t e d  

disconformably on t h e  Wallal Sandstone i n  a r e l a t i v e l y  low-energy ~ 

environment.  During Upper J u r a s s i c  and E a r l y  Cre taceous  t i m e s  
t h e  r e g r e s s i v e  B r o o m e  Sandstone w a s  d e p o s i t e d  i n  a non-marine, 

high-energy environment.  

Over m o s t  of t h e  Canning Basin t h i s  sands tone  is 

The sediments  which comprise  t h e  Mesozoic and P a l a e o z o i c  

f o r m a t i o n s  of t h e  A n k e t e l l  S h e l f  w e r e  d e r i v e d  from t h e  Pi lbara  

Block t o  t h e  sou th .  The component g r a i n s  of c h e r t ,  j a s p e r ,  
q u a r t z i t e  and basic v o l c a n i c  rock l i t h o l o g i c a l l y  

Gorge Creek Group and t h i s  conf i rms  t h e i r  o r i g i n .  

resemble t h e  

From t h e  E a r l y  Cre taceous  u n t i l  t h e  p r e s e n t ,  u p l i E t  and 

e r o s i o n  h a s  t aken  p l a c e  w i t h  o n l y  ve ry  minor d e p o s i t i o n .  
Elsewhere i n  t h e  Canning Basin t h e r e  i s  ev idence  (Brunnschweiler ,  

1 9 5 7 )  o f  s e v e r a l  marine t r a n s g r e s s i o n s  and r e g r e s s i o n s  d u r i n g  
t h i s  t i m e .  
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HYDROGEOLOGY 

L 

AQUIFER RELATIONSHIPS 

The Broome and Wallal Sands tones ,  which comprise  t h e  main 

a q u i f e r s ,  s u p p o r t  t w o  f l o w  systems t h a t  are h y d r a u l i c a l l y  
s e p a r a t e  over t h e  i n v e s t i g a t i o n  area. The s e p a r a t i o n  i s  
e f f e c t e d  by t h e  Jarlemai S i l t sBone .  The f low sys tem i n  t h e  
Broome Sandstone i s  e s s e n t i a l l y  unconfined and r echa rge  i s  
e i t h e r  by d i r e c t  p e r c o l a t i o n  from r a i n f a l l  o r  i n d i r e c t l y  
th rough t  t h e  t h i n  T e r t i a r y  or  Qua te rna ry  sed iments .  T h i s  may 
t a k e  p l a c e  o v e r  q u i t e  l a r g e  areas. I n  c o n t r a s t ,  groundwater 
f l o w  i n  t h e  Wallal Sandstone t a k e s  p l a c e  under conf ined  
c o n d i t i o n s  and r echa rge  f r o m  r a i n f a l l  i s  only  p o s s i b l e  over 
t h e  l i m i t e d  area where t h e  Jarlemai S i l t s t o n e  i s  a b s e n t .  

A l i m i t e d  i n t e r c o n n e c t i o n  between t h e  t w o  a q u i f e r  systems 
may occur  i n  t h e  area where t h e  Jarlemai S i l t s t o n e  i s  a b s e n t .  

However, e l s ewhere ,  groundwater movement i n  each  a q u i f e r  i s  
s e p a r a t e  and d i f f e r s  markedly i n  d i r e c t i o n .  

The T e r t i a r y  and Qua te rna ry  d e p o s i t s  c o n t a i n  s m a l l  
groundwater s t o r a g e s  t h a t  are probably  i n  h y d r a u l i c  c o n t i n u i t y  
w i t h  t h e  B r o o m e  Sandstone.  

$0 

TERTIARY AND QUATERNARY 

The T e r t i a r y  and Qua te rna ry  d e p o s i t s  are unimpor tan t  f o r  
t h e  development o f  l a r g e  s u p p l i e s  of p o t a b l e  groundwater from 
t h i s  area. These d e p o s i t s  have only  a l i m i t e d  areal  z x t e n t  
and are too t h i n  t o  c o n t a i n  l a r g e  volumes o f  groundwater.  

However, u s e f u l  y i e l d s  may be l o c a l l y  o b t a i n e d  f o r  s t o c k  
water ing .  The fo l lowing  b r i e f  d e s c r i p t i o n s  of t h e  hydrogeology 

of t h e  s u p e r f i c i a l  d e p o s i t s  are based  on d a t a  collected from 

w e l l  census  work i n  t h e  i n v e s t i g a t i o n  area. 
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Kankar 

The l imes tone  has  only  a s m a l l  a real  e x t e n t ,  and i s  

probably  up t o  4 m t h i c k .  Two s t a t . i o n  w e l l s  t a p  t h e  kankar  
and t h e s e  have s a l i n i t i e s  of 2 500 mg/L and 6 050 mg/L. 

Bossut  Formation 

The Bossut  Formation o c c u r s  e x t e n s i v e l y  a long  t h e  coastal  
p l a i n ,  and has  a maximum t h i c k n e s s  of  abou t  25 m. T h i s  
l i t h i f i e d  dune d e p o s i t  has  numerous s o l u t i o n  t u b e s  which g i v e  
it a very  h igh  secondary p o r o s i t y ,  and it i s  t h e r e f o r e  

c a p a b l e  o f  y i e l d i n g  l a r g e  s u p p l i e s .  S t a t i o n  w e l l s  sunk i n t o  

t h i s  format ion  c o n t a i n  water whose s a l i n i t y  r anges  from 1 020 

t o  1 0  800 mg/L ( T . D . S . ) .  The Bossut  Format ion ' s  p rox imi ty  t o  
t h e  coast  means t h a t  heavy pumping would induce  s e a  -water 
i n t r u s i o n .  

An a n a l y s i s  from Lambs W e l l  which t a p s  t h e  Bossut 
Formation shows t h a t  t h e  groundwater f r o m  t h i s  fo rma t ion  i s  
u n s u i t a b l e  f o r  domest ic  consumption. Concen t r a t ions  of 
f l u o r i d e ,  boron and n i t r a t e  a l l  exceed t h e  normally a c c e p t e d  
l i m i t s  f o r  human consumption ( H a r t ,  1 9 7 4 ) ;  t h e  a n a l y s i s  i s  
g iven  i n  Table 7. 

Sand 

The r e s i d u a l  so i l s  and sand  which cove r  most of  t h e  area 
are less than  6 m t h i c k .  Most s t a t i o n  w e l l s  p e n e t r a t e  t h e  
s u p e r f i c i a l  sands  and a b s t r a c t  groundwater from t h e  u n d e r l y i n g  
fo rma t ions .  The sands  are c o n s i d e r e d  t o  be too t h i n  t o  p r o v i d e  
a u s e f u l  a q u i f e r ;  they  h o l d  only  a smal l  amount of groundwater  
i n  s t o r a g e .  
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Alluvium 

The D e  Grey R ive r  a l luv ium c o n t a i n s  a l a r g e  groundwater 
r e s o u r c e ;  t h i s  a q u i f e r  system has  been d e s c r i b e d  by Davidson 

( 1 9 7 3 ) .  

O the r  a l luv ium i n  t h e  i n v e s t i g a t i o n  area o c c u r s  i n  t h e  
w e s t  a l o n g  t h e  coastal p l a i n  and a long  Pardoo Creek. These 
d e p o s i t s  are up t o  about  1 0  m t h i c k  and i n d i v i d u a l  b o r e s  o r  
w e l l s  which are sunk i n  them are r e p o r t e d  by p a s t o r a l i s t s  t o  
have y i e l d s  of up t o  350 m /day. The groundwater s a l i n i t y  i s  
v a r i a b l e ,  r ang ing  from 700 mg /L t o  15 000  mg/L, 

3 

Coastal  s and  dunes 
--c_ 

S m a l l  s u p p l i e s  of  p o t a b l e  groundwater can b e  o b t a i n e d  
f r o m  t h e  coastal  dunes.  S t a t i o n  w e l l s  i n  t h e s e  d e p o s i t s  have 
s a l i n i t i e s  of less t h a n  2 000  mg/L (T.D.S.). Heavy pumping 
f r o m  t h e s e  w e l l s  cou ld  cause  sea-water i n t r u s i o n .  

BROOME SANDSTONE 

The B r o o m e  Sandstone,  which reaches a t h i c k n e s s  of  up t o  
7 1  m, i s  t h e  l a r g e s t u n c o n f i n e d  a q u i f e r  i n  t h i s  p a r t  o f  t h e  
Canning Basin.  Recharge i s  by d i r e c t  p e r c o l a t i o n  f r o m  
r a i n f a l l ,  and groundwater movement i s  g e n e r a l l y  towards t h e  
n o r t h  where t h e  groundwater i s  d i s c h a r g e d  i n t o  t h e  I n d i a n  

Ocean (F ig .  1 2 ) .  

Hydraul ic  t e s t i n g  

n 

T e s t  pumping w a s  undertaken on f i v e  s i n g l e  b o r e s  completed 
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GSWA 1796 

Figure 12: Water-table contours, 24''August 1977 

38 



i n  t h e  B r o o m e  Sandstone.  A s  o b s e r v a t i o n  b o r e s  w e r e  n o t  

provided ,  drawdown and recovery  r e c o r d s  were o n l y  a v a i l a b l e  
f r o m  t h e  pumping bo res .  The drawdowns a t  s e l e c t e d  t i m e s  d u r i n g  
t h e  c o n s t a n t  d i s c h a r g e  tes ts  w e r e  c a l c u l a t e d  from t h e  p r e s s u r e  
change r eco rded  by t h e  e l e c t r o n i c  equipment. These w e r e  
corrected f o r  b o r e  i n e f f i c i e n c y  and p a r t i a l  p e n e t r a t i o n  and 
then  p l o t t e d  on a l o g a r i t h m i c  s c a l e  a g a i n s t  l o g  t i m e  and 
matched t o  t h e  t y p e  cu rves  d e s c r i b e d  by P r i c k e t t  (1965) .  These 
are based  on theo ry  developed by Boulton (1963) ,  and allow f o r  
de layed  g r a v i t y  d ra inage  from t h e  sed iments  above a d e c l i n i n g  
water table.  F i g u r e  1 3  i s  an example of  an unconfined a q u i f e r  
t es t  a n a l y s i s ,  and i s  on bo re  1 6 B .  

Bore-hole i n e f f i c i e n c y  w a s  determined from t h e  a n a l y s i s  
of step-drawdown tests. The g e n e r a l  e q u a t i o n  f o r  drawdown i n  

a pumping bo re  ( a f t e r  Sheahan, 1 9 7 1 )  is: 

Where s = drawdown 

Bt = format ion  l o s s  f a c t o r  

C' = l aminar  f l o w  bo re  loss  f a c t o r  

Q = d i s c h a r g e  

C = t u r b u l e n t  f l o w  b o r e  loss  f a c t o r  

p = some power, u s u a l l y  between 1 . 7  and 4 ,  

o f t e n  assumed t o  be 2 . 0 .  

The f a c t o r ,  C t ,  i s  u s u a l l y  an o r d e r  of  magnitude smaller t h a n  
t h e  f a c t o r ,  
reduces  t o  

Bt,  s o  assuming C'=O,  t h e  g e n e r a l  e q u a t i o n  

s = BtQ 4- CQp 

Bore e f f i c i e n c y  i s  g iven  as BtQ (Lennox, 1966)  and i s  u s u a l l y  
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expres sed  as a pe rcen tage .  The c o n s t a n t s  I 3  C and p can be 
d e r i v e d  f r o m  a type  curve  s o l u t i o n  t o  step-drawdown tests 
produced by  Sheahan (1971) .  T h i s  method of a n a l y s i s  i s  q u i c k  
and e f f i c i e n t ,  and can be completed i n  t h e  f i e l d  t o  a s c e r t a i n  
whether  bore development i s  o c c u r r i n g  d u r i n g  pumping. 

t‘ 

P a r t i a l  p e n e t r a t i o n  c o r r e c t i o n s  w e r e  e s t i m a t e d  from t a b l e s  
p u b l i s h e d  by Walton (1962) .  I n  p r e d i c t i n g  t h e  c o r r e c t i o n  
factor  it i s  assumed t h a t  t h e  h o r i z o n t a l  and v e r t i c a l  
p e r m e a b i l i t i e s  are e q u a l .  A dewater ing  c o r r e c t i o n  w a s  n o t  

a p p l i e d  t o  t h e  drawdown d a t a ,  as t h e  dewatered dep th  of a q u i f e r  
w a s  s m a l l  when compared t o  t h e  a q u i f e r  t h i c k n e s s ,  

R e s u l t s :  The a n a l y t i c a l  r e s u l t s  f o r  t h e  unconfined B r o o m e  
Sandstone are shown i n  Table  6 .  

TABLE 6. BROOME SANDSTONE BORE INFORMPlTION AND PUMP-TEST RESULTS 

Broome S a t u r a t e d  D i s -  Cor rec t ed  Trans- Hydraul ic  
Sandstone a q u i f e r  charge  drawdown m i s s i v i t y  conduct- 

i v i  t y  
(m/day 1 

at hour (m2/day) Bore S i t e  t h i c k n e s s  
(m) 

16B 34.2 393 1 .91  222 6.5 
17B 56.9 632 0.85 854 15 
2 1.B 19.9 29.4 0.05 159 8.0 
2 2 B  53.1 626 3.10 138 2.6 
25D 48.1 735 1.27 250 5.2 

___ - 

Average - - - 325 7.5 

2 T r a n s m i s s i v i t y  v a l u e s  v a r i e d  from 138 t o  854 m /day, and 

averaged 325 m’/day. Hydraul ic  c o n d u c t i v i t y  v a l u e s  ranged 
f r o m  2.6 t o  15 m/day, and averaged 7.5 m/day. T h e  a q u i f e r  
c o n s i s t s  of a f i n e -  t o  coa r se -g ra ined ,  modera te ly  s o r t e d  
sands tone  f o r  which t h e  p u b l i s h e d  r e s u l t s  f o r  s i m i l a r  rocks  

. (Krumbein and Monk, 1943; Turneaure and R u s s e l l ,  1947; 
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Johnson, 1963; and Lovelock, 1 9 7 0 )  s u g g e s t  a h y d r a u l i c  
c o n d u c t i v i t y  of  between 5 and 15 m/day. 

The average  v a l u e s  f o r  t r a n s m i s s i v i t y  and h y d r a u 3 . i ~  
c o n d u c t i v i t y  t h e r e f o r e  appea r  t o  be of t h e  correct o r d e r .  

The s p e c i f i c  y i e l d  of  t h e  Broome Sandstone a q u i f e r  ca-Jlil 
n o t  be  determined as o b s e r v a t i o n  b o r e s  w e r e  n o t  i n s t a l l e t !  i n  
t h e  cones of  d e p r e s s i o n  o f  t h e  pimping bores. 

Recharge - 

Recharge t o  t h e  B r o o m e  Sandstone i s  g e n e r a l l y  by d i r e c t  

p e r c o l a t i o n  from heavy r a i n f a l l ,  b u t  scne i n f i l t r a t i o n  Kay 

t a k e  p l a c e  l o c a l l y  through a t h i n  cove r ing  o f  T e r t i a r y  or  
Qua te rna ry  sediments  w i t h  which t h e  sands tone  i s  i n  h y d r a u l i c  
connec t ion .  The water t a b l e  d e c l i n e s  d u r i n g  w i n t e r  t o  ear1.y 
summer, and rises, a f t e r  c y c l o n i c  r a i n f a l l s ,  i n  l a t e  summer 
through t o  autumn. 

I t  i s  p o s s i b l e  t o  c a l c u l a t e  a f i g u r e  f o r  t h e  p e r c e n t a g e  
of r a i n f a l l  which r eaches  t h e  w a t e r  t a b l e  d u r i n g  > a r t i c u l a r  
r echa rge  e v e n t s  such as c y c l o n e s ,  Th i s  may be done f o r  

cyc lones  Karren and L e o  which occur red  i n  March, 1 9 7 7 .  For  
t h i s  c a l c u l a t i o n  a p o r o s i t y  has  t o  be  assumed. The B r o o m e  
Sandstone a t  s i t e  2 4  i s  mainly a f i n e -  t o  coa r se -g ra ined ,  poor ly  

s o r t e d  sands tone  , which i n d i c a t e s  a p o r o s i t y  o f  about  0 .3  

(Hazel ,  1973) .  Cyclones Karren (6/3/l977) and Leo (27/3/1977) 
r e s u l t e d  i n  a r a i n f a l l  o f  1-59 mm and a c o r r e s p n d i n g  rise of 
32 mi11 i n  t h e  water t a b l e  (33 m below ground level). The 

p e r c e n t a g e  of r a i n f a l l  r e a c h i n g  t h e  water t a b l e  can b e  
c a l c u l a t e d  from t h e  followi.ng e q u a t i o n  by assuming a p o r o s i t y  

of 0.3:  
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p e r c e n t a g e  o f  r a i n f a l l  = p o r o s i t y  x change i n  water l e v e l  x 1 0 0  

r e a c h i n g  w a t e r  t a b l e  r a i n f a l l  

= 0.3  x 32 x 1 0 0  % 

159 

A s  t h e r e  i s  no runoff  a 6 %  r e c h a r g e  f i g u r e  from r a i n f a l l  

means t h a t  t h e  remaining 9 4 %  of  r a i n f a l l  i s  accounted f o r  by 
e v a p o t r a n s p i r a t i o n  and i n  s a t i s f y i n g  t h e  s o i l  mo i s tu re  d e f i c i t .  
The r e c h a r g e  f i g u r e  of  6 %  may be h i g h  i n  r e l a t i o n  t o  s m a l l e r  
r a i n f a l l s  as it i s  c a l c u l a t e d  f o r  a p a r t i c u l a r l y  i n t e n s e  
p e r i o d  of r a i n f a l l .  For  example, t h e  45 mm of  r a i n  which f e l l  
on 1 6 / 1 / 1 9 7 7  d i d  n o t  a f f e c t  t h e  w a t e r  t a b l e  hydrograph as it 
w a s  a l l  l o s t  by e v a p o t r a n s p i r a t i o n  o r  i n  s a t i s f y i n g  t h e  s o i l  

moi s tu re  d e f i c i t .  I t  t h e r e f o r e  s e e m s  l i k e l y  t h a t  t h e  ra te  
of r e c h a r g e  w i l l  be  v a r i a b l e ,  depending upon r a i n f a l l  i n t e n s i t y  
and p r e v a i l i n g  c o n d i t i o n s  a t  t h e  t i m e  of r a i n f a l l .  

S t o r a g e  

T h e  groundwater s t o r e d  i n  t h e  B r o o m e  Sandstone can be  
e s t i m a t e d  as t h e  p r o d u c t  of  t h e  s a t u r a t e d  volume and t h e  
s p e c i f i c  y i e l d .  The volume i s  t h e  p r o d u c t  o f  t h e  a q u i f e r ' s  
a r e a l  e x t e n t  and t h e  average  s a t u r a t e d  t h i c k n e s s .  The 
t h i c k e s t  known s a t u r a t e d  i n t e r v a l  i s  56.9 m a t  s i te  1 7 ,  and t w o  
bo res  c o n s t r u c t e d  i n  t h e  Broome Sands tone  a t  s i tes  1 9  and 20  

w e r e  d ry .  A s  c o n t r o l  i n  t h i s  a q u i f e r  i s  l i m i t e d  t o  s i x  si tes 
i n  t h e  e a s t e r n  area, t h e  average  s a t u r a t e d  t h i c k n e s s  i s  t a k e n  

t o  be  2 0  m. The ' e f f e c t i v e  a r e a '  from which groundwater can  

be a b s t r a c t e d  i s  bounded t o  t h e  s o u t h  by a l i n e  j o i n i n g  s i t e  1 
t o  a p o i n t  j u s t  n o r t h  o f  s i t e  23, t o  t h e  w e s t  by l i n e  1, t o  t h e  

n o r t h  by t h e  I n d i a n  Ocean, and t o  t h e  east  by l i n e  5. T h i s  
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2 area i s  1 575 km . As a s p e c i f i c  y i e l d  c o u l d  n o t  b e  
c a l c u l a t e d  from pumping tests , i t  is e s t i m a t e d  t o  be 0.1  which may 

be a l i t t l e  l o w  f o r  t h e  Broome Sandstone.  The i n t e r s t i t i a l  
s t o r a g e  can  be e s t i m a t e d  from t h e  f o l l o w i n g  equa t ion :  

Q , = V S  
Y 

= i n t e r s t i t i a l  s t o r a g e  ( m  3 ) 
QS 

where 

v = s a t u r a t c d a q u i f e r  voluxw(rrt 3 ) 

S = s p e c i f i c  y i e l d  (d imens ion le s s )  
Y 

The re fo re  , 
6 3 = 1 5 7 5  x 1 0  x 2 0  x 0.1 m 

QS 

9 3  = 3.2 x 10 m 

Throughflow 

A f l o w  ne t  w a s  n o t  c o n s t r u c t e d  because  it wou ldno t  b e  

meaningful ,  as too many pa rame te r s  have t o  be e s t i m a t e d  from 
t h e  i n e x a c t  d a t a  available.  However, t o  a p p r e c i a t e  t h e  s i z e  
o f  t h e  r e s o u r c e  it i s  p o s s i b l e  t o  c a l c u l a t e  the throughflow 

across t h e  1 0  m w a t e r - t a b l e  con tour  (Fig.  1 2 ) .  The groundwater 
throughflow i s  t h e  p r o d u c t  o f  t h e  h y d r a u l i c  c o n d u c t i v i t y ,  
h y d r a u l i c  g r a d i e n t  and aqui-fer  c r o s s - s e c t i o n a l  area. T h e  mean 
h y d r a u l i c  c o n d u c t i v i t y  of 7.5 m/d.ay has been d e r i v e d  from 
averaged  pumping-test  r e s u l t s ;  t h e  h y d r a u l i c  g r a d i e n t  has been 

e s t i m a t e d  from F i g u r e  1 2  as t h e  average  of  t h e  shallowest and 
s t e e p e s t  g r a d i e n t s  and i s  2.5 x 1 0  d; and t h e  a q u i f e r  w i d t h  

for  t h i s  d e t e r m i n a t i o n  of throughflow i s  t aken  as t h e  l e n g t h  
o f  t h e  1 0  m con tour  (F ig .  1 2 )  , which is 1 0 0  km. The mean 
s a t u r a t e d  t h i c k n e s s  may b e  d e r i v e d  from F i g u r e s  8 and 1 2  which 

g i v e  t h e  con tour s  on t h e  b a s e  o f  t h e  Broome Sands tone ,  and t h e  

water t a b l e ,  r e s p e c t i v e l y .  Th i s  i s  2 9 . 3  m, Throughflow can be 

- 2  
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c a l c u l a t e d  from t h e  fo l lowing  equat ion:  

The re fo re ,  

Q = Kbi l  

where Q = throughflow ( m  / yea r )  3 

K = h y d r a u l i c  c o n d u c t i v i t y  (m/day) 

b = s a t u r a t e d  a q u i f e r  t h i c k n e s s  (m)  

i = h y d r a u l i c  g r a d i e n t  (d imens ion le s s )  

1 = l e n g t h  o f  s e c t i o n  (m) 

3 3 Q = 7.5 x 29.3 x (2 .5 x x 1 0 0  x 10 x 365 m /year  
3 = 2 0  x l o 6  m /year .  

I n s p e c t i o n  of  t h e  s a l i n i t y  p a t t e r n  (F ig .  1 4 )  d i s c u s s e d  below, 
i n d i c a t e s  t h a t  on ly  about  a t h i r d  o f  t h i s  throughflow has less 
than  1 0 0 0  mg/L t o t a l  d i s s o l v e d  s o l i d s .  The c a l c u l a t e d  annual  
throughflow volume r e p r e s e n t s  a b c u t  0 . 6 %  of t h e  a q u i f e r  
s t o r a g e  c a l c u l a t e d  above. 

Discharge  

Groundwater movement i s  e s s e n t i a l l y  nor thwards ,  where it 
d i s c h a r g e s  i n t o  t h e  I n d i a n  Ocean. There may a l s o  be a s m a l l  

e v a p o t r a n s p i r a t i o n  loss  a long  t h e  c o a s t a l  s t r i p  where 
ph rea tophy tes  (normally e u c a l y p t s )  make use  o f  t h e  water 
t a b l e .  The on ly  o t h e r  loss  from t h i s  a q u i f e r  system i s  from 

a f e w  s t a t i o n  w e l l s ;  aga in  t h i s  i s  s m a l l  compared t o  t h e  
out f low.  

Tc? t h e  w e s t  o f  d r i l l  l i n e  1, t h e  water-table c o n t o u r s  

show d i s c h a r g e  t o  t h e  w e s t  and no r thwes t  i n t o  t h e  D e  Grey 
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a l l u v i a l .  d e p o s i t s .  Th i s  i n d i - c a t e s  t h a t  h y d r a u l i c  c o n t i n u i t y  
e x i s t s  between t h e  B r o o m e  Sandstone and t h e  D e  .Grey a l luv ium.  

Hydrographs - 

A Leupold-Stevens A35 w a t e r - l e v e l  r e c o r d e r  w i t h  
p luv iomete r  a t t achmen t  was i n s t a l l e d  on w a t e r - t a b l e  b o r e  24B 

on t h e  4 t h  November, 1975 and provided  cont inuous  r e c o r d s  u n t i l  
October ,  1 9 7 7 .  Hydrographs showed t h e  water l e v e l  ( a t  t h i s  
s i t e ,  33 m below t h e  s u r f a c e )  t o  be f a i r l y  s t a t i c ,  e x c e p t  f o r  

a 32 mm rise a f t e r  cyc lones  Rarren and Leo d u r i n g  March, 1 9 7 7 ,  
which t o g e t h e r  gave a t o t a l  r a i n f a l l  of 1-59 mm. The f u l l  
w a t e r - t a b l e  response  t o  t h e s e  e v e n t s  took 3 months, due t o  t h e  
t i m e  t aken  f o r  downward p e r c o l a t i o n  through t h e  u n s a t u r a t e d  
zone above t h e  w a t e r  t a b l e .  Other  small r a i n f a l l  e v e n t s  
d u r i n g  t h e  two y e a r  p e r i o d  of r e c o r d s  had no e f f e c t  on t h e  

water table.  

B o r e  census  r e s u l t s  show t h a t  t h e  w a t e r - t a b l e  d e c l i n e  i n  
s h a l l o w  w e l l s  d u r i n g  w i n t e r  and s p r i n g  i s  v a r i a b l e  and may be  
up t o  a maximum of  0 . 2  rn p e r  month. Water - tab le  f a l l s  are 
l a r g e s t  i n  y e a r s  fo l lowing  a d r y  summer season ,  wheri annua l  
d e c l i n e s  may be  up t o  2 m. 

Hydrochemis t r y  

E i g h t  s t a n d a r d  a n a l y s e s  (Table  7 )  w e r e  completed by t h e  
Government Chemical Labora to res  on samples c o l l e c t e d  from t h e  
B r o o m e  Sandstone;  a n i n t h  sample from Lambs W e l l  which t a p s  
t h e  Bossut  Formation w a s  a l so  ana lysed .  The a r e a l  v a r i a t i o n  i n  
groundwater s a l i n i t y  ( t o t a l  d i s s o l v e d  s o l i d s )  of  t h i s  a q u i f e r  

i s  shown i n  F igu re  1 4 ;  s ix ty - seven  s t a t i o n  w e l l s  and s i x  
p r o j e c t  b o r e s  make up t h e  sampling p o i n t s .  Of t h e  s t a t i o n  
w e l l s ,  f o r t y  of t h e  s ix ty - seven  are non-ope ra t iona l  and t h e  
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TABLE 7 .  CHEMICAL ANALYSES OF NINE WATER SAMPLES FROM THE BROOME SANDSTONE AND 
BOSSUT FORMATION 

Lambs We1 1/Bore 1 2 A  13A 16B 1 7 B  2 1 B  22B 24B 25D Well 

GCL NO.(a) 21540 21536 84193 84195 84197 84199 82754 82753 28009 

Ca (me/L) 

Mg (me/L) 

Na + K (me/L) 

7 .7  

n i l  

1180 

1270 

383 

28 1 

81 

44 

252 

10 

n i l  

342 

406 

50 

52 

58 

0 .4  

0 .7  

22 

19 

59 

31 

63 

6 

5 .6  

1.19 

7 . 7  

n i l  

820 

850 

166 

205 

40 

16  

21 6 

7 

n i  1 

250 

258 

56 

21 

52 

0 .3  

0 .5  

7.6 

n i  1 

440 

460 

179 

181 

47 

15  

77 

2 

n i l  

220 

95 

15  

24 

56 

0.65 

0.50 

7 . 5  

n i  1 

720 

770 

196 

190 

49 

18 

1 7 2  

8 

n i l  

232 

211 

80 

1 2  

59 

0.65 

0.50 

7 . 8  

n i l  

380 

400 

143 

153 

34 

14 

73 

2 

n i l  

186 

81 

20 

20 

58 

0 ,51  

0.60 

C A T I O N S  

16 33 2 1  

10 18 13  

74 49 66 

A N I O N S  

33 55 33 

58 40 52 

9 5 15  

7 . 3  2 . 5  5 . 3  

1 . 0 3  0.43 0.91 

( b )  

28 

19 

53 

( b )  

53 

40 

7 

2 .7  

0 , 44 

7.6 

n i l  

430 

450 

153 

138 

38 

14 

81 

2 

n i l  

168 

106 

27 

19 

54 

0.65 

0.50 

29 

1 7  

54 

44 

47 

9 

2 . 8  

0.63 

7 .5  

n i l  

480 

510 

167 

133 

49 

11 

88 

5 

n i l  

162 

1 2 7  

22 

37 

49 

0.41 

0.50 

34 

1 2  

54 

40 

53 

7 

3 . 0  

0.78 

7 . 6  7 . 9  

n i l  n i l  

830 1060 

870 1120 

304 156 

195 336 

89 43 

20 12  

151 313 

6 8 

n i l  n i l  

238 409 

261 291 

46 60 

35 47 

8 2  69 

0.44 1 , 2  

0.40 2 . 1  

35 1 3  

1 3  6 

52 81 

32 41 

60 51 

8 8 

3.8 1 0 . 6  

1 . 1 0  0 .71  

( a )  Government Chemical L a b o r a t o r i e s '  sample number 

(b)  Percentage m i l l i e q u i v a l e n t s  per  l i t r e  
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measured s a l i n i t y  may consequent ly  n o t  r e f l e c t  t h a t  of w a t e r  i n  
t h e  a q u i f e r  i t s e l f .  For t h i s  r eason ,  and t h e  l a r g e  v a r i a t i o n s  
i n  s a l i n i t i e s  ove r  s h o r t  d i s t a n c e s ,  t h e  i s o h a l i n e  shown on 
F i g u r e  1 4  are only  approximate;  

S a l i n i t i e s  i n  t h e  Broome Sandstone eas t  of d r i l l  l i n e  2 

are less t han  1 000  mg/L, b u t  t o  t h e  w e s t  rise t o  more t h a n  

3 000  mg/L. S a l i n i t i e s  from w e l l s  c o n s t r u c t e d  i n  t h e  coastal  
dunes are g e n e r a l l y  less than  2 000  mg/L. F u r t h e r  i n l a n d ,  on 
t h e  coastal  p l a i n ,  s a l i n i t i e s  from t h e  a l luv ium rise 
a p p r e c i a b l y .  Th i s  may be due t o  h i g h  s o i l  s a l t  caused by a 
Holocene h i g h  sea l e v e l ;  i n  t h i s  r e g i o n  s a l i n i t i e s  o f  up t o  
15 000  mg/L have been recorded .  

Groundwater q u a l i t y :  A t r i l i n e a r  ( P i p e r )  diagram of t h e  

major c a t i o n s  and an ions  (F ig .  15)  shows a l l  a n a l y s e s  t o  have 
approximate ly  t h e  same i o n i c  b a l a n c e s  , e x c e p t  Lambs W e l l  which 
has  a l a r g e  sodium c o n t e n t .  

I n  g e n e r a l ,  t h e  c o n c e n t r a t i o n s  o f  t h e  t o t a l  soluble 

s a l t s  and t h e  common i o n s  i n  water  from t h e  B r o o m e  Sands tone  

make it a c c e p t a b l e  f o r  domest ic  u se .  However, t h e  a n a l y s e s  
i n  Table 7 show t h a t  n i t r a t e  v a r i e s  from 1 2  t o  52 mg/L. The 
recommended a c c e p t a b l e  l i m i t  i n  A u s t r a l i a  (Har t ,  1 9 7 4 )  i s  
2 3  mg/L, and t h a t  se t  by t h e  World Hea l th  Organ iza t ion  ( 1 9 7 1 )  

i s  45 mg/L. Several a n a l y s e s  exceed  t h e s e  l i m i t s  and i f  
u n t r e a t e d  water i s  used f o r  d r i n k i n g  it cou ld  cause  
methaemoglobinaemia i n  young c h i l d r e n .  A p l o t  of t h e  sodium 
a b s o r p t i o n  r a t i o  (F igu re  1 6 )  f o r  a n a l y s e s  o f  groundwater f rom 
t h e  B r o o m e  Sandstone i n d i c a t e s  t h a t  t h e  w a t e r  ha s  a medium t o  
h igh  s a l i n i t y  hazard ,  and i s  t h e r e f o r e  probably  n o t  s u i t a b l e  
f o r  i r r i g a t i o n .  High e v a p o r a t i o n  rates cou ld  be  expec ted  t o  
e x a c e r b a t e  t h e  hazard  by producing  i n c r e a s e s  i n  t h e  amount 

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

A t  p r e s e n t  on ly  s t a t i o n  w e l l s  t a p  t h e  Broome Sandstone 
f o r  s t o c k  wa te r ing .  F u r t h e r  development o f  t h i s  a q u i f e r  f o r  
water -supply  purposes  would depend upon t h e  q u a l i t y  c r i t e r i a  
imposed by t h e  consumer. The s a l i n i t y  of  groundwater t o  t h e  
east  o f  d r i l l  l i n e  2 makes it s u i t a b l e  f o r  domest ic  pu rposes ,  
b u t  t o  t h e  w e s t  it may only  be a c c e p t a b l e  fo r  c e r t a i n  
i n d i v i d u a l  uses, I f  a p roduc t ion  b o r e  f i e l d  i s  t o  be c o n s t r u c t e d  
i n  the  i n v e s t i g a t i o n  area it shou ld  develop  bo th  t h e  Broome 
and Wallal Sandstone a q u i f e r s .  Bes ides  more f u l l y  deve lop ing  
the t o t a l  water r e s o u r c e s ,  t h i s  cou ld  have t h e  e f f e c t  o f  
b r i n g i n g  t h e  average  n i t r a t e  c o n c e n t r a t i o n  down t o  an a c c e p t a b l e  
l e v e l  (subject t o  a p p r o p r i a t e  management). The a l t e r n a t i v e  i s  

t o  c a r r y  o u t  expens ive  d e n i t r i f i c a t i o n  t r e a t m e n t  t o  r e n d e r  t h e  

Broome Sandstone groundwater s u i t a b l e  f o r  human consumption. 

WALLAL SANDSTONE 

The Wallal Sandstone o c c u r s  i n  the s u b s u r f a c e  ove r  most 
of t h e  area, and c o n s i s t s  of a f i n e -  t o  very  coa r se -g ra ined ,  

poor ly  t o  wel l -sor ted,  unconso l ida t ed  sands tone .  T h i s  a q u i f e r  

p r o v i d e s  l a r g e  a r t e s i a n  f lows  from bores d r i l l e d  i n t o  it a l o n g  
t h e  coastal  p l a i n ,  where p o s i t i v e  heads  i n  e x c e s s  o f  30 m have 

been measured. T h e  p o t e n t i o m e t r i c  c o n t o u r s  f o r  t h i s  a q u i f e r  
(F ig .  1 7 )  i n d i c a t e  t h a t  r e c h a r g e  takes p l a c e  i n  t h e  s o u t h e a s t  
and t h a t  groundwater movement i s  t o  t h e  west and nor thwes t ,  
qecharge  i s  by i n f i l t r a t i o n  o f  r a i n f a l l  s o u t h  o f  t h e  Jarlemai 
S i l t s t o n e  subcrop ,  w h e r e  t h e  a q u i f e r  becomes unconf ined ,  and 
t o  t h e  s o u t h e a s t  o u t s i d e  t h e  i n v e s t i g a t i o n  area ( F i g .  1 8 ) .  

Groundwater d i s c h a r g e  i s  mainly o f  f - sho re  towards t h e  

no r thwes t  e x c e p t  f o r  a f e w  s m a l l  s p r i n g s  i n  t h e  Pardoo area 
(Fig .  1 7 ) .  
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Hydrau l i c  t e s t i n g  

* 

The a n a l y s i s  of  d a t a  c o l l e c t e d  by test-pumping s i n g l e  

bores ( i .e.  tes ts  n o t  run i n  c o n j u n c t i o n  w i t h  o b s e r v a t i o n  
b o r e s )  i s  s u b j e c t  t o  t h e  d i f f i c u l t y  of e l i m i n a t i n g  t h e  
h y d r a u l i c  e f fec ts  of t h e  bore  s t r u c t u r e .  I t  w a s  t h e r e f o r e  

n e c e s s a r y  t o  under take  step-drawdown tests t o  p rov ide  data  t o  
app ly  c o r r e c t i o n s  f o r  these e f f e c t s .  Cons tan t  d i s c h a r g e  and 
step-drawdown tests were conducted on 18 s u b - a r t e s i a n  and 
a r t e s i a n  b o r e s ,  A l l  p ressure-head  d a t a  from t h e  Rickadenki  o r  
Hewlett-Packard r e c o r d e r  c h a r t s  f o r  selected t i m e s  d u r i n g  
c o n s t a n t  d i s c h a r g e  tests were conve r t ed  t o  drawdown and t h e n  
corrected f o r  t h e  bore  i n e f f i c i e n c y  ( a s s e s s e d  from t h e  
s t e p - t e s t s )  , and a l s o  i n  some cases f o r  b a r o m e t r i c  p r e s s u r e  
changes e 

Plots  of l o g  drawdown a g a i n s t  l o g  time have been a n a l y s e d  
u s i n g  l eaky  a r t e s i a n  type  c u r v e s  d e s c r i b e d  by Walton ( 1 9 6 2 1 ,  

based on t h e  leaky  a r t e s i a n  formula developed by Hantush and 
Jacob  ( 1 9 5 5 ) .  Drawdown i n  t e s t  b o r e s  i n  t h e  Wallal Sandstone 

a l l  approach s t e a d y - s t a t e  c o n d i t i o n s  a f t e r  1 t o  3 minut.es f r o i n  
t h e  s tar t  of pumping. 

The c o l l e c t i o n  of ' e a r l y  t i m e '  (up t o  1 minute)  d a t a  by 
con t inuous ly  r e c o r d i n g  t h e  o u t p u t  of  p r e s s u r e  t r a n s d u c e r s  
allows matches t o  be  made w i t h  t h e  l eaky  a r t e s i a n  type  c u r v e s .  
A l l  r esponses  to pumping f o l l o w  t h e  The i s  non-equi l ibr ium 

type  curve  f o r  a s h o r t  t i m e  b e f o r e  l eakage  o c c u r s ,  even though 
t h e  i n f l u e n c e  of  bore c a s i n g  s t o r a g e  ma-y t a k e  s e v e r a l  minutes '  
b e f o r e  i t  ceases t o  have an e f f e c t  i n  bo res  y i e l d i n g  s m a l l  

d i s c h a r g e s .  Th i s  a l lows  a match p o i n t  t o  be selected, and ,  
t he re fo re ,  a de t e rmina t ion  of  t r a n s m i s s i v i t y  and h y d r a u l i c  
c o n d u c t i v i t y .  Recovery d a t a  f r o m  s e v e r a l  tests were used,  and 

t h i s  data  confirmec?. t h e  r e s u l t s  o b t a i n e d  f r o m  t h e  
of t h e  drawdown data .  F i g u r e  1 9  shows a t y p i c a l  response  
from a c o n s t a n t  d i s c h a r g e  t e s t  on bo re  22A.  

a n a l y s i s  
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TABLE 8. PUMP-ANE FLOW-TEST RESULTS FROM THE WALLAL SANDSTONE AQUIFER 

Hydraulic 
3 conductivity coefficient 

(m/day) 

Storage (b) (a) Transm' ssivity Discharge Aquifer Screen 
Bore Type of test thickness length 

(m) (m 1 (m3/day) (m /day) 

3A 

4A 

6A 

7A 

8 A  

8 B  

9 D  

1 OA 

16A 

1 7 A  
ul 

19A 

2 oc 

2 OD 

21A 

2 2A 

2 3A 

2 4A 

P W P  
Flow 

P W P  

P W P  
Flow 

Flow 

Flow 

Flow 

pump 
Flow 

P W P  
Observation 

bore 

P W P  
Flow 

Flow 

pump 
Flow 

35 

42 

28 

62 

1 4  

24 

99 

72 

89 

116 

96 

107 

18 

42 

24 

24 

1 2  

18 

18 

42 

15 

24 

18 

18 

634 

199 

650 

641 

1 464 

939 

508 

769 

672 

2 100 

532 

626 

107 16.8 626 

115 24 247 

2 18 18 3 030 

104 18 645 

151 8 -3  69 

145  

69 

129 

204 

40 

104 

10 

272 

145 

142 

54 

2 490 

8.1 

1.6 

5.4 

8.5 

3.3 

5.8 

0.6 

6.5 

9 . 7 .  

5.9 

3 . 0  

138.3 

720 42.9 

409 17.0 

2 79 15.5 

569 31.6 

200 (c) 24.1 

2.0 

2 5C Flow 189 24 1 394 130 5.4 

Average - 100 340 18.5  2.0 

(a) Discharges shown are those for the constant discharge test 

(bf Transmissivity valu-s are for the screened interval only 

(c) Estimated from specific capacity calculation 



Resu l t s :  Table  8 shows t h e  a n a l y t i c a l  r e s u l t s  from all 
c o n s t a n t  d i s c h a r g e  tests on t h e  conf ined  a q u i f e r ,  Although 
drawdown d a t a  were c o r r e c t e d  where a p ~ ~ 1 i ~ a b I . e ~  the re  i s  s t i l l  

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

c o n d u c t i v i t y .  

The h y d r a u l i c  c o n d u c t i v i t y  v a l u e s  shown i n  Tab]-e 8 were 
c a l c u l a t e d  f o r  on ly  t h e  sc reened  i n t e r v a l  of t h e  a q u i f e r ;  the 
reason  f o r  t h i s  i s  o u t l i n e d  i n  t h e  d i s c u s s i o n  belo?,~7. 

T r a n s m i s s i v i t y  v a l u e s  range  from 10 t o  2 490  XI /day  and average  
340 m /day (Table  8 ) .  The co r re spond ing  range  of h y d r a u l i c  
c o n d u c t i v i t y  v a l u e s  i s 0 , 6  t o  138.3 m/day, and the aver-agc i s  
18.5 m/day (Table  3 )  These r e su f . t s  Go n o t  show any consj.stent+ 

geographic  d i s t x i  bu t ion  b u t  i n  g e n e r z l  I t r a n s m i s s i v i t i e s  
dec rease  from east  t o  west. 

2 
2 

S t o r a g e  c o e f f i c i e n t s  can o n l y  be r e l i a b l y  ca lcu . la ted  from 

tests where o b s e r v a t i o n  b o r e s  are used, Three such t e s t  b o r e s  
were conducted a t  siiies IG, 2 0  and 23, R e s u l t s  from tsio o f  
these ( a t  s i tes 16  and 2 3 )  were poor and storage coc f f j - c i e l i t s  
could n o t  be d e r i v e d  due t o  inadequa te  drawdown responses  i n  
t h e  o b s e r v a t i o n  bores.  The c o n s t a n t  d i s c h a r g e  test a t  s i t e  

2 0  y i e l d e d  a s t o r a g e  c o e f f i c i e n t  of  2 . 0  x lo-'. T h i s  va lue  
compares f avourab ly  w i t h  t h e  s t o r a g e  c o e f f i c i e n t  of 3 .3  x 10 
which was d e r i v e d  from b a r o m e t r i c  e f f i c i e n c y  (see page 69  ) .  

- 4  

Discuss ion:  _----- 
s t a t e  c o n d i t i o n s  a f t e r  about  t h r e e  minutes .  These p l o t s  were 
matched t o  l e a k y  arkes j -an  type  curves .  The l i t h o l o g y  of  t h e  
J a r l e m a i  S i l t s t o n e ,  a t h i c k  impermeable c l a y  fo rma t ion ,  
s u g g e s t s  t h a t  t h e  v e r t i c a l  l eakage  f r o n  t h i s  c o n f i n i n g  bed 

would b e  too small t o  a l low s t e a d y - s t a t e  c o n d i t i o n s  t o  be  
reached i n  such  a s h o r t  time a f t e r  t h e  s ta r t  of  pumj?ing. 

F u r t h e r ,  t h e  p o t e n t i o m e t r i c  head of t h e  Wallal Sands tone ,  
where i t  i s  conf ined ,  was above t h e  water  t a b l e  d u r i n g  t h e  
f l o w  and pump tests. Th i s  means t h a t  d u r i n g  t h e  tes t  t h e r e  
was a p o t e n t i a l .  fox- upward groundwater movexient from t h e  

Wallal Sandstone L o  t h e  c o n f i n i n g  bed. The observed response  

A 1 1  p l o t s  of drawdown a g a i n s t  t i m e  showed s t eady-  
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i n d i c a t e s  t h a t  t h e  cone o f  i n f l u e n c e  has  ceased  expanding and 
t h a t  t h e  d i s c h a r g e  i s  s u s t a i n e d  by a r echa rge  boundary or by 
l eakage .  There i s  no g e o l o g i c a l  o r  h y d r o l o g i c a l  ev idence  t o  
s u p p o r t  t h e  p re sence  of  r echa rge  boundar ies .  T h e r e f o r e ,  it i s  
concluded t h a t  t h e  observed response  r e s u l t s  from l eakage  
w i t h i n  t h e  a q u i f e r ,  caused by inhomogeneity and s t r a t i f i c a t i o n  
of t h e  sediments  which t o g e t h e r  produce a n i s t r o p i c  c o n d i t i o n s .  
I f  t h e  s t r a t i f i c a t i o n  argument i s  accep ted  t h e n  no p a r t i a l  

p e n e t r a t i o n  c o r r e c t i o n  i s  needed as t h e  bo re  i s  ' f u l l y  
p e n e t r a t i n g '  I because t h e  a q u i f e r  i s  o n l y  y i e l d i n g  groundwater  
from t h e  sc reened  i n t e r v a l  and by leakage  from above ar,d below 

t h e  s c r e e n .  

Because t h e  response  t i m e  b e f o r e  leakage  o c c u r s  i s  ve ry  
r a p i d  ( less than  t h r e e  minutes )  , t h e  s t r a t i f i c a t i o n  argument 
seems r ea l i s t i c .  T h e o r e t i c a l l y ,  a n a l y t i c a l  s o l u t i o n s  o f  
drawdown e q u a t i o n s  assume t h e  a q u i f e r  i s  i s o t r o p i c  I homogenous 
and o f  i n f i n i t e  areal  e x t e n t ;  t h i s  i s  neve r  t h e  case i n  rea l  
a q u i f e r s .  S t r a t i f i c a t i o n  w i t h i n  t h e  a q u i f e r  w a s  p robably  
caused by v a r i a t i o n s  i n  sediment  supply  a t  t h e  t i m e  o f  
d e p o s i t i o n .  F u r t h e r ,  c ross -bedding  and a l ignment  o f  g r a i n s  
would r e s u l t  a l s o  i n  g r e a t e r  h y d r a u l i c  c o n d u c t i v i t i e s  i n  a 
h o r i z o n t a l  t han  i n  a v e r t i c a l  d i r e c t i o n .  

I f  t h i s  i s  t h e  case t h e  t r a n s m i s s i v i t i e s  d e r i v e d  from t h e  
a n a l y s e s  of tests are a p p l i c a b l e  only  f o r  t h e  sc reened  i n t e r v a l ,  
and a cor responding  mean h y d r a u l i c  c o n d u c t i v i t y  can be  d e r i v e d  
f o r  t h a t  i n t e r v a l .  T h i s  f i g u r e  may t h e n  be a p p l i e d  t o  t h e  

e n t i r e  a q u i f e r  t h i c k n e s s  t o  d e r i v e  t h e  a q u i f e r  t r a n s m i s s i v i t y .  

. I  

A s  t h e  sands  of  t h e  Wallal Sandstone have a f a i r l y  
uniform g r a i n  s i z e  t h roughou t  t h e  e x t e n t  and t h i c k n e s s  of 
t h e  fo rma t ion ,  i t s  h y d r a u l i c  c o n d u c t i v i t y  shou ld  be r easonab ly  

uniform. S e v e r a l  workers (Krumbein and Monk , 1943; Turneaure 
and R u s s e l l ,  1 9 4 7 ;  Johnson,  1 9 6 3 ;  and Lovelock, 1 9 7 0 )  have 
d e r i v e d  r e l a t i o n s h i p s  between g r a i n  s i z e  and h y d r a u l i c  
c o n d u c t i v i t y  ( p e r m e a b i l i t y )  . Sieve  a n a l y s e s  of  s e v e r a l  
samples from t h e  Wallal Sandstone g i v e  a mean p a r t i c l e  
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diameter  of 0 . 4  m. Pub l i shed  d a t a  i n d i c a t e  t h a t  sands  of t h i s  
mean g r a i n  s i z e  have h y d r a u l i c  c o n d u c t i v i t y  v a l u e s  i n  the 

range 25 t o  l G 0  m/day. The average  v a l u e  of 18,s m/day 
d e r i v e d  f o r  t h e  Wal la l  Sandstone a q u i f e r  (Table 8)  seems t o  be 
c o n s e r v a t i v e ;  t h e r e f o r e  a v a l u e  of 20  m/day i s  adopted f o r  

flow n e t  a n a l y s i s  on page 61,. Some h y d r a u l i c  c o n d u c t i v i t y  
va lues  gene ra t ed  from flow n e t  a n a l y s i s  (page G3) exceed t h o s e  
ob ta ined  from t e s t  pumping (Table  8)  Th i s  i s  descr ibed.  i n  
more d e t a i l  under flow n e t  a n a l y s i s  

R e  charge  

Recharge t o  t h e  Wal l a l  Sandstone i s  t o  t h e  s o u t h  and 
s o u t h e a s t  o f  t h e  i n v e s t i g a t i o n  area where t h e  Jar le rna i  
S i l t s t o n e  p inches  o u t  (F ig .  7 ) .  Recharge i n  t h i s  r eg ion  is 
by d i r e c t  p e r c o l a t i o n  from ra in fa l . 1 ,  and probably  occur s  on ly  
as a r e s u l t  of t h e  h igh  i n t e n s i t y  f a l l s  a s s o c i a t e d  w i t h  
cyc lones ,  The area l i es  on a cyc lone  t r a c k  of r e l a t i v e l y  
h igh  frequency.  

A Leupold-Stevens A 7 1  w a t e r - l e v e l  r e c o r d e r  w i th  
pluvioineter  a t tachment  was i n s t a l l e d  on bo re  2OC. Water- level  
r eco rds  w e r e  measured from 4 t h  November, 1975 t o  3 1 s t  October ,  
1977.  N o  responses  to p o s s i b l e  r echa rge  e v e n t s ,  such as 
cyc lones  Karren and Leo were recorded .  The on ly  w a t e r - l e v e l  
f l u c t u a t i o n s  recorded  w e r e  due t o  b a r o m e t r i c  and e a r t h - t i d e  
e f f e c t s ,  which showed ampl i tudes  of up t o  2 0  mm. 

A s to rage / f low r a t i o  (Chapman, 1 9 6 3 )  can be used t o  
i n d i c a t e  t h e  response  t-.o r echa rge  i n  a conf ined  a q u i f e r .  The 
s t o r a g e / f l o w  r a t i o  i s  d e f i n e d  as:  t h e  r a t i o  of t h e  s t o r a g e  
upstvearn of any c r o s s  s e c t i o n  t o  t h e  flow through t h a t  s e c t i o n ;  

t h e  r a t i o  i s  expres sed  i n  u n i t s  of t i m e ,  u s u a l l y  y e a r s ,  
L 

T o  c a l c u l a t e  a s torage/fow r a t i o  t h e  t o t a l  a q u i f e r  volume 
upstream o f  a g iven  s e c t i o n  i s  r e q u i r e d ;  t h i s  volume i s  no t  
known f o r  t h e  southwes tern  Canning Bas in  as t h e  i n v e s t i g a t i o n  
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d i d  n o t  ex tend  f a r  enough t o  t h e  east  and s o u t h e a s t .  However, 

it i s  p o s s i b l e  t o  c a l c u l a t e  a minimum f i g u r e  which can b e  
a c c u r a t e l y  d e f i n e d  w i t h i n  t h e  p r o j e c t  area. I f  t h e  f low 
s e c t i o n  i s  taken  t o  be  a long  t h e  42  m p o t e n t i o m e t r i c  c o n t o u r ,  
and t h e  upstream l i m i t  i s  d e f i n e d  as t h e  46 m c o n t o u r ,  t h e n  
t h e  a q u i f e r  s t o r a g e  between t h e  two con tour s  carl b e  a c c u r a t e l y  
determined.  The area between t h e s e  con tour s  ( F i g .  2 0 )  i s  
5 -87  x 1 0  m , and t h e  average  a q u i f e r  thiclcness  a l o r g t h e  
44  m p o t e n t i o m e t r i c  con tour  i s  115 m. T h e r e f o r e ,  t h e  a q u i f e r  
volume is 6.75 x l 0 l o  m 
s t o r a g e  i s  t h e  p r o d u c t  of t h e  a q u i f e r  volume and t h e  s p e c i f i c  
y i e l d .  T h i s  has  been determined f o r  t h e  Wallal Sands tone  t o  
be approximately 0.28 ( see  p ,  14) + T h e r e f o r e ,  t h e  volume o f  
water i n  s t o r a g e  between t h e  42  and. 46 m p o t e n t i o m e t r i c  c o n t o u r s  

i s  1 , 8 9  x 1 0  lo m3. 
con tour  i s  t h e  p r o d u c t  of t h e  a q u i f e r  c r o s s - s e c t i o n a l  area 
and t h e  ra te  of groundwater movement. T h i s  cross s e c t i o n  has  
a l e n g t h  of  62  km and an average  a q u i f e r  t h i c k n e s s  of  1 1 4  m g  
and t h e  ra te  of  groundwater movement i s  8 m/year (page7C;). 

The re fo re ,  t h e  f low through t h e  4 2  m p o t e n t i o m e t r i c  con tour  is 
5 . 6 6  x 1 0  m / yea r .  Div id ing  t h e  f l o w  i n t o  t h e  s t o r a g e  g i v e s  
a s t o r a g e f f l o w  r a t i o  o f  330 y e a r s  f o r  t h i s  p a r t  o f  t h e  

a q u i f e r ,  I t  i s  a g a i n  s t r e s s e d  t h a t  t h i s  f i g u r e  f o r  s t o r a g e /  
f low r a t i o  i s  ve ry  much a minimum v a l u e .  

8 2  

3 The t o t a l  volume of  w a t e r  i n  

The f low through t h e  42 m p o t e n t i o m e t r i c  

7 3  

Chapman s t a t e d  t h a t  i n  a r i d  zones a s t o r a g e / f l o w  r a t i o  
g r e a t e r  t h a n  5 0  y e a r s  r e p r e s e n t s  s t e a d y  s t a t e  c o n d i t i o n s ;  
t h a t  i s ,  t h e  h y d r a u l i c  heads measured i n  b o r e h o l e s  do n o t  

nd t o  r echa rge  as t h e  e f f e c t s  of r echa rge  are dampened 
o u t .  The  s to rage / f low r a t i o  d e r i v e d  above t h e  42 m 
p o t e n t i o m e t r i c  con tour  gave a v a l u e  of  330 y e a r s .  T h i s  

minimum f i g u r e  i n d i c a t e s  t h a t  s t e a d y  s t a t e  c o n d i t i o n s  have 
been reached i n  t h e  Wallal Sandstone.  Th i s  ev idence  i s  
confirmed by t h e  hydrograph r e c o r d  from bore  2 0 C  which shows 

no response  t o  l i k e l y  r e c h a r g e  e v e n t s .  
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Sto rage  

Groundwater s t o r a g e  i i a  t h e  Wallal Sandstone i s  comprised 
of t w o  coxponentss: khe i n t e r s t i t i a l  s t o r a g e  and t h e  e l a s t i c  
s t o r a g e .  As t h e  e l a s t i c  s t o r a g e  is only a sma l l  p r o p o r t i o n  
of t h e  i n t e r s t i t i a l  s t o r a g e ,  it is t h e  l a t t e r  eorpoiient t h a t  
w i l l  be  c a l c u l a t e d  liere. 

The i n t e r s t i t i a l  s t o r a g e  i s  t h e  p roduc t  o f  t h e  a q u i f e r  
volume and t h e  s p e c j - f i c  yield. ,  To  d e r i v e  an a c c u r a t e  estimate 
of t h e  a q u i f e r  volume t h e  area betxeen a d j a c e n t  isopa-chs 
(F ig .  9 )  i s  m u l t i p l i e d  by t h e  mean t h i c k n e s s ,  and t h e  
inc remen ta l  v o l u m e s  are t h e n  s~iiwned t o  g i v e  t h e  t o t a l  vo1ume. 
Table 9 g i v e s  t h e  dzta r e q u i r e d  t o  c a l c u l a t e  t h e  vo1u1-t~ of the 
Wallal Sandstone.  The area cons ide red  i s  bounded t o  the  wesk 

by l i n e  1, to t h e  n o r t h  by t h e  I n d i a n  Ocean, t o  t h e  eas t  hy 

f.ine 5, and t o  t h e  south by t h z  2 0  m isopach and an east-vJest 

l i n e  f r o m  t h e  e a s t e r n  end of  t h e  20 m i sopach  t o  1i.ne 5. T h l s  

exclu6e.s the a r e a  over  which t h e  a q u i f e r  i s  n o t  f u l l y  
s a t u r a t e d  rand c0ndi t . j  ons  arc G.nconfined, 

._I_-- __I-- -- 
9 

I sopach  &%?an I 11 c r e m e  11 t e d 
I n  te r va l Aquifer  A r e a  

(m) T h  i. ck n e s s (1cm2 
(m) 

Voiume x LO 
3 

(In 1 
-- _” 

20-40 30  2 8 9 . 8 8  8 . 6 9 6  
40-60 5 0  2 2 5 . 1 3  11.257 

2 9 8 . 3 8  2 0 . 8 8 7  60 -80  7 0  
4 6 0 . 1 3  4 1 , 4 1 2  80-100 2 0  

1.0 0 - 12 0 110 4 8 3 ‘75 52 (I 25.3 

120-140 130  5 7 . 8 8  7.524 
140-160 1 5 0  6 2 . 8 8  9.432 

1 5 0 - 1 8 0  1 7 0  51.00 8.670 
1 8 0 - 2 0 0  19 0 4 6 . 8 8  8 . 9 0 7  

>200 210 123.50 2 5 . 9 3 5  

Totals 2 0 9 9 . 4 1  1 9 5 . 9 3 3  
-- - -- __ -- --- 

-- 
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The s p e c i f i c  y e i l d  has  p r e v i o u s l y  been e s t i m a t e d  t o  be 0 - 2 8  

from p o r o s i t y  tests (page 9 )  ; t h i s  f i g u r e  compares f avourab ly  
w i t h  t h a t  quoted  by Hazel (1973) of 0 . 2 7  € o r  a medium-grained 
sands tone .  T h e r e f o r e ,  f o r  e s t i m a t i n g  t h e  volume of groundwater  
i n  s t o r a g e  (Q,) a s p e e j - f i c  y i e l d  ( S  1 of 0.28 i s  zidopted arid 

s u b s t i t u t e d  i n  t h e  equat ion: :  
Y 

QS . =  s v 
Y 

9 3  = 0,28  x 195.933 x 10 m 

= 54.9  x 10 m 9 3  

where V i s  t h e  a q u i f e r  vol-ume. Th i s  i s  a very  l a r g e  s t o r a g e ,  

e q u i v a l e n t  t o  approximate ly  275 t i m e s  t h e  annual  water  
consumption of t h e  P e r t h  m e t r o p o l i t a n  supp ly  (based  on 1975- 
1 9 7 6  f i g u r e s ) .  However, all of  t h e  i n s t e r s t i t i a l  s t o r a g e  
cannot  be  withdrawn from t h e  a q u i f e r  due t o  many f a c t o r s ,  some 
of which are: t h e  economics of  b o r e - f i e l d  d e s i g n ,  i n c r e a s i n g  
power demand at l a r g e r  pumping l i f t s ,  and t h e  p o s s i b l e  i n d u c t i o n  
of  s a l t - w a t e r  i n t r u s i o n .  

Flow n e t  

The flow n e t  f o r  t h e  Wallal  Sandstone a q u i f e r  i s  given on 
F igure  2 0 ,  u s i n g  t h e  p o t e n t i o m e t r i c  c o n t o u r s  g iven  on F i g u r e  
17 .  A n  a n a l y s i s  of  t h e  flow n e t  has  been under taken  as a means 

of  g e n e r a t i n g  r e p r e s e n t a t i v e  hydraul ic :  c o n d u c t i v i t y  v a l u e s  
over  t h e  i n v e s t i g a t i o n  a r e a  and as a means of  i d e n t i f y i n g  a r e a s  

having h i g h  o r  low v a l u e s .  

The procedure  used f o r  t h e  flow n e t  a n a l y s i s  i n c l u d e d  
t h e  fo l lowing  s t e p s  :- 

(i) Flow channels" were c o n s t r u c t e d  ( u s i n g  1 0  km f low 
s e c t i o n s  a t  t h e  con tour  of orig5.n) such  t h a t  t hey  
exc luded  a r e a s  where t h e  a q u i f e r  becomes unconfined.  
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(ii) Nean t r a n s m i s s i v i t y  v a l u e s  w e r e  c a l c u l a t e d  f o r  each  

ce l l  from t h e  product  of a q u i f e r  t h i c k n e s s  and t h e  

m e a n  h y d r a u l i c  Conduct iv i ty  d e r i v e d  f r o m  a q u i f e r  
tests ( 2 0  m/day, Table  1 0 ) .  

(iii) The underflow f o r  each ce l l  w a s  c a l c u l a t e d ,  

(iv) The Wallal Sandstone a q u i f e r  is conf ined  and., 
t h e r e f o r e ,  there are v i r t u a l l y  no losses from, o r  
g a i n s  t o ,  the system, Each c e l l  a long  a flow 
channel  should  t r a n s m i t  t h e  same q u a n t i t y  of  
w a t e r ,  b u t ,  as can be  seen  from t h e  s i x t h  

colunm of  Table  1 0 ,  t h i s  i s  n o t  so ,  p r i n c i p a l l y  
because  of  t h e  assumption o f  a c o n s t a n t  
h y d r a u l i c  c o n d u c t i v i t y  The i n i t i a l  underflow 
v a l u e s  w e r e ,  t h e r e f o r e ,  averaged t o  d e r i v e  a 
t r u e  underflow f o r  each f low channel .  

(v)  V a l u e s  f o r  h y d r a u l i c  c o n d u c t i v i t y  f o r  each  c e l l  

w e r e  t hen  c a l c u l a t e d  from t h e  average  underf low 
f o r  each channel ,  t h e  h y d r a u l i c  g r a d i e n t  and 

flow c r o s s - s e c t i o n .  
( v i )  The c a l c u l a t e d  v a l u e s  of  h y d r a u l i c  c o n d u c t i v i t y  

w e r e  then  p l o t t e d  on t h e  area map and contoured  
( F i g .  21) , and h y d r a u l i c  c o n d u c t i v i t y  v a l u e s  
cou ld  then  be e x t r a p o l a t e d  €or each  b o r e  s i t e  
f o r  comparison w i t h  t h o s e  d e r i v e d  from a q u i f e r  

t es t s .  

Comparison o f  t h e  h y d r a u l i c  c o n d u c t i v i t y  v a l u e s  from 

flow n e t  and h y d r a u l i c  t e s t i n g  (Table  11) shows t h a t  n e a r l y  a l l  
of t h e  former v a l u e s  are l a r g e r ,  b u t  t h a t  c l o s e  agreement does I 

occur  a t  s e v e r a l  s i tes where good time-drawdown matches w e r e  
mad-e . 

The average  of t h e  h y d r a u l i c  c o n d u c t i v i t y  v a l u e s  
d e r i v e d  from t h e  flow n e t  a n a l y s i s  i s  2 6 . 1  m/day which i s  
somewhat h i g h e r  than  t h e  assumed average  v a l u e  o f  20 ,O  m/day 

based on t e s t  pumping r e s u l t s .  I t  i s  t h e r e f o r e  probable  t h a t  
t h e  sum of  t h e  average  throughflow f o r  each  of t h e  f i v e  f low 

3 6 3  channels  of  57  400  m /day o r  2 0 . 9  x 1 0  m / yea r  i s  c l o s e  t o  o r  

6 3  



TABLE 10. V?ALLAL SANDSTONE FLC'il-NXT ANAL#YSZS DATA AND RESULTS 

- 
Average 
underflow Hydraulic 
for each conductivity 
channel (m / da17) 

F 1 ow 
channel Underflow 
width (m3 / day) 

Hydlr au lk c 
gradient ('1 

t X l 0 - 4 )  

Aquifer (a) Transmissivity 
in2 / day)  C e l l "  thickness 

(m3 /$ (m) (m 1 
___I_ 

1A 

1.9 

ie 

lD 

IC 

1F 

1G 

221 

2E 

0 2C 
.Ea 

2D 

2E 

2F 

3A 

33 

3c 

33 

3E 

4A 

4R 

4c 

5A 

70 

50 

25 

20 

25 

40 

40 

87 

85 

55 

42 

45 

63 

105 

105 

85 

75 

76 

135 

7.40 

165 

160 

2. 400 

1 000 

500 

43'3 

500 

800 

800 

1 740 

1 700 

1 loo 

840 

900 

1 260 

2 10c 

2 100 

1 700 

1 500 

1 520 

2 700 

2 800 

3 300 

3 200 

3*3 

4. a 
4 . 6  

4.4 

4 .3  

3.8 

4.2 

2.9 

4, i 

4.3 

4.6 

5.0 

3.9 

2.4 

3.4 

4.3 

5.0 

5.3 

2*5 

4 - 2  

7.0 

4.3 

10 000 

10 000 

8 875 

7 375 

5 375 

4 750 

5 250 

10 300 

10 750 

8 625 

6 75G 

G 250 

5 000 

10 000 

7 750 

8 500 

8 875 

9 875 

10 000 

20 000 

27 000 

io ooe 

4 620 

4 400 

2 041 

1 235 

1 156 

1 444 

1 764 

5 045 

7 493 

4 080 

2 608 

2 813 

2 457 

5 040 

5 53'4 

6 214 

6 656 

7 955 

6 750 

23 520 

62 370 

13  760 

2 369 

. 2 389 

2 399 

2 329 

2 389 

2 389 

2 389 

4 083 

4 083 

4 0 8 3 '  

4 903 

a 083 

4 083 

6 2ao 

6 280 

6 260 

6 280 

6 280 

30 880 

30 880 

30 380 

1 3  760 

1 0 . 3  

10.9 

23.4 

36.8 

41.3 

33.1 

27.1 

16.2 

10.9 

20.0 

3i. 3 

29.0 

33.2 

24.9 

22.7 

20.2 

18.9 

15.8 

91.5 

26.3 

9.9 

20.0 

(a)' Eased on hydrxi l ic  conductivity of 20 ;;r/dday. 9 (b) Dimensionless quanti.?y. , 



t , 

32% 

4A 

6 A  

8,l 

1 . 6  

5 * 4  

27.0 

20.0 

35.0 

7A 8.5 23.0 

8A 

8R 

9 D  

1on 
26A 

1 7 A  

1913 

2 oc 
20n 

2 1 A  

2 2A 

2 3A 

2 4A 

2 5C 

Mean 

3.3 

5 . 8  

0.6 

6 . 5  

9 .7  

5.9 

3.0 

138.3 

42.9 

17.0 

15.5 

3 1 . G  

24.1 

5,4 

18.5 

13.0 

13.0 

7.0 

27.0 

20.0 

8.0 

17.0 

24.0 

2 4 - 0  

27.0 

12.0 

30.0 

80.0 

13.0 

23.3 
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3 
may s l i g h t l y  exceed  t h e  t r u e  v a l u e  of t h e  t o t a l  unde r f low,  

Hydrographs ---- 

From J u n e  u n t i l  Eovember, 1975 an A , O t t  w a t e r - l e v e l  

recorder w i t h  ba rograph  a t t a c h m e n t  was o p e r a t i n g  on b o r e  1GA. 

Between 27 th  June and 1 9 t h  September  t h e  r e c o r d e r  w a s  o p e r a t i n g  

on a seven-day c y c l e ,  and between 1 9 t h  September  and 9 t h  
November a 30-day c y c l e  was used.  The hydrographs  show no 

d i s c e r n a b l e  trenc? i n  h y d r o s t a t i c  p r e s s u r e  head  o v e r  t h e  p e r i o d  
o f  r e c o r d .  However, t h e  hydrographs  do show two p e r i o d i c  
f l u c t u a t i o n s :  a s e m i - d i u r n a l  c y c l e  and an i r r e g u l a r  f l u c t u a t i o n  
whose wave l e n g t h  v m i e s  from 4 t o  11 days ;  t h e s e  kwo f e a t u r e s  

can be r e l a t e d  t o  e a r t h - t i d e  and barorrzetric e f f e c t s  r e s p e c t i v e l y  
as d e s c r i b e d  below,  The hydrograph ,  t o g e t h e r  w i t h  d e r i v e d  

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

ocean t i d e s  i s  g i v e n  i n  F i g u r e  2 2 .  

B a m m z t r i c  e f f e c t s  -- : Whereas b a r o g r a r h  r e c o r d s  show a seni- 
I- I- - 
d i u r n a l  c y c l e  w i t h  peaks and t r o u g h s  o c c u r r i n g  a t  approx ima te ly  

t h e  same t i m e  each  day t h e  h y d r o g r a p h i c  f l u c t u a t i o n s  advance 

approx ima te ly  30 minu tes  each  day.  T h i s  means t h a t  t h e  
semi -d iu rna l  changes i n  w a t e r  l e v e l  c a n n o t  be e x p l a i n e d  by 

d i r e c t  c o r r e l a t i o n  w i t h  baromc t r i c  f l u c t u a t i o n s .  

The 4 t c  ll day p e r i o d i c i t y  i n  t h e  hydrograph  i s  
a t t r i b u t e d  t o  a barometric f l - u c t u a t i o n  of t h e  same wave l e n g t h .  
T h i s  i s  c l e a r l y  demons t r a t ed  i f  t h e  hydrograph  i s  smoothed by 
drawing an  ave rage  l i n e  th rough  t h e  s e m i - d i u r n a l  f l u c t u a t i o n s  

and comparing it t o  t h e  b a r o m e t r i c  t race.  When a barometric 
h i g h  o c c u r s  t h e  water l e v e l  is a t  a low, and v i c e  v e r s a  (e.g. 
24 th  Septemrber and 3 r d  October ;  F ig .  2 2 )  a T h e r e f o r e ,  t h e  4 

t o  11 day c y c l i c i t y  i s  due t o  changes i n  t h e  w e a t h e r  p a t t e r n .  

Barometric e f f i c i e r i c v  and storaae c o e f f i c i e n t :  The b a r o m e t r i c  

e f f i c i e n c y  of t h e  Wal fa l  Sands tone  a q u i f e r  can  be de te rmined  

from t h e  4 t o  11 day f l u c t u a t i o n s .  Ba romet r i c  e f c i c i e n c y  i s  
6 6  
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4 
a measure of  a q u i f e r  e l a s t i c i t y ,  and i s  de f ined  a s  t h e  rat . io 
of change i n  water l e v e l  i n  metres t o  t h e  change i n  ba romet r i c  

p r e s s u r e  i n  metres of  water  I hence: - 

B.E.  = dh/dp 

where E , E .  = barometr ic  e f f i c i e n c y  
dh = change i n  water l e v e l  

dp = change i n  ba romet r i c  p r e s s u r e  
i n  metres of water. 

By 'smoothing'  t h e  hydrograph and ba romet r i c  p r e s s u r e  curves  
a s s o c i a t e d  wi th  t h e  4 t o  11 day e f f e c t ,  t h e  ba romet r i c  

e f f i c i e n c y  can be c a l c u l a t e d ,  

made and t h e  ba romet r i c  e f f i c i e n c i e s  ranged from 0 . 2 9  t o  0 - 6 6 ,  

wi th  an average of 0 . 5 0 .  

Seve ra l  de t e rmina t ions  %rere 

The s t o r a g e  c o e f f i c i e n t  of t h e  a q u i f e r  can be de r ived  

from t h e  ba romet r i c  e f f i c i e n c y  (Jacob ,  1 9 4 0 )  u s i n g  t h e  

fol lowing equa t ion  : - 

s = bnpga 
B.E.  

where S = s t o r a g e  c o e f f i c i e n t  
b = a q u i f e r  t h i c k n e s s  
n = p o r o s i t y  
p = d e n s i t y  

g = a c c e l e r a t i o n  due t o  g r a v i t y  

6 = c o m p r e s s i b i l i t y  o f  water 
B . E ,  = barometr ic  e f f i c i e n c y  

and y = pg = s p e c i f i c  weight .  

The a q u i f e r  t h i c k n e s s  a t  bore  1 6 A  i s  83 m and t h e  p o r o s i t y  

determine2 from t h e  same a q u i f e r  a t  bore  2 0 A  i s  0 . 3 9  

(determined from a recompacted l a b o r a t o r y  sample) . The 

6 8  
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I= 3.3 z: 110 

The e a r t h ' s  gravity f i e l d  varies sp;iti-di-arila1 I17 a ~ d  

prec"i c t ab iy .  Corrections call be app)iied to %le eariii s g r a ~ 7 i t y  

f i e l d  miasured at a p a r t i c u l a r  place to adjust- i 'c to a ecjnsta-r t  
value. T h e  graviriietric co r rec t ions  (after '~oeguel 1 9 7 A f  f o r  

t h e  lunl-solar influence aze p lo t t cd  on F i g u r e  2 2 .  1 P  car! 5e 
seen thst when large 3 u n i - s o l a r  a t  t r a c t i o n s  occur they 
correspond c lose ly  to a f a l l  in water level ,  and small. 
a t t r a c t i o n s  result i n  a r ise  in water l ~ v c l ,  It t3ic-r-eCo~c 

seems most l ikely t h a t  t h e  majQr eFr'ects on the seii:i-diurnc;i 

na tuxe  of wate r  l e v e l s  in the Wallal Sandstol ie  a q u i f e r  are diie 

to ear th t i d e s ,  

* ?, 

Ocean  t i d e s  are re lated to lunar and t ea l e s se r  e x t e n t  
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solar g r a v i t y  f i e l d s ,  T h e  e f f e c t  of  ocean  t i d e s  was also 
c o n s i d e r e d  as a p o s s i b l e  e x p l a n a t i o n  f o r  t h e  s e m i - d i u r n a l  

f l u c t c a t i o n s ,  The ocean tides €or Port Hedland are shown on 

F i g u r e  2 2 ,  and it can'13e seen  t h a t  a high t i d e  c o r r c s p o n d s  t o  a 
low groundwater  l e v e l .  A s  2 h i g h  t i d e  s h o u l d  c o r r e s p o n d  t o  a 
high water l e v e l ,  this p r e c l u d e s  ocean t i d e s  as an e x p l a a t i o n  

of t h e  observed hydrograph 'I 

The r a t e  of groundwater  movemen'il o r  ave rage  i n t e r s  t r i t i a l  
( b u l k )  v e b c i t y  can be c a l c u l a t e d  from t h e  e q u a t i o n :  

v = - k i  
n 
- 

where v 2- inteu:,L.i..tiaL v e l ~ c i t y  (mjday) 
k = hydraul ic :  c o n d u c t i v i t y  (m/citr:7) 

i := h y d r a u l i c  g r a d i e n t  ( d i m e n s i o n l e s s )  

n = p o r o s i t y  ( d i m e n s i o n l e s s )  

The i n t e r s t i t i a l  v e l o c i t y  of water in t h e  W a L l a l  Sands tone  i s  
ca lcu2ated ;  u s i n g  a h y d r a u l i c  c o n d u c t i v i t y  of 2 0  m/day, a 
h y d r a u l i c  grc;di.cnt of 4 . 2  x LO-4 ( a v e r a g e  from Tab le  L O )  and a 

p o r o s i t y  of 0 . 3 9  (laboratory d e t e r m i n a t i o n  on recompacted 
s ludge  sample,  page 14). 

T h e r e f o r e  

v = - 20  ( 4 . 2  x 365 m/ycar 

0 . 3 9  

= - 8 m/year 
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Region a 1 f l isw s y s tc m 

F i g u r e  1 8  shows t h e  e x t e n t  of tlie Cann.ing Ba ,s in ,  arid 

shcws h y p o t h e t i c a l  flow lines i n d i c a t i n q  recharge frorrr t h . c  
c e n t r a l  b a s i n  area. d i ~ c h a n g l n g  into the l indian Gcean, T t j i s  

small-scale map s h o w s  t h e  groundwztcr fl.ow i n  the stud17 zrea is 
to the west ,  a l tho t iyh  f u r t h z r  e a t ,  f 1 . o ~  i s  t o  k h e  n o r t h ,  T h i s  

flow systein needs  r e f i l l i n g  by f u r t h e r  e x p l o r a t o r y  driliicg to 
d e f i n e  t h e  s t r a t i g r a p h y  and. p o t e n t i o m t r i c  s u r f a c e  ~ 

A t o t a l  of 30 s t a n d a r d  a n a l y s e s  were made  on sarnp1.c~ 

c o l l e c t e d  from 2 3  p r o j e c t  b o r e s ,  3 sp r ixgs  and 4 private2.y 
owned bores ,  The r e s u l t s  of t h e s e  analyses are  show i n  Table 

1 2  I together with the c a l c u l a t e d  values f a r  percentage 
r n i l l i e q u i v a l e n t s  p e r  litre sodium adsorptiiox: r a t i o n  ( s A, R. 
and chlcride/hica~~bonate r ~ i t i o  

I s c h a l  I n e s  of the c o n f i n e d  ~ ~ O U J I ~ V L : ~  ter  are s k o t ~ n  c)r'? 

F i g u r e  2 3 .  'fhc water saxr;pJe from bore 5 A  is not i n c l u d e 6  in 
ITiguse 2 3  as it was contaminate?. wii-11 d r i l l i n g  n w d ,  aad bore 
development was n o t  S U C C ~ S S  CUI. The i soha l i~ :cs  show the 

g r ~ u i z d w a t e r  s a l i n i t y  i n c r e a s i n g  from about 3 0 0  zq/b T,D,S ~ j-n 
t h e  ea s t  t o  13 7 0 0  mg/L ( p r i v a t e  GGXC) i n  the e x t r e m e  w c ~ t e ~ r i  

part of the area, T h e  sha rp  increase i n  S i i Z i r : i t y  g~adJc17t  i-n 
the west is thouc;h'i: to be doe to the dis2laeemcnt of s a l i n e  

water  by fresher r e c h a r g e  water. I t  i s  n o t  knaim w h e t h e x  t-he 

ne .i.7ater W ~ S  'Lntroduced durii-ig a hiqh Quai -er l laq  sea level  
which enc roached  i:ito the r e c h a r g e  a r e a t  ox whetlies the aqui f e r  
was p r c v i o u s i y  s u b j e c t e d  t o  another s o u r c e  of sali.ne i n i ~ u s i o n .  
Radiometric d.-ztincj af t h e  groundwater  could possibly sc j lvs  ti:is 

problem. 
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GCL N o .  (a) 20547 20546 84200 84191- 84821 8 4 8 2 2  83615 836'16 85831. 83617 21739 

C a  (me/L) 

Mg (me/L) 
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33 
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242 

9 
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12 
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47 

2 
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55 
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45 
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76 

5 
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53 

79 

45 
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64 
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<i 

76 
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1 3  

1 2  

75 

3 

82 
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60 

73 

40 
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73 
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89 

4 

Kil 

220 

1.2 3 

15 

33 

66 
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N i  1 

360 
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23 
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75 

4 

Ni 1 

165 

6% 

1s 

16 

56 
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93 

57 

32 
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N i  1 
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<l 

21 

0 , 3  
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67 

11 

67 

22 
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3.49 

7.2 

Nil 

960 
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270 

11.0 

57 

3 1  

237 

1 2  

Nil 

134 

364 

168 

<1 

19 

0.3 

18 

1 6  

66 

1 4  

64 

22 
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2.72 

7 . 0  
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2190 
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293 

67 

63  

33 

306 

11 

N i l  

8 2  

528 

1 5 2  

<l 

25 

0.2 

I 6  

1 4  

70 

7 

77 

1 6  

7 .8  

6.44 

7 .3  

Nil 

1120 

1290 

293 

67 

63 

33 
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1 0  

Nil 

82 

498 
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<1 

22 

0.2 

1 7  

1 5  

6% 

7 

75 

18 

7 .3  

6.07 

6.9 

N i l  * 

1160 

1310 

333 

55 

74 

36 

275 

11 

Nil. 

67 

546 - 
1.14 

<I - 
20 

0 .3  

0.2 

19 

1 6  

65 

6 

82 

1 2  

6 .5  

8 - 1 5  

( a )  Governnent Chemical L a b o r a t o r i e s '  sample nunbear 

(b) P e r c e n t a g e  m i l l i e q u i v a l  ents per litre 
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770 940 310 420 3 10 330 3QQ 32c 320 290 240 

770 860 340 4 70 330 3 10 290 340 360 290 26C 
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4 5 14 
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14 

44 
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26 

60 
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22 
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5 
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57 
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22 

48 
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16 

8 
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31, 
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LO 

S 
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5 
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69 

42 

1. 

17 
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3 1 :L 0 10 3 24 18 13 8 21 1ci 

91 93 75 ‘7 9 78 43 58 ‘11 83 47 7 4  

13 45 4 7 41 28 50 5 -i 44 48 57 53 

68 37 40 41 50 44 3 b 42 36 35 35 

19 18 13 18 22 6 5 14 16 4 1 2  

13.7 18.3 4.6 6.4 4.9 I” 7 2.6 4.0 6.6 1.8 3.9 

3-07 0.47 0 . 5 C  0.59 - 0.52 0.39 0-55 0.43 0-40 C , 3 3  



3. . 
>W 

1.lyadee Mouiid Anna  P1ai.ns Sand f i r e  b;4R 4 Shay G a p  Uannirigarra 
2 5C Spring S p r i n y  Bore 1 B o r e  Bore 1 Spring 

15719 - 84202 15416 1.5408 21409 84823 21410 25 405 - - ~ ~  _ _ _ ~ - - ~ ~ - - _  -- 

7.5 

> T i  1 
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52 

,117 

11 

6 

91 

5 

Ni 1 
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7 2  

36 

<1 

16 

0.62 

0.5 
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9 

80 

46 

40 

14 
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7.0 
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67 

34 
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If 
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14 

69 
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11 
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9 

68 

23 
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85 

47 

23 
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<I 
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12 

70 
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23 
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51 

39 

57 
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6 

2 
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21 

66 

6 

85 
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km * s s o o  Station bo:e and sa l i n i t y  ( m g l L )  

CSWA 17981 
Figure 74 Trilinear diagram of confined grounclwater anolyses (per cent equivulmis per million) 
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i /  

Groundwater q u a l i t y :  The conf ined  grouzidwater i s  a sodium- 

c h l o r i d e  type  w i t h  samewhat more b i c a r b o n a t e  i n  t h e  eas t  tobJajrds 

t h e  recharge  area. A t r i l i n e a r  ( P i p e r )  diagram ( F i g -  2 4 )  shows 
t h e  chenical ana lyses  fall i n t o  two fields, marked A 2nd B ,  

Field A e n c l o s e s  ana lyses  from bores and s p r i n g s  west of d r i l l  
l i n e  2 and p r i v a t e  bores  a long t h e  c o a s t  n o r t h e a s t  from t h e  
p r o j e c t  area. This f i e l d  c o n t a j  nz analyses of water d i s t a n t  

from t h e  r echa rge  area, Chlor ide  and s u l p h a t e  cxnpr i se  a 

ma jo r i ty  of  t h e  anions w i t h  b i ca rbona te  r e p r e s e n t i n g  less thaii 

1 0 %  of t h e  t o t a l  i o n s .  The ana lyses  which fall i n t o  f i e l d  B 

are t h o s e  c a s t  of  d r i l l  l i n e  2 ,  closer t o  t h e  recharge  area. 
B o r e  1 whose p o s i t i o n  i s  west of drill l i n e  2 f a l l s  i n t o  field 

, E ;  t h i s  i s  because i t  i s  l i k e l y  t o  be subject t o  sriiall amounts 

--- 

of local recharge  south  oE the Jarlemai S i l t s t o n e  subcrop, 

The flow l ine  ~ 7 h i c h  separc;tzs flow channels  1 arid 2 

on F i g j u ~ ~ :  20  pa-sscc c l o s e  t o  b o r e s 1 9 A ,  15A, 671, llA and 4A, 
A comp;?rison o f  t h e  chemical ana lyses  f o r  t h e s e  bo res  skio9m t h a t  

t h e  g:l:ou_idwatcr cort2position changes t f i  d i s t m c e  f xom t!za 
recharge  area, T h e  r e l i a h i l i  ty of  the sample analys is ";sror:1 
bore 1 5 A  I:; open to doubt ,  a s  t h e  chcrriica.l. a n a l y s i s  docs not 
shew the same t r e n d  as the o t h e r  b o r e s ,  and it has a PI; of 8 . 3  

which sugges t s  t h e  sanipI e was probably contaminated w i t h  

dsi l l i i - ig  imd* The remaining samples from bores  19A, QA, E l A  

and 4A e x h i b i t  changes i n  t h e  c a t i o n  balance of a r e l a t i v e  

i n c r e a s e  in sodium and d.ecrease i n  bo th  niagnes'ium and! calcium 
with  d i s t a n c e  t r a v e l l e d .  The anion plot shows that c h l o r i d e  

ion  c o n c e n t r a t i o n s  i n c r e a s e  down g r a d i e n t  w i th  a r e l a t i v e  

decrease  i n  b i ca rbona te  I whi le  t h e  sv lphake  concen t r a t ion  

remains approximately t h e  same 

* 

E a s t  of t h e  500  mg/L i s o h a l i n e  t h e  groundwater q u a l i t y  is 
wholly a c c e p t a b l e  f o r  dorcestic consurq2tion. However, a zone 

of h igh  n i t r a t e  i o n  c o n c e t r a t i o n  does occur  i n  an area bounded 

by t h e  Shay Gap bore f i e l d  and p r o j e c t  s i t e s  1 9  and 23. I n  

t h i s  zone t h e  n i t r a t e  concen t r a t ion  rairges from 23 t o  2G rng/L; 

t h i s  is j u s t  zhove t h e  accep tab le  1irnj.t f o r  human consuiiip-L.ion 

as de f ined  by K a r t  ( 1 9 7 4 ) .  
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* 

Gr o un dw a.t e r temp c rat u r e  -- ~ 

The mean annua l  a i r  tenperat.ure from GoLdsnorthy of 2 8 .56'3C was 
used! i n  g r a d i e n t  calculations Gradi,er?.ts varied from 2 6 t o  
4 . 5  c p e r  100 m and a v e r a g e 6  3 , s " ~  per 1 0 0  m ,  G 



100 

160 
CONDUCTIVITY - ms/m at 2.50~ 

H I G H  

SAL IN I Ti’ H A Z A R D 

Mociiiied from Davis a n d  DeWiest (1956) 
GSWA 17982 

_______ ~~ 

Figtire 25 Confined G r o u n d w a t e r ,  classtfted for potential 
1rr:gatton use 

. 
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w h o s e  s a l i . n i t y  v a r i e s  from 300-13 090 my/L (T,D,S,) I A Xarcje 

p r o p o r t i o n  of this s t o r a g e  i s  suitable f c ; r  domestic irrigation 
or  i n d u s t r i a l  use  e The main c o n t r a - i n t s  iirigmsed on devElo-,>-Tig 

t h i s  a q u i f e r  are those of r emotezess  and grccndwater quality 
f o r  a. g i v e n  use. 

I f  a p r o d u c t i o n  bore field i s  constructed. it shc.u.1-d h e  
d e s i g n e d  t o  i . n t e r c e p t  t h e  throuyhf  low by l o c a t i n g  the pro3.uc.tion 

b o r e s  p a r a l l e l  t o  t h e  potentiometric c o a t o u ~ s  Rater;  of 

a b s t r a c t i o n  froix b o r a  should be a p p r o p r i . a t e  to t h e  th.roughflow 
i n  t h e i r  v i c i n i t y  E x p l o i t a t i o n  i n  excc::;s of  the thxaughflow 

may be jus t i f i s . 53 -e  e i t h e r  as a means of postponing a I.argesf 

, c a . p i t a l  e x p e n d i t u r e  o r  as an i n t e r i m  s o l u t i o n  u n t i l  a n  
a l t e r n a t i v e  supply i s  found., 

c 

Sands tone  i s  Shay Gap tcxmsite whose annua l  a i s t x a c t $ - o n  rste 
i s  approxima%ely 1 - 2  x 10 rrt' /year; t h i s  amount is less than 6 %  

of the t h r o ~ i g h f l o w  ca l cu ia t ed  in t,he flew n e t  ana1ysi.s 
Continuous a b s t r a c t i o n  r'rou: t h e  Shay Gap borefielc? since 11.372 

6 3  

has r e s u l t e d  in a d e c l i n e  of less t h a n  2 m i n  t l w  p o t e n t i ~ x i  ic 

s u r f a c e ,  A few station b o r e s  t z p  t h i s  a.:lu.ifcr, but t h e i r  f10i.i~ 

are only smalt and would have aa i r s i g n i L i c a n t  e f f ec t  an the 
po teen t L ome t ri c s u jz f a c e a 

S P R I N G S  

Several s p r i n g s  o c c u r  on t h e  c o a s t a l  p l a i n ,  f r o 3  3 kni 

west t o  1 9  krn eas t  of Pardoo homestead (Fi9- 1 7 )  I The s p r i n g s  

form small ponds a t  t h e  s u r f a c e  which are s u r r o u n d e d  by 

v e g e t a t i o n ,  u s u a l l y  r e e d s ,  b u t  a t  some s p r i n g s  a few in t soduczd  

palm trees f l o u r i s h ,  

var ies  from 2 4  t o  26OC. 

The water  teioperaturc of -the s p r i n g s  

Two s p r i n g s  are  worthy of n o t e :  t h e y  are Myadee S p r i n g  

and a s p r i n g  at t h e  edge of  Pardoo Creek cal led Mound S p r i n g  i n  
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t h i s  r e 2 o r t .  Myadee S p r i n g  ( F i g .  17) h a s  been  known s i n c e  a b o u t  

1 8 9 0  and h7as used as a w a t e r i n g  point on a s t o c k  route fr3m t h e  

Kimberley t o  t h e  s h i p p i n g  s e t t l e m e n t  o f  Condon, close t o  t h e  

D e  Grey R i v e r  e s t u a r y ,  T h i s  s p r i n g  can now be recogni-zed from 

the Great Nor the rn  High~a17 by the l a r g e  palm t ree  which t a p s  
water from t h i s  s p r i n g ,  Fiound S p r i n g  i s  l o c a t c d  on t h e  e a s t e r n  

bank o f  Pardoo Creek 3 km west of Pardoo Homestead. I t  a c c u r s  

on t o p  of a s;naXI h i l l ,  hence  i t s  name, The s u r f a c e  area of 

- 

t h e  spring i s  only abou t  2 m 2 and  bas been dug o u t  as a w a t e r i n g  

p o i n t  for c a t t l e ,  There  i s  no e v i d e n c e  of a t r a v e r t i n e  

p r e c i p i t a t e  a round t h i s  s p r i n g  e 

AIL t h e  s p r i n g s  have  been dug o u t  as w a t e r i n g  paints for 
stock. They d o  n o t  have  f l o w i n g  d i s c h a r g e s  a t  t h e  s u r f a c e ;  t h e  

o n l y  d i s c h a r g e s  are by e v a p o t r a n s p i r a t i o n  and t h e  consui-cpizion 

of w a t e r  by s t o c k .  The s p r i n g s  o r i g i n a t e  from minor l e a k a g e s  

f r o m  the WaLlal Sands tone  c o n f i n e d  a q u i f e r  t h rough  t h e  Jarlemai 

S i L t s t m e ,  Chemical a n a l y s e s  o f  s p r i n g  waters (Tab le  1.2) show 

t h e  i o n i c  composition t o  be  similar t o  that of  t h e  corifined. 

a q u i f e r  L u t  d . i s s i m . i h a r  t o  t h a t  of t h e  unconf ined  a q u i f e ~ c  

L 

CONCLUSIONS 
- 

The s t r a t i g r a p h i c  sequence  in the w e s t e r n  p a r t  of t h e  

Canning Bas in  h a s  been e l u c i d a t e d  and an unnamed c l a y s t o n e  u n i t  

of Mesozoic age h a s  been d i s c o v e r e d ,  The w e s t e r n  l i m i t  of t h e  

Permian s u b c r o p  i s  now known, 

The ma jo r  a q u i f e r s  i n  t h e  area have  been e x p l o r e d ,  These 

are t h e  Wallal and Broorne Sandstones,  The Wallal Sands tone  h a s  

t h e  g r e a t e r  volume o f  groundwater  i n  s t o r a g e  2nd i n  g e n e r a l  

t h i s  i s  of b e t t e r  q u a l i t y  t h a n  t h a t  o f  t h e  Broome Sands tone .  

The e x t e n t  of t h e  Wa1la.l Sands tone  h a s  n o t  been f u l l y  

d e t e r m i n e d ,  b u t  i t  i s  known t o  o c c u r  f r o m  De Grey S t a t i o n  t o  a t  
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