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SUMMARY
Perched and serni-confined groundwater tables were

studied in two experinental catchrnents by neans of bores.
Perched groundwater  tab les responded quick ly  to  ra infa1l ,
reached nax irnun levels in winter (July - September) , and
were rnostly dry in surnmer and autunn (Novernber - May) ,
The responses of the semi-confined aquifers to rainfall
were smaller and more gradual: rnaximum 1eve1s were
observed between October and December. and rninina rn
Apr i1.  Wi th one except ion,  the deep bores e i ther
conta ined water  a l l  year  or  were a lways dry.  Where a
shal low and deep bore were adjacent ,  the re lat ive Levcls
of  the two groundwater  tab les d i f fered considerably ,

The e lect r ica l  conduct iv i t ies (EC) of  water  samples
col lected before and af ter  agi ta t j -ng the water  co lum]
were not  s ign i f icant ly  d i f ferent .  The groundwaters
form a conrplex pattern, Often the EC values of bores
c lose to each other  were s igni f icant ly  d i f ferent .  In
some cases,  considerable wi th in-bore charges were
observed.  The base f low EC values of  the st reans which
drain these Catchments were lower than the EC values of
the perched and seni -conf ined grormdwater  tab l .es.



INTRODUCTION

In the eastern poltion of the Helena
Catchnent, there are large areas of LaJld
suitable for heavy firewood- cutting
operations and the establishnent of pine
plantations. However, before undertaking
either prograrnne, the possible effects of
these changes in land use on salt and
water vield of the streatns need to be
assessed (Bat ini  et  al , ,  1977),

O PERTH

AN'LE

Two Catchnents, (Hutt and ltlellbucket),
each of about 500 ha, in cutover forest
22 kn east of l',tundaring Weir (Figure I )
were napped for soil and site-vegetation
types, according to the systen of Havel
(1975) .  Rainfal1,  sal t fa l l ,  streamflow
and saltflow are currently being neasured.
In addition, a drilJ.ing prog".unne in 1975
yielded data on the salt content of 17
soil profiles within these Catchnents
(Bat ini  et  al  , ,  1976) ,

NORIHAM.
tl

a
FREI1

o
ffi

S C A L E

FIGURE 1: Location of experinental Catchnents
in relation to the Helena Catchxnent and to
the capi ta l  c i ty  (Per th) .
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Since the salinity of groundwater
and fluctuations in water level of the
groundwater table are inportant to the
understanding of salt accunulation ard
sal t f1ow, several  bores were instal led
to nonitor- these factors.  This paper
discusses the resul ts of  the f i rst  12
months t observations,

TABTE
. Location and description

METHOD

The locations of bore hoLes were
sclected on the basis of  s i te-vegetat ion
type" with a greater proportion of holes
drilled in the lower topographic
posi t ions $,here.the ef fects of  land use
changes are l ikely to be greatest.
Eighteen deep (>3 n) (Table 1) and 12
sha l l ow  (<5  n )  bo res  were  d r i l l ed .

1

of deep bore hol es

H o l e
n o .

W1
w2

Topographi c
si tuat ion

Dorninant txee sDecies S i  t e
t

l{l3

w4

t1I5

t 4 l 1 * i  A U 8 i 1 7

I
.  . 3  AV825  8

H l 4

AT8057
AT8064

AU8093 "

AU8099

A U 8 r 5 9 ,

AT8059

AT809 4

Av8227

AV821 4

4W8299

Y
J

J

MlG

J

J

M/c

F/J

, Y

F/J

H

H/G

Hlc

Hlc

I
Wo AT8152

l,ll8*

W9

H15 AV8255

H l 6

H l 8

H t 9 *  A V 8 3 5 4

H20* AV8 540

Az1* nwe 199

H22*  AV8294

*  n o  s h a l l o w  b o r e  d r i l l e d



The deep bores were dr . i l led wi th a
Gencodri 1 Hl3 mounted on a Bedford Truck,
and f i t ted wi th hol low f l ight  augers,
wi re- l ine,  sp l i t -barre l  and pres s -  shoe.
Where possib le,  dr i l l ing cont inued to
bedrock. In each holc a length of 48 rnn
internal  d ianeter  PVC pip ing wi th s l i ts
below the groundwater table (or for a
nin imum of  6 n)  was insta l led,  Between
the p ipe and the wal l  the hole was
backf i l led wi th coarse sand to about  I  n
above the s l i t ted sect ion,  a cement  grout
wa:; added, and the renainder was
backf i l l .ed w- i th  dr i l l ing spoi l .  Above
ground thc pipe r,ras capped and protected
wi th n length of  asbestos p ipe.

Shal low bores were dr i l led us ing a
hand auger 55 nn in dianeter. Most of the
holes were 3 n deep but  in  two instances
(W2 and W9) i t  was not  possib le to
penetrate beyond 1.5 m,  On seyera l  rocky,
l a t e r i t i c  o r  g r a v e l l y  s i t e s  ( } l l 8 ,  l v l  l ,  H l 9 ,
H20,  H21,  I l22J shal low bores were not
attempted. A length of 48 rnn internal
d ianeter  PVC pip ing wi th s l i ts  throughout
was . insta l led in  each hole.  The space
between the p ipe and the hole wal  I  was
backfilled with coarse sand and a cenent
grout was added at the soil surface,
Above grorurd the pipe was capped and
protectcd wi th ar  asbestos p ipe.

Depth to the groundwater  tab le was
recorded weekly  for  shal low bores and
nonth ly  for  deep bores,  us ing a weighted
tape neasure. WeekLy neasurenrents z).t two
deep bores showed that the changes in

level. were gradual, and that nonthly sanpling
was adequate. After each neasurenent, the
colunn of water was agitated, and a 200 rnl
sample col lected for  test ing us ing a
bai ler ,  E lect i ica l  conduct iv i ty  (EC) of
each sample was neasured using a phillips
Measuring Bridge and a flow-through
conduct iv i ty  ce l l  (Hatch,  ' l  

976) .  Standard
potass iun chlor ide (0.01 M) was used as a
reference, and all values were neasured at
or corrected to a standard tenperature of
25oC. Tota l  d issolved sol ids (TDS) was
est imated f rom the regress ion:

- 3 6 . 5 1 5  +  0 . 7 0 5 X
TDS (ng .  r -11
E C  ( ! $ . g n - l I

0n severa l  occasions sanDles were
col lected at  the groundwater  tab le wi thout
agitating the water colunn. The EC values
of these samples were cornpared with those
obta ined af ter  agi ta t ing the water  co lunn.

,  A 200 ml  szunple was col lected weekly
fron each of the two streans which drain
these Catchments.  Sarnples were col lected
just  below the gauging weirs  insta l led by
the Publ ic  Works Department ,  and st reamf lows
were neasured at each date of collection by
reading the staf f  gauges.  EC values of  these
samples were measured as described above.

RESUT,TS

Depth to groundwater table

Data for the 12 nonths are presented in
Tables 2 and 5,

where Y =
a n d X =

1'ABLfi :

Reduced levels  ( rn)  of  gro l r ldwater  tab les in  deep and shal low bores in  Wel lbucket  Catchrnent

Bore
n o .

bores Shal low bores
June
1 9 7 5

S e p t .
1 9 7 5

D e c .
197 5

March
1 9 7 6

Jun Sept .
1 975

D e c .
1 9 7 5

Marc'197 6
W I
w2
t{3
l1I4
W5
lir6
W8
W9
WI 1

? .49 .03
2 5 0 . 6 l
2 5 4 . 9 5

dry
258 .  84
2 6 2  . 0 6
249  ,18
250 .20

dry

249  .06
250  ,56

dry
258  .92
2 6  2  . 1 4
249  .55
2 5 0 . 4 5

dry

2 4 9  . 0 7
250  .57
255 .64

dry
2 s 8 , 9 9
2 6 2  , 0 6
249  .48
250 .77

dry

2 4 9  . 1 4
250 .66
2 5 5  . 1 2

dry
2 5 8 . 9 3
2 6 2 , 2 s '
249 ,23
250 ,  s0

260 ,82
265  ,41

dry
dry
dry
dry
N .  A .

256 ,71
N .  A ,

263
264
260
283

9 1

02
74
64
80
A

2 8
A

270
281

N
2 5 0

N

dry

dry
dry
dry
dry
N , A .
dt:y
N . A .

dry
dry
dry
d"y
dry
N .  A .
dry
N .  A .

N . A .  -  d a t a  n o t  a v a i l a b l e



TAB LE 3

Reduced levels (n) of groundwater tables in deep and shallow bores in Hutt Catchnent

Bore
no ,

Deep bores Shallow bores
June
197 5

Sept .
1975

Dec.
1 9 7 5

March
197 6

June
1975

Sept .
1 9 7 5

Dec .
I  975

March
1976

H l  3
H l 4
H 1 5
H l 6
H l 8
H l 9
H20
H2'l
H22

2 7 6 . 9 7
l - , ,

2 7 9  . 9 9
2 6 5 .  |  6
286.54

dry
dry
dry

277  .42
dry

281 .29
265 .06
287  .88

dry
dry
dry
dry

277  .47
dry

281 .44
265.41
288. 09

dry
dry
dry
dry

2 7 7 . 2 4
dry

280, 55
265.43
287.63

dry
dry
dry

dry
280.49

dry
dry
N . A .
N .  A .
N , A .
N .  A .

284 .27
27  3  .08
2 8 2  . 7  4
277 .34

dry
N . A .
N . A .
N .  A .
N .  A .

dry
dry

282 .19
2 7 4 . 8 6
dry
N . A .
N . A .
N . A .
N .  A .

dry

2 8 1  .  5 9
dry
dry
N , A .
N . A .
N .  A .
N .  A .

N.A.  -  data not  avai lab le

ShaLLot': bores - The perched groundwater
table of the shallow bores shored a greater
variation in height and a nore rapid
response to rainfall than the seni-confined
aquifer of the deep bores. In a nunber of
holes the grormdwater table was either at
or very near the soil surface during winter
(July to Septenber) (Figures 3 and 4). From
late october, the depth to the groundwater
table increased rapidly so that nost of the
bores were dry by early Decenber. One bore,
Hl8,  in  deep sand on a saddle,  was dry a l l
year round. In contrast, Hls, also on deep
sand but on a lower slope, contained water
at each sanpling date.

Deep bores - In the deeper bores the
variations in the serni-confined groundwater
table had a maxinr.m range of 1.80 n
(Figure 3). Depths to the g"oundwater
table were at a ninimln from october to
Decenber, after the winter rains. Maxinun
depths were observed in April (autumt),,
With the exception of W4, where only one

reading was possible, the remaining bores
either contained water all yea! round or
were always dry.

AQjaeent d.eep otd. alnlla't boree - "l.n aIl
cases whete a deep and a shallow bore were
adj acent, there was a considerable
difference between the two groundwater
levels. In an extreme case, Hl4, the deep
bore rernained dry all year whereas in the
shallow bore water rose to within 0.27 n
of the soil surface. Further examples of
this difference are shown in Tables 2 and
3, and in Figures 5 and 4, The data
indicate perched and seni- confined
aquifers within the test Catchnents; they
also suggest that the grout seals prevented
substantial leakage fron one zone to the
other.

Conduct iv i ty

Results are shown in Tables 4 and 5,
and in Figure 2.

TABLE 4

Maxinun, nininum and mean conductivity of water fron deep
and shallow bores in Wellbucket Catchnent

Bore
n o .

Deep bores Shallow bores

Maximrn Mininum Range Mean Maximm Minimum Range Mean

lll1
w2
l{3
W4
W5
I{6
W8
W9
w l 1

2650
37 32
4 2 1
329
439
/ o l

1 7 1 8
8 9 1
dry

Z  J 5 J

3098
317
329
5 1 8
690

I t t z

826
dry

295
634
1 0 4
ni l.+
121
7 1

1 4 6
6 5
dry

247 5
5488

371
329
550

1640
65: '

dry

5860
278
s93
248
235
261
N .  A .
960
N .  A .

1231
94
9 1

1 5 6
l r 6
91

N .  A .
5 5 1
N .  A .

4629
184
502
92

l l 9
170
N . A .
409
N.  A .

2990
I J J
'I 90
206
1 4 8
125
N .  A ,
730
N .  A .

+ one reading only



TABLE 5

Maxinun, nininun and nean conductivity of water fron deep
and shaLlow bores in Hutt Catchnent

Bore
no.

Deep bores ShaLlow bores
Ma-x inun Mininun Range Mean Maxirnr-rm Min irrun Range Mean

H l 3
H l 4
H 1 5
H l 6
H t 8
H r 9
H20
H21
H22

2680
dry
467

4088
555
dry

z J z

3643

l . . ,

dry

2428
dry
J 4 5

445
223
dry
dry
dry
dry

'147  3
dry
z 6 J

3832
467
dry
dry
dry
dry

2427
598
478
946
dry
N .  A .
N .  A .
N . A .
N .  A .

9 ' t 7
31  l
69

125.
dry
N . A
N . A
N . A
N . A

1 5 1 0
287
409
821
dry
N . A
N . A
N . A
N . A

1 5 0 8
4' t8
z J 6
7 ) A

dry
N.  A .
N . A .
N .  A .
N .  A .

N.A.  -  data not  avai i .ab le

Sha.LLoa boy.es - Considerable differences
in naxina (range 5625 ,t-rs.cn-l), ninirna
(range 1162 lS.cn- l ) ,  and mean values
(range 2865 r:S,cm-l) occurred between
sites. Often bores close to each other
(Wl and W2, H13 and H15) had very
different EC values. Three bores (H13,
H16, WlJ had a within-bore ranqe
exceeding 750.r :S'cm-l ;  the higiest  range
was 4629,uS.cm-|  for Wl.  The naxina for
nost bores occurred towards the beginning
(Ju1y-August) and end (Novenber-De-entier)
of the winter cycle: the ninima for nost
bores occurred during August-Septenber.
The differences in HC between shallow
bores were highly s igni f icant (p>0.001)
whereas the differences between salnpling
dates were not significant. The 

-

interaction (bores x dates) could not be
analysed since i.t is the earor tern.

Deep boz,es - Within the semi-confined
groundwater tablesr there were also
considerable differences in EC values.
Between-si te var iat ions were J759 erS.cn-1
lnaximg), 5521 ;rS.crn-l (minima) and 3549

,uS,crn- l  (mean values).  Again,  bores closE
to each other (W2 and W3, H15 and Hl6)
had very different EC vaLues. With the
except ion of  H]3 (2428,uS.m-1),  the
within-bore v4riations were not great
( .750,us.cn- l ) .  There was no consistent
rel.ationship between tine of year and
ninirnuqn or naxirm-un EC values. However,
nost of the ninina were recorded between
July and Novenber (winter-spring) and
rnaxina weae more conmon during December
to February (sunner), I?re differences
between bores were highLy significant
(p>0.001) whereas the di f ferences between
sanpling dates were not significant. The
interaction (bores x dates) cou1d not be

aaalysed since it is the error tern.

AQjacent deep and. shal'Lou boz,es - V{inere
a perched and seni-confined groundwater
table could be compared, the EC values in
the semi-confined grormdwater table were
slightly higher (with Wl the only
exceptlon). In nost cases, the EC values
between the two aquifers r"rere not sreatly
di f ferent (< 750 .uS.cn-1;.  HowevJr,  for
H16 and W2, the serni-confined groundwater
tables had conside:cably higher EC values
(3508 and 3355 rS.cm-1 respect ively).

Conparisons of adj acent deep and shall"ow
bores were possible on five sep-arate
occasions between July and Decernber.
Analysis of variance showed a sinil.ar
patterar for both Cat chments : the
inte"actions growdwater table x bores
were highly s igni f icant (p>0.001),  and
the main effects groundwater tables and
bores were also highly significant. The
differences between sanpling dates were
not significant. The data show that the
EC vaLues for deep and shallow groudwateLs
were silriLar, except for W2 and Hl6 where
the EC values of the deep groundwaters
were significantly greater than those of
the shalLow gromdwaters .

Iopognaphy - Figure 2 shows the spatial
distribution of the bores, and the nean
EC of the perched and seni-confined
grormdwater tables at each site. The
higher.EC values were generally found in
the lower topographic positions tovards
the nouths of the Catchnents,. Most of
the bores in the higher topographic
positions were dry, though sone were
drilled to bedrock and others were nore
than 20 n deep.

6
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w2SaLt acanmulation - F igutes 3 and 4 show
that salt accunulation in the soil
occurred either in the zone between the
two groundwater tables (Wl ,  l !8,  H13'  H16)
or in those profiles which were dry
( l { l 1 ,  H l4 ,  H l9 ,  H20 ,  H21  ,  H22) .  Where
sal t  had accunulated in the soi l  prof i le '
the salt content of the deePer
groundwater tables were either xnarginal
izso to 15oo ,r . rs.cm-1) or brackish
( >1500 ,uS.cn- l ) .  Where there was l i t t1e
sal t  accumulat ion in the prof i le (W3' W4'
W5, Hl5,  Hl8) the groundwater tables
"ere gen"ral iy f reih (<750 ,r-rs 'cn-1) Yi th
the except ion of  bores W9 (859 !S'cn- ' )
and W2 (3488 tS'cn- '1 .

Matched sanrplee - Analysis of data fron
conpared deep bote sanples (n = 33) show
that the EC values of the grormdwater
table samples were marginally lower than
those where the water coLunn had been
agitated. The observed mean difference
"nd its standard error were 24 ! 10
,uS,cn- l ,  a nean di f ference of 1.5e" betweel
the two techniques (P < 0.05) .

Groundwater end stream sal in i tY

Streamflow in the Hutt and Wellbucket
Catchnents comnenced in late June and
continued until early Novenber. Both
streans yielded water of Low EC' The
observed raJrges were 75 ,uS 'crn- l
(Wel lbucket)  and 285 rS'cn- l  (Hutt)  '
F low-weighted EC values were 160 lS'cn- l
and 230,uS.cn- l  and base f low EC values
were calcul .ated as 180,uS'crn- l  and 370
rrS. cn- 1 respect ively,

? , 0
When the base flow values were conpare"J.)

with average EC values of  the deep bores,
the base flow EC values r.rtderest imated 7o
these by factors 4 (Wel lbucket)  and 7 3 u
(Hutt) .  When the average EC values of
the shallow bores was used as the
criterion for cohparison, the
underest inates were 1.5 and 3'5.  za

DISCUSSION

In two experimental catchnents which
yielded fresh water with only snall
variation in EC values throughout the
year, there were considetable variations
in the sal t  content  of  so i l  prof i les,  and
in the EC values of perched and seni-
confined groundwater tables. Soi 1
sal in i t ies ranged between 14 000 and
813 000 kg.ha- l ,  and aPPeared to be
re lated to s i te-vegetat ion type;  the soi l
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salinities of boaes l.ess than 300 rn apart
var ied by a factor 40 (Bat ini  et  a1.. ,-1976), 

The EC values of grormifri?tEr in
bores less than 500 n apart varied by a
factor 9 (serni - confined) and 22 lpercfreal "
In sorne cases within-bore EC variitions
of eightfold (perched) and tenfold
(seni-confined) occurred, In tr,ro cases,
the EC of the serni-confined aquifers
exceeded those of the perched groundwaters
by factors of t2 and 19. The EC values
of perched and semi-confined aquifers
usually reflected the salt storage within
the profile, but sone exceptions were
noted. There was no subsiantial storage
of salt in the soil below the Dosition
of the seni-confined groundwat-er table.

Little surface runoff was observed on
most site-t)?es, even during sustained,
heavy rainfall. Surface fLows were
observed only in the sh'anp areas, in the
lower topographic positions adjacent to
the streans, and fron exposed rocks. The
bul"k of the water rDovernent to the streans
occurred through the soil systen.

The groundwater lies in two zones: the
perched water tables (above the Lateritic
hardpan or inperneable clays which
predoninate in the subsoil) and the
seni-confined groundwater tables (at depths
ranging fron 5 to Z0 m below soil surfaie).
The fonner responded rapidly to rainfall
whereas the responses in the latter were
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TSS
c 0 .2

H 1 6

0.1 0.6

CONCLUSION

The data suggest that the groundwater
is not rmiforn throughout the two
Catchnents, but exists in pockets. The
higher l.alues for EC were usually found
in the lower topographic positions near
the nouths of the Catchxnents. At the tine
of testing, the EC values of the stTeam
water were lower than those of the
arnrrn;lur o + o+

Probl-ens in forest nanagernent could
occur in these areas. Firstly, the
drill-ing data indicated that there were
considerabl-e reserves of salt in sone
profiles and secondly, groundwaters with
high EC values were present in certain
parts of the Catchrnents.
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delayed and Less pronounced. At)?ical
nesponses to rainfalL observed in the
shal low bores Hl8 and H15 can be
explained by their soil tYPe (deep
sands) and topographic Positions
(saddLe and lower s lope respect ively).
H14 is the only deeP bore which is in
a 1ow topographic position and is dry;
this bore may be on a granite done
which is higher than the level of the
groundwater table in that area.
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