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ABSTRACT

The possible hydrogeclogical iwpact of a diversion
structure to transport saline water from the Tone River to
the Frankland River has been investigsted, tog?thhr with a
preliminary study of the engineering geology aspects asso-
ciated with its design. A brief study of geolegical condi-
tions likely‘to influence the design of a diversion structure
Tfrom the Kent River has also been made.

The likely effects of three hypothetical conveyance
systems - open channel, sealed channel and pipeline, have
been discussed. At this stage of the investigation it appears
that, in terms of the hydrogeological requirements, a sealed
channel or pipeline are the most suitable methods for trans-
porting saline water across wet land country.

A more detailed study is recommended, including drilling
and seismic traverses to investigate the hydrogeology and
subsurface sediments ¢f ithe area,

INTRCDUCTION

Clearing control legisiation imposed upon the Warren and
Eent Rivers Water Reserves has led toc the proposal that saliné
headwaters from the Tone and Kent Rivers be diverted to the
Frankland River.

The Public Works Department expects that the works will
congist of some form of diversion structure end conveyance
system, either a pipeline or channel. The Geological Survey

was reguested to undertake an engineering and hydrogeological

appraisal of the region, and to provide assistance with drawing
up the terms of reference for an envirommental and social
investigation, which may be required during the later phases

of the project, : ’




PREVICUS WORK

Application for a coal mining lease for the purpose of
peat mining by Cladium Mining Pty Ltd prompted an investigation
of the water quality in the Lake Muir area (Hydrogeology Rept
2003). Since 4pril 1977, water samples were collected at three
monthly intervals frem Byenup, Toordit-Gurrup and Poorginup
Lagoons. - In order to calculate salt storage in these lagoons,
staff gauges were installed in March 1978 and a bathymetric
survey is ongoing.

Calculation of salt storage (Na Cl) for Toordit Gurrup
and Byenup Lagoons for the period 16,1,79, to 17.1.80. (Fig. 6)
suggests that sslt sitorage was iucreasing in both lagoons uatil
December 1979. waever, the storage values obtained for
January 1980 are less than those of the previous January,
“Since the record only covers a twelve month period, it is
impossible, at the present time, to make a meaningful comment
on the trend of salt storage in these lagoons.

As part 6f the Saline River Diversion Study, a bore
census was carried out towards the end of 1979 and early 1980,
This involved visiting farming properties throughout the area

- to obtain details of bores and wells located on the properties.

Water samples were tested for total dissolved solids {TD8)
using a Philiips pertable conductivity meter, FW 9504/00, and
as a check on field salinity measurements, selected samples
were submitted to the Government Chemical Laboratories for
analysis. VWhere possible, water from lakes and swamps through-
out the area was tested. Where dams intersected groundwater,
samples were also collected. However, in many cases, the
relationship between the dam and the surrounding groundwater
was not always certain, Other field work carried out included
an orientation survey and monitoring of the existing staff
gauges. ' ‘ -




GERERLL, DESCRIFTION

. The study area is located 60 km east of Manjimup, and
covers an area of approximately 1600 kmz {(Fig. 1).‘ The climate
of the region is Mediterranean, with an averageianﬁual rainfall
ranging from 4900 mm in the south to 600 mm in the north,
Evaporation from the area is in excess of 1000 mn/yr.

The general land surface slopes gently to the south.
Maximum elevation in the north is 300 m, while in the south,
elevations rarely exceed 225 m. The study area can be sub-
divided into two broad physiographical units; the undulating
plains of the central zone, and the flanking incised country
(Fig. 2). With the exception of the Noobijup Lake, the lake
and swamp system is contained within the first physiographical
unit. However, minor swamps and seeps occur within the second
unit.

-

Jarrah forest borders much of the country to the south

- and west of the area, This vegetation type grades inte Jarrah

.reserves and isolated uncleared blocks; the farmland extends

low forest, Marri Wandoo woodland and Paperbark woodland toward
the east. Much of the remaining area has been cleared for
agricultural purpeses, mainly grazing of cattle and sheep, and
dryland cropping. Pockets of natural vegetation occur within
the central zone, particularly on steeper slopes and areas
subject to inundation. With the exception of conservation

to the eastern boundary of the study area.
GEQLOGY
Precambrian granite, granitic 'gneiss and migmatite of
the Albany~Frazer Province represent the basement material
underlying the sﬁudy area. Outcrops of these rocks are con-

fined to the incised valleys of the drainage system.

Mapping of the Cainozoic deposits was carried out by the é
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‘Geological Survey as part of the Pemberton 1:250 C00 geology

sheet compilation {(Wilde, in press) (Fig. 3, 1-4).

Deposits of conglomerate, sand and clay (Tg) of possible
alluvial origin, occur in isclated pockets througﬁout the
area, The more important of these sediments occur alohg the
Tone River, and in a fairly extensive deposit about 1 Km east
of Poorginup swamp. Although the subsubface extent of this
unit is unknown, these deposits msy be quite thick, (Wilde,
pers., comm., 1980), and may play an important role in the
hydrogeology_of the area.

Laterite {Czl)} occurs throughout the area as isolated
inliers and as a capping for the hiils and ridges. The
profiles associated with this unilt can be expected to conform
with laterites found throughout the Darling Range. North of

‘Rocky Gully, the laterite profile may be as much as 60 m

thick. However, south of Lake Muir, the laterite forms a
thin veneer over fresh granite, with little or no clays or
grits (Wilde, pers. comm., 1980}, 1In places, the laterite "
may be overlain by a veneer of {eolian?) sand (Czs) derived
from the ancient drainages -channels. These sands'may grade
into celluvial sand or alluvium.

Sandy alluvium {Cza) and a slightly higher lateritized '
surface (Czat) occupy much of the broad irregular valleys
within the study area. The laterite terrace forms a capping
over sand, and both Cza anhd Czat have been considered as one
hydrogeological unit. The valleys may be traversed by low
dunes, and may represent an earlier Tertiary drainage system,

Colluvial deposits (Qrc) and sandy colluvium {Qres),
derived from reworked PTertiary sand, tend to cccur as valley
infill deposits. S8wemp and lacustrine deposits (Grw) are
§SSOciated with the present drainage system. FRecent alluvial
material (Qra) occupies the modern drainage systems,
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HYDROGEOLOY
DESCRIPTION

The hydrogeology of the area has been assesséd using
salinity data collected from the swamps and lzkes of the area,
and by appraisal of 1:20 000 topographic maps contoured at
5 m intervals, A bore census was carried out toward the end
of 1979 and in early 198C. However, the wells located were
concentrated along the Tone and Frankland Rivers and in an
area around Rocky Gully. Hence the date collected cannot
be considered as representative of the hydrogeology over the
whole area.

The lakes and swamps throughout the area represent the
shallow unconfined water table. Staff gauges have been

" installed and levelled on the larger and mere permanent water

beodies by officers of the PWD {(Fig. &). Data collected from
these ‘sites are contained in Table 1. In general, the shallow
water table follows the topography of the area. It should be
noted that some of the swamps and lakes are located on the
surface water divides.

The topography of the aresa suggests that the country

‘between the Tone and Frankland Rivers represents an enclosed

basin, However, because of léw relief in some areas, and the
nature of the sediments, it is likely that drainage from the
area occurs via underground flow. Areas where underground

flow from the basin may be occurring are delineated on Figure

&, Cross secticns through the two main lake systems, Lake

Muir (AA') and Lake Unicup (BB‘), have been constructed (Fig. 5).
Probable water table levels have been indicated., It should be
noted that the subsurface distribution of sediments is poorly
known, and the indicated water table may be altered &s more
information becomes available.



Salinity data collected during the bore census have been
used as a gulde to groundwater flow directions, with the
direction of flow being toward the increasing salinity.
Several factors influence the distribution of salinity in
wetland country. In this case, the more important factors
appeaﬁ to be the size of individual catchments, and the
nature of the vegetation contained within those catchments.
The size of catchment will determine the volumeof surface
water entering a lake, and hence the guantity of salt
added to thelake. Subsequent evapcration from the water
surface, and concentration of salts, will be determined by

the surface extent of the water bedy. Where vegeiated areas

exist around a catchment, the groundwater tends to be fresher
than that found in cleared catchments. This 1s a reflection
of the trend found within catchments throughout the Darling

Range.

DISCUSSION

The salinity data suggest that the Lake Unicup system-
and the Lake Muir system is unconnected, ¥vidence for this
is the low salinity (4100 mg/L) measured at Buranganup swamp,
which lies between the two systems. The maximum salinity in
the Lake Unicup system was 26 000 mg/L, while on the Lake
Muir system, maximum salinity was 6900 mg/L (Fig. 4, Table 2).
The southerly slope of the surface precludes the suggestion
that groundwater flow is northwards. However, Buranganup
swamp is contained within forest country, and this may account
for the lower salinities, Groundwater +to the east or below
this swamp may be found to be zaline,

Two bores located west of the Lake Unicup system had
salinities of 270 mg/L and 340 mg/L respectively. This suggests
that saline water from the lakes may be contained within a
deeper aquifer in this area. An alternate suggestion is that
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Jbeds beneath the lake act as an squiclude, and the lske
represents a sump for the Lake Unicup drainapge systein.

A similar situation to this may occur feor the Lake Muir
system., The low salinity (2200 mg/L} water measured in Lake
Muir during the census is thought to be caused by a recent
draining of Red Lake and Cowerup swamnp rather than by the
persistence of a relatively fresh water body in Lake Mulr,
In the southwest corner of Lake Muir, a swamp cccuplies the
divide between the lake and the Deep River drainage system.
Ags the salinity of thisswamp is low (400 mg/L}, this may
represent a perched water table and deeper underground flow
may be entering the Deep Hiver drainage system.

To the east éf Poorginup swémp, a large body of Tertiary
alluvium (Tg)} exists. Depending upon the nature and disiri-
bution of these sediments, drainsge to the Frankland River
from the Lake Muir system may be occurring via this unit,

-

Between the Kent and Frankland Rivers, groundwater
salinities ranged from 330 mg/l. and 9700 mg/L. However,
there appears to be no systematic varieties of salinity with
bore depth or position in the landscape., It is sugpested
that this variation is the result of land clearing and
salinization of the water table in isolated areas.

HYDROGREOLOGICAL EFFECTS OF CONVEYANCE SYSTEMS

If clearing restrictions were 1lifted in areas upsiream
of a diversion structure on the Tone River, the maximum
predicted salinity of diversion water would be 20 000-25 000 mg/L
{Loh pers. comm. 1980). The duration of flow for this salinity
level is expected to be 1-2 weeks.. Although the predicted
stream salinities are less than the maximum measured salinity
in the study area, they are in excess of most groundwater
salinities as indicated by lake and swamp samples.




In order to discuss the effect of various types of
conveyance structures, two hypothelical situaticns must be
considered. The first is one where a drailn is constructed
above the water table, and the second considers a drain
which penetrates below the water table (Fig; 7, 8).

Case 1.1 Unsealed drain above the water table

Because of the nature of the sediments in the ares,
especially the wore flat lying country, an unsealed drain
can be assumed to lose a proportion of its water over a
traverse. Because of the high salinity of the discharge
water, this would be unacceptable.

P
‘

A second influence this type of structure may have is

to cause a rise in the water table arcund the drain. This
would subject larger areas to evaporation and secondary

salinization, and may alsc induce a greater-flow of ground-
water into the Tone River below the diversion structure.
Hence Case 1.7 is undesirable in hydrogeological terms as
it may tend to defeat the purpose of the exercise.

Case 1.2 Unsealed drain penetrating below the water table

Although som¢ saline dispersion from the drain may occur
in this situation, if adequate gradients are maintained along
the drain, it is unlikély that serious deterioration of the
surrounding groundwater will occur.

However, Case 1.2 may result in a general lowering of
the water table around the drain. Wwhile this may be desirable
in terms of land reclamation, it may have a significant impact
upon the ecology of the area. -This proposal should be investi-
gated more fully before any recommendations are made.

Case 2.1 Sealed drain above the water table

This system is unlikely to have a great impact on the
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‘hydrogeology of the arca provided efficient sealers are uged.
Failure of seals woulid resull in a situsiion as described in
Case 1.1. Observation wells would be required elong the
length of such & construction to ensble monitoring for leakage
from the channel, g

Case 2.2 Sealed drain below the water table

The main consideration with this type of structure would
e the disturbance of groundwater throughflow. If the drain
was constructed such that adeguate throughflow was maintained,
- the structure would have little effect on the hydrogeology of
the area. If, however, the drain penetrasted to an aguiclude
(Fig. 8, and circumzcritad a groundwater iscpotentisl,
impounding of upgradient groundwater and reduced recharge
below the structure'may occur. To prevent a rise in upslope
-water levels, 1t may be necessary to install inlets along the
drain. The effect of reduced recharge would mainly be an
ecological one, as discussed in Case 1.2. The long term effect
of such a situation cannot be assessed until more information
is available.

Case 3 Pipeline

This situation would pose no serious threat to the
hydrogeology of the region between the Tone and Frankland Rivers.

It should be noted that the cases discussed above deal
only with the situation of an unconfined aquifer. For Cases
1.2 and 2.2, if a confined aquifer was penetrated, it would
seem that the feasibility of such a structure would be limited
by the potentiometric head of the confined aguifer,

SUMMARY

In general, the groundwater salinities measured for the
area between the Tone and Frankland Rivers are less than the
predicted post clearing maximum salinity of diversion water
from the Tone River. Ecological and hydrogeological




considerations suggest that transp%rtation of szline water
to this area is undesirsable. .

The area between the Kent and Frankland Rivers is
dominated by surface or near surface basement paterial, which
may he the main control for that hydrogeclogical regime. The
possible effects of saline water introduced to this area is
likely to be a localized one. )

To ensure the safeguarding of the hydrogeological
environment of the study area, the most desirable conveyance
system for saline water would be a pipeline, Hewever, a sealed
drain system may:be adequate, provided the situations discussed
under Cases 2.1 and 2.2 are accounted for in the conétrudtion
of such a structure.

ENGINEERING GREOLOGY *
TOME-FRANKLAND AREA, ENGINEERING SOILS

For the purposes of this study, the geological units
described above have been used as the basis for a more general
grouping of soil types., Five geotechnical units are recognized
(Fig. 9).

Sandy soils

The most extensive group is that of the sandy soils.
This unit includes the sandy alluvium, both lateritized and
uniateritized {Czat, Cza), the sand deposits overlying laterite
(Czs), sandy colluvium (Qrcs), and Tertiary and Recent alluvium
{Tg, Qra)., All of these deposits were found in the field to be
dominated by white to light gréy generally clean medium grained
sub-angular to sub-rounded sand. There is evidence to suggest
that the fines content of some of the sands (particularly the
Cza unit) may increase with depth, but it is thought likely
thet permeabilities will remain moderaite to high., The cohesive

10



properties of the lower sand layers will proubly allow a more
stable excavation than will be pogsible in lthe near-suriace

material.
Laterite

This material generélly occurs at higher elevation than
the gandy soils. In the area of interest it is usually seen
to be a gravelly pisolite, although indurated and cemented
laterite is also present. It is likely that the In situ

. permeability of this material will be high, and its excavation

characteristics will be variable.

Swamp or standing waler ‘

Swamps and standing water are usually found at lower
elevations than the sandy scil. They are associated with recent

‘alluvial deposits which vary from uncohesiv® sands to plastic

clays and organic peats. These various materials. have all
suffered 1little or no consolidation, and conseguently the
uncohesive soils can be expected to be loose and the cohesive

- s01ils will be soft and compressible,

Clayey soils

These would perhaps be better described as loamy soils
and consist of the colluvium which is usually a valley infill
deposit. The permesbility of these soils is probably signifi-
cantly less than that of most other solls in the area. It is
unlikeiy that the celluvium will have consistent material
preoperties througﬁeut the area of interest, and variability
can be expected both laterally and vertically over relatively
short distances,

Near surface rock

This unit defines areas where ocutcrop is present, and,

11




" more commonly, where in situ weathersed material is seen at
the surface. Outerep is in fact almost totally restricted
to the major water courses and fresh rock, for much of the
area covered by this unit, weuld probably only be found
beneath a variable cover of weathering proaucto of the
vedrock. Such products can be expected o have gectechnical
properties most closely resembling those oi the clavey soils

or colluvium,
TOKE RIVER, DAM STTES

A reconnaissance of possible dam sites on the Tone River
(Fig. 10}, Locations 1-7, was made on 19th and 20th November,
579, The area of Locations 1-4 (Fig. 11) can be reached via
Talling Road and a vehicular track that approaches the area
from the east. The area of Locations 5-7 (Fig. 11) can be
" reached via Roo and Leafminer Roads and then a vehicular
track that approaches the area from the nonth,

Location 1 (PWD Site 1)

. This location was approached from the vehicular track
to 1ts north across an area covered by grey sandy and silty
soil with scattered fragments of granitic rock and laterite.

At Location 1, granitic rocks crop out in the bed and
on the steep banks of the Tone River. The rocks are medium
to coarse grained with some pegmatitic phases and folistion
in part. The foliation, which is contorted in some places,
has a general north-south strike., Frominent Joints spaced
0.4~3 m apart and of 3-5 m extent, strike 015° and dip 70°E.
Straight sections of the Tone River both up and down stream
of Location 1 are parallel to the strike of this prominent
Joint set, Another joint set, not as well developed as the
prominent set, strikes at 95° and dips 80°S. Sheet Joints
subparallel to the ground surface were noted,

For 150 m upstream there are abundant suterops on both
banks. Beyond this for about 40 m there is less rock. At

12
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a point aboul 790 n upstream from Locaticn 1, the left bank
is steep and rocky again but the risght bank is flatler and
little rock is visible.from the left bank. Rock continues
upstream on the left benk for at least ancthsr 60 m.

Location 2 (PWD Site 2)

At this location there are scottered ovlcrops of
granitic rocks on both banks but good continuous outcrops
in the river bed. The rock type is similar to Location 1.
Prominent steep Jjoints spaced 0.3-% m apart and of 10 m
extent, strike 045°, There are other steewp Joints that
strike 030°, :

Sheet Joints subparallel to the ground surface were

-noted.
iocation 3

Here the river is barred by granitic rocks and promi-
nent outerops cccur on the right bank. However, the ieft
"bank is flatter and nc rock was noted., Thearea is relatively
unattractive as a dam site at this stage because of the
geology and topography of the left bank,

Location 4 {PWD Site 3}

At this location, scattered outcrops of granitic rocks
occur on the right bank from within 30 m of the river to at
least 100 m from the river. At this point, 100 m from the
river, steep Joints strike at 0059 and 1000, are spaced at
4 m apart and extend for at least 3 m, At the point 30 m
from the river amphibolite crops out and is move closely
Jointed than the granitic rocks. Between this peint and
river, and in the river bed, no outcrops were noted.
Granitic rocks crop out on the steeper left bank and sheet
Joints were noted,

13



Returning from Location & in a soultheasterly direction
to the vehicular track, at a point northwest of Location 1,
scatiered outcrops of granitic rock were noted Lill clear of
the river. In the vicinity of the track, scattergd laterite
fragments occur on the higher gro&nd and c¢layey soll on the
lower ground. As already mentioned, north of Location 1, the
soil is sandy.

Location 5

In the vicinity of this location medium to coarse grained
granitic rocks, foliated in part, crop out on both banks, but
hone was noted in the river bed.

Locstion 6

This location was approached from the vehicular track to
its north, firstly across an area of fine réd silty soil with
laterite fragments and then down an easterly trending gully
where the ground surface was covered by black organic s0il.
Downstream from where the gully meets the Tone River, granitic
rocks crop cut in the river bed and on the left bank. Further
déwnstream, 50 m from the gully junction, outcrops of granitic
rock occur on the right bank opposite a pool. Location 6 is

"at the downstream end of the pool a further 70 m downstream.

Here, smphibolite with a steep foliation that strikes 40°
crops out on the right bank.

Location 7

At this location massive outerops of granitic rocks up
to 7 m above river level occur on the left bank. Downstream
from here, for at least 100 m, the left bank is covered by
dark organic soil and no rock crops out. Scattered outcrops
of granitic rocks occur on the right bank up to 7 m above
the river. Teopographically the location is unattractive as
a dam site but because of the abundance of rock at river
ievel way be suitable ag a weir site.

14



The orea beitween Location 7 and the vehicular trock to
the northwest is covered by grey and dark grey clayvey and
silty soil with some laterite frapgments.

KENT-FRANKLAND AREA, ENGINEEMING 80ILS

A brief study was mede cf the area between the Kent and
Frankland rivers in order to assess the predominent seil tvpes.
It was found thet the physiography of the area is different
from that of the Tone-Franklsnd region, and is dominated by
dissected uplands of in situ weathered rock. Outecrop is much
i more common than was found to be the cose al Tone-Frankland,

and the soils of the easterly area are dominated by the
weathering products of the rocks, The lower permeability of
these soils when compared to the predeominantly sandy material
found at Tone-Frankland is reflected by the more abundant
surface drainage features found in the area.

Subordinate sandy soils are also present, asarecolluvium
and laterite. The laterite tends to cap higher ground, and
the colluvium, which is a similar material to the weathering
-product of the rock, is usually found as a valley infill
material.

KENT RIVER, DAM SITES

A recomnaissance of possible dam sites on the Kent River
(Fig. 10), Locations 8-13, was made on 20th and 21st November,
1979. The area of Locations 8-10 (Fig., 12) can be reached
from Muirs Highway east of Rocky Gully via Turpin Read and
then vehicular tracks and fence lines that approach from the
north. The area of Locations 11-13 (Fig. 12) can be reached
from Muirs Highway west of Rocky Gully via Normzlup and Suez
Roads and & vehicular track that approaches from the west.

A recormmalssance of the Kent ﬁiver was made between
Leocations 8 and 9, at 10 and between 11 and 13,
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Location B

' Here and for about &OC w upstrzam, vrowinent steep

: outcrops of granitic rock occur on the righl bank. On the
left bank there are scattered outcrops, and on the valley
floor, which is more than 100 n wide, no outcrops of rock
were noted. The wide valley and the apparent lack of out-
crops at river level make this area unattractive as a dam

site.
Location 9

Between here and the prominent steep outcrops on the
right bank downstream in the vicinity of Location 8, there
are scattered steep cuterops of granitic rock, but topo-

. graphically and to a less extent geologically the area
appears unattractive for dam sites.

Location 10

At this point black organic soil occurs in the low banks
of the Kent River. Fine white sand occurs in road cuttings
2=3 m above river level in the general vicinity and there is
laterite beyond, on higher ground on the lerft bank. This
location is unsuitable as a dam site and from a study of the
air-photographs no suitable sites appear to exist between
Locations 9 and 11.

Locations 11 and 12 (PWD Site)

At Location 11 just upstream of the PWD river gauging
station, and for several hundreds of metres upstream to
Location 12, scattered outerops of granitic rock occur on

the banks and in the bed of the Kent River. The rock is

Jointed and foliated, the foliation strikes east-west and
has a variable dip. Several sites thet sppear suitable for
dams occur in this vicinity.
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Location 13
-

AT this point a mixed saudy scil occurs on both banks
and In the bed of the XKent River., A few rock bou}ders occur
in the river bed 40 n upstream. Medium grained granitic
rock in which no foliation was noted crops out on the left
bank 30 m from the river, The site is unatiractive for a
dam., A étudy eff the air-photographs and a reconnaissance
along the Xent River suggest no suitable dam sites occur
between here and Location 12,

SUMMARY

The Tone-Frankland area is dominated by sandy sails,
with subordinate laterite and finer grained units, some of
-which are related to the in situ weathering of rock. This
clayey soil becomes dominant in the Kent-Frankland area,
although relatively minor occurrences of sandy soils and
laterite are also found,

Fresh rock is relatively abundant in the east, but iIs
confined to the beds of major water courses in the west.

From the preliminary information available at this
stage, PWD dem sites 1, 2 and 3 respectively at Locations 1,
2 and 4 (Fig. 11) on the Tene River and a PWD dam site
between locations 11 and 12 (Fig. 12) on the Kent River
appear attraclive, Sites at other locations visited on the
Tone and Kent Rivers during this reconnaissance appear to
be unatiractive dam sites either because of the apparent
absence of rock or because of poor topographic conditions,

RECOMMENDATIGNS FGh FURTHER WORK

It is recommended that the nature and'distributicn of
the sediments within the ares be investigoted more fully.

17




It may he possible to achieve this by control drilling to
basement, followed up by seismic traverses over critical
areés.
It 1s also desirable that a complete appraiszl of the

bydrology and hydrogeology of thig area is undertaken.

This will assist in formulating long tebin wanagewent policies
for this wet land arca. The first step tovard a complete
appralsal bhas been mzde with the imstallation of staff gauges
on key water bodies throughout the area. Monitoring end
sampling at these gauges should continue at monthly intervals
for a period of five years. This will facilitate compilation
of reliable base line data for the area. This shoulid be
followed up by selective monitoring and sumpling at three
monthly intervals to detect any long term changes which may
"be occurring in the system.

To allow an appraisal of the groundwater system, it

would be necessary to establish an observation well network
“over the area. As part of this programme, it would be
necessary te investigate the nature of the lake beds in the

area. This will allow an appraisal to be made of the role
which the lakes play in the overall groundwater gystem.

REFEREKCES

Beard, J.8., 1979, The vegetation of the Albany and Mt
Barker areas, Western Australia 1:250 000 series ] :
Vegetation Survey of Western Australiar Vegmap
Publications, Perth,

Burton, G. M., 1870, Lake George, N.S.W. - Notes for
sedimentologists! excursion, November, 1970:
Bur. Mineral Resources (eol. & Geophys. Record
1973/166.,

18

e T



Burton, G.M,, and Wils son, L.G., 1973, Lake Gaorge, N.S5.%.:
Its relevance to salinity problems in agriculture:

Bur., Mineral Hesources Geol., & Geophys. llecord 1973/166,

1
Finxl, C.¥W., Jnr, and Churchward, HM,, 1973, The etched
landsurfaces of Scuthwestern australia: Jour, of
Gecl. Soc, Aust., v. 20, pt 3, up.295-307,

Mulchay, M.J;, 1973, Landforms and soils of Southwestern
Australim: Jour. Roy. Soc. of VoAo, v. 56, pts 1 & 2.

Northcote, X.H., Bettany, E., Churchward, H. M., and
McArthur, W.M., 1967, Atlas of Aus tralian soils,
Explanatory data for sheet & Perth—Albany~asperance
areas  CSIRO, Melbourne, '

Smith, R., 1851, Pedogenesis in Frarkland River Valley, W.A.
CSIRO Bull. No. 265,

Wilde, S.A. (in press), Explanatory notes on the Pemberton
1:250 000 Geological Sheet: West. Aus tralla Geol.
Survey Recoard.

19

.

i e R v e g

ey



Bench
Ref,
B685
B597
B698
B&YE
B69S
B695
B701
B701%
T BSYG
+ B704
B702
B702
B703
B703
B700
B707
B682
B683

B683
B684
B&331
B633

TABLE 1 LAKRE AND SWadl Livelsh (MHD PROVISIONAL

Name

Morinup Lake
Buranganup Swamp
Kodjinup Bwamp
Little Unicup Lake
Unicup Lake

1F H
Bokarup Swamp

n §
Pindicup Lake
Kulunilup Lake
Yarnup Swamp

Cobertup Swamp

" 1t
Noobijup Lake
Wimbalup Swanp
Byenup Lagoon
Tordit-Gurrup
Lagoon

1 H
Poorginup Swamp
Lake Muir
Boyndaminup Swamp

R.L.
(m)
208,16
186.47
178,26
1654, 56
199. 31
H
215,98
1}
198, %0
209.76
228.13

195.88
1l
216.71
167.63
172.90
17%.01

175.67
171.39
173.37

20

Dy

1806. 50
160,11
Dry

200.03
199, 86
216.79
216.67
ory

210.72
228.92
228,80
196,11
165,99
219.79
167.78
174,88
175,66

175.50
175.74
Dry

175.38

Date

10.1.80.
22.1.80,
27.2.80.
10.1.80.
22.1.80,
26,2,80.
21.7.80,
26,2.80

10.1.8C,
26.2.80.
21.1.80.
26,2.80.
22.1.80.
26.2.80,
21.1.80.
27.2.80,
17.1.80

22.1.80,

26.2.80.
26,2.80,
10.1.80.
27.2.80.
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TARLY 2 FIBLID SALIMITIES

el Date Naine Depth  Water  Salinity
No, level T™N.S.
{m} (m} (mg/L)
T4 15.1.80 13 4.0 1 950
142 t i 2.7 175
143 ¥ 2u.3 5.0 330
tht v 20,4 0.7 g 700
1h5 " 22.8 6.3 550
146 16.1.80 10 0.9 g 200
148 " 5.8 3.3 & 500
149 i 5.3 0.1 6 Lo
150 ) _-5.0 0 7 0060
151 0 8.2 3.7 400
141 3.1.80 L. Kulunilup Lake 1 600
MA24L 26.2.80 B 0.G6 1 590
MAZ - 3.1.80 Bulupnilup Drain ‘ ‘Drair 3 450
. MA3Z Q.1.80 Sawyer ' 7.9 3.6 270
MAL " Connor 8.8 6.0 340
MAG 10, 1.80 M. Muir 1.9 1.76 410
MAB 22.1.80  Buranganup Swamp 0.03 4 100
MAG 21.1.80  Bokerup Swamp .81 2 700
MA25 26.2,80 # " C.69 3 350
MATO  21,1.80 J, Phillips ' Swamp 510
Mat1 n Yarnup Swamp 0.79 4 100
MA26  26,2,80 n u 0.67 1 420
MAT2 21.1.,80 Noobijup Lake 0.08 2 510
MA1E " Fink ) Dam 760
MAth 22.1.80 G Muir Lake 26 000
MA15 om Unicup Lake 0.72 5 400
MAR7 26.2.80 f n 0.55 7 800
MA1G 22.1.B0  Danm 1.5 4 400
MA17 " Dam f 430
MA1S f Boyndaniinup Swamp 400
Ma31 27.,2.80 i " c.01 0.01 11 Q00
MA19  22,1.80 Poorginup Swamp 640
MAZE 26.2.80 " " 0.07 1 380
MA20  22,1.80 Teordit-Gurrup Lagoon 2.65 380
MAZG 26.2.80 i " i 2.49 1 080

MAZ1 22.1.80 Cobertup Swamp .23 540
" [E] 4

0
MABO 26,2.80 0.11% 735
MAZZ  25.2.80 L.A..Parke (Dam) 2.5 2 570
MA3Z2  27.2.80 Wimbalup Swamp 0.15 670
MA33 27.2.80 Kodjinup Swamp . 1.83 1 490
MA3L  27.2.80  Byenup Swamp 5 400
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TABLE 2

AR RYERUP LAGCCHS

SALT STOHAGE ~ LOCKITT-GURI

22

Date Volume Na CL Na Cl
m3 % ?06 mg/ L kz x 10
: NGORDT T~CURRUP LAGCON
16.1.79 7,410 750 5.558
14.3.79 6.225 SO0 5.60%
19,5.79 5.780 4 000 5. 780
16.6.79 6.360 850 5 406
19.7.79 7.120 , 890 6.337
13,9.79 7.545 750 5,659
7.41.79 7,500 800 6.000
14.12.79 7.240 900 6.516
17.4.80 6.110 900 5,449
BYENUP_LAGOON .
16.1.79 3,78 3 300 12,474
14.3.79 2.70 4 000 10,800
19.5.79 2.28 4 300 9,804
16,6.79 2.88 & 050 11,664
19.7.79 3,02 % 700 11,474
13.9.79 %.60 3 300 11,880
7.4.79 446 3 300 14.718
14,12,79 4,34 % 400 14,756
17.1.80 2.88 4 200 12,096
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Cockburn_Sound_waypoints

UTM WGS 84
Water Quality 2001/2002 sites

CS4 50H 376.829 6441.686
CS5 50H 379.308 6441.958
CSBA 50H 382.749 6442651
CSs7 50H 383.323 6439.972
Cs8 50H 379.337 65436.847
CS9 50H 383.098 6435.629
CS9A 50H 382.367 6432.396
Cs10 ) 50H 381.328 6430.636
cs1 50H 378.890 6429.753
CSNC north control 50H 372.954 6443.318
CSSC south control 50H 376.063 6430.632
CSG1 Garden Island HMAS stirling 50H 377.319 6433.380
C8G2 Garden Island HMAS stirling 50H 377.172 6434.955
C8G3 Garden Island HMAS stirling 50H 376.039 6436.793
CSSF southemn flats 50H 378.716 6431.322
wSssB warnboro sound safety bay 50H 378.444 £6424.599
WS4 warnbero sound 50H 379.741 6421.498

NH3 northern harbour jervoise bay 50H





