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Background

Current situation.

The vegetation and fresh waters contained in Toolibin lake and its associated reserves are an
important habitat for waterbirds and local fauna. Its significance prompted the listing of the Lake
Toolibin under the Ramsar Convention as a Wetland of International Importance. However as a
result of increased groundwater levels and saline inflows from the Toolibin catchment, Casuarina (C.
obesa) and paperbark (M. strobophylla) vegetation along and near the westem shoreline are dying.
A considerable amount have died within the decade and the remainder ofthe vegetation on the lake
is expected to become severely effected over the next 10-20 years.

Why Toolibin lake has remained relatively intact to date and survived as the only significant fresh
water wetland in the Arthur River chain, was a question that puzzled researchers and local residents.

To reclaim the degraded areas within the lake and its associated reserves and to protect them against
the continuation of salinity, CALM and associated agencies (Departrnent of Agriculture and Water
Authority of wA) developed a Recovery Plan (CALM, 1995). The plan has been develooed as both
a vehicle to fuive the process of lake restoration and as a means of achieving integrated catchment
management. The plan recognises that the long-term survival of the Toolibin Reserves relies on both
the management of the lake and their catchment.

Key components of lake protection

To manage surface and groundwater salinities within the lake, the Recovery Plan recommended that
a borefreld be established to mainrain waterrables below the floor of the lake (Martin, 1990; GALM,
i995; section 3.2) and to manage the inflow of saline and fresher waters from the Toolibin catchment
(CALM, 1995, section 3.3).

While revegetation within the catchment and earthworks surrounding the lake are key components of
the catchments recovery plan, this study only reports on the groundwater management systems being
developed within the Lake environment.

Previous groundwateT studies

Previous groundwater investigations conducted at Toolibin Lake focused on a small area near the
westem shoreline (Martin, 1986, 1990). Only six deep bores (one multiport bore) have been
constructed within the lake environment. Two of the bores are cunently equipped with submersible
pumps. These bores yield less than 20 kl/day. The remainder did not yield sufflcient water to
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warant development as production wells and were used to monitor the aquifers during testing
programs (Martin, 1990).

Groundwaters beneath the floor of Toolibin lake were noted to be within 1-1.5m of the soil surface
and have salinities in excess of 30,000 mg/L. Martin (1986, 1990) considered that the lake had
developed on a thin bed of fine textured sediments (<2-3m) which overlay 40-50 m of deeply
weathered Archaean rocks. Groundwaters were noted to be contained within a moderately
permeability saprolite aquifer (near the basement) and confined by the low permeability 'pallicl' clays
of the deeply weathered rocks. Martin (1986, 1990) also noted the existence of dolerite dykes
within the weathered zone. Drill holes located in these materials produced little or no groundwater
(pumping yield) as a result of their low hydraulic conductivity.

No long-term monitoring of waterlevel patterns exists within the lake, however piezometers
monitored over the past 15 years reveal a rising trend in the vicinity of the northern Reserves. What
data exists within the lake suggests that there are no clearly identifiable long-term trends. Recent,'on site' observations indicate that saline pools (>2000 ms/m) occur on the lake floor for a
considerable length of time after the lake empties and that the death of vegetation has accelerated
over the past few years. The pools on the floor of the lake and decaying vegetation, are the result of
both groundwater discharge and evaporation of the lakes waters.

The hydrologic significance of the lake was summarised by Martin (1986, 1990). He considered that
the lake acts as a disch:rge area in summer (evaporation from shallow aquifers) and recharge area in
winter (surface water infiltates through the floor). Martin (1986, 1990) reasoned that hydraulic
conditions within the deeper aquifers boneath ths lake must allow lateral flow to occur towards
Taarblin Lake throughout the year.

General objectives of this program

The first objective of the current groundwater research and development progmm was to locate
bores within aquifers beneath the floor of the lake which were able to be pumped. The second
objective was lhen to lower the saline watertables beneath the westem edge of the lake, to at least
1.5m (up to 3.0m) below the soils surface in spring, summer and autumn, within 3 years of turning
on the pumps (1996-1999).

Aim:

To lower saline watertables to allow a freshwater 'buffer' to develop beneath the floor of lake
Toolibin. The buffer zone should be thick enough to provide fresh water in the root-zone of the
vegetation in winter and comprise waters with a low salinity (to be set by cALM) at the end of
summer.

Description:

Stage 1 of the groundwater-management plan comprises seven distinct phases.

Phase 1: Airborne magnetics suwey of lake and immediate reserves,
Phase 2: Site selection and placement of ddll targets on lake floor,
Phase 3: Complete up to 10 test wells and construct production bores at suitable sites,
Phase 4: Develop bores and conduct pumping tests to determine likely yields and salinities,
Phase 5: Analyse data and determine effectiveness of the bores by goundwater modelling.
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Phase 6: Consider the effeot of the Proposal on lake Taarblin and downstream catchments and
develop a salt and water management plan (evaporation basins?).

Phase 7: Finally, when the consultation with farmers and between Agencies is complete, the bore
fie1d, equipped with an appropriate pumping system(s) and necessary tanks,
pumps and pipelines will be established to discharge the waters.

Results

Phase I: Airborne magnetics survey of Lake Toolibin and Reserves

In January 1994 tenders were cal1ed for an airbome magnetics survey of the lake and its associated
reserves. The suwey was designed to allow driil sites to be targeted in areas where of higher
petmeability (pumping rates). An earlier proposal for a ground based survey was abandoned as the
lake floor was inundated and access within the vegetation would have been very difficult. Tesla 10
was awarded the contract to fly an area of approximately 25knt' at an elevation of 40m and at a line
spacing of 50m,

The survey revealed the existence of a complex pattem of large east-west dolerite dykes, northwest
southeast and northeast-southwest faults and other smaller smtctures. Two large (wide and highly
magnetic) dolerite dykes occur to the north of the lake and appear, from the distribution of salinity,
to be impounding or restricting southward flowing groundwaters. These dykes appear to be creating
a large groundwater discharge area to the north-west of the CALM Reserves (Tesla 10, 1994) and
are believed to be responsible for the delay in the development of salinity at Toolibin.

The grey scale Total Magnetic Intensity map (Figure 1) displays the major dykes and faults. The
main fault is difficult to see, however its existence is apparent by the northward displacement of
dolerite dykes in the north-east and south-west quadrants of the map. The exact location of the
dykes is difficult to display on this image, however they typically occurs on the 'sunlit' (light color)
margin of the images.

While the dykes were not expected to be totally impermeable barriers to the southward flow of
groundwater, its was expected that the majority of groundwater flow may be within the large faults.
One fault detected on the lake floor (orientated NE-SW) has broken the east-west sets of dvkes and
may provide a conduit between iakes Toolibin and Taarblin.

Phase 2: Site selection and placement of drill targets on Lake floor

The hypothesis used to select drill-sites was that the dykes were likely to be low permeability
smrctures and should be avoided ifpossible. Martin (1988) had already drilled one hole into
weathered dolerite and reported little or no yield. The preferred targets were to be the centre of
dyke and fault bounded blocks and major faults, either at intersections with other faults or near
intersections with dykes. The hypothesis was that the faults should have higher permeability's
(found to be the case further west) as a result of alteration of the bedrock.

The budget allowed drilling of 10 exploration holes (100mm). Holes that yielded water (in excess of
10 kl/day by airlifting) would be reamed to 200mm, cased with 125mm PVC and screened adjacent
to all of the permeable sections (aquifers).
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Sites selected as targets were located on a 1:5000 aerial photograph after inspection and
interpretation of the magnetics data (contour and image maps). Coordinates were selected and
located on the ground using both photo-points and a hand held GPS.

Table 1. Preliminary bore site locations (with options at sites 95/01 and 95/04)

The accuracy of the available CALM GPS was assessed using the photo and known benchmarks
(WAWA multipon bore, GSWA pumping bores, depth gauges and NE road exit ftom the east side
of Toolibin. The errors for these sites were @asting then Northing): L5l45m, O/4Om,0115m,
36l10m, 40,40m. We concluded that the GPS is accurate to within 45m.

Bores eg, 95/01 are coded by year (1995) and site location. Suffixes are used to indicale the tlpe of
bore at each site: deep production wel1s (P), intermediate depth pumping we1ls (I) and shallow (S)

and deep @) piezometers.

Phase 3: Drilling test wells and production wells

Seven deep and two intermediate depth production we1ls (125mm class 9 PVC) were drilled into the
floor of Toolibin Lake. In addition, four piezometers were installed at sites where insufficient flows

were obtained (Figure 1).

Most bore site locations were modified after drilling was completed at sites 95/01 and95lD.
Results from drilling at these sites suggested that the GPS positions (Table 1) were likely to out by
about 45m and that the target structure (main fault) was further east of the initial positions selected.

The first site chosen (95/01) was selected from the combined magnetics and photo overlay and
position using the GPS. However drilling encountered weathered dolerite, no flow and basement at
34m (now 95/015). To correctly position the bore in the centre of the fault, a smal1 grid (100mx

100m) magnetics survey was conducted. The new bore slte was chosen about 40m east of the
original position. Drilling at 95/01P proceeded to 54m (into faulted bedrock), encountered 16m of
permeable saprolite and ivas test-pumped at 50.7 kllday (see below).

Aquifers

In brief, a smal1 yield (<5 kl/day) was often obtained from alluvial sediments within the upper 10m

of the profile. Yields were variable depending on the thickness of the clayey sands and t}te thickness

of indurated sand lenses. The larger yields occurred within the weathered granites near the

basement, in saprolite aquifers (95/01P, 9503P, 95104P,95107P and 95/08P). However some

9510r 1 s56750 6358010 556800 6357080
951O2 2 556530 6357795
9s/03 3 556360 6357510
95/04 4 556240 6357300 556070 6357385
95/05 5 556t20 6357085
9s/06 6 J))v4) 6356760
95107 7 55606s 6356520
95/08 9 555770 6356480
95109 I 556000 6357440
95/r0 10 556400 6357030



'moderate' yields (20-70 kl/day) occurred within quartz veins (95102P and 95/02P) encountered
along the fault.

Groundwater flow

Martin (1986, 1990) notes that groundwater level patterns indicate that flow occurs towards the iake
in summer from all directions. However in winter (and in the deep aquifer in summer) the increase in
water levels and hydraulic gradients allows water from aquifers beneath the lake to flow south-west.

Recent monitoring suggests that bores in the southem part of the lake (95/06-07 and 08) tend to
have upward pressure gradients greater than those to the north (Table 2). This may either reflect the
impact of pumping (reducing heads upslope) or the enhanced discharge that is able to take place
from the soil surface. Alternatively, it may not indicate effects of pumping and be the results of
variable recharge and discharge rates associated with the existence of poorly connected
groundwaters within cells created by the dykes and faults.

Surveyed water levels (Table 2; nAHD), taken soon after drilling, indicated that the groundwaters
had a tendency to flow north-west, towards the pumping wells.

Final analysis oJ'these levels will be made after the bore casings and pump mountings have been
established and several water-level records have been collected.

Old Watertables

Drilling regularly enoountered an iron rich, variably oxidised and often silicified, sequence of
indurated materials well below the curent watertable. These materials typically occurred at a depth
of about 10-15m. Another series of indurated materials was located in Bores 95/02 and95/O5
nearer the soil surface (6-9 m). Whether the deeper or shallower zones reflect the position of the
watertable prior to clearing is unclear. However it is like1y that the watertable has risen of the order
of -10 m since the turn of the century. Itis also likely that both clearing in the catchment (increase
in groundwater inflow) and increased inundation of the lake (frequency of inundation and increased
infiltration) has been responsible for the observed increase in levels.

Results of the drilling are summarised in Table 2 and details given in Appendix A (attacheo2

Phase 4: Develop bores anil conduct pumping tests to determine likely yieltls and salinities,

Air-lifting systems were used to develop all of the production wells and piezometers. Air was
pumped into the oasing and screens at varying rates for periods of between 1 and 2 hours (drilling-rig

compressor). An 'Air-Well' pump was used to test-pump each of the wells. Pumping tests were
conducted for periods of between 2 and 4 hours. Final flow rates were noted when the pump yields
had reached a new ' steady state' . This was judged by the drillers to when the pump was cycling at a
consistent time interval, lrowever it is unlikely that this yield will be the same as the long-term
pumping rate.

Water samples were taken for analysis after the development of each of the bores (Table 3).
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Table 3. Bore yields and salinity details

Bore Depth

(m,

Salinity

(mS/m)

Calculated salinity

TSS (me/L)

Estimated yield
(kL/day)

95/01S 34 8250 < )  J < t

9sl01P 54 8190 52,851 50.7*
95102r ,1"7 8210 54,638 1  1 . 1
95102P 48 7970 50,701 30.3*
9s/03P { J 7420 48,s00 68.6*
95/04P J-t 8430 44,733 59.8*
9sl0sD 28 9420 59,720 #
95/06S / ln 8500 54,380 f

95/06r 45 7370 44,378 < 5**
95107P 39 7490 47,190 72.9*
95/08P 4I 8230 53,151 61.4*
9511t[ t2 7380 46,525 15.3

LTPlA 37 na s3,640 {42,0001 <20
GS1/88 35 na 37,368 [47,000] < 1 6

Summary 466m Ave 8055 Ave 43,677 mg,I- 375 kJ-ldav
Estimates* Ave 7955 Ave49,52lmslL 344*kLlday

KEY:
# = piezometer (S, D) or ** = insufficient yield
* = sum of all bores with yields above 20 kl/day
CCWA= Chemistry Cenrre of WA (TSS calculared June 1995 {1938}).

Six of the wells (Table 3 marked shown in bold) developed sufficient yield to wanant including them
in the bore-field. Combined yields were estimated to be of the ord er of 344 kJ_lday. Bores 95/02I,
95/06I and 95/11I had estimated yields ofless than 20 kVday and were not considered to suitable
(economics) to be included in the bore-field.

The six high yielding wells have an average conductivity (salinity) of 7955 ms/m or 49,521mg1fu.

In the future, the conversion between EC (mS/m) to Total Soluble Salt (TSS) levels can be carried
using equation 1. The ecluation was derived from analyses of 12 samples submitted for chemical
analysis to the CCWA (March 1995).

TSS = 7.30 EC - 7361 f = 0.90 n =12 (P<0.001)

Using the predicted bore yields (Table 3) and Equation 1, it can be estimated that the TSS of
pumping bores within Toolibin lake will have a an average salinity of approximately 50,000 mg/L
and a saltload of 50 kg per kL.

The total estimated salt yield (6 pumping bores) is 1ike1y to be of the order of 16 tonnes per day
(60.8 kg/kl x 320 kl/day) or about 5,800 tonnes per year.
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These figures are cunently only 'best bet' estimates. We believe that longer-term pumping resis or
operational pumping conditions will result in lower yields (perhaps 507o of initial rates). In addition,
when the bore-fie1d is operating, each of the salinities within the wells may fall in the same way as
bore GSl/88. At this site the groundwater salinity has been reduced by 10,000 mg/L (-204o) as a
result of 'fresher' lake recharge since pumping commenced (Table 3)

It is likely that the long-temr pump discharge will be of the order of 200 kl/day and the annual
saltload may be of the order of 2000 to 3000 tonnes.

Phase 5: Analysing data and determine effectiveness of the bores by groundwater modelling.

A groundwater modelling consultant should be employed to conduct a short study into the
effectiveness of the groundwater pumping project as detailed above. The consultant should be able
to indicate the likelihood of success by modelling the pumping at various rates and taking account of
regional inflows and loca1 interactions between individual bores and geologic smrctures.

I suggest that a contract be tendered to;

(i) model the effect of pun.rping at estimated rates on wate ables within the lake,
(ii) determine the effect of lower than expected yields (reduce by 507o),
(iii) determine the impact of pumping after 3, 10 and 30 years on wateltables beneath roolibin.
(iv) advise whether it is necessary to drill more production bores on the eastem area of the lake and,
(v) assist in the seleotion of monitoring wells for future assessments.

Phase 6: Prepare a Report on the effect of the Proposal on Taarblin anil downstream
catchments

Salt and water balanoe

At present, using the estimates of flow noted above, the estimated maximum load of the total
pumping system (6 new bores = 16 Vday plus existing 2 bores = 1.6 t/day) will be of the order of 18
tonnes per day or 657 0 t/yr. This is an increase of about 1000 y'yr on the previous estimate
presented in the 'Water and Salinity Management: Toolibin Lake', submitted to the Commissioner of
Soil and Land Conservation and the Department of Environmental Protection (CALM, 1995).
However it should be noted that these estimates are likely to reduce when pumping rates stabilise
(maybe by up to 50Vo).

In addition to the predioted impacts outlined in CALM (1995), recent analysis ofthe Toolibin
catchment saltloads have become available (WAWA unpublished data, June 1995) which may change
the significance of tire previous estimates.

Inflows to Toolibin since 1978 have been gauged by the WAWA. Lake Toolibin streamflows have
an average salinity of between 1700 and 1900 mgll (depending on data used) and account for only
4.4 mm (-lVo) of annual rainfail. The Toolibin catchment has an annual average water yield of
almost 2 million cubio meters. In I 1 years of reliable data, the average saltload to Toolibin has been
approximately 2000 t/yr {mean 1679 t/yr (13 yrs) to 1984 t/yr (11 yrs); range 2 to 9166 t/yr}. On a
catchment area basis, this load is equivalent to an annual average yield of only 0.0046 kg/rrr-r (or 46
kg/ha).

I



By contrast, ir is apparent from the wAWA Blackwood data OMAWA 19g3-19g5, unpublished) thatthe Toolibin Catchment has a considerably lower salinity than that ofthe Arthur River^catchment
monitored at the Albany Highway downstream. At this point the rivers mean annual streamflow
salinity is over 5400 mgll- and repres ents 4.0Vo of the annual rainfall within its catchment. The
annual salt yield is of the order of 650 kglm'z (650 kg,/ha) At this 1oad, and. if L0va of the NorlhemAnhur River catchment area was saline, the average yield of the saline land would be 6.5 trharv.

The Toolibin catohment is believed to have about 5o/o (based in Wickepin Shire Statistics, or 2150ha) of its carchmenr area affeoted by salinity (ABS 1993). By contrast, the Toolibin catchmenr
Group have only mapped 600 ha which they considered to be severely effected. If it is assumed that57o of the land is saline' that the saline land produces most of rhe salt (min. 1679 t/yr), and that all ofthis.,salt is mobilised, rhen the catchment is likely to have an annual yield of about 0.g t/ha/yr (10,520
I/ Vr ).

The salt yield based on the carchment goups estimates (600 ha) is similar to the Arthur Rrver yields
Q3 t!ha/.yt' ie about 1800y'yr) and suggests that the Toolibin catchment is nor as saline as the ABSresults,-based on the wickepin shire,_suggest. This is very different to many other cases investigated
by the catchment Hydrology Group (Jnpublished srare sarinity Estimater, islsy.

However the discrepancy could be in part due to the fact that the farmers underestimate the area ofmoderate salinity and in pan due to other factors involved in the distribution and movement of sa-ltwithin the catchment. In the case of the Toolibin catchment elther:

(i) only 600 ha of the catchment is producing saltloads (ie is severely saline) at the expected rates forsaline land in the region (-3 tlhalyr) or,
(ii) more land is salt-affected than estimated and that this load is not being measured at the we', or(iii) the previous 'regionally derived' (CALM, 1995) estimares are too hish. or
(iv) significant amounts of salt, mobilised from saline areas, are being losi in t ansit to the lake.

Maximum fansmission rosses in this case could account for up to (10,750 t- 1.679 t)-9000 tonnes ofsalt per year. This estimate is based on saltloads of 5 t/ha/)r for the 5Zo of the Toolibin Catchment.
Some of this salt may be able to be mobilised in wetter years, while much of it may be going intostorage (temporary) beneath the drainage lines. valley rechruge, measured within the Toolibin
catchment (45 mm/yr, McFarlane et al, 1989) could provide the mechanism to account for some ofthis increase in storage. Storage may be occurring wlthin the farmland (beneath drainage iines; andwithin CALM reserves (beneath areas of water accumulation and creeklines).

However in the futute, as watertables rise and salts are re-deposited within the drainage line, largeloads are likely to develop as a result of re-mobilisation of creekline storages and addiions fiom theaquifers. If 207o of the catchment becomes saline (likely within -20 years) and the saltload reaches 5tlhalyr, the annual loss of salt could be as high as 43,000 tonnes per year. Altematively, if the meanannual salinity of rhe stream reached 5000 mgrl-, at the curent water yierd rate of 4.4i mm/yr(wAwA' 1995) the saltload of the Toolibin catchmenr would exceed 9,000 tonnes per year.

In the future, it could be drgued that the saltloads generated from the pumping system (6570 t/yr)
will be small in con.rparison with the predicted loads (9000-43,000 Vyr). Hoiever at the moment,
the increase in load attributed to pumping (65?0 t/yr = maximum rates) is significant. Although it
must be stressed that this load is less than predicted (9000 t/yr, Marrin 1990j and is iikely to be
reduced by lower pumping rates (507o, 3200 tlyr) and reducing groundwarer salinities (207o
reduction within 5-i0 years). This would reduce the load to somewhere around 2600 tonnes per
year and by 2001-2005 would be equivalent to the catchment load. In the future, the load will onlv
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