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EXECUTIVE SUMMARY 

Natural resources in the Logan-Albert Catchment are being subjected to increasing 
pressure as a consequence of the rapid population expansion in South-East 
Queensland. The Quaternary alluvial aquifer, which appears to contain some of the 
best groundwater resources in the catchment, was the focus of a groundwater quality 
assessment by AGSO in June-July 1994. Samples recovered from 36 QDNR 
observation bores, and one surface water site, were analysed for physical parameters, 
inorganic chemistry (including metals and environmental isotopes), nutrients, 
contaminant and indigenous microbes, and pesticides. Currently, potential 
anthropogenic sources of contamination to the alluvial aquifer include agricultural and 
rural industrial land uses - particularly beef and dairy production. 

The Quaternary alluvial aquifer sequences occur in the three valleys of the Logan 
River, the Albert River and Teviot Brook. Characteristically, the sequences range in 
thickness from 10-27 m and contain a sandylgravel aquifer near the base of the 
sequence. The aquifers are 1-10 m thick and laterally variable in composition, 
hydraulic properties and thickness. They are overlain by a semi-confining to 
confining layer of clays, silty clays and sandy clays that is 5-20 m thick. The soils 
above this sequence are poorly draining, heavy textured clays. Regional groundwater 
flow is in a generally northerly direction. 

Examination of the hydrochemical and environmental isotopic data shows that the 
"natural" groundwater quality is variable, changing along regional flow lines from 
south to north. Not only do dissolved salts increase in concentration but the 
groundwater type evolves from bicarbonate - to chloride - dominated. Several lines of 
evidence indicate that "modern" recharge (< 25y) predominates in groundwaters from 
the southern areas of the Albert and Teviot Brook sub-catchments, while those of the 
Logan subcatchment and the northern sectors of the Teviot Brook and Albert 
subcatchments appear to be "older" (ie > 25 y). Evidence from both stable and 
radioisotope signatures point to evaporative concentration as a dominant process 
affecting salinity and chemical composition in the north of the catchment. 

Some naturally occurring elements were elevated above drinking water guideline 
concentrations on aesthetic or health criteria. For example, approximately two-thirds 
of samples contained iron or manganese concentrations which exceeded aesthetic or 
health guidelines respectively. A few samples contained iodide, barium, lead or zinc 
concentrations exceeding the health guidelines. Anthropogenic impact appeared to be 
minimal, with the exception of faecal contamination. Nitrate-N concentrations did not 
exceed 2.3 mg/L, phosphate concentrations were very low, and pesticides were not 
detected. Faecal contamination was evident in 22% of samples. Leaking septic tanks 



were implicated in some instances, but the remainder could be attributed to livestock 
found throughout the catchment. 

The presence and type of faecal indicator bacteria detected suggests that the aquifer 
may be vulnerable to certain types of pesticide contaminants, despite their absence on 
this occasion. Further, their detection indicates that the protection conferred by the 
overlying heavy clays is incomplete and cannot prevent the infiltration of 
contaminants of colloidal dimensions. Our findings suggest that increasing intensity of 
land use may induce a measurable impact on groundwater quality, particularly in the 
southern areas of the catchment where recharge is more rapid. 
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1. INTRODUCTION 

Groundwater is an important resource in rural and urban Australia where increasingly 
it is extracted for drinking, industrial and agricultural purposes. About 20% of the 
nation's total water requirements are presently met by groundwater (AWRC, 1987), 
though this proportion may be as high as 50-100% in large areas of inland, arid-zone 
Australia or transiently higher in areas subject to extended drought conditions. 

Consequently, the quality of the nation's groundwater resources is of growing concern 
to water managers in all States. Groundwater quality (ie., its acceptability as judged 
by domestic, industrial, agricultural or environmental criteria) is determined by both 
natural processes and human activities. Even contaminant-free groundwater may be 
unusable as a consequence of toxic levels of naturally occurring components such as 
cadmium, fluoride or arsenic. Historically, in Australia, resource definition has 
dominated groundwater investigations and groundwater quality has been synonymous 
with salinity and its relationship to irrigation-induced land salinisation. However, 
during the past decade groundwater quality has increasingly come to be assessed by 
additional factors such as nutrient, toxic chemical and microbiological loads, 
concomitant with increasing awareness of the vulnerability of groundwater resources 
to contamination. 

Knowledge of the present status of groundwater quality and its improvement or 
degradation with time, together with a clear understanding of the determinative 
biogeochemical processes and hydrogeological framework, are essential prerequisites 
to managing one of our nation's essential natural resources. There is, however, a 
disquieting lack of information about the quality of Australia's groundwater resources. 
For example, the application of agrichemicals (eg insecticides, herbicides, fungicides 
and fertilisers) continues to be extensive and widespread in areas of irrigated 
agricultural production throughout the nation. Groundwater resources underlying 
these areas are commonly exploited for domestic and town water supplies, as well as 
for irrigation, andor pumped to adjacent surface waters for disposal. The impact of 
these human activities on Australia's groundwater resources is essentially unknown 
yet potentially of far-reaching health, environmental and economic significance to 
resource management. 

It was in response to this situation that AGSO (then the BMR) commenced 
investigations in 1990 which evolved into the Australian Groundwater Quality 
Assessment Project. Reconnaissance studies were carried out in four States (New 
South Wales, Queensland, South Australia, and Victoria) in cooperation with the 
relevant State water management agencies during the period 1990-1992 (Bauld 1994). 



Following these reconnaissance studies AGSO received support through the the Prime 
Minister's 1992 Statement on the Environment. Funds were provided during 1993- 
1996 for AGSO to assess groundwater quality "in key areas of national priority". 
Such areas were identified in consultation with State water resource management 
agencies and their groundwater quality assessed through cooperation or collaboration 
between AGSO and the State agencies. 

Between July 1993 and June 1996 groundwater samples were acquired from 553 bores 
in nine catchments during 15 field operations around the country. Three of the nine 
catchments and 39% of the groundwater samples acquired were from within the 
Murray-Darling Basin. Most of the catchments investigated were both shallow and 
associated with irrigated agricultural production (Bauld 1996). All States and 
Territories except the ACT were represented. 

During discussions with staff of the Queensland Department of Primary Industry - 
Water Resources (now QDNR) the Logan-Albert Catchment in Southeast Queensland 
was identified as an area significantly lacking in groundwater quality information. The 
catchment was also facing substantial development pressure from both the north 
(southern extension of metropolitan Brisbane) and the east (westward extension of the 
Gold Coast strip), together with more intensive rural-based industries and rural 
residential development. 

The objectives of Project activities in the alluvial aquifers of the Logan-Albert 
Catchment, as in other field areas, was to establish benchmark groundwater quality 
conditions for subsequent monitoring, to identify and understand processes impacting 
on groundwater quality in the aquifers, and to integrate information obtained and 
provide advice to the responsible natural resource managers. 



2. LOGAN-ALBERT CATCHMENT SETTING 

2.1. LOCATION 

The Logan-Albert Catchment is located in South-East Queensland, extending from the 
southern metropolitan Brisbane area, in the north, to the New South Wales - 
Queensland border on the southern boundary (Figure 2.1). 

The catchment contains three tributaries with associated sub-catchments: 

Logan River 
Albert River 
Teviot Brook 

The rivers flow to the north and merge together near the mouth of the Logan River 
which flows into Moreton Bay. 

There are parts of six political divisions located within the catchment - The Shire of 
Beaudesert, Boonah Shire, Gold Coast City, Logan City and a small part of Redland 
Shire and Brisbane City. The region, as a whole, is undergoing rapid expansion due to 
population growth. 

2.2 GEOLOGY 

The Logan-Albert Catchment geology is covered by four 1 :250,000 Australian 
Geological Series maps. These are: 

Ipswich Sheet SG56- 14 
Brisbane Sheet SG56- 15 
Tweed Heads Sheet SH56-3 
Warwick Sheet SG56-2 

Figure 2.2 is a simplified extract from the Geology of the Clarence-Moreton Basin 
1:500 000 Scale Map (Wells and O'Brien, 1994) covering the Logan-Albert region. 
Figure 2.3 summarises the stratigraphy, lithology, depositional environment and main 
geological events for the area. Wilmott (1992) and Cranfield, et a1 (1989) review 
various aspects of the geology of the region in detail. 



Fig. 2.1 Location map of the Logan-Albert Catchment 
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The geology of the area can be divided into four distinct ages and associated rock 
types. These are: 

1) Palaeozoic (Carboniferous) rocks that outcrop in the north-east of the 
region. These are low-grade metasediments of greywacke, slate and cherts 
that form the metamorphic basement for the region. 

2) Jurassic sandstones, with interbedded siltstones and shales outcrop 
throughout the central and western part of the catchment. These were 
deposited within the Moreton Basin. 

3) Tertiary igneous outcrops. The south-east of the catchment is dominated 
by thick extrusive basalt deposits. In the south-west the landscape contains 
numerous peaks that rise steeply up from the sandstone terrain. These peaks 
are intrusive igneous bodies. This whole southern igneous region is linked to 
the Tweed Volcanic Province. 

4) Along the present day river courses are Quaternary alluvial deposits. 
These deposits contain the main aquifer sequence for this study. Quaternary 
estuarine deposits occur in the region where the Logan and Albert Rivers enter 
Moreton Bay in the north-east of the catchment. 

The four distinct geological divisions equate with four hydrogeological provinces in 
the area. 

1) The Palaeozoic Neranleigh-Fernvale Beds contain fractured rock aquifers. 
They are considered to have poor groundwater potential with low yields and 
variable quality. 

2) Some of the Jurassic sandstone horizons are aquifers of variable quality. 

3) The Tertiary basalt aquifers occur in both vesicular horizons and where the 
basalts are well fractured. The quality is generally good. 

4) The Quaternary alluvium contains generally the best aquifers in the area in 
the siltstone, sandstone and gravel horizons. The estuarine deposits contain 
moderate supplies of poor quality water at shallow depths. 

Quarantotto (1979) reviewed the hydrogeology of these provinces but his study was 
restricted to the east and north-east of the catchment in combination with an area 
outside the catchment. Very little hydrogeological information is available on these 
first three provinces. It is the Quaternary alluvial aquifer on which most of the 
hydrogeological investigations have focussed. This is because of data availability and 
the fact that this is the aquifer to have the most potential for future development. 

The following is a summary of the depositional and structural history of the catchment 
that will put these four geological groupings into perspective. 



Towards the end of the Devonian period the environment of the region was a 
deepwater trench and subduction zone with a continental slope and volcanic chain to 
the west. Turbiditic sandstone sequences, derived from the continent to the west, and 
deep marine shales, cherts and volcanics were laid down. The of these deposits is 
estimated at 7000 metres. 

By the end of the Carboniferous, these sediments were uplifted, folded and faulted as 
they formed part of an accretionary wedge at the edge of the Australian craton. The 
strata underwent low grade metamorphism and were folded into isoclinal folds with a 
NNW trend. They are known as the Neranleigh-Fernvale Beds. 

The region began to stabilise with an intermittent volcanic phase in the Late Triassic. 
Rhyolite lavas, breccias and tuffs were extruded. These deposits are called the 
Chillingham Volcanics and have a narrow outcrop on the western margin of the 
Neranleigh-Fernvale Beds. 

Basin stabilisation followed with the development of flood plains and fluvial systems. 
Sandstone, silt, shale and coals were laid down and formed deposits known as the 
Ipswich Coal Measures. This formation is very thick around Ipswich and Brisbane 
and the coal is currently mined there. In the Logan-Albert Catchment the Ipswich 
Coal Measures are very thin and have a narrow strip of outcrop in the east of the 
catchment. 

By the end of the Triassic a more extensive area of fluvial and flood plain deposition 
was developed as the continental crust began to sag as the Moreton Basin developed. 
The following sequences were deposited conformably upon one another, overlapping 
the earlier Chillingham Volcanics and Ipswich Coal Measures. 

The Woogaroo Sub-Group is predominantly coarse sandstone and 
conglomerate laid down by large braided river systems infilling a broad 
alluvial plain. 

The Marburg Formation represents low energy fluvial systems with finer 
sandstone, siltstone and shales, channel-fill cross-beds and fining-upwards 
sequences. 

The Walloon Coal Measures were deposited in an even lower energy 
environment that was partly fluvial, lacustrine and swamp. Mudstones with 
minor siltstone and fine sandstone, plus some non-economic coal characterises 
this sequence. It is approximately 700 metres thick and contains more lithic 
fragments than the Marburg Formation. 

After the Jurassic period the region underwent gentle warping. Some broad anticlines 
and synclines were produced. The Morton Anticline and Logan River Syncline are 
examples of such structures. These structures have a N-S orientation controlled by 
and in parallel with the West Ipswich Fault (which lies to the west of the catchment). 
The West Ipswich Fault is a dominant structural feature in the region. 



In the Early Tertiary there was renewed movement on the basement faults combined 
with erosional activity. This produced a basin for the deposition of the Beaudesert 
Beds in the Logan River Syncline. These are not extensive deposits and they outcrop 
north of Beaudesert. They are approximately 200 metres thick and lie unconformably 
above the Walloon Coal Measures. The sequence consists of carbonaceous shales, 
sandstones and conglomerates, of lacustrine and fluvial origin, with interbedded basalt 
and dolerite sills. 

Later in the Tertiary, approximately 23 MA, the region underwent intense volcanic 
activity. The first basalts were extruded from a vent that previously existed in the 
south-west of the region. The later basalts were sourced from the Tweed Volcano 
which was centred over the present day Mt. Warning in north-eastern New South 
Wales. These were highly mobile lavas that spread extensively to form a low-angle 
shield volcano. The basalt plateau of Mt. Tamborine is considered to be part of the 
original basaltic surface. 

At the same time as the volcanic eruptions, intrusive igneous activity was occurring in 
the west of the region. Plugs, dykes and sills of rhyolite, dolerite and trachyte of 
various composition and form were emplaced. Today they exist as prominent peaks 
and are indicative of the amount of surrounding strata that has been eroded, 
particularly the Jurassic sandstones. 

The region has been relatively stable with repeated cycles of weathering, uplift and 
erosion occurring since the mid-Tertiary. Quaternary alluvial deposits of sands, 
gravels, siltstones and clays are in the present-day river valleys. Their depositional 
history is controlled primarily by sea level changes with very little fault control. The 
sediment of these deposits reflects the wide variety of source material available in the 
catchment. 

The estuarine and coastal area deposits, towards the mouth of the Logan River, were 
largely defined during high sea levels 120,000 years ago. 





LITHOSTRATIGRAPHY LITHOLOGY 
DEPOSITIONAL MAIN GEOLOGICAL 

ERA PERIOD ENVIRONMENT EVENTS 

Quaternary Alluvial sands, gravels, Alluvium silts and clays fluvial 
0 - 
0 Plugs, sills, dykes of intrusive and 

N 
0 Tweed Volcanics 
Z Tertiary minor sediments Intrusions - 
- 
a Carboniferous shale, 

Beaudesert 
and 

Estuarine and fluvial Beaudesert Basin deposition 
0 Beds 

basalt Folding 

Mudstone, minor Continental. fluvial, 
Wall00n Coal siltstone, fine lacustrine, swampy 
Measures sandstone, some flood plain 

coal Deposition of fluvial / lacustrine 
sediments 

Lithic, labile Flwial (fine) 
Jurassic finer sandstone, lower energy 
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2.3. PHYSIOGRAPHY, CLIMATE AND SOILS 

Physiography 

The physiography of the catchment is largely determined by the geology of the region 
and the pattern of erosion since the Tertiary. 

In the north-east, where the resistant Palaeozoic rocks outcrop, the landscape is hilly 
with greywackes forming the higher ground. Rivers dissect the area but with no 
dominant pattern. The soils are moderately fertile, shallow and stony. Until the recent 
expansion of rural residential development, the area remained under forest. 

The central and western sector is dominated by lower, more rounded hills and broad 
river valleys. The Jurassic sandstones of this area are less resistant to weathering than 
the Palaeozoic rocks of the north-east. Where the softer Walloon Coal Measures and 
Beaudesert Beds outcrop, the Logan Valley broadens out. 

To the south-west, intrusive igneous plugs, dykes and sills prominently protrude 
through the Jurassic landscape. These peaks can rise to over 1300 metres and have 
very steep slopes. 

In the south-east the thick basalts produce high plateaus and ranges that have been 
dissected by radial streams. The varying resistance of the basalt horizons results in a 
stepped appearance up the valley sides. With clearing of the rainforest there is an 
increasing problem of slope instability and landslide activity associated with the thick 
layers of weathered basalt. 

Throughout the catchment the river and stream valleys contain alluvial deposits and 
terraces. 

Climate 

A short description of the region's climate is provided in Loi et al(1994). Generally 
speaking the climate of the region is sub-tropical, with hot wet summers and mild dry 
winters. The bulk of the climatic data comes from a long-term climatic data recording 
station at Beaudesert so most of the following information is representative of the 
central area of the catchment. 

The average rainfall at Beaudesert for the period 1887 to 1993 was 926 mm per year. 
November to.March represent the wettest months with a monthly rainfall in excess of 
100 mrn. July to September are the drier months (Bureau of Meteorology, 1995). 

' 

The annual precipitation variation across the Logan-Albert Catchment is quite large. 
Down the eastern divide of the catchment the mean annual precipitation is 
approximately 1400 rnm/annum, rising to 2030 mmlannum in the south-east comer 
where Lamington National Park is located. The southern divide has an annual 



precipitation of greater than 1100 &year. The amount of precipitation decreases 
towards the centre of the catchment to 860 rnm/annum and then slightly increases to 
9 15&annum at the western boundary. 

The average monthly evaporation at Beaudesert as recorded from 1945 to 1974 ranges 
from 75 mm in July to 200 mm in DecemberIJanuary. Water deficits are common in 
the low rainfall months. The implication of this is that recharge from precipitation is 
primarily available in the summer high rainfall months. 

The mean summer maximum daily temperature at Beaudesert is 29-3 1°C and the 
minimum is 16-lg°C. The winter mean maximum is 21-22.5"C and minimum is 5- 
6.5OC (Bureau of Meteorology, 1995). 

Soils 

A detailed description of soils in the region is beyond the scope of this report. The 
reader is referred to Paton (1971), Loi et al(1995) and Forster and Harms (1994) for 
detailed information. 

The soils of the region are diverse, reflecting the variety of source material for the 
soils. A 1:250 000 Land Resource Areas map of the Moreton Region maps units of 
similar landform, soils, geology and vegetation (Forster and Harms, 1994). The 
Quaternary alluvial plains, where the borelines for this water quality study are located, 
are dominated by grey clays, black earths and alluvial soils - all soils with a clay 
texture. These soils are poorly draining. 

The soil mapping undertaken by Paton (1971) confirms the dominance of clay 
textured soils in the alluvial valleys of Teviot Brook and the Logan Catchment. This 
study was mapped at 1:63 360 scale and covered the western mid-region of the Logan- 
Albert Catchment, to the north of Beaudesert and Boonah. 

The report by Loi et al(1995) is an assessment of soil and land characteristics to 
identify Unique Mapping Areas (UMA's) and the application of UMA's to determine 
climatically suitable agricultural land uses. Mapping was undertaken at 1 :50 000 
scale of a region in the northern sector of the Logan Catchment - from Veresdale to 
Logan Village. The only boreline located within the study area is Kagaru (bore 
numbers 14500088 and 14500080). The soils at thls location are mainly clays which 
are at least 1 meter thick and poorly draining. The current land use is mixed cropping, 
beef and intensive dairy and the agricultural class is cropland on the alluvial valley 
and pastureland on the hill slopes. This data confirms other assessments of the region. 

An assessment of land suitability for sewage effluent was undertaken in Loi's study. 
The outcome was that the alluvial plains are not suitable for effluent disposal due to 
the frequency of large flood events (greater than 1 in 100 years) and the intervalley 
areas have texture contrast soils that can establish perched water tables that are easily 
contaminated. 



To summarise, all three reports document the dominance of clay textured soils in the 
alluvial valleys. It has been further confirmed (pers. cornm. B. Powell, RSC-QDNR) 
that the soils are characteristically heavy textured with a high proportion of smectite 
clay. These soils do not drain well and tend to retard recharge to the underlying 
aquifers. They also have a good buffer zone capacity to retain potential contaminants. 



2.4. LAND USE 

The quality of groundwater is determined partly by ambient conditions and partly by 
anthropogenic factors. For this reason it is important to have an understanding of land 
use in the area and to be able to identify past, present and future effects that these 
activities could have on groundwater quality. 

The Logan-Albert Catchment is very diverse in climate, geology, topography, 
hydrology, soils and vegetation. This has resulted in varied land use patterns across 
the catchment. For the purpose of this report we have divided the catchment into 
three broad sectors that are dominated by very different land uses that reflect the very 
different natural environments. 

The three sector land use pattern corresponds with the following three main 
physiographic sectors: 

1 > The south and south-east where igneous rock outcrops and thick 
volcanic lava beds form high ranges that define the catchment boundary. 

2) The central area of mainly broad, flat, alluvial valleys with some 
rolling hills and remnant forest. 

3) The north which is gently undulating and dissected by rivers. 

The land use pattern for these sectors is indicated in Figure 2.4 and a more detailed 
description of the three land use sectors follows. 

The southern and south-eastern sector contains conservation reserves, national 
parks and forested areas. It is fairly unspoilt igneous terrain and rises to 1200m in 
places. The area includes the Darlington Range, Larnington Plateau, MacPherson 
Range, Mt. Barney and Mt. Maroon. The natural significance of this region is 
indicated by the fact that Larnington National Park and other rainforests of the area 
have been nominated for World Heritage status. 

Because this sector has not been radically altered by anthropogenic activities the 
groundwater quality would be largely determined by natural processes occurring in the 
hydrologicallhydrogeological cycle. 

The central sector is characterised by rural activities. These includes: 
, .. 

- pastoral dairy and beef production on open pastoral land 

- irrigated and improved pasture concentrated in the valleys 
-fodder pasture, fodder crops, grains 

- feedlots 
- one 12,000 head + half dozen 500 head 



- sugar cane production 
- on fertile soils near Beenleigh 

- stud farms, piggeries 

- horticulture 
- small scale, intensive 

The towns of Beaudesert (population 4,300), Boonah (population 2,500) and 
Canungra are located in this region. They are primarily centres to support the rural 
based activities. 

Mt. Tamborine is situated in the central sector, as defined by land use, but is situated 
in the southern sector as defined by its natural environment. The Mt. Tamborine area 
is characterised by intensive agriculture and small farms located on a high basalt 
plateau that defines the eastern margin of the catchment. 

Another feature of the central area is the development of Bromelton as a designated 
Major Industrial Area. Bromelton is located 6 krn west of Beaudesert and is currently 
used for low-intensity grazing and animal processing. It is proposed that Bromelton 
become the centre for animal and rural based industries. Within this area there already 
exists an AMH abattoir, AJ Bush Dogfood, a tannery and a 12,000 head feedlot. A 
new central refuse facility, in the form of a major landfill, has been proposed for this 
area. The landfill site is currently being investigated. The location of activities in the 
Bromelton area has been determined to protect the water quality of Sandy Creek and 
the Logan River. 

Another major development in the area is the Davis Gelatine factory located 7 km 
south of Beaudesert. It was recently opened. 

There are several sewage treatment plants located at population centres in the 
catchment. The treated effluent is either discharged into the rivers or re-used for 
irrigation purposes (see Chapter 2.5). Beaudesert Shire has plans to shift to land- 
based treatment in the future. 

The northern sector is dominated by suburban-sprawl from Brisbane and rural 
residential properties. As Brisbane and the Gold Coast areas expand, more people are 
moving into the Logan-Albert area. Between 1981 and 1991 population growth in 
Beaudesert Shire was 7.1% per annum with most of the growth occurring in the 
northern part of the catchment. 

Within this sector, at Kingston, is an old gold mining operation. Toxic waste was 
deposited into the pit in the 1950's. DPI and consultancies are currently investigating 
the site for potential contamination. 

The limited number of accessible bores and bore data available in this northern area 
meant that regional water quality assessment in this project did not extend into the 



H northern region. Therefore, it was considered that a more detailed understanding of 
the northern sector land uses was not to be included in this study. 

The main focus of this study has been on the central sector where agricultural and 
rural industrial activities are the primary land uses that have the potential to affect 
water quality. 
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Fig. 2.4 Land use in the Logan-Albert Catchment 



2.5. WATER USE 

In South-East Queensland the primary source of water supply for public use is surface 
water. This also applies to the Logan-Albert Catchment. 

In the past, the town of Beaudesert obtained its water supply from the Albert River 
due to erratic flows in the Logan River. In 1974 Maroon Dam was built in the south- 
west of the catchment to regulate flow on the Logan River (Fig. 2.1: Location Map). 
This system now provides a water supply as far downstream as Cedar Grove (located 
about two-thirds down the catchment). Maroon Dam has a capacity of 38,400 
Megalitres. 

Boonah's town supply was derived from bore water in the past. Today the town 
supplies come from Moogarah Dam, built in 196 1, and located to the west of the 
catchment boundary. 

In 197 1 Wolffdene Dam, a large storage, was proposed for construction on the Albert 
River. This plan was terminated by a political decision in 1989. The water supply 
situation was then reappraised. 

Future plans for additional water supply in the area are focussed on the construction of 
small and medium scale storages. In the Logan-Albert Catchment the two sites 
selected are Glendower, on the Albert River, and Braford Hills, just north of the town 
of Boonah. The former is planned for 2015 and the latter for 2060 and they are 
intended to provide for Metropolitan Brisbane. 

There has also been consideration of interbasin transfer of water in the region. This 
could be from the Brisbane River basin to the Logan-Albert basin or from the Logan- 
Albert basin to the South Coast basin. 

The primary use of groundwater is for irrigation and private supplies for farms. The 
bores tap various aquifers in the catchment. Tables 2.1 and 2.2 broadly outline the 
aquifer characteristics of the area. They clearly illustrates the variability in available 
resource, bore yield and quality of the aquifers. 

Table 2.1 
Logan-Albert Catchment Aquifer Characteristics 
(adapted from AWRC, 1976) 

TDS range 
( m m  

500-2000 
300-6000 
100-9000 

Bore Yields 
(m3/day) 
150-980 
10-300 
10-300 

No. of Bores 
(1974) 

5 20 
200 
300 

Aquifer Type 

unconsolidated sediments 
sedimentary rocks 
fractured rocks 

Area of Aquifer 
@m2) 

155 
3 268 
2 350 



Table 2.2 
Logan - Albert Catchment: Groundwater Resources 
(adapted from AWRC, 1987) 

The Quaternary alluvial aquifers are represented in the Tables as unconsolidated 
sediments. They are small in aerial extent but contain the largest quantity of good 
quality water with the best yields. They are also the most highly utilised, as defined 
by the 1983184 abstraction. The other aquifers in the Jurassic sandstones, Palaeozoic 
greywackes and Tertiary igneous rocks are represented under the categories of 
sedimentary rocks and fractured rocks. They cover most of the catchment but have 
poor yields and are more saline. 

Any future development in the area will involve pressure on the limited water 
resources in the area. The report, Teviot Brook Irrigation Project (WRC, 1988), 
proposed conjunctive use of surface and groundwater to provide water for an 
expansion of irrigated land. This reflects an increasing trend on the reliance of 
groundwater as surface water resources are extended to their limits. The report noted 
a need to manage groundwater extraction and application closely due to evidence of 
salinisation. 

There are eight water treatment plants and ten sewerage treatment plants in the 
catchment. Their locations are shown in Figure 2.5. 
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The water treatment plant for Boonah Shire uses standard procedures with the main 
process involving removal of suspended solids. Water treatment in Beaudesert Shire 
involves standard procedures for colour and turbidity. High iron and magnesium 
levels, characteristic of the area, are also treated (pers. comm. Boonah Shire Local 
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In Boonah Shire sewage undergoes tertiary level treatment. Some effluent is 
discharged to streams, a portion is used for golf course irrigation and some is sold to 
local landholders (pers. comm. Boonah Shire Local Council). Sewage treatment in 
Beaudesert Shire is to secondary level. A portion of that effluent is discharged to the 
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w rivers and creeks. At Beaudesert and Kooralbyn the effluent is also utilised on the 

golf course. At Canungra some of the effluent goes to fodder irrigation and at 

m Jimboomba a portion of it is used to irrigate school yards. Septic tank systems are 
used away from the town centres (pers. cornrn. Beaudesert Shire Local Council). 
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SEWERAGE TREATMENT PLANTS 

1 Woodridge 

2 Loganholrne 

3 Beenleigh 

4 Jirnboomba 

5 Canungra 

6 Beaudesert 

7 Kooralbyn 

8 Boonah 

9 Maroon Dam 

10 Palen Creek 

Logan City Council 

Logan City Council 

Gold Coast City 

Beaudesert Shire Council 

Beaudesert Shire Council 

Beaudesert Shire Council 

Beaudesert Shire Council 

Boonah Shire Council 

WR-DPI QDNR 

Corrective Services 

WATER TREATMENT PLANTS 0 

A Ceder Grove Beaudesert Shire Council 

B Helens Street Beaudesert Shire Council 

C Albert River Beaudesert Shire Council 

D Canungra Beaudesert Shire Council 

E Kooralbyn Beaudesert Shire Council 

F Maroon Dam WR-DPI QDNR 

G Rathdowny Beaudesert Shire Council 

H Palen Creek Corrective Services 

Fig. 2.5 Location of sewerage and water treatment plants in the Logan-AlbertCatchment 



3. PROJECT FRAMEWORK 

3.1 PREVIOUS WORK AND DATA SOURCES 

The number of groundwater studies that have been done in the Logan-Albert 
Catchment is limited. Two main reasons for this are: 

1) The primary source of public supply water is from surface water. The main 
use of groundwater is for irrigation and private supplies for farms. 

2) As this region is an undeclared zone, the government has no statutory 
power to license private bores. Therefore, there is no requirement for private 
bore data to be passed on to government bodies for storage and use in 
investigations. 

In 1956 a groundwater investigation report was produced by the Queensland Irrigation 
and Water Supply Commission for the Logan and Albert Rivers and Tributaries 
(Belcher, 1956). This was the first major groundwater study done in the area and was 
instigated as a result of public demand for a more accessible and reliable water supply 
for irrigation. The report focussed on the Quaternary alluvial aquifers as the quality of 
the water in the surrounding Jurassic sandstones was considered poor. The report 
focussed on a qualitative, not quantitative, assessment. 

The outcome of the report was to drill 15 borelines across the alluvial flats of the 
Logan and Albert Rivers, each with 4 to 10 bores on a line. These bores were drilled 
between 1956 and 1963 with 7 more drilled in 1976. 

The results of this drilling program were documented in a series of cross-sections and 
tables of drilling data (QDPI Water Resources, no date). Pump tests were conducted 
with the 6 inch screened casing in place and this was then replaced with 2 inch slotted 
galvanised iron pipes (PVC for later bores) to serve as observation bores. Stream 
gauges were put in place where the bore lines crossed the river. 

Samples of groundwater were take for water quality analysis at the time of the drilling 
program. The next record of water quality samples taken for analysis was 1990, then 
1991, and twice in 1992 (not all bores on each occasion). Monitoring of the water 
levels has continued since drilling with a decreasing number of bores being measured 
over time. They are currently monitored at a two-monthly interval by QDNR. 

Two reports were published in 1963 by the Queensland Irrigation and Water Supply 
Commission on water resource development in the Albert River Basin and the Logan 
River Basin. The reports targeted surface water to facilitate expansion of irrigation 



activities and dismissed groundwater supplies as unimportant due to low yields. The 
recommendation was to build dams. 

The east and north-east of the Logan-Albert Catchment was included in a study by 
Quarantotto (1979) titled 'Hydrogeology of the Logan-Nerang Region'. The 
conclusion was that this region has poor groundwater potential due to poor yield 
andlor poor quality water in the main hydrogeological provinces. 

In 1987 QDPI-Water Resources drilled 5 borelines at Teviot Brook to investigate the 
alluvial aquifer (Seccombe, no date). Gamma logs were run on five bores. All of 
these bores were preserved with 2 inch PVC lining. Samples were taken for water 
quality analysis in 1988, 1990, 199 1 and 1992. The water levels are measured every 
two months. In 1988 a second set of bores were drilled to provide infill information. 
This second set of bores were abandoned. 

More recently, in 1992, QDPI-Water Resources undertook a comprehensive water 
quality survey in the Logan Catchment and the Albert Catchment (pers. cornrn. K. 
Bedford). The sample points were along the existing bore lines, located in the alluvial 
aquifer, that were drilled in the 1956-63 period and in 1976. The focus was primarily 
on inorganic constituents including trace metals and nutrients, with a few trace 
organic and pesticide analyses. The results currently exist in tabular form with a 
location map at QDNR. 

A field logger was installed in Bore Number 14500099A in Teviot Brook in March 
1994. This was to provide continuous (12 hourly) readings of water level. Initial 
results indicate that the water level is being severely influenced by a near-by 
production bore. 

Historical water quality data collected from government owned bores is held on 
QDNRYs Groundwater Database, along with other bore data. The water quality data 
consists mainly of physical parameters and major ion analyses. 

Beaudesert Shire Council has water quality data but it is not held on a database for 
easy access. The data includes results from major ion and microbiological analyses of 
numerous private bores in the Shire. Because this catchment is not a 'Declared 
District' associated bore information is either not available or difficult to access. An 
initial survey into the accessibility of the Shire Council's data resulted in a decision 
not to use this data for this study as there were insufficient funds to collect and collate 
the data. 

In the past, the majority of studies have focussed on the Quaternary alluvial aquifers 
of the region. More recently, research in the area of groundwater quality has been 
undertaken in the Jurassic Walloon Coal Measures of Teviot Brook (Li and Cox, 
1996). There appears to be no record of any in-depth hydrogeological investigations 
of the Tertiary basalts. It is possible that with increasing pressure on the resources of 
the region, associated with population expansion, further groundwater investigations 
may be required. One component of this investigation could involve the compilation 
of bore data from the Shire Councils and private bores in the catchment. 



3.2 HYDROGEOLOGY 

Aquifer Sequence Characteristics 

As previously mentioned, this report focuses on the Quaternary alluvial aquifers of the 
river valleys in the Logan-Albert Catchment because it has been ascertained that they 
contain the prime groundwater resources of the region, and as a result, that is where 
the investigation bores have been located (see Figures 3.3 and 3.4 for boreline and 
bore locations). 

A general description of the Quaternary alluvial deposits follows: 

The aquifer is composed of fluvial deposits that cut into the surrounding bedrock. The 
bedrock is predominantly Jurassic sandstone although in some areas it is Tertiary 
igneous rocks and near the mouth of the Logan and Albert rivers it is the Palaeozoic 
rocks. The main alluvial aquifer is composed of sands and gravels that form the base 
of the alluvial sequence. Above the aquifer is a confining/serniconfining layer of clays 
and silts that fine upwards to primarily clay. Clay lenses exist between the aquifer and 
the bedrock in some locations. 

The Logan Catchment alluvial deposits extend for approximately 120 krn. The Albert 
and Teviot Brook alluvial deposits are shorter in length with extensive breaks where 
the river flows directly on the bedrock (Jurassic sandstone). This is particularly the 
case in the northern end of Teviot Brook. 

The width of the alluvial deposits ranges from less than 1 km in the southern sector to 
approximately 5 km in the mid-Logan region to over 10 km at the mouth of the Logan 
River. On average, over the full extent of the deposits, the Logan alluvium is wider 
than either the Teviot Brook (less than 2 km wide) or the Albert alluvium (less than 3 
km wide). 

The Quaternary alluvial aquifer sequence varies within and between catchments. 
Information outlined below is derived from borelogs and therefore represents the 
region where the borelines were drilled, ie in the mid-sector of each catchment. Bore 
logs from the Groundwater Investigation - Logan & Albert Rivers District document 
(no date) and from Seccombe (no date) were used to surnmarise the aquifer sequence 
properties for each catchment. Although piezometric surface data was given no water 
table data was available in the bore logs. 

Logan Catchment 

Thickness of alluvial 
aquifer sequence: Between 18 m and 27 m. Thinnest at the southern boreline. 

Bedrock: Walloon Coal Measures over most of the sector with basalt in 
the southern sector. 



Aquifers: 1-10 m thick 
Grades from gravel to gravel and sand to sandy silt in a 
northerly direction. 
Mainly located at or near the base of the alluvial sequence. 
Laterally variable in thickness and grain size. 

Confining layer: 10-20 m thick 
Top soil, clay, silty clay, sandy clay interbedded with some 
sand and silt layersllenses. 
Cannot determine lateral continuity from borelogs. 

Albert Catchment 

Thickness of alluvial 
aquifer sequence: Between 15 m and 22 m. Thinner (10 m) in the Keny Creek 

tributary. 

Bedrock: 

Aquifers: 

Walloon Coal Measures represented by coals, shales and 
sandstones. 

1-7 m thick 
Mixture of gravels, sands, sandy silt and clayey sand. 
No obvious gradation down the catchment. 
More gravel than in the Logan Catchment. 
Mainly located at or near the base of the alluvial sequence. 

Confining layer: 10-20 m thick 
Top soil, clay, silty clay, sandy clay interbedded with some 
sand and silt layersllenses. 
Cannot determine lateral continuity from borelogs. 

Teviot Brook Catchment 

Thickness of alluvial 
aquifer sequence: The base of the alluvial sequence was not defined on the bore 

logs. Assuming the appearance of coals and cemented 
sandstones represents the bedrock, the alluvial sequence ranges 
from 10-16 m thick in the southern sector to 14-21 thick in the 
northern sector. 

Bedrock: Walloon Coal Measures represented by coals, shales and 
sandstones. 



Aquifers: 1-7 m thick 
Mixture of gravels, sands, weathered sandstones and cemented 
sandstones. The sandstones are most likely associated with the 
Walloon Coal Measures and not the Quaternary alluvium. 
Mainly located at the base of the base of the alluvial sequence 
or in the bedrock. 
Very variable lateral thickness. 

Confining layer: 5-19 m thick 
Thick brown and blue clay and minor yellow clay. Also 
occasional minor sand or silt horizons. 
From bore logs it appears to be a thicker, more continuous clay 
layer than in the Logan or Albert Catchments. There is much 
less silt. 

For a detailed cross-section of each boreline based on the bore logs, the reader is 
referred to the Groundwater Investigation - Logan & Albert Rivers District document 
(no date) and Seccombe (no date). 

Figure 3.1 is an idealised cross-section of the Quaternary alluvial aquifer sequence 
based on drilling/lithological data. The main features are: 

The thick silty-clay semi-confininglconfining layer with heavy textured clay soils 
dominating near the surface. This layer is almost all clay in Teviot Brook. 

The sandylgravel aquifer of variable thickness situated towards the base of the 
sequence. An assumption is made in this study that the majority of the aquifers 
intersected in the bores are laterally continuous. This may not be so in some cases 
as fluvial deposits tend to contain lateral discontinuities and lens shaped deposits. 
At this stage there is no data to confirm or negate the assumption. 

The direct contact of much of the aquifer with the bedrock, although in some areas 
there is an intervening clay lens barrier. Where the Quaternary aquifer is in direct 
contact with sandstones of the Walloon Coal Measures, the two are believed to be 
hydraulically connected. 

The intersected bedrock can be the coals, shales or sandstones of the Walloon 
Coal Measures. In one boreline, in the south of the Logan Catchment, the bores 
intersected the Tertiary basalts. 

The potentiometric surface is situated within the semi-confininglconfining 
horizon. No data exists on possible water table aquifers or perched water tables 
and no bores were constructed to allow access to any shallower aquifers. 

Table 3.1 defines the lithology, and geological unitlaquifer that equates with the bore 
slotted interval. This is the unit from which water is being extracted for groundwater 
quality sampling. This information has been derived from QDNR's Groundwater 



Database and the borelines documented in Groundwater Investigation - Lopan & 
Albert Rivers District (no date) and Seccombe (no date). 

Table 3.1 also contains a column on the bore casing material. All the bores in the 
Logan and the Albert Catchments that were drilled during the original drilling 
program are constructed with GIP (galvanised iron pipe). Bores drilled in these two 
catchments at a later date were constructed with PVC. All the bores in the Teviot 
Brook Catchment were constructed with PVC. The construction material can have an 
affect on the groundwater quality sample. 

The majority of bores in the Logan and Albert Catchments were completed with slots 
in the Quaternary alluvial sequence - usually at the base of the sequence. Only two 
bores in the Albert Catchment, that were sampled in this study, were completed with 
slots in the underlying Walloon Coal Measures (145 10008 and 145 1005 1). Most of 
the bores in the Teviot Brook Catchment were completed with slots across the 
Quaternary Alluvium/Walloon Coal Measures contact. The water extracted from 
these bores is therefore sourced from both geological unitslaquifers. 

Table 3.1 GEOLOGICAL FORMATION AND LITHOLOGY AT 
BORE SCREENED INTERVAL 

BORELINE 
,As,, 

LITHOLOGY AT ***FORMATION 
NO. SCREENED INTERVAL rn 

Albert 
Tabragalba 145 10056 PVC claybound sand and gravel base Quat 
Wyarnbyn 145 10055 PVC claybound sand and gravel base Quat 
Dagworth 145 10035 GIP boulders, gravel and sandy silt base Quat 

14510034 GIP gravel, boulders and silty clay base Quat 
Cainbable Jct. 14510030 GIP gravel, boulders, silt and clay base Quat 
Nindooinbah 14510019 GIP gravel mid-Quat 



BORELINE as, 
NO. 

Nindooinbah 1 14510023 1 GIP 
Mt. Witheren 1 145 10052 1 PVC 

St. John 
-- -- 1 14510012 1 GIF' 

Line 2 1 145001 16 1 PVC 
1 14500118 1 PVC 

1 14500100 1 PVC 

Line 3 
Line 4 

I I 

1 14500097 1 PVC 
***Quat = Quaternary Alluvium WCM = ' 

decom~osed sandstone 

14500103 
14500098 

sand. gravel. boulders I base Ouat I 

PVC 
PVC 

I 

clav/sandstone/shale I Ouat + WCM I 
silt, sand and gravel 

~ravel/sand/shale I Ouat + WCM I 

base Quat 

gravel/coal/sandstone 
sand/gravel/sandstone 

sandfgravel I Quat I 

Quat + WCM 
Quat + WCM 

cemented sandstone 
clav/sand/~ravel/coal 

weathered sandstone/clay/ I Quat + WCM I 

WCM 
Ouat + WCM 

clay/sand/coal Quat + WCM 
sand/gravel/coal/gravel Quat + WCM 
sand/gravel/clay/shale/ I all WCM?? I 
sandstone (below coal) 
clay/sand/gravel Quat 

Valloon Coal Measures 

Pump Test Data 

Pump test data was utilised to quantify the variation that exists within the aquifer 
based on transmissivity calculations. 

The raw pump test data was collected at the time the bores were drilled. This data is 
stored on QDNR's Groundwater Database. Thirty-two bores in the Logan Catchment 
and 11 bores in the Albert Catchment had pump tests run on them. Of these bores, 6 
of the Logan and 5 of the Albert bores were included in the sampling program. 

The method for calculating yield and transmissivity is outlined in a note titled: 
Estimation of Confined Aauifer Yields (pers. cornrn. J. Kellett). The results for yield 
and transmissivity are in Table 3.2 on the following page. 

There is a very large range of transmissivity throughout the Quaternary alluvial 
aquifer. In the Logan Catchment T ranges from 4.2 to 1615.4 m2/d. In the Albert 
Catchment T ranges from 1.8 to 365.2 rn2/day. When the data is plotted spatially there 
is no obvious distribution pattern. 



The results from the pump test indicate the enormous variability in transmissivity 
specifically and aquifer properties generally in the Logan and Albert Catchments. 
This is very characteristic of alluvial deposits where there is a variety of sediments 
ranging from gravels to sands and silts to clays. The variation is lateral as well as 
vertical. 

Potentiometric Surface 

The potentiometric surface of the Quaternary alluvial aquifer was plotted for the three 
catchments (Figure 3.2). The contours do not connect because the aquifer does not 
extend beyond the confines of the alluvial valleys and the database used does not 
contain any data points located between the alluvial aquifers. 

The SWL data for this map was collected by QDNR. The Logan and Albert 
Catchment data was obtained on 9 December 1992 and the Teviot Brook data was 
obtained on 10 February 1994. These dates were selected because there was more 
available data. The Logan Catchment had 35 bores, the Albert Catchment had 27 
bores and Teviot Brook had 19 bores, all with SWL data on the previously mentioned 
dates. All the data was collected during the summer season which is characteristically 
the wetter season. 

On a regional scale the groundwater flows in a northerly direction parallel to river 
flow. In terms of groundwater quality this would imply an evolution in groundwater 
chemistry in a northerly direction. The gradients of the regional flow systems can be 
qualitatively described as follows: 

Logan Moderately steep in the southern sector 
Flatter in the mid-sector (Round Mountain to Beaudesert Line) 
Slight increase in northern sector 

Albert Consistently moderately steep 

Teviot Brook Steeper in the southern sector (Lines 1 and 2) 
Moderately flat in the northern sector (Lines 3-5) 

On a local scale the groundwater flow systems are primarily effluent - ie the contours 
indicate that the groundwater flows towards the river. This is the case for the Logan 
and Albert alluvial systems and the northern sector of the Teviot Brook system. In the 
southern sector of Teviot Brook the flow is mainly influent. Here the river would be 
recharging the groundwater system and the groundwater chemistry would reflect this 
process. 

The potentiometric contours give just a 'snapshot' of the flow dynamics at any single 
time. It would be advisable to plot these contours for the contrasting seasons and 
times of high and low river flow to get a more dynamic picture of the groundwater and 
surface water interactions. 



Table 3.2 
PUMP TEST DATA FOR LOGAN AND ALBERT CATCHMENTS 
Estimation of Confined Aquifer Yields and Transmissivity 

BoreidIBoreline Yield Transmissivity Bores Sampled 
(Usec) (m2/day) in 1994 

LOGAN 

Kagaru no data 

Veresdale 
14500057 0.22 5.1 X 
14500058 12.88 370.4 
14500059 7.77 232.9 
14500060 0.77 20 
14500061 0.16 4.2 
14500065 8.87 244 
14500068 2.71 72.9 X 
14500069 3.29 81.4 
14500073 3.01 101.4 

Beaudesert 
14500044 2.88 56.9 X 
14500046 10.97 300.6 X 
14500048 1.59 48.4 
14500052 7.72 176.7 

Round Mt., 
14500036 1.76 55.4 X 
14500038 3.28 75.4 
14500042 3.28 80.5 X 
14500043 1.26 36.1 

Tam rookum 
1450001 2 5.53 172.2 
1450001 3 5.7 171.2 
1450001 4 24.85 688.5 
1450001 5 1.93 58 
1450001 6 6.28 148.2 
14500022 4.13 118 
14500023 14.07 277.4 



Table 3.2 (cont.) 

LOGAN (cont) 

14500002 
14500003 
14500004 
14500006 
14500007 
14500008 
14500009 
1450001 0 

ALBERT 

Tabragalba 
145 10046 

Wyam byn 

Dagworth 
14510034 
1451 0035 
1451 0037 

Cainbable Junct. 
14510030 

Nindooinbah 
1451 0023 
145 10024 
14510025 
1451 0027 
145 10028 

Mt. Witheren 

Kerry Creek 

St John 
1451 001 2 

Yield 
(Usec) 

1.22 
10.35 
7.52 
60.07 
5.16 
13.14 
5.03 
2.19 

9.6 

no data 

0.58 
11.59 
0.27 

0.06 

4.75 
4.37 
1.6 
2.36 
3.75 

no data 

no data 

5.1 

Transmissivity 
(m 2/d a y) 

29 
272.8 
21 6.3 
161 5.4 
108 
279.5 
100.3 
71.9 

278.8 

16.7 
365.2 
8 

1.75 

137.3 
1 13.3 
53.3 
72.3 
123.3 

164.4 

Bores Sampled 
in 1994 

X 
X 

X 

X 

X 



This information is very significant with respect to the groundwater quality as it helps 
determine if the groundwater system is affecting the surface water or vice versa. In 
this region surface water is the primary public water supply. Any potential source of 
groundwater contamination to the surface water system has the potential of a public 
health hazard. 

Hydrograph Data 

Hydrograph data for the Round Mountain Station on the Logan River was supplied by 
QDNR Water Resources. The Logan River flow is controlled by Maroon Dam and 
therefore does not accurately reflect local hydrologic conditions. 

In the period around the sampling program (16 June to 10 July 1994) the flow 
conditions were as follows: 

Negligible precipitation April to September 1994 
Low flow, < 1 Cumec mid-April to November 1994 
EC steadily rising 28 to 38 pS/cm mid-April to November 1994 

Throughout the wetter summer season there are peaks in river flow corresponding to 
times of high precipitation. River flow peaked at >40 Cumecs in February 1995. 

A detailed study of the surface water and groundwater systems and their 
interrelationship has not yet been done in this catchment as was not the focus of this 
particular project. It is recommended that, in the future, a study of this nature be 
undertaken. 
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Fig. &I Schematic cross-section of Quaternary alluvial aquifer 



Fig. 3.2 Potentiometric surface of alluvial aquifers 



3.3 SITE SELECTION 

The determination of bore sites for groundwater quality sampling was based on 
existence of bores and associated data, availability, accessibility, bore diameter, flow 
rates and general quality, and spatial coverage. 

The Logan-Albert Catchment is situated in an 'Undeclared Zone' which means 
essentially that all private bores are not required to be licensed by the State and, 
therefore, the associated data is not accessible. The bores available for water quality 
sampling were existing observation bores drilled by the Queensland Government for 
resource assessment. These bores are located mainly in the Quaternary alluvium of 
the Logan, Albert and Teviot Brook river valleys along 20 borelines. (see Figure 3.3 
for boreline locations). Section 3.1 provides information on the drilling history of the 
bore lines. QDNR holds the bore data on their Groundwater Database. 

Many of the original bores no longer exist or the casing was too narrow for the 2" 
diameter Grundfos pump utilised for the groundwater sampling project. The 
remaining bores that could possibly be sampled were pre-tested for flow rate, 
drawdown and general quality - ie. the type and amount of sediment in the pumped 
water. This pre-testing field trip ran from May 16-21, 1994 and was performed by an 
AGSO hydrogeologist and two technical officers from QDNR-Water Resources. The 
decontamination procedure, outlined in Procedures and Notes for Pumping and 
Sampling of Low YieldISmall Diameter Bores for Water Quality Assessment (AGSO 
Technical Support Section), was carried out on the pumping equipment to prevent 
cross-contamination. 

From the pre-testing results the final selection of bores was made for the groundwater 
quality sampling trip that ran from 16 June to 10 July 1994. The bores selected for 
sampling are indicated in Figure 3.4. This Schematic Diagram is utilised to indicate 
the relative location of the bores along the borelines and down the river valley. Table 
3.3 details the number of bores originally drilled by QDNR, tested and finally selected 
by AGSO for the groundwater quality sampling project. Bore casing material was 
noted and considered in the groundwater quality data interpretation but, because there 
were only a limited number of bores to be sampled, priority was not given to one 
casing material over another. 

One surface water sample was taken from the Logan River, where the Round 
Mountain boreline intersects the river. The reason for taking the sample from this 
point is that a hydrographic station is located there and Bore Number 14500036 is 
located immediately adjacent to the river. Although this report focuses on 
groundwater quality it was considered important to include at least one surface water 
sample to examine the groundwater-surface water interaction at this point. The 
sample was taken during a period of very low flow. The sample location was at a 
point in the river of maximum flow and about 30 cm below the river surface. 



I Table 3.3 
QDNR Groundwater Bores Drilled, Tested and Sampled 

considered to be 



Fig. 3.3 Borelines in the Logan-Albert Catchment 
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Fig. 3.4 Schematic diagram of sample points 



3.4 SAMPLE PROCEDURE 
QUALITY ASSURANCEIQUALITY CONTROL 

From 16 June to 10 July 1994 a team of five AGSO technical staff participated in a 
very detailed and thorough sampling program in the Logan-Albert Catchment. 
Amongst other activities, decontamination, filtering and solid phase extraction (for 
pesticide analysis) was carried out on site. The microbial samples were transported to 
an AGSO staff member, based at Griffith University, the same day for analytical 
preparation. The details of the sampling procedures undertaken for this field program 
are outlined in Procedures and Notes for Pumping and Sampling of Low YieldlSmall 
Diameter Bores for Water Oualitv Assessment (draft). A 2" Grundfoss submersible 
pump was used for all stages of the sampling process. 

A significant component of the AGSO Groundwater Quality Assessment Project is the 
inclusion of a Quality Assurance/Quality Control (QNQC) program. QNQC is about 
submitting check samples to "test" the sampling and analytical processes for 
precision, accuracy and contamination. The appropriateness of the data is reviewed 
after it has been generated. The degree of QNQC that is implemented should be 
proportional to the level of confidence required in the analytical results (Nielsen, 
1991). 

In the Logan-Albert Groundwater Quality Project a high level of confidence is 
required because: 

The complexity of the sampling process can increase the possibility of error in the 
results. 

Many of the parameters being measured are at very low concentrations and near 
the limit of detection imposed by current technology. 

Parameters are being measured that are related to human health risks. 

The QNQC program for AGSO's 1994 Groundwater Quality Project involved a 
broad range of components including sampling protocols, sample custody, analytical 
methods, holding times, container and preservation requirements and packaging. In 
terms of the actual samples taken for the Logan-Albert QNQC program, there were 
three categories: 

Blanks: Blanks can be used to monitor contamination during any stage of the 
sampling and analytical process. Within this project field equipment blanks were 
taken at the beginning, mid-way and at the end of the trip. A 'BEFORE' and an 
'AFTER' blank is taken at each time - one of the distilled water before it goes through 
the decontaminated pump system and one of the distilled water after it has been 
through the system. Separate blank samples were taken for chemical, microbiological 
and pesticide analyses. Before and after blanks were taken at more frequent intervals 
for microbiological samples. 



Duplicates: Duplicate samples are taken as a test of precision in sampling and 
analysis. They were taken every tenth sample and processed in exactly the same way 
as the 'normal' sample. For interpretation of data the average value of the two 
duplicates was utilised (if one value was below the limit of detection then 
0.5 x limit of detection was used as that value to calculate the mean). 

Spikes: A spike is a sample in which the compound being analysed is added (or 
spiked) into the sample to test the accuracy of the analytical system. For the AGSO 
Groundwater Quality Project samples were spiked in the field. This allowed for an 
assessment of degradation from post-collection to point of analysis. A spiked sample 
was prepared every time a duplicate was taken. Spiked samples were prepared for 
major and minor ions, metals and nukient analyses. 

For QAIQC procedures for pesticides see Section 4.7 

The analytical results including duplicate, spike and blank values are contained in 
Excel spreadsheets on disc at the back of this report - filename TableA.xls. The 
analytical results with spike and blank values removed and duplicate values averaged 
are tabulated in Appendix 7.1.1 and contained on disc at the back of this report - 
filename TableE.xls (the data in TableE.xls is ordered by catchment for ease in spatial 
interpretation). 

Assessment of Results 

An assessment of the results from the blanks, duplicates and spikes provides a clear 
guide to the effect that field equipment contamination has on the analytical results and 
the precision and accuracy of the field and analytical processes. Below is a summary 
of the results of the QNQC procedures. 

Blanks 

Generally speaking the blanks indicated a minimum of contamination. The majority 
of results were below the limit of detection, a few analytes had low levels of 
detectable contamination and only a couple of analytes had any significant 
contamination. 

The analytes with significant contamination included: 

Fe and S: -minor contamination (would only be significant at very low 
concentrations) for samples taken in Teviot Brook Catchment. 

Zn: -minor contamination (would only be significant at very low 
concentrations) for samples taken in Teviot Brook Catchment. 

Ni: -contamination could be affecting results in the Logan and Albert 
Catchment. Noted in Section 4.4. 

NH4: - minor contamination - only significant at very low concentrations. 
DOC: -two unusually high AFTER blanks - higher than recorded in any of the 

samples. Procedural error - methanol was put in the line before 
AFTER blank was taken. 



Duplicates 

Duplicate results are typically compared as Relative Percent Difference (RPD), 
(Nielsen, 1991) where: 

RPD = sample A + sample B x 100 
average sample A + B 

The RPD has been calculated for all the duplicate samples. The results are tabulated 
in Appendix 7.2.1 and an assessment of these results follows: 

The major ions, minor ions and metal samples and duplicates that have an RPD value 
greater than 10% were Fe, B, Zn and Ni in bore 14500045 and Zn for bore 14500109. 
In all of these cases the concentrations are very low and, therefore, a variation in 
duplicate results are magnified as a percentage difference. In some cases an increment 
of 'one' (the minimum unit of measurement) results in a significant RPD. Fe is 
characteristically changeable with soluble concentrations altering rapidly with the 
changes in pH and Eh that occur during the sampling process. 

All three bores that had duplicate samples had RPD results greater than 10% for 
particular nutrient parameters. Once again the higher percentages were linked to 
variations in very low concentrations or where there was an increment of 'one' (the 
minimum unit of measurement). 

Out of the six duplicate samples analysed for deuterium and oxygen none of the 
results had an RPD value greater than 10%. 

Overall, errors in precision in the sampling process, as reflected by RPD values, are 
considered to be minimal. In the majority of cases the RPD values greater than 10% 
were associated with very low concentrations and increments of 'one' (the minimum 
unit of measurement in some cases) - where the percentage difference is magnified. 

Spikes 

The spike solutions contained the following concentrations: 

Major ions: (50 x dilution of seawater) 
Na 221.6 mgfL 
K 8.04 
Ca 8.44 
Mg 26.6 
C1 398.6 
Br 1.36 
so4 55.8 
HC03 1.48 
S i 0.08 

Minor Ions: 0.25 mg/L of F and I 



Trace Metals: AGSO Lab 
0.25 m g L  of Al, Cu, Zn, Li, Ba, Fe, Mn 

Trace Metals: ALS Lab 
0.25 mg/L Al, As, Cu, Mn, Pb, Sn, U, V, Zn, Fe 

(The two labs, AGSO and ALS, were used to cover a broader range of metals) 

Nutrients: DOC 5 m& 
N (as NOs) 5 mg/L 
N (as Urea) 5 mg/L 
P (as PO4) 1 mg/L 
N (as NH4) 1 mg/L 

The Percentage Recovery of the spiked samples is determined by the following 
equation: 

9% Recovery = Spike Result - Unspiked Sample Result x 100 
Concentration Added 

The Percentage Recovery for the spiked samples has been calculated and the results 
are tabulated in Appendix 7.2.2. An assessment of the results follows: 

- The spike solution for major ions was added to distilled water instead of a 
sample (field error). The Percentage Recovery for the parameters was 
reasonable except for silicon. The large error in silicon recovery can be partly 
explained by the low concentration level of the spike. 

- It is possible that the spike solution for trace metals (AGSO Lab) was also 
added to distilled water, instead of the bore sample, as indicated by results for 
the Zn, Fe and Mn samples, duplicates and spikes. The sample concentrations 
for the other metals that were spiked were too low to validate this. There were 
no significant errors between the actual spike results and expected results. 

- The Percentage Recovery for the trace metals analysed by ALS Lab were 
very low for Sn and As. The A1 and Fe spikes were also low but not to such 
an extent. The As and Sn sample results were mainly <1 p g L  with 
concentrations never rising above 3 pg/L. Therefore, any error represented by 
the spikes (at 250 ppb) are unlikely to have a significant effect on the sample 
results. 

There were no significant errors in the spike results from the nutrients. 

For the purposes of this report it was not considered necessary to adjust the raw data. 
The errors in precision and accuracy were not significant enough to warrant 
adjustment. Any significant effects of contamination - as determined by the blanks - 
were noted in the interpretation. 



4. HYDROCHEMICAL ANALYSIS 

4.1 INTRODUCTION 

The Data 

The data derived from the June 1994 sampling program is contained in Appendix 
7.1.1 and contained on disc (in the back pocket). It is in @ ~ x c e l  spreadsheet format 
with a separate spreadsheet for each of the following categories: 

location data 
field data 
major inorganic chemistry 
minor inorganic chemistry 
metals 
nutrients 
environmental isotopes 

Pesticide data and microbiology data are in hard copy format only in Appendices 7.3 
and 7.4 respectively 

The hard copy data in Appendix 7.1.1 had values for blanks and spikes removed. 
Where duplicate data existed, a mean value was obtained and input into the 
spreadsheet. For duplicate values below the limit of detection, a value equal to half 
the limit of detection was used to calculated the mean. The hardcopy data is ordered 
by catchment. There are two files on disc at the back of this document: Table A.xls is 
the raw data, ordered by bore number and contains the spike, blank and duplicate 
results. TableE.xls contains the data in a format similar to the hard copy data. 

All data has been verified. 

Objectives of Water Quality Data Interpretation 

Four main objectives have been defined. They are: 

To benchmark groundwater quality for 1994. The region is undergoing rapid 
expansion and it is important to have a comprehensive data set of groundwater 
quality data with which to compare in future studies. This involves clear display 
of the analytical results for quick assessment and characterisation of the 
groundwater quality. 



To understand the hydrogeological processes of the region through hydrochemical 
evaluation. These processes include evolution of the groundwater, recharge to the 
aquifer and surface-groundwater interaction. 

To define any zones that may be affected by anthropogenic activities. These can 
be areas that have already been affected or recharge zones that have the potential 
to be affected. 

To provide information to assist in the sustainable management of natural 
resources. 

Methods of Analysis of Data 

The various methods and approaches in analysing hydrochemical data can provide 
very different results and perspectives on the situation. For this reason several 
different methods were selected to allow more objective evaluation. They are as 
follows: 

1) Bar Graphs of Hydrochemical Parameters against Bore Number 

This method of data display clearly illustrates the variation in levels of a particular 
parameter in relation to the bores sampled. The ordering of the bores by catchment 
and position in catchment allows for spatial interpretation. 

This method was used on all the parameters listed in paragraph 1 of this Section 
except for some of the environmental isotopes. The bores were separated into the 
three catchment groups and then ordered from the northern end of the catchment to 
the southern end (left to right on the plot). 

A decision was made to add the NH&MRC (1996) and the WHO (1993) Drinking 
Water Guideline values to provide a level by which to gauge the results. Some of the 
parameters do not have a health or aesthetic guideline value; in these cases there is no 
associated guideline information on the bar graph. Guideline values for other water 
uses were not selected because the levels are often not so well defined, ie. guidelines 
for irrigation water vary with different crops, soils and climate. Further information 
on guideline values for different water uses can be found in the National Water 
Quality Management Strategy document Australian Water Quality Guidelines for 
Fresh and Marine Waters (ANZECC, 1992). 

The NH&MRC Australian Drinking Water Guidelines (1996) and the WHO 
Guidelines for Drinking Water Quality (1993) provide detailed information for each 
of the parameters in terms of a general description, source, treatment and health 
considerations. 



2) Spatial Distribution of Key Parameters Plotted on a Schematic Diagram 

For selected parameters, results were plotted on a schematic map to allow further 
spatial analysis The layout of the schematic map is similar to Figure 3.4. This 
approach gives a clearer understanding of the spatial distribution and highlights 
processes that may be significant in relation to bore distance from river and distance 
down the regional flow line. 

3) X-Y Plots for Selected Parameters 

This method is used to identify if a significant relationship exists between two 
parameters. This can then be used to determine dominant processes that may be 
occurring, ie. redox processes, natural vs anthropogenic processes, recharge processes. 
Parameter units are as mg/L or meq/L depending on what is required. 

4) Piper Trilinear Diagram for Major Ions 

The Piper trilinear diagram allows for the major cation and anion compositions of 
many samples to be represented on a single graph. The concentrations are plotted as 
percentages of milliequivalents. The plot is useful for classifying water types and it 
can also be used to identify trends in major ion chemistry down gradient. 

Assessment of the source of the constituents are sometimes severely limited, 
particularly with respect to trace metals. Detailed information on the local rock 
mineralogy, which is commonly the primary source, has not been determined and 
therefore interpretation is very generalised. 

The main reference for background information on many of the parameters measured, 
except for the environmental isotopes, was Hem (1989). 



4.2 FIELD PARAMETERS 

Total Dissolved Solids (TDS) 

Total Dissolved Solids comprise inorganic salts and small amounts of dissolved 
organic matter. TDS is a good general indicator of water quality. 

In the Logan-Albert study area, TDS range from 376 mg/L to 5430 mg/L (Fig. 4.1). In 
each of the three individual catchments there is a tendency for TDS to increase down 
the regional groundwater gradient (in a northerly direction). This fits the classic 
pattern of low TDS groundwater in upper catchments, where recharge is occurring, 
increasing to higher TDS waters as minerals move into solution down gradient. 

The relationship between TDS and distance from the nearest river is not consistent. In 
some cases TDS decreases with distance from the river (Line 4 and Beaudesert Line), 
sometimes it is irregular (Line 5) and sometimes it increases with distance from the 
river (Line 1 and Tarnrookum Line). It is likely that Line 4 and Line 5 are affected by 
heavi from local production bores &d this could alter the local groundwater 
chemistry. 

The pH of groundwater is a useful index of the state of equilibrium reactions in which 
the water participates, particularly in relation to pipes and fittings in the water 
distribution network. 

The field pH of groundwater in all the bores sampled lies within the range of 6.5 to 
8.5 (Fig. 4.2). This is the common range for most groundwaters. 

An X-Y plot of field and lab pH (Fig. 4.3) shows a consistent increase in pH from the 
field to the lab. This commonly occurs as a result of degassing of C02 during storage. 
In any further data analysis it is the field pH value that will be utilised. 

Electrical Conductivity 

Electrical Conductivity (EC) measures the ability of the water to conduct an electric 
current. As the ionic concentration of water increases so does the EC. The unit of 
measurement for EC is pSIcm. 

The bar graph of EC (Fig. 4.4) indicates an increase down-catchment and an irregular 
relationship with distance from the river. EC and TDS are very closely related and 
therefore have a similar trend in their results. The plot of Lab TDS vs. Lab EC (Fig. 
4.5) gives a best fit equation of: 

TDS = 0.59 EC + 7.44 with R~ = 0.99 



The high R~ value illustrates the close relationship between TDS and EC. 

The redox potential (Eh) is a measure of the oxidisinglreducing conditions of the 
groundwater system. All of the field results fall in the range of +I00 mV to +450 mV 
(Fig. 4.6). The more positive the value the more it tends towards an oxidising 
environment. There is no obvious spatial distribution pattern. 

When comparing the Eh values to Dissolved Oxygen (DO) (Fig. 4.7) all DO values 
>1.5 mg/L plot at Eh >250 mV. The DO values ~ 1 . 5  mg/L show no obvious 
relationship to Eh. This reflects the positive relationship between significant DO and 
higher redox potential measurements. There are many field related problems to 
obtaining an accurate Eh value. Dissolved Oxygen is possibly a better general 
indicator of the redox potential of the environment where detectable DO was 
registered. 

Dissolved Oxygen (DO) 

Generally speaking, groundwater will have a low dissolved oxygen content where 
there is a lack of direct contact with the air or where the existing oxygen has been 
utilised in chemical and biological processes. Oxygen is supplied to groundwater by 
recharge or by movement of air through the unsaturated material above the watertable. 
It is possible for recharge water to have DO levels as high as in surface water. As 
groundwater moves down the flow path the oxygen will react with any oxidisable 
material, ie. organic materials and reduced inorganic minerals. Depletion of DO can 
encourage microbial reduction of nitrates to nitrite, sulphates to sulphides and increase 
the amount of ferrous iron in solution (Hem, 1989). 

The bar graph (Fig. 4.8) clearly indicates that the Logan River surface sample has the 
highest DO level. Bores with significantly higher DO levels include 145 10052 and 
145 10012 (Albert Catchment) and 14500101 and 14500 1 16 (Teviot Brook). From the 
above information it is clear that these bores are more likely to be located within 
recharge zones than other bores. It needs to be pointed out that in recharge areas with 
silty or clay soils (characteristic of the Logan-Albert region), shallow groundwater 
does not necessarily contain detectable DO (Freeze and Cherry, 1979). Therefore, it is 
possible that samples with low or undetectable DO indicate the presence of recharge 
waters. 



Fig. 4.1 TOTAL DISSOLVED SOLIDS OF GROUNDWATER IN THE LOGAN-ALBERT CATCHMENT 
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Fig. 4.2 pH OF GROUNDWATER IN THE LOGAN-ALBERT CATCHMENT 
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Fig. 4.4 ELECTRICAL CONDUCTIVITY OF GROUNDWATER IN THE LOGAN-ALBERT CATCHMENT 
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Fig. 4.5 Lab TDS vs Lab EC 
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Fig. 4.6 FIELD Eh OF GROUNDWATER IN THE LOGAN-ALBERT CATCHMENT 
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.7 Field Dissolved Oxygen vs Eh 
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Fig. 4.8 FIELD DISSOLVED OXYGEN OF GROUNDWATER IN THE LOGAN-ALBERT CATCHMENT 1 
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4.3 MAJOR AND MINOR INORGANIC CONSTITUENTS 

An analysis of the major ions Na, Ca, Mg, K, SO4, C1 and HC03 can be aided by 
analytical tools that include bar graphs, schematic maps, x-y plots and also by Piper 
trilinear diagrams. 

The bar graphs give an initial overview of the concentration of each parameter 
measured by bore number. This information can then be integrated with results from 
other analytical tools. The Piper diagram plots these ions by proportion of 
milliequivalents that allows for a comparison of the major ions. The source of the 
particular ion and spatial trends are considered in this section. 

Calcium 

The concentration of calcium is controlled by several factors (Hem, 1989). These are: 

Availability of potentially soluble calcium in solid form. This can include silicates 
in metamorphic rocks, calcium carbonate cements, sediments (ie. limestone and 
gypsum) and calcium ions that are adsorbed on soil and rock mineral surfaces. 

Cation exchange on mineral surfaces. 

Solution-gas phase equilibria involving carbon dioxide species. 

In terms of the calcium source for this area, it is most likely to come from cation 
exchange as waters recharge through the soil and rock and from dissolution of any 
calcium-containing silicate minerals that exist in the sediments and surrounding 
igneous and metamorphic rocks. 

From the bar graph (Fig. 4.9) it is evident that in all three catchments there is a higher 
concentration of calcium in the northern part of the catchment. This trend is more 
pronounced in Teviot Brook. The increase down the flow line is strongly linked to the 
residence time of water in the aquifer. 

Results from the X-Y plot of Calcium vs Total Ions (Fig. 4.10) indicate the following: 

At low concentrations of Ca there is a fairly straight forward relationship of 
calcium to total ions. 

Of the group of bores with a high calcium concentration, the two northern bores in 
the Logan Catchment (14500080 and 14500088) have a lower proportion of 
calcium (below the trendline). It is in this area that sodium is the more dominant 
cation which is possibly linked to either estuarine influences or 
marinelatmospheric fall-out. 



Bores 14500095 and 14500098 at the northern end of Teviot Brook have a 
relatively higher concentration than predicted by the trendline. 

The Logan River surface water sample has a very low calcium concentration in 
comparison with the bores. Groundwater that has been recently recharged by river 
water is likely to also have a low calcium concentration. 

Sodium 

Sodium concentrations can cover a wide range because at average concentrations it is 
unaffected by precipitation reactions. It other words, when sodium is brought into 
solution it tends to remain in solution. 

Within the Logan-Albert Catchment the sodium could be sourced from the following: 

Silicate minerals in igneous, metamorphic and sedimentary rocks. 

Fallout due to transport by wind and rain from the coast. 

Interaction between surface estuarine waters and groundwater. 

Residual imgation water recharging into the system - ion exchange produces an 
increase in sodium concentration. 

Pollution, ie. sewage effluent and water treatment chemicals. 

From the bar graph (Fig. 4.1 1) it is clear there is a trend of increasing concentration 
down the catchment, as is the case with most of the major ions. Three of the four 
highest sodium concentrations occur in the northern part of the Logan Catchment. 
This would link with the generally held perception that water quality deteriorates 
rapidly in the north of the catchment. (QDNR, pers. comm.). Chemical data from a 
hydrogeological report on the Logan-Nerang region (Quarantotto, 1979) indicates that 
both sodium and chloride are the dominant ions in the estuarine and fluviatile 
aquifers. It is likely that the very high sodium concentrations (and, more generally, 
TDS) in this area are related to fallout from wind and rain that has picked up salts in 
the coastal zone and deposited them inland. In the northern part of the catchment 
there is no high basaltic plateau to separate it from coastal effects. There is also the 
possibility of tidal estuarine waters recharging the aquifers in the northern part of the 
catchment. 

Similar to calcium, sodium has a close relationship with total ions at the lower 
concentrations (Fig. 4.12 - Sodium vs Total Ions). 

At higher concentrations, bores 14500080 and 14500088 plot above the trendline and 
bores 145 10055, 14500095 and 14500098 plot below the trendline (R' = 0.76). This 
is the reverse situation to the Calcium vs Total Ions plot and reflects the different 
processes operating in the north of the catchments. As previously mentioned, bores 



14500080 and 14500088 are likely affected by their northerly position and estuarine 
influences or marinelatmospheric fall-out. 

Magnesium 

Magnesium can be sourced from igneous ferro-magnesium minerals or sedimentary 
rocks, ie. limestone. In the Logan-Albert Catchments the source is most likely the 
former (possibly the Tertiary basalts) as the latter is largely absent. 

The bar graph (Fig. 4.13) indicates that the higher concentrations of magnesium occur 
in the northern sector of each catchment. The distribution pattern is very similar to 
that of calcium. Magnesium and calcium behave differently in relation to carbonate 
equilibria but have a similar cation exchange behaviour. It is possible, therefore, that 
cation exchange is a dominant process in controlling the concentration of these 
parameters. 

The Magnesium vs Total Ions plot (Fig. 4.14) has a pattern similar to the plot for 
Calcium vs Total Ions (R2 = 0.80). This further confirms the fact that magnesium and 
cacium are behaving in a similar way chemically. 

Potassium 

Although potassium is quite abundant in rocks, it is not easily liberated into solution 
from minerals and it has a tendency to be reincorporated into solids. It does not 
commonly occur in high concentrations in groundwater. Leakage of potassium from 
soils into groundwater and runoff can occur while the land is laying fallow. 

From Fig. 4.15 it can be seen that low concentrations of less that 5 mg/L are typical in 
the Logan-Albert Catchments. Logan and Teviot Brook Catchments have the higher 
concentrations and there is a slight tendency to increase down catchment. 

The relationship of potassium to total ions is fairly week (R2 = 0.65). At higher 
concentrations the distribution of data points is different to that of the other major 
cations. 

Chloride 

Chloride behaves very conservatively. It is not usually involved in common redox 
reactions, it is not adsorbed, has no biochemical role and most chloride salts have low 
solubility. It tends to be retained in solution and is affected mainly by physical 
processes. 

Chloride can be sourced from connate water or evaporites but only a minor fraction 
comes from dissolution of rock types other than evaporites. The primary source of 
chloride is believed to come from cyclic redistribution of oceanic chloride by 
atmospheric processes - ie. wind and rain. In the Logan-Albert Catchment this would 



appear to be the principal source - particularly with the high concentrations in the 
north of the catchment. As with sodium, it is possible that some of the high chloride 
in the north is also linked to recharge by estuarine waters. Salinised soils in the region 
are indicative of the high salt contents involved in parts of the hydrologic cycle and it 
is assumed that chloride would be a major component of this process. There is some 
uncertainty as to the source of the more saline groundwater in the Walloon Coal 
Measures including the possibility that it may be connate. 

The low chloride concentration of the Logan River surface water sample is typical of 
surface waters where chloride is usually lower than bicarbonate and sulphate 
concentrations. 

The bar graph (Fig. 4.17) clearly illustrates the regional trend, once again, of an 
increase of chloride down gradient. This is a very typical pattern in groundwater 
evolution. Because of its conservative nature, chloride is commonly the dominant 
anion towards the end of a flow path. This factor combined with the increase in 
chloride input by atmospheric factors in the northern sector gives rise to the high 
concentrations found in bores at the north of the catchments. 

The mid-catchment rise in chloride concentration in the Albert Catchment correlates 
with an increase in TDS generally. 

The Chloride vs Total Ion plot (Fig. 4.18) gives further evidence of chloride acting 
very conservatively in the groundwater environment. The clear relationship of 
chloride increasing with total ions is defined by an R~ = 0.985 The five bores with 
high cation concentrations are the same five bores with high chloride concentrations. 

Bicarbonate 

Within the pH range of these waters, bicarbonate is the main measure of alkalinity. It 
is primarily sourced from atmospheric carbon dioxide moving through the soil and 
unsaturated zone. In the Logan-Albert Catchments there are no obvious large-scale 
rock-mineral sources for bicarbonate, ie. limestone deposits. 

The bar graph (Fig. 4.19) shows that all bores in the Albert and Teviot Brook 
Catchments have bicarbonate concentrations between 300 mg/L and 600 m g L  and 
that there is a slight increase down gradient. In the Logan Catchment all but four 
samples lie within the range 300-600 mg/L. There are three samples with bicarbonate 
below 160 mg/L and one at the northern end of the catchment with a bicarbonate 
concentration of 901 mg/L. 

The relationship between bicarbonate and total ions is not as marked at the 
relationship between chloride and total ions as indicated by an R~ = 0.66 in Figure 
4.20. If the higher concentration data points are ignored, there is a more obvious 
relationship between bicarbonate and total ions as indicated by the dashed line on the 
plot. 



Bicarbonate is characteristically present in groundwater in higher proportions in the 
low TDS waters that occur at the upper end of the regional flow path or near recharge 
sites where the water has gained in bicarbonate moving through the unsaturated zone. 
Although there is a tendancy for bicarbonate concentrations to increase slightly down 
gradient, it makes up a smaller proportion of the total anions. 

Surface water tends to contain a lower concentration of bicarbonate than groundwater. 
This is true of the Logan River surface sample. River recharge from the Logan River 
is a possible source of the low bicarbonate level in bore 14500036, although the 
tritium results do not confirm that recent river recharge to this bore is of significance 
(see Section 4.8). It is uncertain why bore 14500057 has a low concentration as it is 
situated far from the river. Perhaps irrigation water sourced from the river is 
recharging the system at a rapid rate in this area. 

Sulphate 

The concentration of any sulphur species is strongly linked to redox processes and 
often associated microbial activity. Sulphate is an oxidised form of sulphur. It's 
source is usually metallic sulphides that are commonly distributed in igneous, 
metamorphic and sedimentary rocks. The metallic sulphides on contact with air form 
soluble sulphates. 

The mean concentration of sulphate for each of the catchments is: 

Logan 10.2 mg/L 
Albert 4.8 mg9L 
Teviot Brook 20.7 mg/L 

Overall, sulphate is not present in a significant proportion in the groundwater of the 
Logan-Albert Catchment (Fig. 4.21). Teviot Brook has consistently higher sulphate 
concentrations than the other two catchments. The majority of these bores are drilled 
into the Walloon Coal Measures which are comprised of coal seams, shales, siltstones 
and sandstones and most of the bores were completed with slotted casing in both the 
Quaternary alluvium and Walloon Coal Measure aquifers (Table 3.1). The Walloon 
Coal Measure sequences contain pyrite as an associated mineral and this can provide a 
major source of sulphur. If the groundwater environment is sufficiently oxidising then 
the sulphide will be oxidised into soluble sulphate. 

The relationship between Sulphate and Total Ions (Fig. 4.22) is weak with a 
correlation coefficient of 0.47. 

An X-Y plot of Sulphate vs Dissolved Oxygen (Fig. 4.23) indicates: 

higher sulphate associated with low dissolved oxygen 
low sulphate associated with a range of dissolved oxygen concentrations 

Except for the association of low sulphate with low dissolved oxygen, the data does 
not plot as one would expect. This could be because the concentration of sulphate in 



these groundwaters is, generally speaking, very low and redox processes are not as 
clear at these levels. 

It is possible that the higher dissolved oxygen values linked to recent recharge waters 
have not had contact with the metallic sulphides of the Walloon Coal Measures and 
therefore have no significant sulphur source. The majority of the low sulphate 
concentrations fit the pattern of being associated with low dissolved oxygen 
environments. 

The Albert Catchment has consistently low levels of sulphate. The Logan Catchment 
follows the characteristic pattern of increasing concentration down the flow line. 
Except for two bores in the Albert Catchment (145 1008 and 145 1005 1) all of these 
bores were completed with slots in the Quaternary alluvium only (Table 3.1). 
Therefore, a source for sulphate would be more limited. 

The contrasting results of the catchments may also be related to the flow path of the 
groundwater into the Quaternary aquifers and whether the groundwater has passed 
through the Walloon Coal Measures. 

In both the Logan and Teviot Brook Catchments there is a trend of increasing sulphate 
concentration down the flow line. 

Piper Trilinear Diagrams 

Figure 4.24 shows the general distribution of data points for the three separate 
catchments. From these diagrams we can classify the hydrochemical facies for the 
region. These are distinct zones characterised by a particular percentage range of 
major ion compositions. 

Aside from a few data points, all the data fits into two distinct hydrochemical groups: 

- mixed cations + bicarbonate dominant 
- mixed cations + chloride dominant 

Throughout the region sulphate is not a significant component in terms of percentage 
concentration of major anions. Bicarbonate and chloride are the dominant anions. 
Chloride concentrations range from 15-90%(meq/L) and bicarbonate ranges from 10- 
85% (meq/L) of total anionic composition 

With the cations there is a fairly equal distribution between the three end members - 
Ca, Mg and Na+K (K is a minor contributor). This is illustrated by most of the data 
points plotting in the mid-triangle area. In the Logan Catchment and Teviot Brook 
there are some bores that tend towards a higher proportion of sodium and there is 
more of a spread of data than in the Albert Catchment. 

According to Freeze and Cherry (1979), as groundwater moves along its flow paths in 
the saturated zone, increases of TDS and most of the major ions normally occur. A 
classic study by Chebotarev (1955) concluded that groundwater tends to evolve 



chemically toward the composition of seawater. Generally speaking there is 
commonly a regional trend along the flow path in the dominant anion species from 
bicarbonate to chloride with sulphate taking various roles as the subordinate and 
dominant anion in the mid-zone. With the cations there can be greater variation in 
trends down flow paths because processes can occur to reverse trends, ie cationic 
exchange. 

The Logan-Albert Catchments clearly show the regional trend from bicarbonate 
dominant waters in the southern sectors to chloride dominant groundwaters towards 
the north of the catchments. Sulphate does not play a significant role here. This may 
be linked to a limited source in the system for sulphate or perhaps the waters 
sufficiently reducing that sulphate is reduced to sulphide. It is suggested that a limited 
sulphate source is the more likely possibility. 

Figures 4.25,4.26 and 4.27 are individual plots for each catchment with the bore 
numbers included. The addition of the bore number allows for the inclusion of the 
spatial dimension into the analysis of the diagrams. Bore groups representing upper, 
mid- and lower catchment locations have been identified on the trilinear plots. Using 
these catchment sector groupings it is possible to define trends that occur down the 
major regional flow paths. 

In the Logan Catchment: 

There is a general trend of increasing Na percentage down catchment 
The lower catchment has a higher overall percentage of C1 in comparison to the 
rest of the catchment. 
The upper catchment has a mixed cationic composition. 

In the Albert Catchment: 

There is a down catchment shift from HC03 dominant waters to C1 dominant 
waters. 
There appears to be no down flowline trend in the cationic composition. 
There is distinct subset representing groundwaters from tributaries joining the 
Albert River at mid-catchment (Kerry Creek and Cainbable Creek). These waters 
are HC03 dominant with a slightly higher Na content. 

In Teviot Brook: 

Aside from bores -97 and -101, there is a marked shift from HC03 dominant 
waters to C1 dominant waters down catchment. 
There is no clear trend in the cationic composition. 
Bores -97 and -101 have distinctly high Na compositions. 

In summary, it appears that the Logan-Albert Catchment, as a whole, shows a shift 
from bicarbonate-type waters to chloride-type waters down the regional flowline with 
sulphate taking a very minor role. The cationic composition is usually mixed except 



for an increasing sodium percentage in the Logan Catchment. The mixed nature of the 
cations reflects the variety of processes acting on these ions. These features fit 
reasonably well with Chebotarev's classical major ion evolution sequence. 

Iron 

Iron in water is usually present in two oxidation states: mainly as ferrous ( ~ e ~ ' )  iron or 
as ferric ( ~ e ~ + ) .  The solubility of iron depends on the oxidising potential, pH and 
activity of other ions - especially sulphide and carbonate. Microorganisms often assist 
in catalysing redox reactions involving iron. 

The source of iron can be ferro-magnesium minerals in igneous, metamorphic and 
sedimentary rocks, sulphide ores and organic waste. The occurrence of iron in 
solution is primarily a chemical phenomenon although microbial activity can have an 
effect on the amount of iron in solution. 

In surface water that is well aerated, the iron concentration is usually less than a few 
micrograms per litre. In groundwater it will commonly be 1-10 mgL but higher and 
lower concentrations do occur. 

The mean iron concentration for each of the Logan-Albert Catchments are: 

Logan 5.04 mg/L 
Albert 2.36 mgL 
Teviot Brook 0.46 mg/L 

The higher levels in the Logan and Albert Catchments (Fig. 4.28) are probably linked 
to the proximity of iron sources in the ferro-magnesium minerals in the surrounding 
basalts. In all three catchments there are very low levels in the southern sectors. Here 
the groundwater is more closely linked to recharge and therefore more oxidising and 
less likely to hold iron in solution. 

Plots of iron vs dissolved oxygen, Eh, pH and sulphate were made to see if there were 
any obvious relationships. (Figures 4.29,4.30,4.3 1 and 4.32). Comments on the 
plots follow: 

No obvious relationship exists between iron and sulphate. 

The range of pH of these groundwaters is fairly narrow. Still, it appears that most 
of the higher iron concentrations are associated with pH less than 6.8. 

The higher iron concentrations plot against Eh between 100 mV and 230 mV. At 
higher Eh values, where conditions are oxidising, iron levels are negligible. This 
result is to be expected but the accuracy of field Eh measurements, and what 
exactly Eh measures, must always be borne in mind. 



In the Iron vs. Dissolved Oxygen plot high iron is associated with low dissolved 
oxygen and low iron is associated with high dissolved oxygen. This is consistent 
with the known low solubility of iron under highly oxidising conditions. 

On a catchment basis, as opposed to an individual bore basis, Teviot Brook has the 
highest sulphate concentrations but the lowest iron concentrations. If we assume 
that much of the sulphate is sourced from pyrite in the Walloon Coal Measures 
then it seems inconsistent that iron levels are low here. Iron is very reactive to 
local redox conditions so this apparent inconsistency need not be a problem. 

The low sulphate levels in the Logan and Albert Catchments, in comparison to the 
high iron levels give credence to the idea that the iron source is most likely from local 
ferro-magnesium minerals instead of pyrite associated with the Walloon Coal 
Measures. 

Manganese 

Manganese has similar chemical behaviour to iron in that it is strongly affected by 
redox processes. It is usually found in solution in the 2+ oxidation state. 

The source of manganese is primarily ferro-magnesium minerals. It is not an essential 
constituent of common silicate minerals but it does substitute for iron, magnesium and 
calcium. Although iron and manganese have similar chemical behaviour and sources 
they do not necessarily both occur in high concentrations at the same place or time. 

In surface waters manganese concentrations are usually less than 0.6 mg/L unless 
polluted, but some groundwaters can contain manganese in excess of 1.0 mg/L. 

The Logan River sample has characteristically low levels of manganese (Fig. 4.33). In 
the groundwaters there is a general pattern of increasing concentration down gradient. 
Teviot Brook has the highest mean concentrations with very high levels occurring in 
the north of the catchment (Borelines 4 and 5). 

Manganese was plotted against dissolved oxygen, Eh and pH (Figures 4.34,4.35 and 
4.36). Results from the plots include: 

Higher levels of manganese occur where DO levels are low; high dissolved 
oxygen levels correlate with very low Mn levels. 

As Eh declines below 350 mV, Mn tends to increase (not in all cases). 

There is a weak relationship between Mn and pH although higher Mn levels occur 
where pH is less than 7. 

This is a fairly similar pattern of relationships that the iron concentrations had with 
these parameters and illustrates that redox processes are playing a role in the amount 
of manganese and iron in solution. 



Fluoride 

The majority of the earth's fluoride is tied up in rock minerals like fluorite or it can 
replace the hydroxide ion in other minerals. It commonly exists in water as free F' 
ions. 

In surface waters fluoride is usually no more than 0.5 mg/L and, in groundwaters with 
a TDS content less than 1000 mg/L, fluoride levels are predominantly less than 1.0 
mg/L although higher concentrations can be found in regions rich in fluoride 
containing minerals. 

All measurements in the Logan-Albert Catchments were less than 0.4 mg/L (Fig. 
4.37). Teviot Brook has a higher mean concentration of fluoride that the other two 
sub-catchments. 

Iodide 

Iodine is widely distributed in the environment but not in great abundance. It occurs 
in seawater, nitrate minerals, seaweed and can be leached from salt and mineral 
deposits. It is also believed to be circulated in the atmosphere. 

In the Logan Catchment iodine was not detected at all (Fig. 4.38) and in the Albert 
Catchment low levels of iodine were detected in only two bores (detection limit = 0.05 
mg/L). Detectable concentrations were higher and more frequent in the Teviot Brook 
Catchment where four bores had iodine levels in excess of the NH&MRC Health 
guideline value. The explanation for these regional variations has not been 
investigated at this stage. 

Results from the analyses are reported in Appendix 7.1 as silicon (Si). The 
interpretation below displays SiOz results and Si results. In water studies it is 
convention to refer to dissolved silica as Si02 although in water it usually exists in its 
hydrated form. Dissolved silicon does not behave like a charged ion. 

Most silica in water is derived from the chemical breakdown of silicate minerals 
during the weathering process. The amount in solution is controlled by kinetics, 
adsorption or secondary mineral precipitation. As a result of these processes the silica 
concentration tends to fall within a narrow range, usually 1 to 30 mg/L (0.5-14 mg/L 
Si). Surface water concentrations are usually less than 10 mg/L (4.7 mg/L Si). 

In the Logan-Albert Catchments the range for groundwater is 25.7 to 83.5 mg/L(12 - 
39 mg/L Si) whereas the Logan River sample is 13.5 mg/L (6.3 mg/L Si) (Fig. 4.39). 



The mean values for each of the catchments are: 

Logan 5 1.8 mg/L (24.2 mg/L Si) 
Albert 60.1 mg/L (28.1 mg/L Si) 
Teviot Brook 40.2 mg/L (18.8 mg/L Si) 

These higher than average concentrations are possibly linked to the silicon being 
derived from reactive amorphous silica (Stumrn & Morgan,. 1970). 

Total Sulphur 

The sulphur concentration is a measure of all species of sulphur in solution. In 
groundwater, aside from H2S, this would be primarily as sulphate which is why the 
distribution pattern of the sulphur bar chart (Fig. 4.40) is so similar to the sulphate bar 
chart (Fig. 4.21). The presence of H2S is not known as it was not measured in the 
field and is certain to have been lost prior to analysis as a consequence of the field and 
processing protocols. 
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Fig. 4.12 SODIUM vs TOTAL IONS EXPRESSED AS MILLIEQUIVALENTS 
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Fig. 4.15 POTASSIUM CONCENTRATION OF GROUNDWATER IN THE 
LOGAN-ALBERT CATCHMENT 
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Fig. 4.16 POTASSIUM vs TOTAL IONS EXPRESSED AS MlLLlEQUlVALENTS 
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Fig. 4.18 CHLORIDE vs TOTAL IONS EXPRESSED AS MILLIEQUIVALENTS 
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Fig. 4.19 BICARBONATE CONCENTRATION OF GROUNDWATER IN THE LOGAN-ALBERT 
CATCHMENT 
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Fig. 4.21 SULPHATE CONCENTRATION OF GROUNDWATER IN THE 
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SULPHATEBargrafl 1994 AGSO Groundwater Quality Assessment Project 



Fig. 4.22 SULPHATE vs TOTAL IONS EXPRESSED AS MlLLlEQUlVALENTS 
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MilliequS04-Total Ions 1994 AGSO Groundwater Quality Assessment Project 



Fig. 4.23 Sulphate vs Dissolved Oxygen 

XyplotS04-DO 1994 AGSO Groundwater Quality Assessment Project 
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Fig. 4.24 Piper trilinear diagrams for the three Logan-Albert Sub-catchments 
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Fig 4.25 Piper trilinear diagram for Logan Catchment 
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Fig 4.26 Piper trilinear diagram for Albert Catchment 
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Fig. 4.27 Piper trilinear diagram for Teviot Brook 
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Fig. 4.29 Fe vs DO 

DO (msn) 

XyplotFe-DO 1994 AGSO Groundwater Quality Assessment Project 



Fig. 4.30 Fe vs Eh 

Eh (mV) 

XyplotFe-Eh 1994 AGSO Groundwater Quality Assessment Project 



Fig. 4.31 Fe vs pH 

XyplotFe-pH 1994 AGSO Groundwater Quality Assessment Project 



Fig. 4.32 Fe vs SO4 

so4 (msn) 

XyplotFe-SO4 1994 AGSO Groundwater Quality Assessment Project 



Fig. 4.33 MANGANESE CONCENTRATION OF GROUNDWATER IN THE 
LOGAN-ALBERT CATCHMENT 
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Fig. 4.34 Mn vs DO 

XyplotMn-DO 1994 AGSO Groundwater Quality Assessment Project 



Fig. 4.35 Mn vs Eh 
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XyplotMn-Eh 1994 AGSO Groundwater Quality Assessment Project 



Fig. 4.36 Mn vs pH 
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XyplotMn-pH 1994 AGSO Groundwater Quality Assessment Project 



Fig. 4.37 FLUORIDE CONCENTRATION OF GROUNDWATER IN THE 
LOGAN-ALBERT CATCHMENT (ACTEW LAB) 
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IBargrafl 1994 AGSO Groundwater Quality Assessment Project 



Fig. 4.39 SILICON CONCENTRATION OF GROUNDWATER 
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Fig. 4.40 SULPHUR CONCENTRATION OF GROUNDWATER 
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4.4 TRACE ELEMENTS AND METALS 

The majority of constituents found in groundwater are the major ions as reviewed in 
Section 4.3. Recent interest in the toxic effect of trace elements on humans and the 
environment illustrate the importance of including these elements in groundwater 
quality assessments. The trace elements in this study include: 

Alkali Metals: Lithium 

Alkali Earth Metals: Barium 
Strontium 

Metallic Elements: Aluminium 
Cadmium 
Chromium 
Cobalt 
Copper 
Gold 
Lead 
Mercury 
Molybdenum 
Nickel 
Silver 
Tin 
Vanadium 
Zinc 

Non-Metals: Antimony 
Arsenic 
Boron 
Selenium 

Radioactive Elements: Uranium 

For each of these elements a bar graph has been produced of the analytical results to 
illustrate the distribution of the element in the catchment. A brief description of each 
element and its distribution follows. The source references for most of the descriptive 
information in this section include Hem (1989), NH&MRC (1996) and WHO (1993). 
Not all elements have associated NH&MRC or WHO guideline values. 

Lithium 

Lithium is an alkali metal usually sourced from igneous minerals and is relatively rare. 
It can substitute for magnesium in minerals and tends to remain in solution once there. 
It can be very toxic to plants. High TDS waters can have lithium concentrations up to 
a few mg/L. 



From the bar graph (Fig. 4.41) it is evident that the northern sector of Teviot Brook 
Catchment has the higher concentrations of lithium (up to 0.018 mg/L). In the rest of 
the Logan-Albert Catchments it is usually undetectable. This could be linked to the 
different source mineralogy in the catchments - ie. there are more intrusive igneous 
rocks in Teviot Brook. 

Barium 

Barium is an alkali earth metal, a group which includes calcium, magnesium and 
strontium. These metals exist in a divalent oxidation state in natural waters. 

Barium generally comes from natural sources and exists in minerals in igneous rocks. 
Its concentration is controlled by the solubility of Bas04 and adsorption by metal 
oxides and hydroxides. In Australian reticulated supplies it is usually found in 
concentrations of less than 0.005 mg/L but can be as high as 0.3 m a .  

The bar graph for barium indicates a wide range of concentrations from 0.01 mg/L to 
1.36 mg/L (Fig. 4.42). In the Logan and Teviot Brook Catchments there is a marked 
increase down gradient. This pattern is less obvious in the Albert Catchment which 
also has a lower average concentration than the other two catchments. 

Strontium 

Strontium is another alkali earth metal with a chemical behaviour similar to calcium. 
It is a common element in igneous rocks, replacing calcium and potassium in 
minerals, and strontium sulphates and carbonates are common in sediments. The 
solubility of strontium is controlled largely by strontium sulphate. In US water 
supplies it averages about 0.1 1 m a .  

The range of concentrations in the Logan-Albert Catchments is 0.248 mg/L to 8.7 
mg/L (Fig. 4.43). The distribution pattern of strontium in the catchments is very 
similar to that of calcium, with concentrations generally increasing down catchment 
and significantly high values at bores 14500095,14500098, 14510055, 14500080 and 
14500088. An X-Y plot of Strontium vs. Calcium (Fig. 4.44) gives an R~ value of 
0.84, further emphasising the similar behaviour of the two elements. 



Fig. 4.44 STRONTIUM vs CALCIUM 

Aluminium 

Although aluminium is one of the more abundant elements in the earth's crust, in 
natural waters it is usually found at levels less than 1.0 mg/L. Aluminium gets into 
the natural water system by leaching of soils and rocks but the majority of weathered 
aluminium minerals usually remain as solid species. 

Aluminium has a very low solubility in the range of most natural waters and this is 
further reduced in the presence of silica owing to the formation of clay-mineral 
species. Figure 4.45 does not show any correlation of aluminium with silicon in the 
Logan-Albert Catchments (R* = 0.45). Concentrations greater than 1.0 mg/L usually 
include aluminium associated with particulate matter. Elevated levels are also found 
in regions where there is acid rain. At pH less than 4 aluminium can exist in solution 
at concentration greater than 100 mg/L. This could be linked with some springs and 
mine drainage. 

Fig. 4.45 ALUMINIUM vs SILICON 

In the Logan-Albert Catchments 11 bores and the one surface sample recorded 
detectable aluminium (Fig. 4.46). The concentrations were all very low with the 



maximum being 0.033 mgL. This is related to the low solubility of aluminium in the 
pH range of these groundwaters (6.5-8.5). The aluminium is most likely sourced from 
the soil and rock minerals in the region. There is no obvious distribution pattern in 
the catchments. Each catchment has detectable aluminium in a few bores. 

Cadmium 

Cadmium has a fairly similar chemistry to zinc but is less abundant. In can be found 
in zinc ore deposits and can also be sourced from industrial waste, fertilisers and 
atmospheric rain-out. Contamination of cadmium may occur as a result of impurities 
in the zinc of galvanised pipes in water distribution systems. 

The NH&MRC Health Guideline Value is set at 2 pg/L and the WHO Health 
Guideline Value is 3 pg/L. Generally, it is not found above 1 pg/L in natural waters. 
In the Logan-Albert Catchments it was not detected in any of the samples (at a 
detection limit of 0.2 pg/L). 

Chromium 

Chromium is a metal that can exist in solution in six different ionic forms which 
include cationic and anionic form. In natural waters with a pH between 5 and 9 it 
usually takes two forms of hydroxide. The source of chromium can be natural, from 
soil and rock minerals, or it can be anthropogenic, from industrial wastes. Natural 
chromium levels are commonly below 10 pg/L. Significantly higher levels would 
most likely be attributed to anthropogenic sources. 

In the Logan-Albert Catchments only seven bores had chromium at a detectable level 
(Fig. 4.47). There was no significant distribution pattern and the concentrations are 
low enough (at or below 3 pgL) to consider them to have a natural source. 

Cobalt 

Cobalt exists in rocks and mineral in the 2+ and 3+ oxidation states and can substitute 
for iron in ferro-magnesium minerals. In natural waters it usually exists in the 2+ state 
and its solubility is controlled by coprecipitation and adsorption. It can form many 
complexes. In uncontaminated natural water cobalt concentrations are usually less 
than a few pgL. 

In the Logan-Albert Catchments 19 of the 36 bores contained detectable cobalt, with 
the highest level at 11 pg/L (Fig. 4.48). The Logan Catchment has the highest average 
concentration and most frequent detections. In the Albert Catchment detections were 
in the northern sector of the catchment. The Teviot Brook Catchment had uniformly 
low concentrations with no obvious distribution pattern. Considering the levels 
detected, the source of cobalt in all these cases is most likely natural. 



Copper 

Copper occurs in the earth's crust as free native metal or in copper minerals such as 
carbonates and sulphides. Copper in groundwater can also have anthropogenic sources 
linked with industrial activity or agricultural activity - ie. from inorganic copper 
compounds used extensively in pesticide (fungicide) sprays. 

Copper usually exists in natural waters as cu2' or with complexes. It's solubility is 
primarily controlled by pH and Eh with adsorption and coprecipitation also playing a 
role. The average concentration in groundwater is 0.05 mg/L. In acidic waters, 
especially where acid drainage may be involved, levels of copper can rise to several 
hundreds of mg/L. 

Copper was not detected at the majority of sample points (limit of detection = 0.005 
m a )  (Fig. 4.49). Bore number 14500088 in the Logan Catchment and bore 
145 10055 in the Albert Catchment contained copper concentrations between 0.05 and 
0.1 mg/L. In Teviot Brook four bores contained copper of which two were between 
0.05 and 0.1 mg/L. The bores with higher copper concentrations also have a high 
TDS . 

Gold 

The bar graph of gold concentrations in the Logan-Albert Catchments indicates that 
eight bores contained groundwater with gold at greater than 1 pg/L, with the 
maximum level at 5 pg/L (Fig. 4.50). Five bores in the Albert Catchment had 
groundwater with detectable gold. The groundwaters in the Logan and Teviot Brook 
Catchments that contain gold are also high TDS waters. 

Lead 

Lead naturally occurs in rock minerals but can also be sourced from atmospheric 
fallout and runoff of lead linked to car emissions of leaded petroleum. It can exist in 
solution as free pb2+, hydroxide, carbonate or from sulphate ion pairs. Lead has a low 
solubility that is controlled by pH, alkalinity, adsorption and coprecipitation. One of 
the major concerns about lead is the contamination waters due to 'pick-up'in the water 
distribution systems. 

Fourteen of the 36 bores sampled had detectable levels ranging from 1 pg/L to 25 
pg/L of which two bores had lead above 10 pg/L (Fig. 4.5 1). Although all three 
catchments have bore waters with detectable lead, most of them occur in the northern 
part of the Logan and the Albert catchments. It is difficult to estimate the source but 
at these low concentrations it is likely to be natural. 



Mercury 

Mercury exists in natural water systems in its most stable form as a free metal. 
Natural release of mercury is very low and most inorganic forms of mercury are 
insoluble. The organic forms of mercury are most toxic and usually associated with 
biota. Its anthropogenic sources include industrial emissions or spills and pre- 1970's 
biocides. 

The NH&MRC and WHO Health Guideline Value is 1 p a .  Inorganic mercury is 
commonly found in concentrations of less than 0.5 p a ,  In the Logan, Albert and 
Teviot Brook Catchments it was not detected. The detection limit is 1.0 p a .  

Molybdenum 

Molybdenum is a rare element that can be found as an accessory element in metal 
ores. Anthropogenic sources include fertilisers and fly ash from coal-fired power 
stations. 

Molybdenum is usually found in natural waters as the molybdate ion (~004") .  
Controls on solubility consist of precipitation with metals and adsorption. In 
groundwater and surface water it is usually found in concentrations below 10pg/L. 

No molybdenum was detected in the Albert Catchment and, in the Logan Catchment, 
only three bores had groundwater with detectable molybdenum that was at less than 1 
pg/L (Fig. 4.52). Teviot Brook had eight bores with detectable molybdenum at 
concentrations up to 8 pg/L. The catchment variations could be linked either to the 
different surrounding geology or to fertiliser applications. 

Nickel 

Nickel can be found in rock minerals, as a substitute for iron in ferro-magnesium 
rocks, or can have an anthropogenic source, for example fossil fuel burning or 
industrial waste disposal. In aqueous systems it usually exists in the form of ~ i ~ ' .  The 
concentration of nickel is commonly less than 20 pgL. 

In the Logan-Albert Catchments all bores had detectable nickel in the range of 1 to 19 
pg/L (Fig. 4.53). All three catchments had a fairly similar distribution with 
concentrations tending to increase down gradient. The higher levels of nickel are 
correlated with high TDS waters. The QAIQC blanks taken during the sampling 
program indicated nickel contamination (see Chapter 3.4). Therefore, these data 
should be interpreted with caution. 



Silver 

Silver is a rare element in crustal rocks. It can have an anthropogenic source in 
industrial wastes. The solubility limit of silver is usually <10 pg/L. It was not 
detected in the Logan-Albert bore samples at a detection limit of 1.0 pg/L. The 
NH&MRC Health Guideline Value is set at 100 pg/L. 

Tin 

Tin can be naturally sourced from rocks and minerals or it can have an anthropogenic 
source from industrial practices or agricultural biocides. It is usually found at levels 
less than 2 pg/L in natural water systems. 

A bar graph was not plotted for tin as there was only one bore with detectable tin - 
bore 14500080 which contained 3 pg/L. This bore water also has a high TDS content. 
All other bores had non-detectable levels (less than 1 pg/L). 

Vanadium 

Vanadium can be associated with uranium in certain ore deposits and is also found in 
plants, coal and petroleum and released with combustion. It has a rather complicated 
aqueous chemistry with the most common form being v'' that often forms anionic 
complexes with oxygen and hydroxide. It has a higher solubility in oxidising alkaline 
environments. Figure 4.54 indicates that in the Logan-Albert Catchments the higher 
concentrations of vanadium (20 pg/L and greater) occur where there is a higher Eh. In 
the Figure 4.54, non-detectable levels are plotted as zero p a .  

Fig. 4.54 VANADIUM vs Eh 

In the bores sampled, ten bores have vanadium above the detectable level with a range 
of 10 to 30 pg/L (Fig. 4.55). The three catchments have different distribution patterns, 



In Teviot Brook there is only one bore with detectable vanadium. In the Logan 
Catchment three bores had detectable vanadium in both the top and bottom of the 
catchment. The Albert Catchment had higher concentrations of vanadium detected in 
bores throughout the catchment. 

Zinc 

The occurrence of zinc in crustal rocks is equivalent to copper and nickel but it is 
much more soluble than either copper or nickel. It is commonly found as sulphide. 
Zinc can also have anthropogenic sources linked to paint, metallurgy, industrial 
processes and pesticides. 

Zinc exists in solution as zn2+ and in groundwater it commonly occurs at 
concentrations less than 0.05 m a .  Its solubility is controlled by other ions in 
solution, adsorption, ion exchange and coprecipitation. As with many other metals, 
when associated with acid mine drainage it can occur at very high concentrations. A 
big concern with zinc is not so much the levels detected at source, which are usually 
low, but 'pick-up' in water distribution systems. 

The bar graph (Fig. 4.56) shows zinc was detected in all the bores and the surface 
water sample and at concentrations much higher than copper or nickel. The three 
catchments had quite distinctive mean concentrations: 

Logan 0.747 mg/L 
Albert 0.200 mg/L 
Teviot Brook 0.056 mg/L 

It is likely that the higher levels in Logan and Albert Catchments are linked to the 
dominance of galvanised iron bore casing as opposed to PVC casing in Teviot Brook. 
All the bores with significantly high zinc concentrations (14500080, 14500036, 
14500057 and 14510012) are cased with galvanised iron pipes. 

Arsenic 

Arsenic can be found in many minerals and ores, particularly sulphides. It can also be 
sourced from industrial effluents, atmospheric rain-out as a result of fossil fuel 
burning and waste incineration and is present in some pesticides. At low levels it is 
toxic to humans. 

Arsenic exists in solution as  AS^+ in oxidising environments and predominates as  AS^' 
in more reducing environments. The low solubility levels are partly controlled by 
hydrous iron oxide and coprecipitation. Arsenic can also be involved in biochemical 
processes. In natural waters it is rarely found at concentrations above 5 p a .  

The bar graph (Fig. 4.57) shows that only seven bores detected arsenic above the 
detection limit of 1 pg/L. The levels are very low with the maximum recorded 
concentration at 3 pg/L (bore 14500098). There is no obvious distribution, arsenic 



was found in all three catchments. At these low levels the source of arsenic is most 
likely natural. 

Antimony 

Antimony has a chemistry that has similarities to arsenic although it is not very 
abundant. It occurs in natural water systems in very low concentrations but there is 
not much data available on this element. Higher concentrations have been linked with 
lead and copper smelting operations. 

The NH&MRC Health Guideline Value is 3 pg/L and the WHO Health Guideline 
Value is 5 ug/L. It commonly occurs at levels less than 4 pg/L. Antimony was not 
detected in the Logan-Albert samples. The detection limit was 1.0 pg/L. 

Boron 

Boron in groundwater can be derived from dissolution of rock minerals, ie tourmaline, 
or from domestic and industrial effluents. It is convention to record elemental boron 
in water analyses but it actually exists in many forms and complexes. Its predominant 
form in natural water is as boric acid. Concentrations are rarely above 1 mg/L in 
surface water or groundwater. 

In the Logan-Albert Catchments boron was detected in all but one bore (Fig. 4.58). 
The concentrations are all low with the maximum at 0.092 mg/L (bore 14500098). 
This is a likely indication of naturally sourced boron. All three catchments show a 
fairly random distribution pattern. 

Selenium 

Selenium has a similar chemistry to sulphur but is much less abundant. It has natural 
and man-made sources. For example, it is associated with uranium ores and is also 
emitted with coal combustion. It occurs in oxidising solutions as selenite or selenate 
but can be rapidly reduced to insoluble selenium. 

The NH&MRC and WHO Health Guideline Value is 10 pg/L. In natural water 
systems it is usually less than 1 pg/L. There was no detectable selenium in the Logan, 
Albert and Teviot Brook samples at a detection limit of 10 pgL. 

Uranium 

Uranium in groundwater can be sourced from minerals in the earth's crust through 
leaching or it can come from mill tailings, combustion of coal and fuel, as a product of 
the nuclear industry or from phosphate fertilisers. There are 3 main isotopes: U-238, 
U-235 and U-234. U-238 is the predominant isotope. Uranium can be measured 



chemically or based on the intensity of radioactivity. In this instance it has been 
measured chemically. 

In natural waters uranium concentrations usually range from 0.1 to 10 pgL. The 
levels are much higher near to ore deposits. 

In the Logan-Albert Catchments the concentrations are variable but relatively low 
(Fig. 4.59). The maximum concentration is 5.7 pgL. Five boreholes recorded non- 
detectable uranium (~0 .01  pg/L). There was a contrast in the mean value for each 
catchment: 

Logan 0.67 pgL* 
Albert 1.37 pg/L 
Teviot Brook 1.71 pg/L 

*to calculate the mean, values of <0.01 Clgn were designated as 0.005 pg/L. 

The higher levels in Teviot Brook could be linked to different source rocks or to the 
type and amount of fertiliser utilised on the land. There is also a general trend of 
increasing concentration down the Teviot Brook Catchment. The Logan and Albert 
Catchments did not have such a clear cut distribution pattern. 



Fig. 4.41 LITHIUM CONCENTRATION OF GROUND 
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Fig. 4.46 ALUMINIUM CONCENTRATION OF GROUNDWATER (AGSO LAB) 
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Fig. 4.47 CHROMIUM CONCENTRATION OF GROUNDWATER (ALS LAB) 
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Fig. 4.48 COBALT CONCENTRATION OF GROUNDWATER (ALS LAB) 
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Fig. 4.49 COPPER CONCENTRATION OF GROUNDWATER (AGSO LAB) 
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Fig. 4.51 LEAD CONCENTRATION OF GROUNDWATER (ALS LAB) 
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Fig. 4.52 MOLYBDENUM CONCENTRATION OF GROUNDWATER (ALS LAB) 
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Fig. 4.55 VANADIUM CONCENTRATION OF GROUNDWATER (ALS LAB) 
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Fig. 4.56 ZINC CONCENTRATION OF GROUNDWATER (AGSO LAB) 
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Fig. 4.57 ARSENIC CONCENTRATION IN GROUNDWATER (ALS LAB) 
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4.5 NUTRIENTS 

Nitrogen 

The nitrogen-cycle provides a framework for understanding the complex nature of 
nitrogen in the environment. Although it is nitrate that is often used as an indicator 
for contamination it is usually other species of nitrogen (N) that are the initial source 
of contamination. The identity of this initial source is quickly lost in cycling and the 
numerous inputs and sinks that can be involved. 

Alley (1993) provides a clear summary of the nitrogen cycle. The main processes are: 

Imrnobilisation of inorganic N to soil organic N 

Mineralisation of organic N to inorganiclmineral N (ie NH4') 

Nitrification - the microbial oxidation of ammonium to nitrite to nitrate. This is 
the primary source of nitrate to the biosphere and is a process that occurs in the 
soil. Because nitrate is relatively mobile it can participate in leaching processes. 

Denitrification - the return of N to the atmosphere. Denitrification can occur in 
reducing environments or where denitrifying bacteria exist. The process can 
reduce the quantity of nitrate available for leaching to groundwater. 

Sources of nitrogen can be natural or anthropogenic. The main anthropogenic factors 
include fertiliser, plant residues, wastes (industrial, domestic and agricultural) and 
adsorbed nitrogen from the atmosphere. The risk of nitrate contamination is 
especially significant in areas of intense agricultural activity because of the 
combination of irrigation water and high fertilisation rates. 

Large variations in nitrate levels are usually the rule as there are many complex factors 
involved in the nitrogen cycle. These involve the quantity of nitrogen available, the 
hydraulic conductivity of the unsaturated zone, recharge, depth to water table, 
denitrifying potential and seasonal variations. 

Nitrate concentrations in pristine groundwaters is usually less than 2-3 mg/L 
NO3-N (Bauld, 1994). Unless water in the unsaturated or saturated zone is 
contributing to surface water there should be negligible nitrate in surface waters. 

Different Nitrogen Species 

Nitrogen exists in nature in various oxidation states from N" to N". In groundwater 
the most common forms are ammonia, nitrite, nitrate and nitrogen in organic solutes. 
N&+ is readily adsorbed onto mineral particles and nitrite is unstable in aerated 
conditions. Nitrate is the most commonly determined of the nitrogen species. 



Table 4.3 NITRATE SPECIES 
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Table 4.3 summarises the analyses for nitrate species from the Logan-Albert 
groundwaters. The last two columns of the Table contain calculations to determine if 
species, other than those analysed, were present. 

The main points are: 

Nitrite (NO;) was not detected. Nitrite can be an indicator of contamination but is 
unstable in aerated conditions. The redox conditions of these groundwaters is not 
highly reducing and therefore nitrite is likely to be unstable in these environments. 

Total oxidised nitrogen-N is equal to nitrate-N. This is because the other oxidised 
nitrogen species found in groundwater, ie nitrite, were not detected. 

The last column contains the amount of nitrogen determined in the sample that is 
not accounted for by ammonium-N or nitrate-N. It possibly represents nitrogen in 
soluble organic form or it could include analytical error - as evidenced by the two 
negative values. The values are very low. 

Ammonium enters the groundwater system from fertilisers, plant residues, wastes and 
is adsorbed from the atmosphere. It is considerably less mobile than nitrate, has a 
tendency to be adsorbed onto mineral surfaces and is often nitrified before entering the 
groundwater system. For these reasons it is a less common indicator of 
contamination. 

In the Logan-Albert Catchments all ammonium-N concentrations were less than 1.3 
mg/L (Fig. 4.60). The X-Y plot of Nitrate-N vs Ammonium-N (Fig. 4.61) indicates 
an inverse relationship. This is likely to be a reflection of the fact that ammonium is 
the more common form of nitrogen in more reducing environments and nitrate in 
oxidising environments. The concentrations are all low. 

Nitrate 

Out of 36 bores sampled, 23 had non-detectable nitrate-N (limit of detection = 0.01 
mg/L). Twelve of the 13 bores with detectable nitrate-N had concentrations less than 
1 mg/L. Only bore number 14500057 had nitrate-N at a level that could would even 
be considered to be linked to anthropogenic contamination at 2.3 mgL. (Figures 4.62 
and 4.63). 

Therefore, in the region of the bores sampled, the groundwater appears to be relatively 
free of nitrate contamination. The thick confininglsemi-confining layer and the heavy 
textured, clay soils are possibly acting as a buffer zone to contamination. This study 
does not include surface water or unsaturated zone sampling so it is not possible to 
comment on the potential for contamination through the vadose zone in the future. 

At bore number 14500057 there are no uniquely obvious factors to account for a 
higher level of nitrate there than in other areas. As with many bores in the area the 
confining layer is comprised of predominantly silty clay. The agricultural activities 



near the bore include boom spray irrigation and open grazing. It is possible that the 
irrigation water is recharging down to the aquifer at a faster rate than at other sites but 
there is no quantifiable evidence to support this. The contamination could also be 
caused by grazing stock. 

All except one of the other bores where nitrate was detected were located in the upper 
parts of the three catchments. The absence of nitrate in the lower parts of the 
catchment may be linked with redox and microbial process. 

The 5000 head feedlot at Bromelton could be a potential contaminant source. The 
closest sampled bore, 14500044, located 2 km west of the feedlot, did not contain any 
nitrate. Although it is the closest located bore to the feedlot it is not located along a 
flow path from the feedlot. Installation of a bore north of the feedlot would be better 
located to detect any contamination. 

Generally speaking, the nitrate levels were not indicative of contamination. 

By contrast, a study undertaken in the Shepparton East region of Victoria in 1990 
(Bauld, 1994) found approximately half the groundwater samples had nitrate-N 
concentrations greater than 2-3 mg/L. This area had an unconfined aquifer with the 
water table 0.5-3.0 m below ground level with orchards and dairies as the predominant 
agricultural practice. 

A comparative study (Hamilton and Helsel, 1995) was undertaken on nitrate 
concentrations in groundwater in five agricultural regions in the U.S. Some of the 
published results include: 

Nitrate increased with increasing electrical conductivity. 

There was no significant correlation of nitrate with sample depthlscreened 
interval. 

High nitrate correlated with heavy irrigation and well drained soils. 

Low nitrate levels occurred in areas where there was poor drainage, high water 
table and a tendency for anaerobic conditions, This environment inhibits 
nitrification of ammonium and promotes denitrification of nitrate. 

By contrast with the Logan-Albert Catchment, these five study areas were 
characterised by unconfined surficial aquifers and 12-46% of the wells sampled had 
nitrate-N in excess of 10 mgL. 

Although AGSO's 1994 Logan-Albert study focusses on a confined aquifer where 
nitrate-N levels are well below those found in the US study, it seemed worthwhile 
testing the Logan-Albert results against some of the other indicators. (Figures 4.64 to 
4.69). The plots indicate the following: 



There is no correlation between nitrate-N and electrical conductivity (Fig. 4.64). 
The higher NO3-N levels are in groundwaters with an EC under 2000 pS/cm and 
the higher EC waters have non-detectable NO3-N concentrations. 

There is no significant correlation of NO3-N with sample depthlscreened interval 
(Fig. 4.65). 

There appears to be no significant correlation of NO3-N with depth to 
potentiometric surface (Fig. 4.66 and 4.67). 

Where the redox potential is lower, there are almost no significant NO3-N 
detections (Fig. 4.68). The majority of higher NO3-N levels occur within the band 
of Eh 300-425 mV. This could indicate that the nitrate undergoes denitrification in 
the less aerated environments. The relationship is not quite as clear for the 
Nitrate-N vs Dissolved Oxygen plot (Fig. 4.69) although the bulk of non-detects 
do occur where DO is negligible and many of the higher NO3-N levels do correlate 
with higher DO concentrations. 

On the Nitrate-N vs Ammonium-N plot (Fig. 4.6 l), higher NO3-N levels clearly 
occur in groundwater where NH4-N levels are low and vice-versa. This probably 
links with the previous results. Where conditions are more aerobic, ammonium is 
oxidised to nitrate and where conditions are less aerobic, nitrate is lost via 
denitrification while N&-N accumulates due to inhibition of nitrification. 

In summary, the patterns evident in the US study are not observed in the Logan-Albert 
Catchment. This is most likely related to the fact that they have different aquifer 
environments, with the Logan-Albert being a confined/semi-confined aquifer with 
overlying clay soils. The relationship between nitrate-N levels and dissolved oxygen 
of the sampling environment is common to both studies. 

Phosphorous exists in natural waters primarily as orthophosphate because of its stable 
nature in that form. Phosphate has a low solubility that is controlled by adsorption 
onto mineral particles, coprecipitation and biota uptake. Its concentration in natural 
water would usually be less than 0.5 mg/L. 

Phosphorus has both natural and anthropogenic origins. It is common in igneous and 
sedimentary rocks, particularly as the mineral apatite. Anthropogenic sources include 
fertilisers, sewage, animal waste, detergents and organic phosphate species. 

One of the more recent concerns about phosphorus levels has been its connection with 
blue-green algae blooms in surface water systems, particularly in the Murray-Darling 
river system (see Donnelly et al, 1996). One of the points made is that the phosphorus 
being transported to the river system is sediment-bound and primarily originates from 
native soils, not fertilised soils. Although sediment-bound phosphorus is not likely to 
be a large component of the filtered groundwater sample analyses, combined with the 



fact that phosphorus levels in groundwater tend to be very low, it is still important to 
understand the contribution of phosphorus in groundwater to surface water systems 
because of environmental hazards like algal blooms. 

The parameters measured for the Logan-Albert samples are orthophosphate as P and 
total phosphorus as P. Table 4.4 includes a column that quantifies that amount of 
phosphorus in the system that is not bound up in orthophosphate. These levels were 
often more significant than the orthophosphate. An X-Y plot of orthophosphate-P vs 
total phosphate-P (Fig. 4.72) indicates that there is a relationship between the two 
although it is not very strong. The correlation coefficient for the data is 0.56. 

There appears to be no trend between or within the catchments relating to 
phosphorus/phosphate concentrations (Fig. 4.70 and 4.71). The levels are generally 
low, largely due to the low solubility of phosphorus species. Slight variations may be 
connected to available phosphorus in the soil. In a reconnaissance survey of soils just 
north of Boonah and Beaudesert (Paton, 1971) there were large variations in the 
concentration of available phosphorus in the soils of the region. Certain soils in the 
Logan Valley alluvium and north-west of Boonah carry available-]? up to 600 ppm 
whereas in most other parts of the region studied it was less than 20 ppm. Because the 
whole Logan-Albert Catchment was not included in the study it is difficult to be 
specific about this relationship. 

N-P relationship 

A plot of Total Nitrogen vs Total Phosphorus (Fig. 4.73) was made to see if there was 
any relationship between the two. This could particularly apply to groundwater 
contamination by human activities. There was no relationship with a correlation 
coefficient of 0.057. It is concluded from this, and the very low concentrations that 
were determined from sampling, that most of the nitrogen and phosphorus in the 
system is natural. 

Dissolved Organic Carbon 

All natural waters contain organic material in small quantities. This organic matter 
can affect metal solubility, participate in redox reactions and provide nutrients for 
biota that then involve themselves in chemical reactions. The natural organic solutes 
are considered to be similar to that in soil. 

Dissolved organic carbon (DOC) levels can be variable and tend to be lower in 
groundwater, where it is more likely affected by adsorption, than surface water. 

The bar graph (Fig. 4.74) clearly indicates that DOC levels are higher in most of the 
Teviot Brook bores than in the other catchments. In the Logan Catchment all the 
bores had levels below 1.0 mg/L (detection limit). In the Albert Catchment only bore 
145 10023 had a significant level of DOC at 4.8 mg/L. 
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DOC was plotted against sulphate, iron and manganese as it is known to play a part in 
the reduction of these ions. (Figures 4.75,4.76 and 4.77). A summary of these charts 
follows: 

There was no relationship between sulphate and DOC ( R ~  = 0.20). Although 
DOC is a reactant in sulphate reduction, Hem (1989) has commented that the 
correlation is often weak. 

The relationship between iron and DOC appears to indicate that a range of iron 
concentrations can exist where DOC is negligible (non-detects of DOC are plotted 
as 0 mg/L). Where DOC levels are detectable iron levels are predominantly very 
low or negligible. It seems to indicate that the presence of organic carbon possibly 
does affect iron levels to some extent although this is in opposition to the theory 
that organic carbon is involved in metal oxide reduction and, therefore, iron levels 
should rise where organic carbon is present. 

There was no relationship between DOC and manganese concentrations. The 
correlation coefficient equals - 0.198. 

DOC can be an indicator of contamination. At the levels it is found in these waters 
and, in combination with information from nitrate and phosphorus concentrations, 
there is no evidence for contamination. 
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no3-nh4No3graph 1994 AGSO Groundwater Quality Assessment Project 

Fig. 4.61 NITRATE-N vs AMMONIUM-N 
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Fig. 4.62 NITRATE-N CONCENTRATION OF GROUNDWATER 

N03-NBargraf3 1994 Groundwater Quality Assessment Project 



LOGAN CATCHMENT 

TEVIOT BROOK 

5km- 

4 - 
L 
m .- 2 F 3 -  v - = 2 
m 

; 2-  - 
8 

1 - 

0 I I 
0 5 lo km 

Distance away from river 

2.3 = m g L  NO3 -N 

nd = nondetected 

ALBERT CATCHMENT 

Fig. 4.63 Schematic map of nitrate-N concentrations 



Fig. 4.64 NITRATE-N vs ELECTRICAL CONDUCTIVITY 
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Fig. 4.65 Nitrate-N vs Depth of Sample 
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Fig. 4.66 Nitrate-N vs Depth to Potentiometric Surface 



Fig. 4.67 Nitrate-N vs Depth to Potentiometric Surface (with non-detects removed) 
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Fig. 4.69 NITRATE-N vs DISSOLVED OXYGEN 
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Fig. 4.71 TOTAL PHOSPHORUS-P CONCENTRATION OF GROUNDWATER 
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Fig. 4.72 Orthophosphate-P vs Total Phosphate-P 
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Fig. 4.73 Total Nitrogen vs Total Phosphorus 
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Fig. 4.75 MANGANESE VS DISSOLVED ORGANIC CARBON 
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Fig. 4.76 IRON VS DISSOLVED ORGANIC CARBON 
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Fig. 4.77 SULPHATE VS DISSOLVED ORGANIC CARBON 
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4.6 PESTICIDES 

Introduction 

Pesticide contamination of groundwater resources is becoming an increasingly 
important global issue. Little is known of contamination levels in rural areas of 
Australia. In a rapidly expanding region such as the Logan-Albert it is important to 
benchmark the existing levels of pollution. As the population and diversification of 
land use increases, placing a greater strain on water resources, groundwater quality 
will become a more important issue. 

The NHMRCIARMCANZ Australian Drinking Water Guidelines (1996) state that 
pesticides should not be detected in drinking water. The detection of pesticides in 
groundwater is of health significance as many exhibit toxic properties. 
Organochlorine insecticides are persistent and relatively immobile. Many are no 
longer registered for use in Australia but can still be found, particularly in the nation's 
soils. Organophosphorous insecticides are acutely toxic, but break down in the 
environment more rapidly than organochlorines. Triazine herbicides are mobile and 
have often been found in Australian groundwater from rural regions. Representatives 
from these, and other, pesticide groups were included in the present study for reasons 
of local usage, toxicity or persistence. 

In this study thirty-six bore samples were extracted and analysed for pesticides from 
Schedule A (Table 4.5 and Appendix 7.3.1). Three replicate samples, three spiked 
samples and six field equipment blanks were extracted and analysed alongside the 
bore samples. One sample from the Logan River was also analysed with the aim of 
detecting surface-ground water interactions in that locality. Samples from twenty-two 
of the thirty-six bores were extracted for a further ten herbicides from Schedule B 
(Table 4.5 and Appendix 7.3.1). In addition to these twenty-two, a further six field 
equipment blanks, three spikes and one river sample were extracted for Schedule B 
compounds. 

Previous work 

Very little work has been conducted on the issue of pesticide contamination of 
groundwater in the Logan-Albert Catchment. Three samples were analysed for 
pesticide contamination in 1992 (Bedford, pers. comm.). These analyses identified 
organochlorine pesticides (DDD=0.013 pg/L; DDM.086 pgL; heptachlor 
epoxide=0.004 pgL and dieldrin 10.002 p a )  in one sample only (Bore 145 10027A). 
When attempts were made to sample Bore 145 10027A, as part of the current study, it 
was found to have been destroyed. Bore 145 1008A was resampled by AGSO after 
earlier detections of naphthalene by Bedford. 



Methodology 

Sample extraction based on USEPA Method 525.1 (Eichelberger et al, 1988) is 
described in Appendix 7.3.2. Samples were filtered and extracted on conditioned Clg 
solid phase extraction cartridges at the bore site to minimise analyte degradation. 
Pesticides were eluted with solvent in the laboratory and analysed by gas 
chromatography-mass spectrometry in full scan and selected ion monitoring modes. 

Sampling protocol 

Blanks 

Field equipment blanks were extracted on three occasions throughout the sampling 
period. These ensured that the rinsing procedure between sampling was efficient and 
that there was no contamination from the sampling equipment. "Before blanks" were 
performed by extracting pesticide-free water. "After blanks" were performed on 
pesticide-free water which had passed through the pumping equipment after the 
routine cleaning of the equipment with detergent, pesticide-free water and methanol. 

Duplicate Samples 

Duplicate samples were taken on three occasions for the normal extractions. The 
duplicate results monitor precision of sampling, extraction and analytical methods. 

Spikes 

Triplicate samples were spiked with a range of compounds, representing those 
pesticide groups of interest from Schedule A, on three occasions throughout the 
sampling period. These recoveries give an indication of extraction efficiency of a 
range of compounds, matrix affects and degradation of analytes with storage. 
Acidified cartridges were also spiked on three occasions with a mixture of acid 
herbicides. 

Surrogates 

Each sample was spiked with a known quantity of surrogate solution prior to 
extraction for Schedule A compounds. This solution consisted of the following 
compounds: difluoro-DDE; dibromo-DDE; deuterium-labelled terphenyl (d14). The 
recovery of these compounds indicates the efficiency of individual cartridge 
extractions. These results also indicate matrix, processing and storage affects. The 
consistency of these results is important in identifying problems with specific 
cartridges. 

Surface Waters 

One "grab" sample was taken at the Logan River (WQ941140). This site was chosen 
to detect possible surface-groundwater interactions with the closest bore sample (Bore 
No. 14500036). 



Analvte Schedule 

Schedules A and B (Appendix 7.3.1) contain the analytes for which samples were 
screened. Schedule A consists of pesticides from various classes which are amenable 
to extraction on C18 solid phase extraction cartridges. Compounds from Schedule B 
are more acidic, hence their extraction on acidified CI8 cartridges. The two schedules 
contain compounds from various groups of herbicides, insecticides and fungicides 
(Worthing et al, 1991). 

Herbicide classes represented in the schedules include triazines (e.g. atrazine, 
simazine and their degradation products desethylatrazine and desisopropylatrazine), 
carbamates (e.g. chlorpropham), chloroacetanilides (e.g. metolachlor, alachlor), 
uracils (e.g. bromacil, terbacil), ureas (e.g. linuron, diuron, methabenzthiazuron, 
metoxuron), phenoxyacids (e.g. 2,4-D, 2,4,5-T, MCPA) and other acid herbicides 
(triclopyr, picloram). 

Insecticide groups covered in this study include organochlorines (e.g. methoxychlor, 
dieldrin, endosulfan, DDT and its breakdown products), organophosphates (e.g. 
diazinon, malathion, parathion, chlorpyrifos), carbamates (e.g. carbofuran, carbaryl), 
pyrethroids (e.g. permethrin). 

Fungicides categories represented in the schedules include conazoles (e.g. 
cyproconazole, penconazole, triadimenol, tridimefon), phthalirnides (e.g. captafol, 
captan) and various miscellaneous fungicides (anilazine, chlorothalonil, vinclozolin, 
chinomethionate, metalaxyl). 

In recognition that some compounds degrade over time to products which may also be 
toxic or carcinogenic, many breakdown products were included in Schedule A (e.g. 
DDE, DDD, carbofuran-3-hydroxy, carbofuran-3-keto, endosulfan sulfate, heptachlor 
epoxide, desethylatrazine, desisopropylatrazine). 

It should be noted that the pesticides listed in Schedules A and B are not exhaustive, 
but expand on previous pesticide screens of the area. The scheduled compounds were 
chosen based on local application information, toxicity, persistence and ease of 
analysis. Varied extraction andlor analytical techniques could extend these lists even 
further, but analytical costs involved makes this action prohibitive. 



Table 4.5 ANALYTICAL STRATEGY FOR INDIVIDUAL SAMPLES 

Results 

Pesticides were not detected in any of the groundwater samples collected from the 
Logan-Albert Catchment. Nine of the twenty-two samples which were extracted for 
Schedule B compounds were destroyed due to laboratory error. Two blanks and one 
sample spike were also lost by laboratory error. Blanks showed no sign of 
contamination, even when extracted immediately after a spiked sample. Duplicates 
produced identical results to the original samples, i.e. no pesticides detected. 
Surrogate addition showed, on the whole, consistent recoveries for all three analytes 
(see Appendix 7.3.5 for details). Recoveries for terphenyl-dl4 and dibromo-DDE were 
consistently low, indicating that they are poorly extracted using our C1g extraction 
procedures. Spiked triplicate samples produced variable recoveries. Coumaphos is 
renowned for having a poor gas chromatographic response. Endrin was not detected 



at all, indicating it had not been retained on the cartridges or it had broken down prior 
to analysis. No clear trends were observed in spiked samples relative to age of the 
extracted sample. The variability of these results is indicative of the wide range in 
chemical nature of the analysed compounds. Apart from MCPP and picloram, the 
recoveries from the spiked duplicate acid cartridges (Schedule B) were good. Only 
two of these spiked samples survived till analysis, however, so it is inappropriate to 
draw conclusions from such a small sample number. The rigorous quality assurance 
measures undertaken in this study ensure, as much as possible, reliability of data for 
such a broad pesticide screen. 

Discussion 

Results of this study indicate that groundwater from the Logan-Albert Catchment was 
unpolluted, with respect to Schedule A and B organic contaminants, at the time of 
sampling. Despite indications from QDPI agricultural extension officers that triazines 
were used in the region, none were found in the groundwater. Given the mobility 
history of triazine herbicides, this group were most likely to leach to the groundwater. 
The absence of pesticides may have one or more of the following explanations: 

the seasonal timing of sampling may have been inappropriate relative to pesticide 
application; 
low usage of pesticides in this area or use of rapidly degrading or immobile 
pesticides; 
the hydrogeology and soil types of the area may have restricted mobility of 
pesticides into the groundwater; 
in certain cases it is conceivable that processing or analytical inefficiencies may 
have caused non-detects. 

It is expected that a combination of the above four factors explain our findings. The 
absence of pesticides is perhaps not surprising, given the impermeable clay layer 
above the confinedlsemi-confined aquifer. The isotope results indicate that recharge 
to the groundwater is a very slow process. However, the recovery of both short and 
long-lived FIB from ground waters demonstrates that particles of colloidal dimensions 
can be transported to the aquifer. The finding of faecal streptococci in one bore 
sample indicates that there is a relatively rapid preferential flow path to the aquifer. 
There could, therefore, be particulate contamination which we would not detect as a 
result of our extraction procedure. Further sampling should be conducted in a 
different season, to coincide with application of pesticides and rainfall. Closer contact 
with local land users would be helpful in determining specific pesticide usage in the 
area. 

Conclusion 

No pesticides were detected in any of the ground water samples, nor in the single 
surface water sample. Hydrogeological analysis of the area indicates that the soil layer 
is relatively impermeable clay, most probably contributing to the absence of pesticides 
in the groundwater. Previous organic contamination was not confirmed in this study, 
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however one bore was unavailable for resampling. The broad pesticide screen 
presently used was validated with rigorous quality assurance measures. 
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4.7 MICROBIOLOGY 

Like natural habitats everywhere the subsurface environment, including groundwater, 
has been found to contain a broad spectrum of microbial types similar to those found 
in surface soils and waters, encompassing bacteria, fungi and protozoa, and 
representative of most physiological types. On occasion pathogenic viruses, bacteria 
and protozoans of gastrointestinal origin from domestic, agricultural and other 
anthropogenic activities, may infiltrate through soils, sediments and rocks to the 
underlying groundwaters. There they may survive for sufficient time to be ingested by 
drinking extracted groundwater. Representatives of both indigenous and contaminant 
microbes were recovered and enumerated from Logan-Albert groundwaters. 

Faecal Indicator Bacteria - Background 

Faecal Indicator Bacteria (FIB) are used as surrogates for pathogenic microbes of 
gastrointestinal origin (including bacteria, viruses and protozoa) since the difficulty 
and cost of routinely enumerating the latter remains significant. Their presence in a 
water sample indicates that the water has received faecal contamination from humans 
and/or other warm-blooded animals. FJB are generally present in the gastrointestinal 
tract (GIT) in large numbers and their public health utility is based on the assumption 
that they survive in aquatic environments at least as long as GIT-borne pathogens. 
Many pathogens found in the GIT of warm-blooded animals, such as Salmonella, 
Leptospira, Campylobacter, Giardia, and Cryptosporidium will also infect humans 
ingesting contaminated water. 

Three classes of FIB were target indicators for our groundwater quality assessment of 
the Piccadilly Valley - faecal (thermotolerant) coliforms (FC), faecal streptococci (FS; 
also referred to as faecal enterococci [FE]), and spores of Clostridium pelfringens 
(Cp). FC and FS are "normal" bacterial cells whose survival outside the GIT is 
commonly reported to range from hours-to-days (but see next section) while Cp 
spores are dormant cells which survive indefinitely under a wide range of 
environmental conditions providing a long-lived indicator of faecal contamination. 

Most public health and/or regulatory agencies set standardslguidelines using FC (ie 
FC should not be detectable in any sample; minimum volume 100mL). FS provide an 
additional, and possibly more sensitive, indicator because they may be present in 
faecal material in considerably higher numbers than FC, appear to be more persistent 
in aquatic environments than FC and, as a consequence of their wall structure, should 
be more resistant to drying (thereby surviving episodic transport through the vadose 
zone). Cp, as a consequence of their longevity (of the order of years), may accumulate 
and be detected long after and far away from contamination event(s) and thus indicate 
intermittent and/or remote contaminant sources. 



A Note on the Interpretation of FIB data 

The presence of FIB at any subsurface location is contingent upon processes such as 
transport andor retention of FIB, their survival as entities capable of growth (& hence 
detection) after reaching ground water, and the magnitude and frequency of 
contamination events. 

Bacteria are usually of colloidal dimensions (ie of diameter < l o p ,  commonly as 
small as 1 - 2 p )  which enables them to be transported with other particles from the 
soil surface into the subsurface by recharge events. Considerable lateral distances 
may be traversed in the subsurface before FIB succumb to the relatively hostile world 
outside the GIT. Depending on the surface properties of both bacteria and sediment 
particles and the surrounding aqueous medium bacterial cells may adsorb reversibly or 
irreversibly to solid phase material in the subsurface environment. 

Survival times (as assessed by eg half-life, tin) for both FC and FS are dependent on 
environmental constraints and are variously reported in the range hours to days 
depending on environmental conditions; they are sufficiently variable as to be no more 
than a general guide. Cp spores are stable over long periods as a consequence of their 
resistant structure and metabolic dormancy, and thus provide a long-lived signal of 
faecal contamination. 

Survival of gastrointestinal bacteria and viruses in the (subsurface) environment 
appears to be promoted by low temperature, saturated conditions, and sufficient 
amounts of organic matter (but compromised by sunlight [UV], low pH, and 
indigenous microbes which are antagonistic or predatory). 

Most investigations of FIB survival have been carried out in temperate zone climates. 
These studies suggest that survival time is increased markedly at lower temperatures 
and at temperatures below 4°C survival for months or years has been reported. At 
higher temperatures (ca 530°C) the die-off rate approximately doubles for each 10°C 
temperature increase. Survival would be enhanced during andor immediately 
following cooler months when shallow unconfined' water tables would decrease in 
temperature. 

FIB in Logan-Albert Catchment Groundwaters 
contamination as assessed by FC and FS 

Faecal contamination of Logan-Albert groundwaters was very low when assessed by 
the criterion of short-lived FIB ie FC and FS - only one observation bore yielded a 
positive sample (Table 4.6). The Australian Drinking Water Guidelines (NH&MRC/ 
ARMCANZ 1996) use FC to determine microbiological water quality (FC should be 
undetectable in 100 rnL of sample). Groundwater from bore 14500100 (at the 
northern end of the Teviot Brook subcatchment; Fig 4.78) contained 12 CFU/100mL 
FS but no FC. The presence of FS in the absence of FC is consistent with the 
reportedly longer survival of the former outside the GIT. Surface water from the 
Logan River also contained FIB, both FC and FS. The presence of both FIB suggests 
the contamination events detected are of more recent origin than that for bore 



14500100 consistent with the relative vulnerability of surface waters to contamination 
events. Representative strains of FS recovered from these two sites provide some 
indication of likely FIB sources. FS species from the Logan River include E. 
gallinarum (indicative of birds, possibly domestic fowls but more probably water 
birds, especially mongolian trotting ducks) and E. casselijlavus (most likely 
originating from plant, soil or silage material). 

In contrast, groundwater from bore 14500100 yielded E. faecalis. This microbe is 
almost universally present in the faeces of warm-blooded animals (including humans) 
and of itself does not assist in identifying potential sources. The bore was located in 
open, cattle-grazing grassland (which appeared to be under irrigation) but was also 
about 200m from a cluster of houses (and inferred septic tanks). The latter cannot be 
ruled out as a possible source but cattle would appear to be the most probable source. 
Streptococcus bovis, a more specific indicator of cattle faecal matter, is reported to 
have shorter survival times than the ubiquitous E. faecalis (McFeters et al 1974). 

The field logger at bore 14500099A (not sampled, located between bores 14500098 
and 14500100; Fig 4.78) showed substantial drawdown occurred prior to sampling, 
possibly linked to production bore extraction nearby. This could be accelerating the 
process of FIB movement towards andlor along the aquifer. 

Table 4.6. FIB-Positive Samples, Logan-Albert Catchment 

Boreid FC (1) FS (2) Cp (3) HPC (4) DOC (5) 
CFUImL CFUIrnL CFUL CFUImL mglL 

Albert: 

Logan: 

Teviot Brook: 

Logan River 1 150 780 1 1900 1.2 

(1) Faecal Coliforms 
(2) Faecal Streptococci 
(3) Costridium pe$ngens spores 
(4) Heterotrophic Bacteria (R2A) 
(5) Dissolved Organic Carbon 



Faecal Contamination as assessed by Cp spores 

The general absence of FS and FC in Logan-Albert groundwaters is in contrast to the 
findings for Cl. perjringens (Cp) spores (Table 4.6). These were present in a further 7 
groundwater samples and in the Logan River sample (Fig 4.78). In all but one sample 
they were at or near the limit of detection (ie 1-2 sporesL). In groundwater from bore 
14500101 Cp spores were found at levels almost two orders of magnitude greater than 
the other samples. Sampling team records show that bore 14500101 was located 
beside (dryland?) cattle-grazing grassland, ca lOOm from and down-gradient of 
houses, and the sample contained visible particulate matter. This bore could also be 
affected by nearby production bore extraction as discussed above for bore 14500100. 

Houses were also located within 100-200m of the majority of the remaining Cp- 
positive bores, but the consistent feature of surroundingladjacent land-use for Cp- 
positive bores was that of cattle-grazing (all except one appeared to be dryland). On a 
sub-catchment basis Teviot Brook and the Logan (both 3/12 samples ie 25%) were 
more frequently contaminated with Cp than the Albert (1112 samples ie 8%). 

Interpretation of Findings 

The relatively low Cp numbers together with the absence of short-lived FS and FC 
would be consistent with either one or both of substantial elapsed times or travel 
distances from faecal contaminant sources to water-table. The presence of short-lived 
FIB in one groundwater sample (14500100) was not accompanied by any physico- 
chemical or microbiological signal that one might intuitively associate with faecal 
contamination (eg increased concentrations of DOC or nitrogenous compounds, high 
populations of indigenous heterotrophic bacteria). Water from the Logan River 
contained elevated populations of heterotrophic bacteria (compared to almost all of 
the groundwater samples; Appendix 7.4), but this is reasonable given the generally 
higher concentrations of particulate matter, to which bacteria will readily adhere, in 
surface waters. 

In addition to the Logan River two Cp-positive groundwater samples (14500101, 
14510023) contained both high DOC concentrations and high populations of 
indigenous heterotrophic bacteria relative to apparent background (Table 4.5a). These 
data are consistent with transport of soluble organic wastes with transit times 
exceeding the environmental longevity of short-lived FIB and taking place over a 
sustained period, sufficient to stimulate the indigenous heterotrophic bacterial 
population by ca two orders of magnitude. Such observations implicate leaking septic 
tanks (or possibly dairy milking-shed wastes) rather than grazing cattle. All but one of 
the remaining Cp-positive samples showed neither elevated DOC nor indigenous 
heterotrophs, findings indicative of intermittent contamination. Given the 
preponderance of cattle-grazing the most likely source of this intermittent 
contamination would be livestock. 



Resource Management Implications 

Overall, including all FIB, the frequency of contamination was 8/36 ie 22%. Note that 
the recorded frequency would have been 1/36 (ie 3%) if short-lived FIB only were 
used as criteria for faecal contamination, and zero if only FC had been measured. 

The prevalence of low numbers of Cp spores, together the general absence of short- 
lived FIB, suggests that GIT-borne pathogens may not be of major concern at the 
moment. However, changes in land use which cause increased recharge (eg increase 
in pasture irrigation) may decrease travel times to the aquifer and thus enhance the 
potential for pathogen survival. This would warrant increased monitoring activity 
where groundwater is used for drinking purposes, particularly as there is 
circumstantial evidence that leaking septic tanks may be a contributor of faecal 
contamination to the aquifer in some locations. 

The presence of FIB in 22% of groundwater samples has implications for 
contamination by various classes of agrichemicals. The FIB data demonstrate that 
particles of colloidal dimensions can be transported to the aquifer (presumably along 
preferential pathways through the "confining" layer). They suggest that the aquifer 
may be vulnerable to contaminants that are both moderately water-soluble and 
recalcitrant to degradation andor delivered via facilitated transport attached to eg soil 
particles. 

Naturally Occurring Microbial Populations in Logan-Albert Groundwaters 

In the absence of any previous data on naturally occurring (indigenous) microbial 
populations in the alluvial aquifers of the Logan-Albert. Catchment groundwater 
samples were routinely screened for a variety of heterotrophic bacteria. Heterotrophic 
bacteria, requiring an exogenous source of utilizable organic carbon for cellular 
synthesis and energy generation, generally respond to increasing concentrations of 
DOC. In addition to enumerating general heterotrophs, specific metabolic types 
sought included those with nitrate-reducing, sulfate-reducing, iron-precipitating and 
cellulose-degrading capabilities. 

The activity, and population level, of heterotrophic bacteria is also dependent on the 
availability of appropriate electron acceptors. Molecular oxygen is the most 
energetically favorable and is used by obligate and facultative aerobes. Other electron 
acceptors include nitrate and sulfate - nitrate is used by some aerobes when dissolved 
oxygen concentrations fall below bulk readings of ca 2 mg/L; such microbes are 
capable of removing nitrate by reducing it to nitrite and the nitrogenous gases 
including dinitrogen; sulfate-reducing bacteria are obligate anaerobes and will be 
inactive in the presence of dissolved oxygen. Iron-precipitating bacteria deposit ferric 
iron as rust-coloured deposits - ferrous iron can oxidised by direct enzymatic 
processes or by indirect processes. During the latter microbial cells alter the 
surrounding environment sufficiently to instigate iron oxidation andor precipitation. 
Cellulose digesting bacteria are common in soil but little is known of their occurrence 
in groundwaters, though they might reasonably be expected to be more prevalent in 



unconfined aquifers where cellulose, an insoluble source of organic carbon, might find 
easier access than to semi or fully confined aquifers. 

Overall heterotrophic microbial populations (aerobes and facultative aerobes), as 
estimated using R2A medium, vary over more than 3 orders of magnitude (range 2- 
8500 CFUlmL) - only 4 samples, including that from the Logan River, contained > 
1000 C m m L  (Appendix 7.4). In three cases, including the Logan River, the samples 
also contained both faecal contamination and substantially elevated DOC 
concentrations (Table 4.6) relative to apparent groundwater background for the area. 
Two of these groundwater samples (14510023, 14500101) also showed some 
elevation in populations of nitrate-reducing bacteria. Otherwise there was no apparent 
correlation with microbiological or chemical parameters. The populations of nitrate- 
reducing bacteria showed a similar range to R2A heterotrophs, while populations of 
sulfate-reducing and iron-precipitating bacteria were 2-4 orders of magnitude lower 
(Appendix 7.4). Iron-precipitating bacteria showed no obvious relationship to iron 
concentrations. Slightly more of the samples from Teviot Brook (8112) were positive 
for cellulose-degrading bacteria than were samples from the Albert (5112) and the 
Logan (5112), though there is no immediately obvious reason to explain this 
observation. 
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4.8 ENVIRONMENTAL ISOTOPES 

Environmental isotopes are those that occur naturally in the hydrological cycle (Lloyd, 
1985) and they are suited to providing information on type, origin, processes and age 
of water. Their usefulness is maximised by correlating isotope data with other 
hydrogeologicaVhydrochemical data and using multiple isotope studies. 

In the Logan-Albert Water Quality Project the environmental isotopes selected for 
inclusion in the JuneIJuly 1994 sampling project included the constitutive isotopes of 
water molecules: oxygen-18 (180), deuterium ( 2 ~ )  and tritium OH) as well as 
chlorine-36. 

Tritium 

The best and most widespread uses of tritium ( 3 ~ )  are as a dating tool and for 
verification of modern recharge for waters less than 50 years old. Because of its time 
frame tritium is useful in studying pesticide and other recent anthropogenic 
contamination (Alley, 1993). 

Tritium ( 3 ~ )  is the radioactive isotope of hydrogen with a half-life of 12.43 years and 
a decay product of Helium-3. Tritium activity is measured as Tritium Units (TU) 
where one TU is equivalent to one atom of 'H in 1018 atoms of hydrogen. 

Tritium exists naturally but, as a result of the atmospheric nuclear weapons testing 
during 1952-1963, levels were increased by up to three orders of magnitude over the 
natural levels. Peak tritium levels, or 'bomb pulses' mark the occurrence of particular 
events like the 1962-63 atmospheric tests. International agreements in the 1960's 
curbed the tests and since then, tritium activity has been declining towards its natural 
levels. 

In the hydrological cycle tritium moves within the water molecule in the same way 
that 'H does. It has spatial and temporal variability which are important to know in 
order to calculate input of tritium into a groundwater system. The application of 
tritium as an environmental isotope in the southern hemisphere is becoming less 
useful as the bomb pulse levels fall to the level of pre-1952 tritium. Southern 
hemisphere peaks ranged from 50 to 100 TU whereas the northern hemisphere peaks 
were 500 to 10,000 TU and therefore will be useful into the 2030's (Calf, 1988). 

Of significance for the Logan-Albert Catchment is the tritium activity of rainwater 
collected in Brisbane, the nearest collection centre. Calf (1988) has published data in 
Tritium Activitv in Australian Rainwater 1962-1986. These data give the input levels 
of tritium into the groundwater system. The transit time of the recharge water 
travelling through the unsaturated zone is an important consideration. Data on tritium 
activity in rainfall from Brisbane were abstracted from the tables and graphs (Calf, 
1988) and is summarised below: 



1973 4 0  TU 
1979 -5 TU 
mid-80's onwards fluctuates around 4 TU with minor seasonal 

variations 

Calf (1988) determined TU values for dating groundwater. The values in the Table 
below have been recalculated and altered from the original to account for Tritium 
Activity decay between 1988 and 1994. 

Table 4.7 
Interpretation of Tritium ~ctivity in Australian Groundwater 
(Mixing within aquifers is assumed to be negligible) 
Adapted from Calf (1988) 

Activity Interpretation 

Less than 0.2 Water is older than approximately 50 years 

Less than 1.4 Water is older than approximately 25 years 

Between 1.4 and 7.2 Difficult to interpret; 
Water is probably 'modem' 

Tritium activity for the Logan-Albert Catchments were plotted on a bar graph against 
bore numbers. Tritium was undetectable (<0.4 TU) in six bores (Fig. 4.79). The other 
samples ranged up to 2.5 TU. The Logan River sample had the maximum level (2.5 
TU) and Teviot Brook bore 145001 18 had the highest groundwater value at 2.3 TU. 
Compared to the current input value of approximately 4 TU all these sample values 
are quite low. 

The mean value for each catchment was: 
(All non-detects were valued at zero for the mean calculation) 

Logan 0.52 TU (Logan River surface sample excluded) 
Albert 0.71 TU 
Teviot Brook 1.11 TU 

The Albert and Teviot Brook Catchments show marked decline in tritium activity 
down the catchment. In the Logan Catchment this is not so evident as the levels are 
consistently low. 



Using Table 4.7 outlined above, as a guide for dating the groundwater, the bar graph 
(Fig. 4.79) and a plot of TU levels on a Schematic Map (Fig. 4.80), the following 
observations can be made: 

It appears that 'modem' groundwater (younger than 25 years old) is located 
primarily in the southern sector of the Teviot Brook and Albert Catchments. This 
probably equates with the regional recharge areas. The bores with 'modem' water 
are 145001 16,145001 18,14500101,14500097,14500052,14500050 and 
14500012. 

Although the Logan River surface sample contains 'modem' waters, as would be 
expected, all of the Logan Catchment groundwater samples fall into the categories 
of 'older than 25 years' or 'older than 50 years'. Recharge on a regional scale to 
the Logan aquifers may occur further south than the region covered by the 
sampling program. The 2.5 TU value for the surface water sample is lower than 
the current input value. This could be related to storage of water in Maroon Dam. 

Only one bore in the southern part of the Albert Catchment fits into the category of 
'modem' water but TU levels are higher in the southern part of this catchment 
than in most of the Logan Catchment. 

In Teviot Brook there are a few bore localities that contain water in the 'modem' 
category. A couple of these bores are actually located down gradient and appear to 
have been affected by local production bores altering the hydraulic gradient (bores 
14500097 and 14500101) and drawing in younger water. 

Recharge to the aquifer from the river or through the unsaturated zone does not 
appear to be a present-day dominating process in the down-gradientlnorthem 
sectors of the Logan or Albert Catchments. This finding is based on tritium data. 
It is possible that some recharge is occurring by these processes but being mixed 
with older waters. In Teviot Brook, production bores appear to be affecting the 
results in the north of the catchment. 

Tritium activity, as an indicator of recharge waters, was plotted against other 
indicators of recharge: dissolved oxygen, Eh, bicarbonateltotal major anions and 
nitrate (Figures 4.81 to 4.84). 

The plot of Tritium vs Dissolved Oxygen (Fig. 4.82) had a correlation coefficient of 
0.62. Out of eight bores with a D0>1.0 mg/L six bores have a TU level greater than 
1 .O. These six bores are located in the Albert and Teviot Brook Catchments which 
provides further evidence in support of the idea that these are the localities where 
recharge is occurring. The Schematic Maps of Tritium Activity and Dissolved 
Oxygen (Figs. 4.80 and 4.85) illustrate the spatial distribution of the results. 

The plot of Tritium vs Eh (Fig. 4.82) has a fairly weak correlation coefficient of 0.41. 
All samples with greater than or equal to 1.4 TU plot in a zone with Eh >300 mV. 
Below TU =1.4 the distribution is quite random. The fact that samples considered to 



be 'modem' water (greater than 1.4 TU) plot in a high redox potential zone provides 
further evidence that these samples represent zones of recharge. 

The plot of Tritium vs Bicarbonate/Total Major Anions (meqk) (Fig. 4.83) was 
selected because recharge zones commonly have a higher proportion of bicarbonate 
than other major anions. The correlation coefficient for this plot is 0.56. The pattern 
is similar to the previous two plots where TU levels 4 . 4  have a very random 
distribution but above that there is a significant relationship. There are eight bores 
with a TU value greater than or equal to 1.4 and they all have an BicarbonateRotal 
Major Anions ratio of greater than 0.48 - which means that they have a significant 
proportion of bicarbonate and therefore are representative of recharge areas. 

The plot of Tritium vs Nitrate (Fig. 4.84) does not have a pattern similar to the 
previous three plots. Of the eight bores that have TU 2 1.4, four having the highest 
TU levels did not contain nitrate and one had a concentration of only 0.03 mgk.  This 
provides further weight to the idea that the nitrate is not strongly linked to recharging 
groundwaters leaching through anthropogenic sources at the surface. 

Dixon and Chiswell (1994), in their study of the Lockyer Valley, Queensland, plotted 
tritium against chloride for each catchment. This method was tried on the Logan- 
Albert tritium and chloride data (Fig. 4.86). For all three catchments there is a trend 
of increasing chloride with decreasing tritium. This indicates that the higher chloride 
waters tend to also be the older waters. These results fit the classical model 
as the high chloride waters are characteristically the end-product of the natural 
evolution of groundwater down a regional flow path, 

Deuterium-Oxygen 

The deuterium ( 2 ~  or D) and oxygen (180) isotopic composition of water is expressed 
in comparison to the isotopic composition of ocean water. The commonly used 
international standard for the isotopic composition of ocean water is SMOW 
(Standard Mean Ocean Water). The isotopic composition of a sample is then 
expressed in per mil (%o) deviations from the SMOW standard. Water with less 
deuterium than SMOW has a negative 6D and the same principle applies to 6180 
(Mazor, 199 1). 

The relationship between 6D and 6180 in meteoric water is represented by : 

as established by Craig (1961) based on about 400 water samples of rivers, lakes and 
precipitation from numerous countries. By comparing a plot of 6 ~ - 6 ' ~ 0  groundwater 
values with the meteoric line it is possible to determine if the isotopic composition of 
precipitation has been modified by secondary processes en route to becoming 
groundwater. 



The dominant secondary process that would affect the isotopic signature in this region 
would be evaporation from surface water bodies such as lakes, rivers, spray irrigation, 
mud and upper soil layers. This involves non-equilibrium processes and a resultant 
shift in slope when the data are plotted. If evaporation from the soil capillary zone is a 
dominant the 6D16180 slope of the graph will plot between 2 and 3. If 
evaporation from a free surface water body is dominant then the 6D/6180 slope is 
usually between 4 and 6 (J. Ferguson, pers. cornrn.). The signature can reflect a 
mixture of these processes. 

There are also numerous factors that can affect the isotopic signature of precipitation 
in a congruent manner that can give rise to large variations in the input value to the 
groundwater system. Precipitation that is progressively depleted in D and "0 by 
some of these factors will plot further down the meteoric line. These factors include 
altitude, latitude, season, intensity of precipitation, temperature and distance from the 
ocean. 

The results obtained for the Logan-Albert Catchments have a 6D range from 
-32.5 to -14.3 per mil and a 6180 range from -2.34 to -5.67 per mil. 

The 6D and 6180 results have been plotted with all data (Fig. 4.87) and by individual 
catchment (Fig. 4.88). The X-Y plot from all data indicates the following: 

The elliptical shape drawn along the SMOW Line represents direct precipitation 
into the groundwater. The slight variation around the SMOW line allows for 
analytical error and natural variation. Twenty-two of the bore samples plot within 
this ellipse including five of the six samples determined as 'modem' recharge by 
tritium results. This indicates that for most of these locations the water has not 
been through evaporative processes and would have entered the ground fairly 
rapidly. 

Bore numbers 14500094, -95, -96, -97 and -98 all plot well along the evaporation 
line with a slope of 5.35. All of these bores are located at the north end of Teviot 
Brook, i.e. down the flow line. The slope indicates that evaporation has occurred 
in free surface water, possibly from the river or surface puddles. Evaporation from 
the capillary zone is either a secondary process and mixed in with surface 
evaporation or it is not occurring at all. 

The Logan River sample plots well along the line of evaporation (not actually on 
the line but within the trend). It is possible that it has undergone evaporation 
whilst being held at Maroon Dam andlor during flow down the river course. The 
sample was taken in the dry season in the middle of a drought phase when 
evaporative processes would have been further enhanced. 

The Logan River sample is not closely related to any of the bore samples along the 
Logan River suggesting that recent river recharge has not occurred. In fact, bore 
number 14500036, which is the bore closest to the river, plots at the opposite end 
of the data distribution from the Logan River sample point. 



The data was also plotted by subcatchment. The plots confirm what was identified in 
Figure 4.87 and also highlight a few other features: 

All three catchments show an evaporative trend (not necessarily linked to spatial 
distribution) although the trend in the Albert Catchment is very weak and may just 
be the signature of local meteoric water. 

The Logan Catchment plot has an evaporation line of best fit with a slope of 5.6. 
Bore sample number 14500088, which is one of the most northern bores and has a 
high TDS of 3340 pSIcm, plots well along the evaporation line. The relationship 
between distance down flow path and evaporative processes is fairly weak 
although there is a slight trend if the bores closest to the river are considered 
separately. This could be related to the aquifer being partly recharged by 
progressively enriched river water. 

The evaporation line of best fit for the Albert Catchment has a slope of 6.62. It is 
difficult to assess if this represents evaporative processes or is linked to a local 
meteoric water line. The data do not plot far from the SMOW line and there are 
no data points with significantly enriched D or "0. As it is situated closer to the 
higher rainfall region it is possible that evaporative processes do not play such a 
significant role. Nine of the twelve bores fall within the 'direct precipitation' 
ellipse drawn on Figure 4.87. 

The Teviot Brook data has the most distinct line of evaporation and the lowest 
slope with a value of 4.59. The bores located closest to the river show an 
enrichment in D and "0 down the flow path. Data from most northerly boreline 
has markedly enriched D and ''0. 

From the data it is obvious that evaporation from free surface water is a dominant 
secondary process. It is difficult to determine at this stage whether river recharge or 
recharge through the unsaturated zone is the dominant process in different locations. 
Although the tritium data tells us that 'modem' recharge is occurring in certain areas, 
it is possible that mixing of waters is obscuring processes that are not so dominant but 
nonetheless still contributing to the isotopic signatures. 

Chlorine -36 

Chlorine-36 is a naturally occumng radioactive isotope with a half-life of 301,000 f 
4,000 years. It is produced in the atmosphere and mixes with atmospheric chlorine 
salts of terrestrial origin which essentially contain no This produces a variation 
in the 3 6 ~ ~ ~ 1  ratio in atmospheric precipitation from a few parts in 10" on the coast 
to several hundred parts in 1015 in continental interiors. 3 6 ~ 1  has a simple 
geochemistry, is highly soluble with a conservative behaviour and has a primarily 
atmospheric input. Both and C1 are natural components of recharge waters and 
are useful for studying salt and water movement within an aquifer system (Davie et al, 
1989). 



The total chloride and 3 6 ~ 1  contents of groundwaters are affected differently by 
various environmental processes. These can include radioactive decay, subsurface 
production of "kl, dissolution of ancient salt evaporites, evapotranspiration and ion 
filtration, the mixing of two water bodies and the addition of modern salt originating 
from atmospheric precipitation (Davie, 1988). Figure 4.88 summarises the effect 
these processes can have on 3 6 ~ 1  and the 3 6 ~ ~ ~ 1  ratio. 

Schematic showing the effect of various environmental processes on the 3 6 ~ 1 / ~ 1  
ratio as a function of 3 6 ~ 1  concentration (after Davie et al., 1988). 

To determine the processes operating in the hydrogeological cycle, an input value of 
3 6 ~ 1 / ~ 1  is required. This is the value of precipitation that would enter the system as 



recharge. In Bentley et al(1986), in the absence of input values, 3 6 ~ 1 / ~ 1  was 
estimated from samples known to represent recharge waters. 

In the Logan-Albert Catchments the samples representing 'modem' recharge waters, 
as defined by tritium, include 145 10050,14500101, 145001 16,145001 18 and the 
Logan River sample(Fig. 4.89). The Logan River sample would be the closest 
approximation to potential recent recharge water with a 3 6 ~ 1 / ~ 1  value of 90 x lo-''. 
Bore numbers 14510050 and 145001 16 have 3 6 ~ 1 / ~ 1  ratios of 215 and 210 (in units of 
10"') respectively, which are very high values. 

Although no local input data values of 3 6 ~ 1 / ~ 1  exist, Davie et al(1989) have mapped 
3 6 ~ 1 / ~ 1  ratios of modem precipitation in and around the Murray Basin. Values range 
from less than 20 x 10'15 near the coast to greater than 100 x 10-''in the Queensland 
and New South Wales interior. There is no evidence that precipitation would be 
greater than 200 x 10-l5 in the Logan-Albert Catchment, which has a near coastal 
location. 

It is possible that these two samples (14510050 and 145001 16) are somehow linked to 
the 1953-64 'bomb pulse'. 

Bore samples 14500101 and 145001 18 are likely representative of more recent 
recharge waters (tritium values of 2.3 TU and 1.5 TU respectively). Their 3 6 ~ 1 / ~ 1  
signature is close to that of the Logan River, as are bore samples 1450005 1 and 
145001 12 (which have TU values >I but not high enough to be classified as 'modern' 
recharge waters based on TU). These bore samples fit into the regional picture of 
recharge zones in the southern sectors of Teviot Brook and Albert Catchments. 

The cluster of bores in the bottom left hand comer of Fig. 4.89 represent waters where 
the addition of 'dead' chloride has been the dominant process. The source of the 
additional chloride could be from two places: the unsaturated zone or the Walloon 
Coal Measures. The total chloride of the samples in this cluster is consistently less 
than 500 mgL. It is unlikely that this cluster of bores is representative of 3 6 ~ 1  decay 
because of the long residence time required for decay to occur. 

The five samples, 14510055,14500080,14500088,14500098 and 14500095, that plot 
in the bottom right hand sector of Fig. 4.89 are the high TDS and high C1 bores in the 
northern sector of each catchment. They represent a separate group of waters where 
evaporation has been a dominant process (shift to the right on the plot). Possibly the 
drier climate in the north of the Logan-Albert Catchment has played a significant role. 

Comparing the evaporative process as indicated by the 3 6 ~ ~ 1  vs 3 6 ~ 1  plot to the plot 
of Deuterium vs Oxygen-18, it would appear that the 36~l/C1 vs 3 6 ~ 1  method 
demonstrates that the uniquely high TDS and high C1 samples have undergone 
evaporative concentration. The suggestion of evaporative processes acting on other 
samples as indicated on the Deuterium vs Oxygen-18 plot (Figs. 4.87 and 4.88) is not 
obvious on the 36~l/C1 vs 3 6 ~ 1  plot (Fig. 4.89). 

The Schematic Map of 3 6 ~ 1 / ~ 1  (Fig. 4.90) further illustrates some of these points: 



The higher 3 6 ~ 1 / ~ 1  values occur in the southern sectors of Teviot Brook and the 
Albert Catchment. These values are consistent with the results from tritium, DO 
and HC03/Total Ions which define the 'modern'lrecharge waters. 

The five bore samples with a high TDS and high C1 content, that have been 

m defined as having undergone evaporative concentration, are located in the nortliern 
sector of each catchment. 

w The majority of bores defined as 'older' water (> approximately 25 years) by 
tritium analysis are the same bores showing evidence of addition of 'dead' 

1 chloride. The source of the 'dead' chloride is possibly the result of inflow from 
the Walloon Coal Measures. 
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