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Executive Summary

The South Coast Region of the Department of Water (DoW) has installed a groundwater monitoring

program at potential urban development areas along the foreshore of Wilson Inlet in Denmark.  The

investigation consisted of a site inspection, groundwater bore installation and water level monitoring, bore

hydraulic property tests, groundwater sampling and chemical analysis.  These results are being used to

evaluate the impact of land use on groundwater quality discharging into the Wilson Inlet.

URS Pty Ltd was engaged by the DoW to provided technical advice on groundwater monitoring and data

analysis.  The scope of work is limited by the budget.  This progress report summarises the monitoring

information based on available information.  It also provides a recommendation for the on-going and

further work.

This report provides only a brief summary of the result, and a general report structure and methodology.

There are significant data gaps which should be filled when funds are available.
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1 Introduction

Wilson Inlet is a shallow, seasonally closed estuary located in Denmark, on the south coast of Western

Australia (Figure 1).  The inlet has a surface area of about 48 km
2
, about 14 km long from east to west

and 4 km wide.  The average depth of the inlet is less than 2 m.  Huizinga (2003) estimated that Wilson

Inlet has a volume of about 90GL at 0 m AHD and 130GL at 1 m AHD.

Wilson Inlet receives discharge from rivers, constructed drains, surface runoff, and groundwater from a

catchment of 2280 km
2
 (Lukatelich, et al., 1987).  The major rivers are the Denmark River and the Hay

River, and the minor ones are the Sleeman River, Cuppup Creek and the Little River.  Deep drainage

systems have been constructed in the Sleeman and Cuppup catchment by the Water Corporation to

reduce groundwater recharge and waterlogging.  The distribution of surface runoff follows the rainfall

pattern.  The runoff coefficient (proportion of runoff to rainfall) is in the order of 0.2-0.3 near the coast and

decreases markedly inland.  Groundwater interacts with the rivers and the inlet.

A sand bar blocks the Inlet from late January to August. The width of the opening at the mouth is between

100 to 150 m. The Inlet is separated into two basins: western and eastern (Hodgkin and Clark 1988).

During the summer months, Wilson Inlet becomes stratified and a large influx of nutrients causes

eutrophication.  It was estimated that the rivers bring over 200 tonnes of Nitrogen and 10 tones of

phosphorus into the inlet every year.  The ruppia which grows in the Inlet also has a foul smell which

becomes offensive to tourists and local residents near the Inlet.  In recent years, the bar was artificially

opened every September to increase the circulation and outflow and therefore flush out the nutrient-rich

water.  The bar open can generate over 1 m drawdown in groundwater level based on an experience by

the Water and Rivers Commission (1998).

Land use, especially potential urban development along the inlet foreshore causes environmental

concern.  Yu (1998) has identified some hot spots where high nutrient concentrations were detected in

groundwater.  The study also estimated that the annual nutrient load discharged from groundwater into

the inlet is 498 kg of nitrogen and 35 kg of phosphorous, contributed as diffusive source from the sand

dune and weathered granite areas.

The diffuse sources were related to applications of fertilisers on the agricultural land in the upper

catchment, while the unsewered commercial activities along the inlet foreshore produced point sources

and posed potential threats to the health of the inlet.

The project included a site inspection, drilling and installing monitoring bores, groundwater sampling, and

data analysis.  Before joining URS, Wen Yu was a Senior Hydrogeologist in the DoW and was involved in

providing technical advice to the project.  A limited fund was provided to URS for wrapping up the work.
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2 Hydrogeological Setting

2.1 Climate

The climate in the study area is typically Mediterranean with mild, wet winters and warm to hot dry

summers.  Mean annual rainfall at Denmark is around 1200 mm.  Highest rainfall generally occur in June

and the lowest rainfall in January.  About 75 per cent of rain falls during May to October when average

monthly rainfall exceeds average monthly pan evaporation.  Rainfall isohyets representing average

annual rainfall range from 1200 in the west to 600 mm in the east.

2.2 Major Land Use Activities

Residential and commercial activities in Denmark have been carried out mainly on the northern shore of

Wilson Inlet, predominantly at the Denmark town site, and to the west of the town.  At present over 80 per

cent of householders and 51 per cent of commercial premises use septic systems for waste water

disposal in the urban areas (Denmark Environmental Centre Inc, 1995).

Areas to the east and south east of the township are predominantly agricultural land where sheep and

cattle farming are often incorporated with some oats and barley cropping.  The remaining area is covered

by native forest.  At the south eastern part of the inlet where soils are loamy red earths or sandy peat

associated with granite outcrop, potato and fruit and vegetable growing are the main land use activities.

The peninsula on the southern shore of the inlet is largely covered with native forest with limited

agricultural and horticultural activities.

2.3 Geology

The study area is situated within the Bremer Basin and is underlain by sediments which are Tertiary to

Quaternary in age.  Sediments of Quaternary age are found at the coast and on the peninsula to the

south of the inlet.  These consist of calcareous sand of eolian origin up to 20 m thick, and silty and clayey

estuarine sediments.  In the valleys of the Hay and Sleeman Rivers, alluvial deposits occur which

comprise sand, silty sand, clay and peat.  The alluvial sediments overly a thick layer of weathered granite

rocks (Figure 2).

The eolian sediments are underlain by sediments of the Werillup Formation of Tertiary age.  The

formation is comprised of limestone, siltstone, sandstone, peat and basal conglomerates.  The distribution

of this formation is limited in Rudgyard area.  The formation is moderately weathered.  It outcrops as

isolated limestone caps or as laterite sediments.

The basement rock consists of granitoid rock, granitoid geniss, and / or  quartzite.  The top portion of the

rocks is generally weathered to clayey sand, and clay.

2.4 Groundwater Occurrence

The occurrence of groundwater is determined by geological conditions.  There are three main aquifer

types around Wilson Inlet: a porous medium aquifer in sand dunes of Quaternary age;  localised aquifers

within weathered granite of basement rock;  and aquifers formed by structural fractures in basement rock.

Groundwater flows generally towards Wilson Inlet except in the southern part of the peninsula where a

groundwater divide separates flow to the inlet and the ocean.  Groundwater levels respond rapidly to the

opening of the sand bar at the mouth of the inlet, and it is likely that this feature exerts a strong control on
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the rate of groundwater flow to Wilson Inlet. Groundwater levels vary significantly over the season,

responding rapidly to rainfall.

2.5 Groundwater Chemistry

Yu (1998) has carried out a hydrogeological investigation around the inlet.  In the sand dune area situated

on the southern shore, groundwater is fresh to slightly brackish with TDS (Total Dissolved Salts) ranging

from 500 to 1500 mg/L.  Water types are either Na-Ca-Cl-HCO3 or Ca-Na-HCO3-Cl.  The high calcium

content is due to the dissolution of calcareous materials in the coastal sediments.  Groundwater in the

weathered granite area is highly saline with TDS ranging from 10,000 - 50,000 mg/L.  The water type is

either Na-Cl or Na-Mg-Cl-SO4.  Groundwater in the fractured rock area is fresh with TDS ranging from

130 to 600 mg/L. The water type is Na-Cl or Na-Cl-HCO3, similar to the rainwater.
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3 Installation of Monitoring Bores

A network of 13 monitoring bores (WIG01 to WIG13) were drilled, logged and constructed between 1st

and 5th May 2006, the bore logs have been completed and attached is an example of a bore completion

report (WIG02).  WIG01 & WIG02, WIG03 & WIG04, WIG05 & WIG06 and WIG08 & WIG09 make up four

transects of different sections of the aquifer immediately adjacent to Wilson Inlet.

The bore locations were selected based on the land use, geology and the estimated groundwater flow

pattern.  Drilling was undertaken using a Geo-Probe Direct Push method with 25 mm ID PVC pipe.

Bore strata logs and bore construction details are in Appendix A.

The drilling has intercepted a shallow sediment profile at all sites, which comprise top sandy soil, green

clay and the weathered granite.  The average thickness of the profile is above 3 to 6 m.   Depth to static

watertable is between 1 to 4.7 m.  Overall, the shallow aquifer saturated thickness is about 2 to 4 m,

suggesting a low yield and low storage characteristics.

Slug tests were carried out manually.  The tests included short duration pumping tests with drawdown

and recovery measurement.  The result is in Appendix A.  This data can be used to calculate the

hydraulic conductivity, K of the aquifer.
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4 Groundwater Sampling

The monthly groundwater sampling was carried out by the DoW South Coast Region. The sampling

program was designed to obtain data about chemical properties and seasonal variations of the nutrient

concentrations.  The sampling program is described below:

4.1 Groundwater Level

The depth to watertable (SWL) was measured every month, and the result is shown in Appendix B.

Depth to watertable ranges from over 1 m to 4.7 m.  Watertable fluctuate with season, and ranges from

0.5 m near the foreshore to over 2.5 m far away from the foreshore.  However, watertable in Bores

WIG09 to WIG13 show much smaller seasonal fluctuations.  Groundwater hydraulic gradients along

transects need to be estimated for calculating nutrient loads.

4.2 Sampling

Groundwater samples were collected on a monthly basis.  Each bore was purged in order to provide a

representative groundwater sample.  The purging consisted of removal of three “casing volumes” of

groundwater.  In some cases, the slotted section of a monitoring bore was in lower permeability strata

and the monitoring bore was pumped dry three times prior to the sampling.  The sample containers used

were 500ml high density polyethylene bottles.  The sample bottle and lid were thoroughly rinsed three

times with the groundwater before the sample was collected.  The sample bottle was filled completely to

ensure that no air bubbles were present.  The sample bottle was immediately transferred to the cooler

box.

Laboratory analysis included major ions, nitrogen (TN, NO2, NO3 and NH4) and phosphorus (TP, PO4),

pH and TDS.  Appendix B shows groundwater quality diagrams.

4.3 Field Measurements

Field measurements were carried out using colorimetric test kits and portable meters.  Conditions and

procedures of the measurement were observed in accordance with the instruction manuals.  The meters

were calibrated against standard buffer solutions before usage.  All electrodes of the meters were

decontaminated using deionised water after each measurement.  The parameters measured by portable

meters included electrical conductivity (EC, in !S/cm), redox potential (Eh, in mV), pH and temperature.

4.4 Brief Data Interpretation

Groundwater salinity varies with location and season. WIG02 shows a typical salinity pattern.  The salinity

level is about 700 uS/cm in September, and is about 1,700 uS/cm between December and May.

However, many bores, especially those having fresh groundwater (EC < 1000 uS/cm) in the summer,

have stable salinity.

Groundwater pH changes significantly with location and season.  It ranges from 4.5 to 6.7 and show very

different seasonal trends between the bores.

The background groundwater nitrogen (TN) level is about 5 mg/L, with exception of Bores WIG04 (12

mg/L), WIG06 (6 mg/L), and WIG12 (9 mg/L).  Nitrogen levels are generally higher in the winter.
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The background phosphorous (TP) level is below 1 mg/L, with exception of WIG04 (1.2 mg/L).  TP levels

are generally higher in the winter.

Laboratory chemical results are shown in Appendix C.  TKN (Total Kjel Nitrogen) and NH4 (ammonium)

are generally the major form of nitrogen.  TKN and NH4 are normally stable in the reduced condition with

low pH and low redox, and indicate the samples are close to the source of nitrogen.

WIG04 has the highest TN level which comprises predominately NO3 which is in the oxidated Nitrogen

form.

It is suggested that WIG04 be monitored closely and a duplicate sample should be take in the next round

of sampling.
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5 Calculation of Groundwater Nutrient Loads

Nutrient load is a quantitative measure that has been used to estimate risk of eutriphication contributed

from groundwater.  Yu (1998) provided a method to estimate the groundwater nutrient loads.

Estimate of nutrient load discharged from groundwater into Wilson Inlet consists of two steps: the

determination of groundwater discharge into the inlet; and the calculation of nutrient load into the inlet

from the groundwater discharge.

5.1 Groundwater Discharge into the Inlet

The groundwater discharge rate was calculated based on Darcy’s equation. This calculation is based on

the difference in hydraulic heads between the two monitoring bores along each transect, the hydraulic

conductivity, and the area of the seepage face.  Figure 3 illustrates a cross section of an unconfined

aquifer and the relevant parameters.  Darcy’s equation is expressed as

Q = W T I

where Q =   volume of seepage through a section of shoreline, in m
3
/day

           W =  width of the section, in m

            I  =  hydraulic gradient

           T  = transmissivity of aquifer at the representative transect* for the section, in

                   m
2
/day.

T can be calculated as

 T =  B K

where B =  thickness of saturated aquifer, in m

           K = hydraulic conductivity of the aquifer, in m/day

I is calculated as

I = ( h1 - h2 ) / L

where (h1-h2) = the hydraulic head difference between the two piezometers, in m

             L = horizontal distance between the two piezometers, in m

The representative transect* was selected to represent a section of the foreshore area within which

hydrogeological conditions and land use activities are considered as being uniform.

5.2 Calculation of Nutrient Load

Nutrient load discharged from groundwater into the inlet is calculated based on the volume of

groundwater discharged and the representative nutrient concentrations, expressed as

TNA = Q Cont 365 / 1000

TPA = Q Cont 365 / 1000



W I L S O N  I N L E T  G R O U N D W A T E R  N U T R I E N T  M O N I T O R I N G

Section 5 Calculation of Groundwater Nutrient Loads

Prepared for Department of Water, 18 December 2007
Macintosh HD:www:winrap:working files:updates:Wilsons Folder:654-F8617.0.doc

5-2

where TNA = annual total nitrogen load, in kg /year;

           TPA =  annual total phosphorous load, in kg /year;

           ContN = representative total nitrogen concentration*, in mg/L

           ContP = representative total phosphorus concentration*, in mg/L

The representative total nitrogen concentration* was the total nitrogen concentration of a groundwater

sample collected from a bore at a representative transect.  This concentration is used as a representative

concentration for a section of the foreshore area within which hydrogeological conditions, land use

activities and nitrogen concentration in the groundwater are considered as being uniform.  For this

preliminary study, the concentration was calculated as the average of the two concentrations from each

piezometer in each transect, or as the highest concentration in each transect.

It is recommended that the above method be used to calculate the nutrient loads from different land use

areas.
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6 Recommendation

It is recommended that the following data analysis and reporting be undertaken so that the result of this

investigation can be fully interpreted and presented to the community, and incorporated into the DoW /

DEC water management plans.

1. Geochemical interpretation on nutrient transformation and movement.

2. Water quality data be plotted to show seasonal variation.

3. Nutrient loading calculation – This will based on groundwater flux and nutrient concentration.  A

2-D finite element model can be used to simulate the groundwater flow process.  It is a very

important environmental indicator for monitoring and assessing land use impacts.

4. Reporting – It is proposed that the result from this investigation be written up as a report.  All data

and maps will be produced with the URS standard, and the data format will be consistent with the

DoW database and GIS.

The above proposed work will require additional funds.  An estimated cost is listed below.

Table 1.  Estimated Cost for Proposed Scope of Work

Tasks and Project Staff Role Hours Rate Amount

Wen Yu

Principal Hydrogeologist

Project Manager, data

interpretation, reporting

30 $180 $5,400

Lindsay Warwick

Surface/Ground Water Engineer

Data analysis and reporting 60 $130 $7,800

Total $13,200
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8 Limitations

This report contains information obtained by inspection, sampling, testing or other means of investigation.

This information is directly relevant only to the points in the ground where they were obtained at the time

of the assessment. The borehole logs indicate the inferred ground conditions only at the specific locations

tested. The precision with which conditions are indicated depends largely on the frequency and method of

sampling, and the uniformity of conditions as constrained by the project budget limitations. The behaviour

of groundwater and some aspects of contaminants in soil and groundwater are complex. Our conclusions

are based upon the analytical data presented in this report and our experience. Future advances in

regard to the understanding of chemicals and their behaviour, and changes in regulations affecting their

management, could impact on our conclusions and recommendations regarding their potential presence

on this site.

Where conditions encountered at the site are subsequently found to differ significantly from those

anticipated in this report, URS must be notified of any such findings and be provided with an opportunity

to review the recommendations of this report.

Whilst to the best of our knowledge information contained in this report is accurate at the date of issue,

subsurface conditions, including groundwater levels can change in a limited time. Therefore this

document and the information contained herein should only be regarded as valid at the time of the

investigation unless otherwise explicitly stated in this report.

The project was affected by the budget shortage.  This report provides only a brief summary of the result,

and a general report structure and methodology.  There are significant data gaps which should be filled

when funds are available.




























































