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1981/3. Groundwater investigations at Seven Mile Beach for the Royal Hobart 
Gol f Cl ub 

W.C. Cromer 

Abstract 

The Royal Hobart Golf Club and surrounding area is underlain by 
up to 15 m of unconsolidated water-bearing Holocene sediments con­
sidered to be of marine and lagoonal origin. The base of the aquifer 
is an estuarine clay of Holocene or possibly Pleistocene age. 

Three different types of groundwater exist in the sediments. 
Type 1 is a saline sodium chloride groundwater, unsuitable for 
irrigation, occurring in the lagoonal sediments west of the golf course 
and confined beneath a surface clay. Type 2 water is a low-moderate 
salinity groundwater, mainly of the calcium bicarbonate type, occurring 
under unconfined conditions in the marine sediments beneath the Seven 
Mile Beach township and the adjacent Lands Department property. Type 
3 water, restricted mainly to the golf course, is a mixture of Types 
1 and 2, and has probably occurred as a result of pumping ground-
water from the course, causing a seaward migration of saline water. 
Types 2 and 3 waters are suitable for irrigating the Golf Club fair­
ways. 

The Golf Club attempts to irrigate the fairways with a mixture 
of fresh mains water and groundwater, but in dry periods one of the 
soaks (Soak 1) on the course is pumped dry, and is refilled with 
fresh water to operate the pump. At such times, about two-thirds of 
the water used is fresh, and the remainder is pumped from Soak 2 which 
contains poorer quality water than areas further east on the course. 

By installing a linear array of shallow spear bores along the 
north-eastern boundary of the golf course, the Club can at least 
double its groundwater pump age and at the same time pump better 
quality Type 2 water. A two stage groundwater development programme 
is suggested: the first stage involves improvements to Soak 1 and the 
installation of a 20-spear array to provide up to about 760 l/min 
(10 000 gal/hr); the second stage (which may not be needed) is the 
extension of the spear array north-east into the Lands Department 
property to increase yield, and the abandonment of Soak 2. Stage 1 
is estimated to cost about $12 000, which would be recovered in 
about three years by reducing excess charges on freshwater. 

INTRODUCTION 

In the twelve months to August 1980 the Royal Hobart Golf Club used 
a total of 106 000 m3 of mains water and paid over $9000 in excess water 
rates. The water is obtained from the Metropolitan Water Board main supply­
ing the Seven Mile Beach township, and most is used to irrigate greens, 
tees and fairways at night during summer. The Club augments this supply -
and reduces excess water charges - by irrigating the fairways with a 
mixture of fresh mains water and groundwater pumped from two shallow soaks 
on the course. 

The Club is anxious to reduce further its dependence on mains water. 
It approached the Department of Mines to determine whether an increased 
groundwater supply could economically be obtained from Club property or 
adjoining land. 
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Previous investigations 

Groundwater has been used to irrigate the course since the inception 
of the Golf Club in the late 1950s. Early in 1958, when the fairways were 
under construction, the Club engaged engineering consultants Griggs, 
Valentine and Associates to report on the feasibility of using groundwater 
for irrigation. In their report* they briefly described the results of 
digging, observing and presumably pump-testing ten shallow wells. Water 
levels were surveyed, and samples collected for analysis. The location of 
the wells and results of analyses are unknown, but the consultants found 
that the eastern parts of the course contained groundwater suitable for 
'agricultural purposes', and that water in some wells - presumably to the 
west - was unsuitable. They recommended the excavation of soaks to tap 
the supply. 

The Club adopted these recommendations and for some years groundwater 
pumped from two or three soaks was used solely for irrigation. From time 
to time, the quality of the water deteriorated with continuous pumping, and 
this seems to have been the reason why the Club requested the Department of 
Mines to comment on the problem. As a result, Matthews (1964) investigated 
the salinity of water in each of the soaks, and suggested a programme of 
drilling and pump-testing to determine the reason for the differing water 
qualities. No further studies were done at the Club, which was later 
connected to the freshwater main supplying Seven Mile Beach. 

The Seven Mile Beach area - including the Golf Club - was briefly 
investigated during a general study of the groundwater resources of the 
Seven Mile Beach spit east of the Hobart Airport (Cromer and Sloane, 1976). 
A water table salinity contour map was produced. In the golf course area 
the map was based on limited information, but it confirmed the earlier 
observations of a general landward decrease in groundwater quality (from 
a salinity of about 500 mg/lt near the coast to more than 2000 mg/l near 
the Club's western boundary) . 

Present investigations 

Because previous studies were limited in scope and content, the main 
emphasis of the present survey was placed on obtaining a reasonably complete 
stratigraphy of the water-bearing unconsolidated sediments in the area. 
Twenty-five exploratory auger holes were drilled by a portable trailer- or 
tractor-mounted rig. The holes were sited to provide information along three 
roughly parallel section lines (fig. 1). All bore collars were surveyed 
relative to approximate high-water mark. Locations are accurate to 0.05 m 
vertically and 25 m horizontally. Sand samples from some holes were 
collected for grain size analysis. Water table levels were measured in 
each hole, groundwater qualities measured by portable conductivity meter, 
and selected holes were pump-tested by spear bores to provide; 

(a) a water sample for chemical analysis, and 

(b) an idea of the aquifer's ability to yield water. 

A brief survey was done of the surface hydrology of the area, and the Golf 
Club's present methods of irrigation studied. 

* Summary of investigations on ground water on Royal Hobart Golf Club 
property at Seven Mile Beach (Feb-April). 

t mg/l = milligrams per litre of total dissolved solids (TDS) , virtually 
equivalent to parts per million (ppm). 
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Presentation of results 

The text of this report deals only briefly with some aspects of the 
survey; other more technical details are included as appendices. Appendix 
1 gives the detailed geological logs of all holes drilled, including in­
formation on salinities and spear bore yields; Appendix 2 is a detailed 
description and interpretation of the water-bearing sediments; Appendix 3 
lists the water analyses of fifteen holes, and on each sheet the 
suitability of the water for agricultural purposes is briefly assessed. 
Appendix 4 discusses the grain size analyses of selected holes, and the 
methods used to determine proper specifications for spear bores. 

GEOLOGY 

General comments 

The Golf Club and surrounding district occupy a flat or gently un­
dulating area, less than five metres above sea level, composed entirely of 
unconsolidated water-bearing Quaternary sediments (fig. 1). Older rocks, 
including Tertiary clay and basalt and Permian sandstone, underlie the land 
above the five metre contour to the west. On Single Hill immediately south 
of the golf course, Jurassic dolerite and Permian sediments crop out. These 
older rocks, including the Tertiary sediments, probably underlie the Seven 
Mile Beach area at depth, but the thickness of the Quaternary sediments has 
not been established. 

Quaternary geology 

The detailed stratigraphy of the water-bearing sediments in and 
around the golf course has now been established by exploratory auger drill­
ing to depths of 15 m. All the sediments are considered to be Holocene in 
age, with the possible exception of a basal clay layer - present throughout 
the area - which may in part be Pleistocene. This clay layer forms the 
lower impermeable boundary to the aquifer. The major stratigraphic features 
of the Holocene sedments are; 

(a) a marine sequence of grey and brown sand, locally enriched 
in shelly layers, underlying a beach and aeolian sand surface 
layer, which extends from the coast almost to the western 
edge of the golf course; and 

(b) a lagoonal sequence of fine sand, silt, clay and gravelly clay, 
including a surface clay layer, which extends from the Club's 
western boundary to about the 3-5 m contour on Mr G. Casimaty's 
property. 

Both types of sediments are up to 10-15 m thick, and each contains 
groundwater. The water in the lagoonal sediments is saline and unsuitable 
for golf course irrigation, and is confined beneath the surface clay layer. 
The water in the marine sequence is unconfined and generally suitable for 
irrigation. The approximate extent of both sediment types is shown in 
Figure 1, and geological cross-sections, based on the drilling, are shown 
in Figure 2. A detailed description and interpretation of the Holocene 
sediments is given later (Appendix 2) • 
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HYDROLOGY 

Surface hydrology - rainfall and drainage 

The Seven Mile Beach area receives an average annual rainfall of 
574 rom (based on a61 year period to 1978). Average monthly distribution, 
and monthly rainfall for the last four years, are listed in Table 1. Pre­
cipitation is fairly evenly distributed throughout the year, with July, 
November and December slightly wetter. Rainfall to October 1980 was 30% 
below average for that year. 

Table 1. AVERAGE AND MONTHLY RAINFALL, ROYAL HOBART GOLF CLUB. 

Average 

1977 

1978 

1979 

1980 

J F M A M J J A S o N D 

39 53 40 45 50 32 66 46 41 53 54 55 

82 50 73 14 46 37 83 14 41 14 83 5 

27 79 21 56 41 30 26 92 10 27 93 50 

25 24 36 29 6 9 46 68 31 26 39 

8 21 55 19 31 40 28 23 32 65 

Total (rom) 

574 

542 

552 

There are no permanent creeks in the area. The longest watercourse, 
Acton Creek, is intermittent. It drains Acton Hill to the west, flows east­
wards to the north of Single Hill and along the Club's southern boundary, 
and discharges into a 200 m tidal inlet at the south-western corner of 
Seven Mile Beach. Elsewhere, the natural drainage has been modified by 
artificial drains, a series of which flow into Acton Creek after draining 
the south-western corner of the golf course. Here, flooding occurs after 
heavy rain, but during the present survey most drains were dry. The drain­
age system is indicated on Figure 1 by the dashed lines, and in places the 
water salinity (mg/l) is included. 

Temporary lagoons form after heavy rain in the poorly drained areas 
near Holes 28,29 and 31 (fig. 1), and also along the rear of the Lands 
Department property near Hole 13. In the former case, surface clay prevents 
the rapid infiltration of water (some of which must move through dessication 
cracks in the clay), but near Hole 13 surface clay is absent and the lagoons 
form in a topographic low where the water table temporarily intersects the 
surface. 

The drains at the south-western corner of the golf course are occasion­
ally subject to tidal surge. At least once in recent years a combination of 
high tides and storm conditions caused sea-water to back up Acton Creek along 
the drains to the groundsman's sheds. Since most of this water would even­
tually drain seawards, these rare occurrences are unlikely to have an important 
effect on groundwater quality. 

Permanent and semi-permanent soaks or seepages occur along the drains 
on the golf course's southern boundary, where the water table is very close 
to the surface. Salinities from some of these (fig. 1) range from 220-
3500 mg/l TDS (indicating that the water in some is virtually fresh rain­
water, and in others is probably mainly groundwater), but there is no obvious 
pattern to the salinities. 

Dams and waterholes have been constructed on 'Acton View', owned by 
G. Casimaty. Some are built across surface drains and contain good quality 
water (e.g. 270 mg/l). Others are excavated in the confining surface clay 
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of the lagoonal sediments and have penetrated the saline water beneath: 
salinities in these holes vary from 1600 mg/l to 20 000 mg/l TDS. The 
variation reflects the salinity gradients in the aquifer (see fig. 3), but 
is also probably complicated by the diluting effects of rain in those holes 
with limited catchments, and the concentrating effects of evaporation in 
others. 

Groundwater hydrology 

Permanent groundwater occurs in the unconsolidated sediments east of 
the heavy dashed line at the five metre contour in Figure 3. West of this 
approximate boundary, the Tertiary clay, basalt and Permian sandstone con­
tain water, since successful bores have been drilled in them. The water 
table in these rocks is deeper and possibly discontinuous, and the bores 
are low-yielding. This report deals instead with groundwater beneath the 
low-lying areas nearer the Golf Club, where the water table is continuous 
and at shallow depth, and where water is easily extracted by simple methods. 

The groundwater occurs in the sediments as a continuous body extend­
ing from the coast inland to about the five metre contour, and lengthwise 
from Acton Creek to the Dodges Ferry end of the spit. West of the Golf 
Club, the groundwater is confined i.e. held under pressure beneath an 
impermeable clay layer. Beneath the Golf Club and township, the water is 
unconfined i.e. the water table is in contact with the atmosphere. 

The water table during the last few months of 1980 was almost hori­
zontal, with an elevation very close to high water mark. Locally the water 
table is below sea level e.g. in Soak 1 which is pumped, and in some water­
holes losing water by evaporation. In normal years annual fluctuations in 
water table elevation probably exceed one metre. 

Groundwater move.m9n t in the aquifer 

Groundwater moves through aquifers in response to pressure differences 
(in confined aquifers) or water table gradients (in unconfined aquifers). 
These either occur naturally, or may be induced artificially by pumping from 
bores, or discharging from drains. The rate of flow of groundwater through 
an aquifer is directly related to the pressure gradient. Thus, high water 
tables in wet periods cause increased groundwater flow. At Seven Mile Beach 
and other similar coastal situations, the natural outlet for the groundwater 
is the coast, and the zone between high and low water marks is a discharge 
boundary. Leakage also occurs to drains and watercourses. If no recharge 
occurs to the water table, the rate of discharge gradually slows as the 
water table falls. After long dry periods, water tables may be essentially 
horizontal; no gradients exist to induce flow, and the groundwater body is 
virtually stationary. This seems to be the case at Seven Mile Beach at the 
moment, and it may exist in the confined section in wetter years. (The. pre­
sence of distinct water types in separate parts of the aquifer suggests that 
there is little mixing of the waters, and hence little groundwater movement) . 
It is likely that the saline water in the confined aquifer is the least 
mobile, since high water tables in the unconfined aquifer probably con­
tribute to the pressure head in the former. 

In dry periods, therefore, water movement in the aquifer is very slow, 
and recharge is minimal. High water tables in wet periods cause discharge 
to drai ns, soaks and the coas t. 

Recharge to the unconfined aquifer occurs naturally by infiltration of 
rain, and over the golf course is supplemented artificially by irrigation. 
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Only a fraction of the rainfall, perhaps 20-30%, eventually reaches the 
water table because only continuous rains are likely to be effective in 
first wetting the soil profile. 

Since the saline water in the confined section of the aquifer is 
believed to be mainly stationary, little recharge or discharge probably 
occurs. The main recharge sources would be from: 

(a) surface run-off from the west; 

(b) percolating water from the Tertiary sediments to the west, 

(c) vertical leakage from temporary lagoons, and 

(d) leakage from the adjacent unconfined sediments. 

Over long periods, groundwaters may change in their chemical character, 
often becoming enriched in Na and Cl at the expense of Ca and HC03' This 
is supported by the confined groundwater, which is of the Na + Cl type, 
but source (b) above is also indicated, since Tertiary groundwaters are 
often enriched in Na and Cl and the strong salinity gradients (fig. 3) in 
this area may indicate a recharge zone. 

Yields from spear bores 

To obtain representative water samples, and to determine the aquifer's 
ability to yield water, spears were installed in some of the stratigraphic 
holes (Holes 1, 2, 3, 4, 5, 6, 9, 10, 12, 14, 15, 16, 25, 26, 27, 28 and 29) 
and pumped for brief periods (usually about 30 minutes). The spears were 
installed at depths ranging from about 4.5 - 5.0 m, and screen slot openings 
of 0.25-0.5 rom were used. Details are recorded on the log sheets in 
Appendix 1. 

The spears yielded water at rates varying from less than 2.3 l/min 
(30 gal/hr) to more than 53 l/min (700 gal/hr). In most cases these rates 
caused excessive drawdown, resulting in air being pumped. The lowest yield­
ing spears occurred in the finer grained lagoonal sediments. In the un­
confined aquifer beneath the golf course, the highest yield was 53 l/min 
(700 gal/hrl from Hole 9, but Hole 16 near the coast yielded 55 l/min 
(720 gal/hrl. The results from the unconfined aquifer are summarised in 
Table 2. 

Table 2. SUMMARY OF SPEAR YIELDS, UNCONFINED AQUIFER, SEVEN MILE BEACH. 

Hole Depth to base Screen slot Screen length Yield Remarks 
No. of spear (ml size (roml (m) (l/min) 

1 5.0 0.40 1.8 46 air pumped 
2 4.7 0.40 1.8 49 air + fines 
3 4.7 0.40 1.8 46 air pumped 
6 4.9 0.40 1.8 46 air pumped 
9 4.9 0.40 1.8 53 slight air 

pumped 
10 5.2 0.40 1.8 33 air pumped 
12 4.5 0.25 1.8 25 air pumped 
15 4.5 0.50 1.8 36 air + fine 
16 5.0 0.40 1.8 55 slight air 

pumped 
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At these pumping rates, all the test spears were pumping air and 
occasionally small amounts of fine sand. With proper design and installa­
tion, both these factors can be eliminated. It is considered therefore 
that the long-term desired yield per spear for a permanent installation 
at the Golf Club is about 38 l/min (500 gal/hr). 

GROUNDWATER CHEMISTRY 

General comments 

Groundwater salinities reported in analyses (Appendix 3) range from 
350 mg/l to 11 100 mg/l of total dissolved solids (TDS). The lowest values 
occur beneath the Seven Mile Beach township, and the highest in the con­
fined part of the aquifer west of the golf course. These results are 
plotted on the salinity contour map (fig. 3) which shows the variation in 
groundwater quality in November-December 1980. Full analyses, and an inter­
pretation of each, are listed in Appendix 3. 

Salinity contour map (fig. 3) 

The main features of the map are: 

(a) the steep salinity gradient along the western edge of the 
aquifer where the lagoonal sediments wedge out against 
the rising Tertiary basement 

(b) an elongate area of better quality water near Holes 28 and 
29, possibly caused by the diluting effect of ponded rain 

(c) a lobe of moderate quality water extending eastwards across 
the golf course almost to the coast. This may be a natural 
feature but is more likely to be due to long term pumping 
from Soaks 1 and 2, causing migration of saline water from 
the confined part of the aquifer. If this is so, the con­
tamination has been slow and is probably held in check by 
irrigation on the course. A combination of wet years, 
summer irrigation and the abandonment of Soak 2 may reverse 
the trend and reduce salinities 

(d) moderate-good quality groundwater extends beneath the Seven 
Mile Beach township north-easterly along the spit, and 
occurs near the Club's north-eastern boundary 

(e) strong salinity gradients probably exist along the Club's 
southern boundary near the drain running into Acton Creek. 
This area, near the main practise fairway, should therefore 
be avoided for future groundwater extraction even though 
Holes 1 and 2 contain good quality water. 

Groundwater types 

Inspection of the water analyses in Appendix 3 suggests that there 
are three basic water types in the sediments. When the relative proportions 
of constituents are compared (Table 3 and fig. 4) this assumption is 
supported. 

Type 1 water occurs in Holes 3?, 14, 25, 26, 27, 28, and 29, and is 
restricted almost entirely to the confined section of the aquifer west of 
the golf course. It is a saline water with Na and Cl ions dominant. 
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Table 3. AVERAGE SALINITY (mg/l), pH, AND IONIC RATIOS (meq/l) FOR VARIOUS 
GROUNDWATER TYPES AT SEVEN MILE BEACH, NOVEMBER-DECEMBER 1980. 

Ionic ratios 

Salinity pH Ca:Mg Na:total Na:Cl Cl:total S04:total S;i°2:tbtal 

Type 1 3530 7.2 0.73 0.34 0.93 0.37 0.03 0.01 
(Holes 3?, 
14,25,26, 
27,28,29) 

Type 3 1883 7.4 2.0 0.26 0.80 0.32 0.04 0.01 
(Holes 
6,9,15) 

Type 2 512 7.4 4.7 0.14 0.91 0.16 0.03 0.04 
(Holes 1, 
10,12,16) 

Type 2 water occurs in Holes 1, 10, 12, and 16 and is restricted to the 
unconfined section of the aquifer. Major ions are Ca, HC03' Na and Cl, 
but Ca and HC03 are predominant. Type 2 water is a moderate-low salinity 
water typical of groundwater in coastal marine sediments, and it owes its 
hard nature and dominance of Ca and HC03 to dissolution of shelly material 
in the aquifer. 

Type 3 water occurs in Holes 6, 9 and 15. It is intermediate in salinity 
and has as its dominant ions Na, Cl, Ca and HC03 with Na and Cl slightly 
more prevalent. It is regarded as a mixture of Types 1 and 2. In Table 3 
the proportions of major ions are intermediate between the other waters, 
and in Figure 4 (where the relative cation and anion proportions are plotted, 
and mixed waters lie generally between two end-members) Type 3 water falls 
approximately on a straight line between the fields of the other water types. 

Type 3 water underlies most of the golf course, and is believed to 
be the result of pumping from Soaks 1 and 2, causing an eastwards migration 
of Type 1 water into Type 2 water. 

Water from Hole 2, although plotted in Figure 4, is of unusual com­
position and does not fall naturally into any of the above groups. Its 
main ions are Na and Hco3. 

Suitability of the groundwater for irrigating fairways 

Brief general comments about the suitability of individual water 
samples are included in the remarks section of the analysis sheets 
(Appendix 3). The agricultural suitability of each is plotted on 
Figure 5a (as percent sodium) and Figure 5b" (as Sodium Adsorption Ratio, 
SAR). These criteria are often used in water classification because under 
some conditions moderate-high salinity waters also high in sodium may cause 
deleterious effects on plants and s.oils. The diagrams give only a 
general indication of water suitability and often need to be qualified 
for particular applications. Thus, Figure 5a suggests that Types 1 and 3 
waters are 'unsuitable in any condition'. This is clearly not the case 
for Type 3 water, which underlies the golf course and for at least some 
of the time is used to irrigate fairways with no apparent ill effects (see 
below). The diagrams are therefore too restrictive for the golf course 
where the groundwater is mixed in varying proportions with freshwater, and 
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used on moderately salt-tolerant grasses* on sandy well-draining soils. In 
general, Types 2 and 3 waters are suitable in this regard, whereas Type 1 
water should not be used. 

As a practical guide to water use, a maximum limit to the salinity 
of groundwater used to irrigate the fairways should be set at about 2500 mg/l 
TDS. This corresponds to a specific conductance reading on the Club's 
portable conductivity meter of about 4000, instead of the limit of 2500 
currently used. [The relationship between salinity (measured as mg/l TDS) 
and electrical conductivity (measured in micromhos, or the new equivalent 
unit microsiemens/cm) depends on the amount, type and proportions of 
various dissolved constituents in the water, and on water temperature. To 
convert electrical conductivity to salinity, the former is multiplied by 
a factor (A) usually between 0.5-0.9. From the analyses in Appendix 3, 
A has the average value 0.58 for Type 1 water, 0.62 for Type 3 water and 
0.69 for Type 2 water. The conversion graphs with the Club's conductivity 
meter use a value of A between 0.60 and 0.65, so that it is suitable for 
Type 3 water used on the course]. 

THE PRESENT IRRIGATION SYSTEM AT TIlE GOLF CLUB 

General discussion 

The eighteen greens, tees and fairways are irrigated at night in the 
drier months (usually September to February) by an automatic watering sys­
tem controlling 581 sprinklers. The sprinklers each rated at between 
20 l/min (on tees) and 60 l/min (on fairways) are arranged in groups or 
stations of between 20 and 40 sprinklers and connected via 40, 50 and 75 rom 
subsiduary lines to 100 rom PVC or asbestos cement mains. The mains are laid 
in a circle around the course (fig. 6) and are connected to the Seven Mile 
Beach water supply near the clubhouse. 

Water is also fed directly into the mains on the course from two 
pumps, located on Soaks 1 and 2. Soak 2 is also connected to Soak 4 by a 
gravity feed pipe set at about the winter water table level. The pump on 
Soak 1 is a Harland centrifugal pump coupled to a 15 kW (20 hpj electric 
motor. Inlet and outlet pipes are both 100 rom. The pump on Soak 2 is 
similar. The maximum yield of each pump is unknown, but is probably at 
least 760 l/min (10 000 gal/hr). 

A mains pressure of about 515 kPa (75 psi) (measured at the pump 
house on Soak 1) is needed to give adequate sprinkler coverage on the 
fairways, and this is usually only obtained with both pumps operating. 
Pressures of 445-480 kPa are attained with one pump operating. The static 
pressure of the fresh mains supply varies, but is at most 480 kPa (70 psi) 
(measured at Soak 1); this drops to 200-275 kPa during irrigation if both 

pumps are shut off. This pressure barely operates the sprinklers and is 
inadequate for irrigation, so at least one pump must be operating to water 
the fairways. 

Tees and greens are irrigated with fresh mains water only. Fairways 
are irrigated with a mixture of freshwater and groundwater (Soaks 1 and 2). 

* The grasses grown at the Club are: 

Fairways: Kentucky Blue and Highland Bent 
Greens: Kentucky Blue, Highland Bent and Winter Grass 
Tees: Kentucky Blue, Highland Bent and Red Fescue 
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During a normal 9 hour 40 minutes nightly cycle, the automatic watering 
system operates initially with both pumps to irrigate sequentially all 
nineteen stations of fairway sprinklers for twenty minutes each - a total 
of 440 sprinklers and 6 hours 20 minutes; the pumps are then turned off, 
and mains freshwater delivered to the three tee stations (63 sprinklers; 
1 hour) and finally to the seven greens Stations (78 sprinklers, 2 hours) 
20 minutes). The cycle therefore uses about 631 000 litres of water, 
distributed as indicated in Table 4. 

Table 4. SUMMARY OF NIGHTLY IRRIGATION CYCLE, ROYAL HOBART GOLF CLUB. 

Fairways Tees Greens Total 

No. of stations 19 3 7 29 

No. of sprinklers 440 63 78 581 

Av. sprinkler rate 
(l/min) 59 21 55 

Pumping time per 
station (min) 20 20 20 

Total pumping time 
Chr) 6.3 1 2.3 9.6 

Water used each 
night (1) 520 000 (mix) 25 800 85 100 630 900 

(fresh) (fresh) 

It would be useful to calculate accurately the proportion of ground­
water used in a typical cycle, but this is difficult to do. Firstly, the 
yields of the pumps are unknown, and in any case vary depending on the 
pressure distribution around the mains (which fluctuates continuously) and 
the freshwater mains pressure (Which also varies from 200-480 kPa in an 
unpredictable way). Secondly, other portable sprinklers are used during 
the day on an irregular basis. Thirdly, Soak 1 is often pumped dry after 
the nightly cycle, especially when water tables are low, and may take two 
or three days to recover naturally. To overcome this problem and enable 
pump 1 to maintain adequate mains pressure, fresh mains water is pumped into 
Soak 1 during the day. 

This last factor allows an estimate to be made of the amount of ground­
water used. For example, in the seven days ending January 9, 1981, the 
Club used 5825 m3 (1 281 500 gallons) of fresh mains water. Some of this 
was used for clubhouse facilities and clubhouse surrounds, but most was 
used for irrigation. Seven nightly irrigation cycles account for 
4 416 m3, and during this time Soak 1 was filled daily with freshwater. 
The difference (1 409 m3) is more than accounted for by eight self­
tracking sprinklers each operating daily at 110 l/min. The only ground­
water pumped during the week therefore came from Soak 2, which contains 
pcorer quality water. If it is assumed that the fresh mains supply and 
each pump contribute equally to the system, then groundwater constitutes 
one-third of the total irrigation water used during this and similar weeks. 

Salinity of the water presently used for irrigation on the fairways 

Fresh mains water entering the golf course has a salinity varying 
from about 60 to 100 mg/l TDS. Groundwater salinities beneath the course 
range from about 1000 mg/l near Soak 1 to about 3000 mg/l near Soak 4. 
During a normal irrigation cycle, when both pumps are operating and fresh­
water enters from the main near the clubhouse, the fairways are irrigated 
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with a fresh-groundwater mix, the salinity of which varies in a complicated 
way. The two waters are not evenly mixed because each enters the mains at 
different points and the pressure along the mains varies. 

On January 6, 1981, Mr K. Flakemore measured the conductivity of 
water (since converted to salinity in mg/l) from all nineteen stations on 
all eighteen fairways as they were irrigated in turn. The results are 
summarised in Figure 6, where the figures on each numbered fairway indicate 
the salinity in mg/l irrigated from each station. The shaded fairways 
(1, 2, 11, 12 and part of 18) received mainly uncontaminated fresh mains 
water; parts of fairways 3, 9 and 16 (from stations 5, 15 and 17) received 
mainly undiluted groundwater with salinities varying from 1900-2200 mg/l. 
All other stations delivered a fresh-groundwater mix which varied consider­
ably between fairways and even between adjacent parts of the same fairway. 
However, it is reasonable to assume that fairways closest to the pumps 
would receive on average the highest salinity water. Some of the 440 
sprinklers have been corroded, while others have been unaffected, supporting 
this conclusion. 

The pattern of salinities in Figure 6 is probably temporary, varying 
from day to day as the fresh mains pressure varies, and as freshwater is 
pumped into Soak 1 for nightly irrigation. This is a favourable situation 
for the Club, because it means that each fairway is constantly being 
irrigated with water of varying quality, apparently with no ill-effects. 

From these observations it is apparent that groundwater with salinities 
ranging up to about 2500 mg/l could successfully be used on the fairways 
(and probably greens and tees), especially if the system was occasionally 
diluted with mains water, or a mixture of the two. If better quality 
groundwater were used, the ratio of groundwater to freshwater could 
reasonably be increased from the present 30% to at least 60-70%. By care­
ful planning and management, the use of freshwater on the fairways could 
possibly be discontinued. 

CONCLUSIONS 

Discussion 

The Club is in a good position to economically increase its use of 
groundwater and reduce its dependance on mains freshwater. An adequate 
supply of suitable groundwater (mainly Types 2 and 3) exists at the north­
eastern end of the course, and on the adjacent Lands Department property. 
The water can be extracted economically using simple methods. 

It is recommended that groundwater be obtained by pumping from a 
system of shallow small-diameter bores (commonly called 'spears' or 'spear 
points') connected directly to the existing mains on the course. 
(The reason for choosing ~spear,? is discussed in Appendix 4). There are 
various ways to do this, but it is proposed that the Club consider a two­
stage groundwater plan. Stage 1 could be installed almost immediately, and 
might operate satisfactorily for many years. Stage 2 could be adopted 
later if necessary. Before discussing each stage, the following comments 
are relevant and should be considered: 

(1) Type 1 saline water - unsuitable for irrigation - exists immed­
iately west of the Club boundary. pumping from Soak 2 is 
inducing its migration eastwards through the course, and will 
in time cause a progressive decrease in water quality. (This 
is no doubt the reason Soak 3 was abandoned). The Club should 
therefore consider the abandonment of Soak 2 as a source of 
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groundwater, although this will not need to be done immediately. 
When Soak 2 is abandoned, it is likely that the salinity con­
tours on Figure 3 will recede westwards, reversing the present 
trend. 

(2) Soak 2 in dry summers is the main source of groundwater despite 
the fact that Soak 1 intersects better quality water. This 
should be reversed. 

(3) Soak 1 is not fulfilling its purpose. It is too shallow and is 
often pumped dry overnight. This is not due to a lack of 
groundwater, which exists in abundance beneath it. Its 
shallowness is costing the Club a lot of unnecessary money 
since it has to be filled each night with freshwater to 
maintain adequate pressures to operate the sprinklers. 

RECOMMENDATIONS 

Stage 1 

This involves maintaining the existing system on the course, but 
increasing the amount of groundwater used so that it would not be necessary 
to fill Soak 1 with freshwater each night. 

The groundwater can be obtained from shallow spear bores installed 
to depths of between 5 and 7 m, and spaced at intervals of about 20 m, 
along a straight line extending along the north-eastern boundary of the 
course, i.e. from near the 6th tee past the 8th tee to the fence corner. 
Each spear, gravel packed to deliver sand-free water to minimise sprinkler 
damage, would be designed to deliver 38 l/min (500 gal/hr) and each would 
be connected to a single 100 mm PVC header main (fig. 8). This in turn 
is connected to a suitable pump (possibly near the 9th tee), the outlet of 
which is joined directly to the existing main. The pump type and yield 
would need to be designed so that the pressure rating of the existing AC 
main is not exceeded. Spear designs are discussed in detail in Appendix 4. 

In addition to this system of spears, it would be desirable to 
increase the yield from Soak 1. This could be done by mechanically deep­
ening it, or by installing spears in its floor along its full length. There 
is no danger of sea-water contamination. 

With groundwater therefore entering the course mains at three widely 
spaced points, and freshwater entering from a fourth, it should be possible 
to adequately control the salinity of the water used on the fairways. Pro­
vided the groundwater quality is suitable, it might be possible to dispense 
with the fresh supply for long periods. 

A variation of Stage 1 is to connect the new spear system to the 
existing mains at Soak 1 instead of at the 9th tee. This would save money 
on carrying electricity to the new pump (which is needed in any case) . 

Stage 2 

Stage 2 illustrates the flexibility of any spear system. It involves 
simply the extension of the Stage 1 system north-easterly into the Lands 
Department property, so increasing the total groundwater available for 
pumping. At the same time, Soak 2 would be abandoned (although the pump 
on the soak could be oonnected directly to the main to boost the system 
and maintain pressure). After Stage 2 the Club would be irrigating mainly 
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with groundwater drawn from the better quality areas in the north-east, 
with occasional mixing with freshwater if necessary. 

Estimates of costs 

If the Club decides to go ahead with stage 1, or a variation of it, 
the Department of Mines is prepared to supervise free of charge the installa­
tion of the spears. Club labour could be used so that costs will be 
restricted mainly to materials. Alternatively it would be quicker to hire 
a drilling rig to instal the spears. The amount of water required directly 
affects costs because it involves the number of spears used, the length of 
header main needed to connect them and the size of the pump. 

Because final details of the schemes have not been made, the rough 
estimates given below for the major components do not include the cost of 
connections to the existing Club main, electrical connections and items 
such as valves, hire of drilling rig, and PVC fittings. Running costs 
(mainly electrical power) for the schemes have not been studied. 

380 l/min (5000 ga1/hr) supply 

10 spears (complete) at $200 each 
300 m of Class 6 PVC 100 mm pressure 

pipe at $6 or $7/m 
Pump and electric motor 

760 l/min (10 000 ga1/hr) supply 

20 spears (complete) at $200 each 
600 m PVC 100 mm pressure pipe at 

$6-$7/m 
Pump and electric motor 

say 
say 

say 
say 

$ 
2 000 

2 100 
3 000 

$7 100 

4 000 

4 200 
4 000 

$12 200 

By installing a 760 l/min supply and doubling the amount of ground­
water used, the Club could expect to save about $4000-5000 annually in 
excess water charges. The cost of the groundwater scheme would therefore 
be recouped in about 3 or 4 years. 
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APPENDIX 1 

Bore logs 

All the geological and hydrological information obtained during 
drilling is shown on the engineering borehole logs. Refer to the accom­
panying 'Explanation Sheet for Engineering Logs' which describes briefly 
some of the abbreviations and symbols used. The logs in this report 
contain extra information not mentioned on the explanatory sheet. These 
have been listed beneath the standard abbreviations and symbols. 
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TASMANIA DEPAJITMENT OF MINES 

EXPlANATION SHEET FOR ENGINEERING LOGS 

Borehole and excavation log 
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MD Medium dlnll. 35 - 85 
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A FNIIII. 

II. M > PI. - MIist. IIIiIIurt cel",t 
.,... ..... th ,mtic II.it. Not .. : X Oft let illIIt reluh 

II non,I, of noluhl. -
Additional notes 

1. In the 'Support' column is listed details of test spears installe d to 
obtain pumping rates and water samples. The date of spear installation 
is usually noted, as is the length, diameter and screen slot size of 
the spear (e.g. 1800 rom x 50 rom x 0.4 rom slot; stainless steel screen). 
The 1800 rom length of screen is shaded to indicate the depth pene trated. 
Q is the maximum yield of the spear under test, and TDS is the water 
salinity (mg/l) determined by laboratory analysis. Where no analysis 
is available, the conductivity of the water, measured in the field, is 
listed. 

2. Various notes appear in the 'Note' co lumn. D indicates a disturbed 
sample was obtained from the auger, and '+2 mm sieve' indicates a 
sieved sample was collected. 

3. 'Gr aphic log' column. The relative size of shell fragments has been 
visually estimated as follows: 
~= most shells <1 mm; ~ = most l ess than 2 mm; ~ = most less than 5 mm; 
~ = most less than 10 mm, .§J = most larger than 10 mID. The density of 
the symbols is a rough guide to their proportion in the sample. 

4. 'Material' column. VF, F, M and C = very fine, fine, medium and coarse 
grained sand size fractions; WS, MS and PS = well-, moderately- and 
poorly sorted. All colours accompanied by a code in brackets are based 
on the Revised Standard Soil Colour Chart, 1971. 
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APPENDIX 2 

Detailed description and discussion of the Quaternary water-bearing 
sediments at Seven Mile Beach 

The unconsolidated water-bearing sediments beneath the golf course 
and surrounding area are geologically very young deposits, here assigned 
to the Quaternary Period. Like other similar coastal materials, they were 
deposited by marine, beach, estuarine, and probably lagoonal processes under 
a regime of fluctuating sea levels, probably during the last 10 000 years. 
This time span encompasses the Holocene (or Recent) Epoch Ca subdivision 
of the Quaternary) to which the marine, beach and lagoonal sediments are 
assigned. The underlying estuarine clay is considered to be either Holocene 
or Pleistocene in age. 

In the following discussion, unit letters refer to those indicated 
in Figure 2. Detailed logs of boreholes are presented in Appendix 1. 

Estuarine clay (unit a) 

The oldest Quaternary unit is a stiff impermeable clay, intersected 
in most drill holes. Its upper surface shows minor relief, and in general 
dips gently seawards from about -7 m below sea level at its landward bound­
ary, to -11 or -13 m beneath the foredunes at the coast. The clay is 
generally brownish-black, olive-black or dark greenish-grey, mottled and 
streaked in places with lighter colours, highly plastic and moist. Locally 
it contains sand and sandy clay patches (which probably become more abun­
dant with depth), and in Holes 4, 5, 14, and 25 contains a trace of white­
cream shell (bivalve) fragments. Locally it grades to gravelly clay (e.g. 
Hole 1) and rarely contains a trace of rock fragments and pebbles. 

Because of its dark, presumably organic nature, the local presence 
of shelly material, and by analogy with basal clays beneath marine sequences 
elsewhere (Thorn et al., 1978), the clay is regarded as estuarine and formed 
behind a rising seaward sand barrier. It therefore probably pre-dates, or 
formed at the same time as, the Holocene marine transgression. 

Stratigraphy of the Holocene marine sequence (fig. 2) 

Unit b. This is a distinctive, olive-black, grey or olive-grey very fine­
to fine-grained well-sorted sand overlying the estuarine clay. It is a 
wedge shaped deposit, 1-6 m thick, thickening seawards. The sand is flecked 
with very fine to fine shell fragments, and locally contains a trace of 
calcareous cemented sand patches and well rounded dolerite pebbles. 
Occasionally it may be locally enriched in larger shell fragments, and in 
places contains thin shelly sand lenses. 

A relatively quiet, nearshore, transgressive marine environment of 
deposition is suggested for this unit because of its grain size and degree 
of sorting, its biota, and because it overlies an estuarine horizon. 

Unit c. Overlying the transgressive sheet is a thin but distinctive grey 
to olive-grey shelly sand, from a to 2 m thick, opening out seawards and 
displaying a gentle seawards dip on its upper surface. The sand fraction 
of the unit is fine- to medium-grained, well- to poorly-sorted, with a 
high proportion of components coarser than 2 mm. Large whole shells are 
locally abundant, and the unit contains well-rounded quartzite gravel and 
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occasional dolerite pebbles. The unit is interpreted as a near-shore 
marine deposit, and Thorn et al. (1978, p.29) describing a marine Holocene 
sequence from Moruya on the southern New South Wales coast, describe a 
similar thin shelly sand bed as 'a regressive shore face sequence associated 
with progradation of the beach-ridge plain'. It is therefore possible that 
unit c at Seven Mile Beach is a regressive facies between two transgressive 
facies (units b and d) deposited during a temporary fall of sea level, 
probably during mid-Holocene times. 

Unit d. Overlying the shelly sand horizon is an olive-black, grey or 
greyish-olive very fine- to medium-grained well-sorted sand 2.5-5 m thick. 
It is very similar to unit b, flecked with white very fine to fine shell 
fragments, and containing a trace of fine quartzite gravel, well rounded 
dolerite pebbles, and possibly thin sand lenses locally enriched in fine 
shell fragments. The unit becomes finer towards the base, commonly being 
fine- to medium-grained at the top, and very fine to fine at the bottom. 
It is considered to be a transgressive, quiet nearshore marine deposit. 

Unit e. The uppermost facies at Seven Mile Beach is a tabular fine- to 
medium-grained well-sorted sand sheet of uniform thickness (3-4 m), 
generally coarser at the base and fining vertically. The sand is generally 
bright yellowish-brown to dull yellowish-orange, leached of carbonate in 
the upper levels, but containing fine shell fragments (and locally enriched 
in larger, whole shell) towards the base. Irregular patches of calcareous 
cemented sand are abundant near the water table. Soil profiles have 
developed on this unit, and although no detailed study of soil formation 
was made, there seems to be increased profile differentiation and leaching 
landwards. In Soak 3 near Hole 5 at the landward end of unit e, profile 
development is more obvious, with local development of 'sandrock' or 
'hardpan' - a partly cemented sandy soil horizon enriched in iron oxides. 
The absence of hardpan (or 'coffee-rock') seawards may indicate that unit e 
becomes younger in this direction, and supports the interpretation of the 
facies as sand deposited by beach processes (including beach ridge forma­
tion) and capped by an irregular, thin aeolian sand. 

Lagoonal sequence 

A complex sequence of interbedded shell-free sand, clay and silt 
(and combinations of these) interpreted as lagoonal or swampy deposits 
occupies a basin-shaped depression landwards of the marine sequence. The 
sediments overlie the basal estuarine clay member and further inland pre­
sumably overlie the rising Tertiary basement. It is difficult to correlate 
individual units between boreholes, but most appear to dip (and thicken) 
inland. In general, the grain size of the sequence fines upwards, and the 
clay fraction also increases towards the top. The sediments are usually 
brightly coloured - olive-brown, bright olive, yellow-brown and grey. The 
youngest unit in the succession is a stiff clay which crops out in the low­
lying areas west of the golf course and pine plantation. 

The sequence is probably Holocene in age, formed contemporaneously 
with the marine sequence behind a rising sand barrier developed in the 
nearshore zone. This rising barrier blocked the then existing eastward 
draining creeks and caused deposition of sediments inland of the coastline. 

Holocene depositional history 

In the 
to give more 
Mile Beach. 

absence of radio-carbon dating of the sediments, it is difficult 
than an approximate account of the sequence of events at Seven 
By analogy with similar sequences described by Thorn et al. 
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(1978) from New South Wales, a suggested reconstruction of events is as 
follows: 

(1) Early in Holocene times, perhaps between 8000-10 000 years BP, a 
low relief barrier of marine sediments started to accumulate 
below present sea level and seaward of the present shoreline. 
Estuarine muds (unit a) accumulated landwards of the barrier. 

(2) As the sea-level rose, the marine barrier (unit b) migrated 
landwards over the estuarine deposits. This caused the local 
flooding of shallow valleys and the disruption of drainage, and 
marked the onset of deposition in swamps and lagoons. 

(3) The transgression was possibly halted, or temporarily reversed, 
causing the reworking of uni t b and producing the shelly sand 
facies (unit c). Transgression then recurred, perhaps in the 
period 8000-6000 years BP, producing unit d and the continued 
development of the lagoonal sequence behind the barrier. 

(4) From perhaps 6000 to 2500 years BP, the shoreline prograded, 
producing the beach and beach ridge facies (unit e) and 
possibly causing the formation of the uppermost clay layer of 
the lagoonal sequence. Leaching of unit e continued apace with 
its formation, so that the oldest soil profiles occur at the 
landward end of the marine sequence. 

(5) From about 2500 years BP to the present the shoreline has been 
relatively stable; a more stable drainage pattern has been 
developed (so that sedimentation in the lagoonal sequence has 
virtually ceased) and a complex system of hummocky fore dunes 
has formed along the coastline. 
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APPENDIX 3 

Chemical analyses of groundwater from selected bores at Seven Mile Beach. 
Field numbers at top of page refer to bore numbers in Figure 1 and 
Appendix 1. 
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PInnanInt IwdnHI 15 CaC03 :t SUITABILITY 
T~ hordntss as caco, 27S' a • no probItrns, b • doubtful, (. 'lcesliYt 

AIuWy IS caco, :l1.J' DOMESTIC DRINKING 

Olher -rAS':~U-Nio .(J. 7fJ Tobi _ solids a...- pH ..... 
T obi hordnts. O-c. I ... 0.-

pH 7·1 C_ Su1phot. 0.- <a,.. 
Spocific ......... (~ S/cm II 25'C) $"6(J 

Sodium M"nesium a...- ...... 
CoIow 

CoIow It.-
Turbidity 

7.1 
DOMESTIC HOT WATER CYLINDER 

\_ ...... ond_moq~ 

Tobi _ solids .6 C_ t. R_. 11 . • 
'~-t('I'~~ ~"'''p.. ",,6.,, · t CI/.lUlinity mio::C/.2 ~ (14., pH Q... 

l' ~ ~; vur Aut, J(euI~"tf,. ~ AGRICULTURAL USE 
~ 

M-~ .- dfl1a:t"-t,hI7tIIW 
V~" 

Salinity daIS (CI-C4) c.'2. a... 
Sodium dass (51-54) <;:1 4t..-
Portent SodIum n 0...-

I Sodium adsorption mio (l·S Q.-

RtsIdua/ sodium -. 1'1/1 4/ 
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&1;86 
TASMANIAN DEPARTMENT OF MINES 

roold No, ,(#£. 
Ub, "II, no. 2() 294-1 

WATER ANALYSIS Soriact ..... ? 

- ..... ?~E!" 

I'Iojoct ;(flY"'~ ffa/lllCr Gq4F ct.ud lDCItion h'«j4411.f ~ ~ ~ ..,.; d..,44Me.-

CHtdinoI .. $'~(J6:u i4'I If Dolt......, /C·ll. to Dolt wIJMd: ~./. el 
>d-l-.r9~·A( K s..,.. by: w. Cna.tv ANIysod by: +/.MN/~ 

SomPinI- rflU<. ~ ~ I";'~ 10 4- ·7 .... aw( 
Undowoot and _, (~oppicobIt) 

()a. 'f{IItII ~ ~~~//IU':'(bs-()9~) 

rooldobsomtions 
C<IIoor dt..w- Odow Ad Tast. M.,t, 

'.2- St>o<fflc - +4-~ pH Eh T....-(· C) (~S/an at 25' C) 

TonIdIIy PncIp/IItH Dthor 

LABORATORY ANALYSIS """"" - onoIysis...-1 NO 
nocJI ""'I~ I ,,,,,,,II Dolt 

c.t>onott (COJ M'! Ub, rtf, """" 

-(HCO,J Ur 4·'3s~ 3p·S BactttioIoci<O IIIIIysis .. _1 #0 
CNorIdo(CI) A.l ~·io 7'( Dolt 

SojpIoaIo(50~ ~'3 ()·4f 4.2.- Ub, roc."""" 
SIicI (SiD,) .U HARDNESS SCALE 

C*iIm (c,,) It; (). "S- ,.</-
(Tobi _ .. C*iIm c.t>onott) 

fIoposium(Mc) c.ll- 1·1 
~ 0-60 nocJI 

10 61-120 . 
111-110 

""'~-(f.) C·I - V", hanI """' thao 110 

_m(AI) 40.'2, - IONIC RATIOS 

PoIJssium (K) 4'7 (J.II I.~ C. MI" f.lb CI: lobi- t>.o 7 
_(Na) II 1'/1 ']]. 9 Na: lobi- ~.14 50,: lobi- (J. 0«-
TobI __ (TDS) 

'1 S'fI II.J Na: CI= ~'79 SiD,: lobi - 6. (> {, 

Permnnt hIrdnIu .. CICO] IV/I SUITABILITY 
T __ .. c.co, 19 i • no probItrns, b • doubtful, ( • 'lcessiYt 

AiJInIty .. c.co, ;ur DOMESTIC DRINKING 

0111 .. 7»1': ~_~4;ct ,,u,; ~", 11 Tobi _ solid, a- pH Q.. 

Tobi hanlntII 6 I ... a.. 
pH 7.4- Chloride Q.. SuIphot. ~ 
St>o<fflc _ ( ~ Sian" 25'C) 4t;fI 

Sodium D M ....... nr a. 
C<IIoor 

C<IIoor a.. 
TuobIdIty 

DOMESTIC HOT WATER CYLINDER 
, __ ~ anion and .- """~ 0·7 
A_, 

TobI __ 
6 Chloride a... 

,f PIiI/4(~ ,biU,' , J:cm~ Ir~~ CI/_nity rafo &()./i (),.. pH .:v 

~ .It~ Au.( /..,ot.. ... At..i'f ., ittV' ~'teu.lk/ ,,/I, AGRICULTURAL uS!: 
Vol .. 

~ fi, ~/- ~~,... SoIinity diu (C1- 1:4) c.7. <t.. 

I'<M ""'" I?" 
Sodiom diu (51--$1) )'1 ~ -- lr <:.. 

Sodium ~ rafo 14'1 <t.. _sodium_ 
~·6 ~ 
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1 
, 
·1 

TASMANIAN DEPARTMENT OF MINES 

WATER ANALYSIS 

I'Iojod ..t'~.,£. I(~ 6t1t..~ Ci.o4 locItion 

CHnInIt.. r". ()-f-p/.' ... E Don """"': IP.I.2. 4' 
r--..4f,tJ AI I{ 

s.m,Iod br. IV. CHtw~ 

Somi>Ii1I coodItions r~ ~ ~~ ,,,,,JtIIu fu 4-.7"<-
tJM¥ ~ '* 4~-Alii;/1U~ (6Q"# "0 

rllidobsomtions 
Colour c&.tr Odu 

pH 7·1 Eh T __ (' C) 

TurIIdIIy PNc\IibItS 

LABORATORY ANALYSIS 

..,.1 moq/I I 'moq/I 

~(COJ Ioh 'l 
-(~ 6PtJ 9·1+ 11. 0 

ChIorIdo (CI) 117f) 11·~ 1(-9 
$ojpIIoIe(so~ /10 ;.·'717 1· " 
Sii<o (SiO~ ;'7 -
c.IcIuIII (Ca) 1117 5"-+9 6 ,1 
fIo&nosiunI (M&) 1).0 9-16 II· () 
Iron ~ _ (FI) <.,0./ -
-(AI) <c· 2- -
PvIossium (K) 1·2- (J.I.I ""l 
Sodh.wn (Ha) ,6$'" ;1..'·3 1('7 
ToIoI __ (lOS) 

2~ n.4 -_.eaco, UP 
T __ .CaCO, 4-90 

AloIIiIy • eaco, ~ 
Othw "f:~c.fttVlo =17.63 

pH 7·1 
Spocffic _ (~ S/cm at 25'C) 417Pf) 

Colour 

TuriiIIy 

'_~_and_moq~ /.tl -. 
tf ~ 41""': ~ ~~ V~ ,.?V / 

WI, I{ ~ ~ IIM4I Itu/-J(eu/it1/~ , 
'I':'Ul 

,w~;~ ~~;N1PU~"" 
.,,¢l-~ ~ fllfI 1IM#,.u.,1zh,J OfJ'I 

3-64 

rllid No. A.II] 
loll ..... no. PO:2944 
- sampIo? 
-sample? yeS 

• L:. 
;d,..e!t/G- r~..,..,.l 

Dotl...". : 6./. 1/ 
A/IIIyMcI br. ~. Abllu/ f4w.a" m.. 

Undownor and _. (~appIicIbIo) 

Tast. 

Spocffic-(~S/cm at 25' C) ft70Q 

Oth .. 

Pmious _ wiy1is_l N() 
Datt 

loll. m. number 

IIoct1rioIockII anaIysi. ,,_1 /('tJ 
Datt 

UII . .... _ 

HARDNESS SCALE 
(lobi hord"" II CoIciJm c.I>oooIo) 

SolI 0-60 "",I 
M_eIy HonI 61-120 

~ 
1Zl-11II 

mort tnan 180 

IONIC RATIOS 

ea: MC ' ~.S'6 CI: tobI·17·77 

NJ: lobi· 17· n. so,: tobI. ,.() '] 

Hi: CI- p·?6 SiD, : lobi. (). "I 

SUITABILITY 
a • 1'1) problems, b • doubtfIi, t . eleessm 

OOMESTIC DRINKING 

Toioi iM_ solids Co pH "-
T 0loi hord"" e. I"" 4-

Chloride C. SuIphot. b 
Sodium C. M..-., 6 
Colour .... 

OOMESTIC HOT WATER CYLINDER 

Tobi ~._ solido c:., Chloride t-

CI/liJliniIJ ratio.;z...,. .i> pH "" 
AGRICUL ruRAL USE 

~~ Va! .. i.':borc 
SoIinily doss (CI-C4) $~- C-
Sodiom cIas. (S1--S4) S] 6 
_ Sodium 

,{S' -~ 
Sodium odsorIJIIon ratio 117·2. J 
__ corbonott 

~/I a.. 



/' 

TASMANIAN DEPARTMENT OF MINES 
fold No. ,qf{ 6 
lab. ,..1'10. 81728'"(K 

WATER ANALYSIS Sorfoco ..... ? 

- ..... ? Y6l" 

Projoct I( ''/lit.. 1t'4".c.r Ga:.r u{/(f Loation tV!" ~ ,~/J.(h"" II""jIwc.. 

~ f-#t?17r~E Dolt IIOIIpiot )7·11. YI? Dolt 1IIIi)1od : I~.I). ·W 
jW"'I/tJ,..N SompIod br. Iv. C/(tRIIllf. Ana/JMd br. ~H .. q,.(4Mo-lu~ 

~l- r-.. AItN'~ ~ ~ 41-"'" lJndownor and _ (~appIicabIol 

#""J'f'''' -I$"~;"~(M~~ 

fllidobsomlions c.. C;"u,.- Odoo.r .... I"tla #...r lute f/~ 
Spodficconductance .z y~ pH Eh T.........,('CI ( ~ 51,", at 25' CI 

TIIiIIdiy I'r1cipIIaIH Olhar 

LABORATORY ANALYSIS Pnoious _ anaIy$i._1 M 
mc/I moqA \ moq/1 Datt 

CIIt>onato(COJ Nil Lab. m. _ 

_(1tC0~ -+711 7 ·7 1/6 lladoriolo&ial analysis .. _1 .M1 
ChIarido (CI) 7~ ~O' G 11-/ Oat. 

SoiphaIt(SOJ )'11) ...,.. f 7·1 Lab. IIl--

SIIca (SIO~ 1-6 HARDNESS SCALE 

~(Cal :l.1.S" 11·7 /7·7 
(Total -. .. Calcium ~I 

Soft 0-10 mell 
IIapttIum (Mil n. 6,7 I~'I ModoraI1Iy Hard 61-120 

~~ 
l!1-11O 

In>n in _ (F.I <(1·1 __ than 110 

-(AI) <(1.2. IONIC RATIOS 

-(III 12- ,.11 ".S" ea: Ml- 1,7 CI: total- 0·31 

Sodium (Hal 17t7 14·4 A/·J No: total- 0 .22' so,: total- (I.d7 

Total ........ _ (TOSI 191# U.z. Na; o. 0 ,70 510!, lotaI- t7. d IJ 

-_ .. eaco, S"4(/ SUITABILITY 
T........,_ .. CaCO, US' •• no problems, b • doubtful, c • excessive 

WinIty .. eaco, JIS" DOMESTIC DRINKING 

Othw 111./ : ,,- L • • tAl" ~ ".rj' Total db...... solid. Co pH a.. 
TotaIhriIH. C. Iron a.. 

pH 7-1 C_ c. SuIphat. t5 
Spodfic conductance ( ,5/cm at 25'CI 311» 

Sodium C MiCnesium 6 
c.. c.. a. 
TIftidity 

DOMESTIC HOT WATER CYUNDER 
\ _ iI anion and cation moqA /1. 11 

R_ 
Total db ...... _ 

C ChIMde c.. 

.4 /Illxd A~ d.J,(u./t - u ",.;'. "/~ Cl/aiaiinily ratio s/·9 .cot.. pH a.. 

I I'P'~/ " ilf'-.4.£v.iJf, ~ ~/ .... Il(.k -
AGRICUL TlJRAL USE 5<ritJbIIity 

V~ .. i;:b .. c 

/(~I'II.~ r;, ~/~~~ Salinity elm (CI-~I C+ c. 

~ ~ 0" AAH-Prt.uc~.MJ.,f1f4 Sodium elm (51-54) $2- j, 

0-~- /,,1-..1- CrpJ. 
_ Sodium 

+4- a.. f-r SocIi... adtotption ratio 4·7 --- "i{ a. 
3 65 



"Y' 
TASMANIAN DEPARTMENT OF MINES 

filii No. KII 9 
Lab. ",. no. Vf7:lFf9 . 

WATER ANALYSIS - ..... 1 

- ..... ? YGS' 

I'Iojod ;(I1Y,f,t /r'iI/IIilr 64F a.u~ locoIioo" {NUk {6Iti( ,if" AUI- S-14 k 

c:.rinIIIo ~ 4/07r '" e Dolt ........ ;.7.II. }d Dolt NyMd: /f.l2 .!11 
r.t$"fi rUe III' 

SompIod bJ: N· &: .~",. AnaiyMd bJ: Al"-N_/ ~_"w, 

Sompinc- ffA. 4,J11lk ~ /~.ft.t4,t '" 4""" """" Undownot and oddm. (~oppiabIo) 

I'~I( ~ n AIw.;4''; (7N ;xk/I-) 

fllll_ 
Colour eI'~ Odow f(If~~ /(~ Taste flirtf" 

s,.atic~ . 
pH Eh T.....-('C) (pS /em at 25' C) :z 1dO 

TuoiIidIIy I'IqIbIts Oth. 

LABORATORY ANALYSIS Pnoious _ wIysis_' .AId 
mell moq~ 11 moq/ l Datt 

~(COJ MY Ub. rot ........ 

_(HCO~ .tf-/~ (·9r 12'7 Bodorioloc'al wIysis ,,_, H' 
CNorido(CI) In 11·1 1.'1. 1 Dat. 

SoIp/IoIt(50~ ~ ~.~ 6·7 Ub. "C.""'" 

_ (SiO~ :1.I - HARDNESS SCALE 

c.Ium (Co) 17S' /'77 /-1-.11 (Tobi hordnoss as c.Ium ~) 

/.( 
Soft 0-60 "",I 

......... (1Ic) 66 ~.+ ModonIoIy IbnI 61-120 

"9 ~~ 
111- 110 

!roo ~ solution (f.) 11 ·~1 ,., IT'IOnI tNn 180 

-(AI) -< (>.2- - IONIC RATIOS 

_(K) /7 ,." ,,·r Ca: M,. /. b:J. CI: lobi· ~ • 'kf 
SodIum (HJ) 41'S' 17-6 3./ . .1 HI: lotoI· 0·;2 I 50,: lobi· D ' D7 

TobI_ '*'(TDS) IfJ14 6.l,s HI: CI- ~Jl{ SiD, : lobi. t?·~11 

- hordnoss .. c.co, :7111 SUITABILITY 
T~ hordnoss as CoCO, #t? I • no problems, b • doubtful, ( • Iluuive 

Wilily as c.co, ~"I' DOMESTIC DRINKING 
Olh. 1lJr:~ ,u,O = ".61- Tobi ois_ solids C pH .... 

Total hMil'ltSs C Iron c: 
pH {.2- Chloride C SuIphote D 
s,.atic _ ( ~S/em at 2S'C) ']/1111 

Sodium c.. Magnesium " Colour 
Colour a. 

TuoiIidIIy 
DOMESTIC HOT WATER CYLINDER 

11 _ In ... and _ moq~ .t.' 
R.n.is • ~ 

Tobi _ lOIids C. Chloride C. 

/I JI<~ ~~,.nA - cdcu-J~ 1-# Cl/oiI<JIinity 000 z /·63 t).. pH ~ 

~ {"i~ ~/~ ~.d4 ~ ~eJ.( AGRICULTURAL USE 
~ V~ .. 

jI,I( . ~ ,.w~/~.~ , Soinlly doss (CI-Cl) (4- t... 

~ ~ A A.Idf~~y( ~I'~ Sodium doss (51-$4) S-,.-Sl 6 z: ~-~ChJ'1' Rtit. ~ dut~ (1',",,' 
_ Sodium 

56 d 

Sodium odsorption 000 5.6 " RtsIdual sodium -. ~'I .:t. 
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~~ 
TASMANIAN DEPARTMENT OF MINES rilid 110. 1(1110 

Lob. ",. no. Po :J!H.S" 
WATER ANALYSIS - ..... ? 

- ..... ? IfEs" 

I'IojotI ,.((>1'''' N,1tI/lT t;at..F ~ Wtion ;II ~ l4ie dud ~ 

eo..-. r+ll7~ A< E Dolt...., II? .1.2. If) Dolt...".: 6. f. It 
J?.s"42. ... r .. " s...w br. N. o.ww AIIIiyMd br. 4w'.I11;~ ~""" 

S""IInI -. n- .4;tI(V ~ ,'u4/b ItJ ~~ .... lJncIowNt ond ...... (~oppIiabIol 

iJM'I •• .. ;iN- n LiJFi../ .. .:.. ("']'1",0 r , 

rilidobtomlions 
Colour ~ Odour Tut. 

1·2-
SpocjfIc-

9(N pi! Eh T ........ (·CI ( p Stem II 25 ' CI 

TIIIiiIIty PItc/PbIIS Other 

LABORATORY ANALYSIS - - onoIysis_1 N~ 

-.11 moq~ I 'moq/I Oil. 

c.bonoIt(CDJ /t/f Lob. rtf.""'" 

-(IICD,I 41(1 7 · f)S" 12.'2- BoctorioIoci<oI onoIysis_l Nfl 

-(CI) liS'" ').24- /4-i Dolt 

SuIpiIaIt(SO~ 46 (J.t(& 4·4 Lob. roc.""'" 
_ (SiO~ ,6 - HARDNESS SCALE 

~(Cal /2P FIt( 27."" 
(ToIJI hordnou II CokUn c.bonoItl 

Soft 0-60 mall 
IIapotium (Mel 1+ I·IS S·:! :::1I1i)1IIrd 61-120 . 

Ill-ISO 
Iron In _ (f.1 ..:.0 ./ - <!ory hard') men than 110 

~(AI) c::: 0.,2. - IONIC RATIOS 

_(KI 1·' (J.I" 0.J" Co: MC- $".2 a: tolJl - ". I$" 
Sodium (Nol 7J 1·19 If. S' No: tolJl_ (J.16 SO,: tolJl- t?..(?4 
ToIJI __ (lOS1 

£.2." 'lI·9 HI: CI- I. f)S" SID,: tolJl- ,,-,,2(' 

- hordnou II c.co, 7 SUITABILITY 
T""""" hardness II CaCD, 1~ I • no PtObItms, b • do4IbtfuI, e • IXcessive 

AiIIniIJ II c.co, ~S"(1 DOMESTIC DRINKING 
Oth. 7'l:I.r .. "", .. ".<.. CL- IAI> 'q :: t? 'J4. t ToIJI __ 

pi! 0-

ToIJIhanints. 6-c. Iron a.. 
pi! 7·6 Chloride 0- Sulphate a... 
SpocjfIc _ (pS/em II 2S'CI J'30 

Sodium b IIapotium a.. 
Colour 

Colour 0-
TIIIiiIIty 

2·! 
DOMESTIC HOT WATER CYLINDER 

, _ In anion ond <Ilion moq~ -. ToIJI __ 
S CIIIoride 4 

4 /l(f1(~ CA,.!~~~ _,,,nt,,.·: c&.~ I~ CI/ aIbIiMy ra& =(1. 11 Go pi! 0-

~ f ~ 4J:..,i"!,· II&'( kht ~ ."t.Y'It~ AGRICUl ruRAL USE 
~ V~"' 

,4H. ~ ~ ~ ~ "",nI' tJf'C~ SoInity d ... (CI-~I ca a. 

I'W?ntJ· SodIum don ($1_1 r.N! ~ 
_ SodIum 

12- a. 

Sodium aciowption ra& 1-1 ¢ - ....... - /Vi/ 4. 

3-67 



~ 
TASMANIAN DEPARTMENT OF MINES 

ftold No. ~1Y1:l-
Loll. "'" no. f()2f!.,.t 

WATER ANALYSIS - """"? - """"? ,(£$ 

Projoct ~''ftfl. I'It#Uh &?~~ U.(,;~ L..- /.r ,(~ M ~lIf~ "~M 

CorinoIJs )4/~/()"1Z DIll ....... !J .n·ttl DIll """"": 6.1. I f 
.,~ S'51r-... N 

~ by: 11/.~",. AnoI!Md by: J)(,~.k'''U/~ 

SampIIn( - m... 4 ,1U/' 6tIN. ,:w~ b 4- .) ..... /J.IAM lJndownor IIId -. (~ 1pIIiicoiIo) 

,h'''~'' a./-2.$-AM:./ ... .:-.. (11" ?/I") 4:t4r~~ 

ftold_ 
Cdour au". Odow Tom 

Spocific~ PtIU pH Eh T.....-(·C) (pS/ em 1125' C) 

Turlidily P!tcIpiIIIIs Oilier 

LABORATORY ANALYSIS 
__ ...,.."-1 

N'~ 

mcI1 """~ \ """~ DIll 

c.t>onoIe(COJ Nil Loll. m."""" 
_(1tC0~ 7t;() )·74 J..j·6 BacI1rioIociaI ...,.. ,,_1 N() 

ChIoride(CI) /~, ..,.:J. 'I :l ,." 011 • 

So/phIIo (SO~ II' f?·37 /·1 Loll. "C. """" 
_ (SiO,) ;1., - HARDNESS SCALE 

~(Co) //~ 1=49 1. 7·' 
(lobi _ .. c.;." c.t>onoIe) 

Soft 0-60 mel' 
/IopnioIn(Mci /1 ;.1:17 ,$'. 3 -.uiy /toni 61-120 . 

~ 
111- 110 

Iron In _ (F.) <t>. , - """ than 110 

-(AI) """"." - IONIC RATIOS 

_(K) /.~ e-.()4 ~.2.. Ca: Me· )./) CI: tob" (7·2.1 

SodIum (N.) 7~ 1.l( /6·2- N< tolll - (7.16 so,: lolli- Q.()2, 

TobI_ -(!OS) o2.() 20./ No: C,- " ·77 SiO, : tob/ - (7.,1 

-_ .. CoCO, -1-.] SUITABILITY 
T........-y _ .. CoCO, IuS' a • no problems, b.~, c • excessive 

WiIIty .. CoCO, ~ro DOMESTIC DRINKING 

Other 7ZlS' .. ~ ,.;,.~tl.~(J 
ToIIIlis_ solids 4-~ pH a. 

T 0lil hInI"'" t-c. , ... ..... 
pH 7·'" Chloride /!l.- ~. a. 
Spocific _ (pS/em II 25'C) Qa() 

6 Macneskrn , Sodium It.. 
Cdour 

Colour /!l.-
Tididity 

DOMESTIC HOT WATER CYliNDER 
\ _ In .,;0" IIId cIIion """~ ;'·7 -. TobI __ 

6 Chloride & 

"f lit/Xu! cJ~ /,ud.w,/f ~ c.4M Cl /oWnity ratiIl=().~l a.. pH /!l. 

I~ wUV " /I(~4rJ.tl..:'f~' ~ ~ hMll(tAr -
AGRICULTURAL USE 

~ V~ .. 

Itl.lJJ "II.~ ~ ~, a...d ..M Soinity dis. (CI -C4) C? I> 
a.,1(U< u,1!f.l. ~ • Sodium doss (SI--S4) .sf 0.-

Penont Sodium U a. 
Sodium IIIsooption ratiIl /-3 ... --- M'/ A.. 

~-"" 



TASMANIAN DEPARTMENT OF MINES roold No. ~N14 
LIb . ....... itn9"" 

WATER ANALYSIS Surfoco ...... ? 

- ...... ? 'fliI 

I'Iojod ~()yAt- If'QlUq Ga.F CtlMfE l«Ition t5w... NNG t1( Jild J ./IIfI{( A,/. b",.IY . 
" . 

c.rinoIts f' ~ ~~ Iff ; DIIt ....... : ;. 7.1/. " Oatt Npod: /f/./2. 817 
nrb(/1r,..N' 

~ by: w. CIt:1 ... ~,.. A/IIIyMd by: ~. N~, 4uo-ce.. fta, 

s...Inl- F_ JItV a"c /~ ,{,. 4-·1. ~ lMIdownor and _. (W appIicobIo) 

~1I#ft?<" U. 6~.4l1i O",1tj 

roold_ c.w Odow Tom 

Spocific- 717170 pH Eh T....-('C) (~S/,", 1125' C) 

TIIiIIIy I/i~ ~ Other 

LABORATORY ANALYSIS --...,..-, P" 
-.II """~ % """~ Dot. 

Ca1>ooaI. (CO" Mi' LIb. 111. ,...,.., 

-(ItCO,) 615' 11·1, 17·(/ llattoriaio&ial ...,.. .. _, ,y, 
-(CI) 17/~ ;!p./1 3,·4- Oatt 

SuipIIIIt(SOJ 6/ I· .f, 2· 1 LIb . .... ,...,.., 

_ (SiO,) 
~+- - HARDNESS SCAlf 

c.Icium (Co) 12 4·, 6.1. (Total hInIness II Calcium c.t>onot.) 

Soft 0-60 m:/I 
......... (Mc) $4- 4- .4- 6·1 ModenteIy HOld 61-120 

~ 
m-110 

Ro~_ {F.) ~17·1 - """ Ihon 110 

-(AI) 4:;0.2 - IONIC RATIOS 

-(It) 7·1 (/.11 (/·1 Ca: Me '" (J . fl1 CI: total - (/ • ], 

Sodiom (Ha) $"be1 ;/.-1-4- 17·/ No: total - (J·17 so,: total- q.t72., 

Total _ solids (TDS) /8$'1? 6>1 HI: ct. /.2- SiO, : tobl - (J. "/1 
-_ .. c.co, /V;I SUITABILITY 
T"""", _ II CoCO, 4-2S- , • no prob6ems, b. dcMJtfP, e· ucessiYt 

WInity II c.co, >617 DOMESTIC DRINKING 
Oth. TIS: ~~ tel", _ " ·fs' Total di.soIvtd solids e- pH ~ 

. Total hotdnK • C. Iron a.. 
pH 7'-+ Chloride c.. Sutphot. b 
Spocific _ (~S/,", II 25'C) 1]S"(J 

Sodium MocnMm 6 c. 
c.w 

Colour a. 
Turbidity 

DOMESTIC HOT WATER CYLINDER 
% __ in .... and <Ilion """I I P .7J 

R_. Total dis_ solids e- Chloride c.. 

~~~/~d~¥~ Ci/ oiblinity ..... '" /.; Q.. pH a. 

t ~~ ~,;wrklrl~tll«V-~/11. AGRICUl ruRAL USE 
~ Val .. 

t4~"~ tW~/~~(W~ Sllinity ctm (CI- C4) C+ c.. 

-""''"' ,... A,.(,I(~ ~ ~ "-' ~.u. Sodium ctm (51-&1) f'J-H- C 

I-~ ".1- _ Sodiom 
74 c.. 

Sodiom odsorption rIIio I/·a b 
Rotiduol ...... tartIonII. ~'7 c.. 
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'y. 
TASMANIAN DEPARTMENT OF MINES 

filii No. ,(# /S" 
Ub . .... no. 102'1+"1 

WATER ANALYSIS - ...... ? 

- ...... ? trfl 
Projoct ,rtl?tr", It'#Mr ~ a(/4 Locotiao 4 ~ ~I .4ll1t ,...1i..~ 

CHrdiIotn $"~./J7l·'" e 0......., 9'. /2. 10 Dott wIysod : 6. 1.11 
o.r~J.'J ... 1V s...- bJ: It/, ~tr' w,s.d bJ: 1Je,!.A(I#/"u / LA." .. a,ffM, 

~- r/1kA. ~ ~,,-t-f""'~ f. 4-.5' .... i.Jndownw and addml (~oppIiaDIol 

a..M ~ 0;. 'j (; -M.:;/Iot,"; (~fo ftl") ~ 4u1-t.J 

fllll_ 
CGiMr ~ Odcu Toste 

Spocific-
1#" pH Eh T ......... (·C) ( ~ S/cm " 25' C) 

T", ProcIpibI .. Olll .. 

LABORATORY ANALYSIS """"" - """"'_! ,#11 

-.II """ft II """ft Dott 

c.rt>ooaI. (CO,) #,/ Ub. rtf. _ 

-(IfCO,) 401'- 7·'/' ItJ· ';J.. IIattorioio&iaI """'" .. _! KO 
~(CQ 415" n..:J 12.'" Ottt 

SuIphoto(so~ 7 (!·I$~ 0.4 Ub ..... _ 

Sib (SiO,) II - HARDNESS SCALE 

c.Idum (Col) /6" 7.91 ~.9 
(Total _ .. c.Idum _) 

Soft 0-60 """ ....-.,(Mcl 24- /.97 $"'". l.. =:II1IyHonl 61-120 
111-180 

Iron In ooIution (F.) <<>·1 (ftfJ honI) "'" Ihtn 180 

-(AI) <0.2- IONIC RATIOS 

-(K) s:q ~. 'S'" O.~ Ca: MI- 4. oS'" CI: tobl- ,.'11.-

Sodium (IU) 1017 1.2.7 :l..1. 7 III: lobi- p.2;t. so,: total- (;1.,.4 
Total _ IOiids (lOS) 

117" ') 'i-I III:CI- 0.6"1 SiO, : total- (;).0'2.. 

-_ .. eaco, 11~~ 
SUITABILITY 

T......,_ .. C"CO, "'~ I • no proOIems, b. doWtfuI, ( = IlCtlYvt 

AIuIInitJ .. c..co, J(r DOMESTIC DRINKING 

Othw727.r: ~IQJ." ~If. 6<J 
T otJj cIis_ 1OIid. t-e- pH a. 
TotaI_. <- Iron a. 

pH 7· 9 Chloride C Sutp/III. Q.. 
Spocific _ ( ~S/cm ot 25' CI 170 (1 

Sodium ~ Mocnesium IlL 
CGiMr 

CGIooI .... 
TuRIdity 

DOMESTIC HOT WATER CYlIND£R 
lI_ln .... tnd_"""ft '1 . ~ 

Rtmtrit. 
Total _ IOiids 6 Chloride c.. 

,,(/U·lJ<.eI 4~ ~/~ -~~ b~-" iyJ'(. Cl/aIbtinity """" /,:l- a. pH a. 

~ f J,JIAl£ _fuji ~/ ~ Jut ~()I AGRICULTURAL US[ 
~ V~"' 

,4lqUt, ",tblJ;" ,II/( . /;W~ ~ (;! ~ Sttinity ctm (C1- 1:41 C1 J 

IJJ-~~ rW 6f1'C~ f'1A'i"'X4. Sodium ctm (Sl-S41 rl .:t 
_ Sodium 

4S" a. 
Sodium tdsotption ratio ")'7 ... 
Rtsidutt sodium _. iV;/ ... 
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TASMANIAN DEPARTMENT OF MINES 
roold No. IlHI6 
Ub ......... 90l . .ti~S' 

WATER ANALYSIS - ...... ? 

- ...... ? l(~I 

I'Iojod /(QIf if ~ 1-,,'" Ilr 6q~ a~(/ lDcation .4~ ~~. 0.." . u.... /l1U. / 

- .. ""'7 {D .... tr ooa......., /17. ,2. ,/~ ooa 1MJMd: t. /. f 1 

n.r4-9~. lit '" ~ br. ",. en... if AnoIyMd br. 4fII, NI4IU, a4_ "",<,.... 

~ CGIIdItion';nu..~ !~ ,;,,1iJ4,t ;. S"" ...... a..111 Lmwnor 1M odohs. (~~) 

,oI't, ,.tll V ~~ -4),t;,/IfU,,' (T.JJ?;tJt.j ~~ 
rooidobsorYations 

~ Odou: Tastt 

7·,/ Spocific -- ~4U pH Eh Tomponton('C) (~S/an 01 25' C) 

Tonidity I'!qItIIts Olhor 

LABORATORY ANALYSIS - - IIIIiysis .. _, N(1 
"'IfI moq~ 1 "moq/ l Dott 

-(COJ #1/ lJb . ..t ....... 

_(HCO~ ?).r ~.J] ']6 ./1 BacttrioIoci<aI IIIIiysis .. _, #(1 
~(CI) 71 ~.tTO 11·r Dot. 

SooiphItt (SO~ 1/ (M7 A' S' lJb. "C. """ 

Sica (SiO~ Is' - HARDNESS SCALE 

CaIcIam (Ca) bl 1·:19 ).;},·9 
(Total hriIess .. Cakium CarbonIIo) 

Q.tJ9 6'7 
Soft 0-60 mell 

......... (11&) 12- :::: .111, Hold 61-120 . 
111-110 

In>n;, _ (F.) <'0·1 - tv", hInI) men ttIIft 110 

-(AI) <;0.). - IONIC RATIOS 

-(I() J.6 (J,'9 ~., Ca: M,- 1·~1. CI: lolli- ~. I~ 

Sodium (IU) 6t> ~.k /7,6 Na: totJI. "/,/ so,: 10111- ",f? 'J 

Total _ solids (TDS) 4~ /4 .. ! Na: CI- /·]1 SiO,: lobi_ tJ·" "'f 
_hriless .. eoco, #,'/, SUITABILITY 
T....-yhriless .. CaCO, ::l'U iI • no proIMemt, b • doubtful, t • ucessiYe 

AIkIIinIIy .. CaCO, :zt'S DOMESTIC DRINKING 

11th. -rQ!"; ~~ ,.,}" = d.~ ToIII .. _ solids 0- pH 0.-

TotaIhriIess J,c- I ... 4-
7'~ pH 

C_ a.. SooIp/Iot. A.-
Spocific __ ( ~ Sian 01 25'C) tiP 6 Sodium M1cnesium &. 
~ 

Cotout II-
Tonidity 

DOMESTIC HOT WATER CYliNDER 
" _ ;, onion 1M ... moq~ 4·::<... 
R_. 

TotaI __ 
0- ChIotide ~ 

-4 A.I LK fill C4 Ie" f7~4II-4~ cAl,vr;., ~ CI/.1bIinit) ratitJ:tT. ~7 ¢. pH a.. 

~ 'I /"w-MW:-.4~jA.lrt W, f4Ur AGRICULTURAL USE 
~ V~ .. 

kW',.,( ,*. ~ ;;..~, ISw( 4If~ SoInity cIos. (Cl-C4) C'l.. ... 
(----

~. Sodium doss (51-&4) Sf a.. 
_ Sodium 

1i' A..-

Sodium odSIwption ratitJ /.8 <It.. 

Rosiduol sodium -. P·9J a... 
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TASMANIAN DEPARTMENT OF MINES 
fold No. ~II :15' 
Lab. rec. no. !~:Z'l()1 

WATER ANALYSIS - ..... ? 

- ..... ? 
'fEr 

P!ojod A""'Y.41.. /ld'UIlT c.a.~ UC/d I.Gcotion c. C4,,"'f/r./ ,,~ 

~ 
f'~/(J(11J ... £ Doll ...... : 16.11. 817 Oott 1IIIiyMd: l'l.tl. 1 () 

Ilr!i/,.,,,,N' 
~ br. IV. C4¥r AnaI7Hd by. A;.rt . .v..tu,~"_ 

s...-.c -. fi8.t" ~ ... I~ ~ 4 'b- ...". lJndownor IIId _ (ff appIIcobIo) 

P-,.ut tV /.S-.L.-~/..,'; (:lt1y() . ", ." . 
c. c.,'II#4If,,fc.f:lk IIw , S".,.. ~H. ~ . 

fold obsomtions 
c.Ioor 0d0II' TIStt 

Spocific -- 1",,(1P pH Eh T __ ('C) (~S/cm ot 25' C) 

TIRIdIty p,qiIoIn Olh" 

LABORATORY ANALYSIS 
__ ....,.._1 

AI" 

mcfI 1IIOq~ ! 11 1IIOq~ Dot. 

c.tIooat1(COJ oM! lib. m."'-

-(ltCO,J lilt$' 17' 1" 7·) IIodorioIocicoi .".". .. _1 #(1 

CIIIorido (CI) ~f'(1 91· 7 J9·1 Dott 

SoIphoIo (50~ fP(? ,,;Z ,(,.6 lib. "" ....... 

Sib (SiO,) 16 ~ HARDNESS SCALE 

c.Idum (Co) 17' "., 1-6 
(foUl _ .. c.Idum CoriIanot.) 

Soft 0-60 m:/I 
........ (Mci 160 ,z'l.6 /1. 6 ~"~' Hwd 

61-120 
lll-11O 

!roo ~ _ (F.) <P·I - (YOI'! h!!t.I .... then 110 

-(011) <p.;z. ~ IONIC RATIOS 

-(1() 1.9 (1·74- ' ·1 ~ Me· (?;z., CI: lobi· d·39 
SodIum (No) . 11ft? ~~$ 1+·1 No: lobi· d.'+. 50,: lobi· t7 '()3 

ToUI __ (TDS) 
6J"6o :U-f·7 HI: tI- p-ll SiO, : lobi. p. (1t12. 

-_ .. eoco, In' SUITABILITY 
T"""""l _ .. CoCO, I7S- , • no problems, b.~, e '" 'Icessm 
-,.eoco, 17S' DOMESTIC DRINKING 

Olh" "!' ,'~ /'Uti = (1.61 Tobi ~._ solids C pH a. 
Tobi hotd .... c I ... 4 

pH 7·~ CIIIorido c SuIphot. C 
Spocific __ (1S/cm II 25'C) /IIrdCI 

Sodium ......... m t:- C. 
c.Ioor 

c.Ioor 4 
TIIIiIdIty 

DOMESTIC HOT WATER CYLINDER 
11 __ ~ ..... and <ilion IIIOq/I /·6 
RotnIIto. T obi dissolved solids Co Chloride Co 

# ~., ... a"~ ~,.u,,,:,, ~ fr~ ~ Cl/-niIJ mio=3·7 C pH A-

I' 41. _""f,' :-'t. vur iut II1II tf~1IIr 4tblt';,/I. AGRICULTURAL USE 
~ Val .. 

~W~~~~ Salinity doss (CI-C4) C~ '-
JIt#I4I~ ~-~ ~4'- S~ Sodium doss (51-54) S-4 C 

,.l"'~ , 
_ SodIum 

61 c: 
f---

Sodium~mio 11.4- C 
RtsIduoI sodium _ ...v;1 a.. 
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TASMANIAN DEPARTMENT OF MINES 
fold No. AliI. ,. 

iii. NCo no. 81729112-
WATER ANALYSIS - ..... ? 

- ..... ? 
'f1J 

PIojoct ~t7yJtIt. #""if~r ~,.. ct.C/(9 location G. c.,1:.v,,; ,.,~. 
Ctrinat .. rl9'9,.", ~ 0.."... ./.(.//.1<> Dolt 1Niysod: I p . /1. • 317 

gr $"2 ~ '" ¥ 
SIn'fIod by. 4". ~t r Analysod by. ~. NIII" ~.tM, a,,,,,," 

~- rM<4~6_,;"1aI/uf I .. 4'6 .. a-( lJndownor and ...... f~ appIicobIo) 

,1~ ., /~~ / .. ,,; (IP<111"J G.(4,I~, ~ VIW'~~ U/~ Iud 

fold_ 
-.~ .H~ Odow Tnt. 

5toocifi< __ 
/O(JOI7 pH Eh T.......,.(·C) (pSI,," at 25' C) 

TIrbidIIy It.,,, ~ Dthor 

LABORATORY ANALYSIS -. -., """'_1 NO 

-.II IIIOqn II IIIOqn om 
Corbonoh(COJ M'( 1.Jb. rtf . ....... 

-(ltCOJ ?6(J (-1 ./ 3·j' BodoriolocU .,.",. .. _1 Nfl 
~(CI) ~;zfo 176 4-1,7 l1li. 

S4iIphott (so~ S'"/S- (11·7 2. ·7 1.Jb. III- ....... 

Sica (SiC,) :27 - HARDNESS SCALE 

C*iom (Co) +1> ;zo'7 5 ·( 
(Tobi hInIntss IS C*iom Corbonoh) 

16' 3 
Soft 0-60 "",I 

IbpoiuoI(Mc) j~tI 65·, ::":0111, lin 61-120 
lZl-11O 

Iron iI _ (F.) <17·1 (f'tI"f~ .""" INn 110 

AlumiIIum(Al) <d.2. IONIC RATIOS 

-00 19 P.+? (7./ Co M,- (J·11 CI: lobi- (J. 44-

-(No) ](,<;0 /I~ 21·6 No: lobi- .,.2.9 so,: lobi- ".01 
TobI ...- solids (TOS) /1,/()11 4113 HI: CI- (J.6s- S i 0, : lobi - t:). t7<n... 

- hInIntss .. c.co, 162S" SUITABILITY 
T_ hInIntss .. c.co, 7'1' a '" no problems, b • doubtful, e •• xcessive 

AWnIIy .. c.co, ;;i?S- DOMESTIC ORINKING 

Olhtt ~J : ~"""~ ,. to-lio = d. 64 Tobi diHolvod _ Co pH .:r. 
TobIhIrdnn. Co Iron a. 

pH 7· ~ Chloride t; Sutplul. ~ 
5toocifi< __ (~ S/cm at 25'C) /3<1<10 

Sodium C. Magnesium C. -. 
J -. 

TIrbidIIy 
DOMESTIC HOT WATER CYLINDER 

II _ iI anion and <>lion IIIOqn 0·3 -. TobI __ 
Co Chloride e.. 

.,f ~<- .. --1 ~ c41.u4 Jr#~ -1 CI/.JbIinity rotio ~ 1.9 c. pH .:r. 

~ ~ 4""·''i ... ;u.-, 4mr/~ Ku.-I(~ AGRICULTURAL USE 
~~ Vii .. 

",II. P.'N"·~ W ~~4:0/~4~ rtW,t. s.Ji.tty elm (CI-C4) .£~ Co 

·1 
.,.L fI ""1' Sodium elm (SI-S4) S+ ~ -- >7 ~ 

I 
Sodi... adtorption rotio 17'S" I ___ 

,IIi/ a. 
3-73 



7~ 

TASMANIAN DEPARTMENT OF MINES 
rllil No. £1127 
lob. ",. no. !n.9<''J 

WATER ANALYSIS SIrfoce ...... ? , 

_ ...... ? '(ISS" 

Projod !&lflfi. /(~ Gt:;tt.F ~~ loatioo c.c..,_,.,r -1Aj 11.,----
c-dinot .. S-~t717S"'" € Dolt .... J.7.fI. l(1 Dol. Nysod: 19. Ilo . It> 

m- S"6'~-1ItN' 
$ompod br. N. ~r AnIIysod br. ~'M~,~" '"~l 

~ - /'Peu .-6",. 'IH'** m 4 'OIA tIMiI' lIndownot IItd adohs. Cd oppIiabIo) 

,.CI".rL ", " . 
C. (4,''''f.iy1 ..fCt'M Vf.i,w I ~ "'II hd. 

rllilobtoMtions 
Colour Odow Taste 

SpocIfie concIueUnct ,17(10 
pit Eh T""""'I'C) ( ~ 5/em at 25' C) 

Tididty Pncipilalos Olh" 

LABORATORY ANALYSIS """'"' - wIysis .. _1 N" 
-.11 ""'Ifl % ""'Ifl DIll 

c.t>oooI. (COJ ;til lob. rtf. _ 

_ (1tC0,) 
7(7(1 /I., IZ·J illdwiaioci<Jl wIysis .. _1 ¥ 

CIIiJrido(CI) 1/()t1 1(·(1 31·J Dolt 

~(50'> 9). /·71 f.'Z lob. "'_ 

SIb (SiO,) 22 - HARDNESS SCALE 

c.Icium (Ca) /1) 6''N 17-2- (Tobi hriIou IS c.Icium Carbonot1) 

9~ 7-7.1 
Soft 0-60 "'III 

........ IMIl p.J ModontIIy IbnI 61-120 . 

~ 
121-180 

!ton" _ (F.) 1<;0.( - """ lhan 180 

_m(AI) <0., - IONIC RATIOS 

-00 /Z. (7·1/ (1·1 Ca: M,. 11'17 CI: 10111- <7-13 
Sodium (No) 7~ 74·2- 7'-7 III: lobi- "".17 50,: lobi- O.~ 

Tobi _ solids (TOS) 20'1(1 ,9$·.2- HI: CI- 1·1(1 5102: lobI-C/."",' 

Pwmanent hanIntss IS CIC01 1>(1 SUITABILITY 
TtmfIOfIfY Iwdntss IS c.cG] ~7~ I • no PI'ObItms, b • doubtful, c. excessive 

AiIIinIly IS eaco, ~-7!>- DOMESTIC DRINKING 

Olh"7DJ:MtJ4,,~tW'" t>'S4f Tobi _ solid. Co pit 4-

TobIhriIou Co. Iron ... 
pit 7·6 Chloride c. 5utp/1ol. I> 
SpocIfie concIueUnct I ~5/an " 25'C) -I9rO 

Sodium C. M.gnesium t 
Colour 

Colour ... 
Tididty 

DOMESTIC HOT WATER CYLINDER 
% _ " anion IItd cation ""'Ifl 5 ·/ 

Romart.. 
Tobi _ solids <- Chloride C. 

//~.e.4 4J<':' ~ ~ ~ /( CI/,luIinily rotio :0.4 '1 pit ... 
~t 4.L.iA; ;.u.-r ~ (J.IW ~~ UJ4A.L . AGRICUl ruRAL USE 

~ V~ .. 

a e
/" ;<il/t ~ d.It'~ t. '1 tJ«II ~ ~ Sotinily dos.(Cl-C.) C4 C. 

~/tk~ ,..,~~.4-'r~ Sodium doss (51--$4) 5'4- <: 

-~-~~. 
_ Sodium 

170 Co 

Sodium odscrption rolio '2·7 I> 
RosIduoI sodium -... NIl Gl. 
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TASMANIAN DEPARTMENT OF MINES 
roold Mo. ~!l2i 
Ub ..... IIO. 1'u290'f-

WATER ANALYSIS - """'? --"""'? '(£. 

PIojoct ~~ {(""AlII GqJ..F a.(l8 l«Mion 6.wi*'r1 ~ _K f"-#-Ol!_ "'~ Dolo IIII'4IIod: .l. 7./ /. 8(1 Dolt """*: I 'f' a ,Ii? 
S({' 5'71.(' .. N , 

SampIod by: Ir/. CtIiNtt,.. AnoIysod by: ~kl"U/~ 

SompIinc - ~ ~,iUr'~ ~1dIkt ~ ) ...... "-f I.JncIoww and _ (~ ~) 

~,.. < /. f' ~ -"'(~ (<: z"/J/It) .. " . t;, CM,*"t, ~ J/Ib-I I A.4 /(,4 ~d . 

rllid_ 
CoIout 0d0II' Taste 

s,oc;fi< c:onduttonce 
pH Eh T....,....('C) (~S/em at 25' C) ). 711' 

Turbidity I'IqItatK Othor 

LABORATORY ANALYSIS -. -- wIysis_? #' 

..,,1 moqfl I 'moqfl Dolt 

c.bonoI1(COJ 1'111 Ub. m.""" 

-(ItCO,) Ilg /· h ].Z. BotIorioIocI<oI wIysis ",liable? #(1 

~(CI) PI 21·1 4H Dolt 

So/pIIIII (50~ 7-(- n':f /.· 7 Ub . .......... 

SIic.I (SiO~ :/7 - HARDNESS SCALE 

~(C.) 1111 5'4'1 Q'7 
(lobi hordnoss IS ~ CoIt>cioII.) 

tJ >·f9 9·Q 
Soft 0-60 mell 

~(iI&I :::,r""Hard 61-120 . 
111-110 

Iron in_(f.) <'P·I - (VfIJ~ mort hn 110 

-(AI) </1.2. - IONIC RATIOS 

-(I() I~ (1·16 ,.t Co MI" t).91 C~ total- g.1-1 

-(No) ~~ (1·7 1'3. 17 No: lobi· d.$] 50,: lobi· (J.g1 

Tobi ..- toIIds (lOS) 136P Is;(.( HI! Cl. ~'II 510\ : lobi. d·" I 

- hordnoss .. CoCO, 
",,, 

SUITABILITY 
Tomporory hordnoss .. CoCO, tJl •• no probItms, b • douDtfuI, ,. 'lcnsiYt 

AlaInIty .. CoCO, q/ OOMESTIC DRINKING 

Oth" "lOS' ; C#WIM.""---M;" ,. OSI 
Tobi ..- ooid. Co pH a 
Tobi_ e I ... .... 

pH 6·A Chf«fdt J Co SuIphot. 
s,oc;fi< c:onduttonce (pS/em It 25'C) 12i?(I 

Sodium e MJgntSium J 
CoIout 

CoIout ... 
Turbidity 

OOMESTIC HOT WATER CYUNDER 
, _ in _ and -. moqfl 6.> 
II .... '" 

Tobi ..- toIIds C. Chloride C. 

'" ~If~ ~ ~ ~ft.Mt4 
Ci/aiblinity ~tio ~ '9 c. pH a. 

AGRICULTURAL US!: SuiiII>IIt) 1 ~4~f: .wr~..d# a. 1(U/~l{u.IItd Vol .. lib", 

plf. ~ ~ ~ 1,;'1 ~ ~,,1H<t ;;,., SoIinity class (CI-C4) r-...,. c. 

~, .. ~~~.PU.l~~ 
SodIum class (51-54) rz-SJ IS 
_ SodIum 

61 c. 
a-~-~ ~. 

Sodium ~ ratio -t., a-
li_ IOdIum -. Nil a. 
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TASMANIAN DEPARTMENT OF MINES 
fold No. II)/)9 
LIII. "C. no. r,'19of' 

WATER ANALYSIS - ..... ? 
_ ..... ? 'f~r 

Projod ~I'{"L IfAjlfd c,.a..~ U~ I.acitioo (; .c.,;"'; ~ 
CodnaI .. ~4-01S11",~ Dolt ....pod: :/.7·((.111 Oat. wIysod , Ip./2 .8(1 

n.r col to lit N 
Somt>Itd br. W.",,",,~ AnaIyotd br. ~. ,I(/~JI ~" cuI-

Son'4IinI conditions n;... 4PJt.r Nrc 1;"fW/4t II f" _ iIM.JJf Undoww lOcI -.. (N 1!IPicobIt) 

/JIM.yIUl1fI. IF ,I!<Tu/",;' ()..~ ,"') G.u"I..:vy, ~ /II~ I"~ Pi<. Iu&k 
foldabttrYtlions c-. "'IMt. Odolf' Tost. 

Sptcific-
pH Eh T.....- ('C) ( pS/ em ot 25' C) 

T.-y I'IqitJIts Other 

LABORATORY ANALYSIS - -- 1IIIipis_? N'~ 

..,,1 ""'1/1 % ""'1/1 Dolt 

~(COJ Nil Ub. m . .. _ 

-(HCO,) 77) ;.(, q.Q Bact1rioIocI<>I 1IIIipis_? ,VIJ 

ChIoridt(CI) 771' 2/. f1 11"4 Dolt 

~(SOJ >" 10(74 !-7 Ub. "II. ""'" 
Silica (SiO,) 1'1 - HARDNESS SCALE 

c.IcIIn (Ca) Ill' >.74- Q·7 
(lobi -. as c.IcIIn Carbontt.) 

SolI 0-60 m:/I 
......... (MII 7.2- j'.92- q'b ModtroItIy IQnI 61-120 

~ 
1l1-11O 

Iron In _ (F,) '::'0 ·( , """ INn 110 

- (AI) ..co.}... - IONIC RATIOS 

1'oIJssium(l() U" 17·l'2.. 17,, 4 Ca: M, . {)'97 C1: lobi - C!']f" 

SodIom (N.) 43' J/J.'1 lJ·t Na:lobI- Q.7-(- SO" lobi- I7.Q 1. 

Total _ solido (TDS) 11'10 Of, '! Ha: CI '" (!"IlS' SiO, ' lobi - p. ,12", 

_-.aseaco, ).7iJ SUITABILITY 

T.......,-.as eaco, 1p a • no prot,Iems, b • doubtful, ( • eJcessive 
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APPENDIX 4 

Technical details of spear bores and specifications of screens suitable 
for Seven Mil e Beach aquifer 

ADVANTAGES OF USING SPEAR BORES 

Anyone of a number of methods of extraction could be used at the 
Golf Club to obtain groundwater. For example, the existing method of 
using soaks could be expanded, but hydrologically this is inefficient and 
also uses valuable land which could be better used for other purposes. 
Large diameter wells, horizontal collector systems, or bores installed by 
drilling rig could be used. Spear bores, however, have economic ' and 
hydrological advantages; they are cheap, easy to instal by unskilled labour 
using a minimum of equipment, are virtually maintenance free and give 
efficient service for years, and any system of spears can be expanded to 
increase yield at any time at small cost. By connecting the spears in 
arrays, only one pump is needed to extract the groundwater. 

DESCRIPTION OF SPEAR BORES 

A typical 'spear' or 'spear bore' consists of a specially designed 
alloy steel screen (fig. 7) usually about 50 mm in diameter and a metre or 
two in length, attached to the bottom of a vertical tube (often PVC pipe) 
of the same or similar diameter. A suction line is attached to the latter, 
or sometimes extended down inside it, and is in turn connected to a single 
suction pump. The screen holds back sediment and allows water to flow 
into the spear without excessive turbulence (head loss) or the passage of 
fine material. To do this effectively the screen must be specifically 
designed for each location. Commercial screens are available in a variety 
of diameters, slot sizes and corrosion resistant metals. 

Arrays of spear bores (each spear pumping equal amounts) can be 
installed in virtually any configuration, and each is connected to a single 
header pipe (suction line). The use of one pump for all spears in an array 
restricts the maximum depth of spears to the suction limit of the pump -
about 8 m in practise. 

PROPER SCREEN DESIGN 

The length of the screen and the size of the slots most effective for 
a particular aquifer . are based on a study of sand samples collected during 
drilling, and on the hydrological properties of the aquifer. 

As a general rule, the following criteria are recommended for uncon­
fined aquifers: 

(a) the lower one-third to half of the aquifer should be screened 

(b) the longest possible length of screen should be used to reduce 
the entrance velocity of the water entering the slots 

(c) the suction intake should be above the top of the screen. 

These three factors are designed to maintain a steady uniform flow of 
water to the spear, but in practise, (a) is often not possible or desirable, 
and (b) and (c) are often mutually exclusive, since (c) restricts the 
available drawdown. A compromise must often be reached. 
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,Figure 7. Typical stainless steel screens with jetting point (top), welded stainless steel tip (middle), 
or conical cast iron point (bottom). 
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The optimum length of screen needed is affected by; 

(a) the percentage open area of the slots in a screen. (This differs 
from the effective open area where on average about half the slot 
area of a screen is permanently blocked by aquifer material). 

(b) the character of the aquifer, including the grain size and uni­
formity of its constituent grains and its resultant permeability 

(c) the cost of the screen 

(d) the desired yield of each spear 

CALCULATION OF OPTIMUM SCREEN LENGTH AND SLOT SIZE 

In Figure 9 (a), (b) and (c) are plotted the grain size distribution 
of sand samples at selected depths in three holes (Holes 6, 9 and 12) near 
the recommended groundwater extraction area on the golf course. (The curves 
were obtained by passing a dried weight of sample through a graded series 
of sieves). For bore design, three elements of the curves are necessary 
to adequately describe the grain size distribution in a sample. 

(a) the fineness of the material; often described in a general way 
by the median diameter on the curve i.e. the 50% (or DSQ) size. 
Another index used is the effective grain size (DgO) - the sieve 
size that retains 90% of the sample 

(b) the sorting of the material, described either by the uniformity 
coefficient D40/D90' or the sorting coefficient, ,ID2S/07S • Both 
describe the slope of the grain size curve. The lower the value, 
the steeper the curve and the more uniform the material 

(c) the shape of the curve. Materials deposited by water usually 
form an S-shaped distribution curve, but the tails of the curves 
are distorted by the presence of gravel or fines at the coarser 
or finer ends respectively. 

The first two characteristics are summarised in Table 5 for samples 
from each of the three holes. 

Table 5. SUMMARY OF GRAIN SIZE CHARACTERISTICS FOR SAND FROM THE SEVEN 
MILE BEACH AQUIFER. 

Hole 6 Hole 9 Hole 12 
Depth (m) 5.6-6 6.5-6.7 4.6-6.9 5.6-5.9 6.5-6.S 

Median size 
(°50 ) mm 0.16 0.13 0.15 0.14 0.12 

Effective size 
(OgO) mm 0.13 0.09 0.10 0.09 0.07 

D~Q/D9Q 1.23 1.56 1.50 1.61 2.0 
,I025/D7S 1.11 1.19 1.11 1.12 1. 30 

There is very little variation between the three holes. The sand is 
very fine-fine grained, and very well sorted. Based on spear bore yields 
under test (summarised in the log sheets in Appendix 1) and on previous 
calculations of similar coastal aquifers in Tasmania, sand of this type has 
a permeability of about 12 m/day. Such a figure is also given by Heath • 
and Trainer (196S, p.lS) for sand with a median diameter (050) of 0.14 mm, 
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similar to the Seven Mile Beach aquifer. 

This information can be used to calculate the most suitable screen 
length for the aquifer, but the spears can be made more efficient by in­
stalling an artifical gravel pack around each. Artificial gravel packs 
are usually justified in unconsolidated sediments when 

(a) the aquifer is uniform, 

(b) it has a uniformity coefficient less than 3, and 

(c) it has a median grain size less than 0.25 mm. 

All three apply to the Seven Mile Beach aquifer. The use of a gravel pack 
prevents clogging of slots, avoids excessive settling of material above the 
screen and allows the use of large screen slots, so increasing yield and 
promoting uniform water flow. The proper selection of a gravel pack size 
is important, and is based on the grain size curves of the aquifer. A 
recommended method is to multiply the D70 size of the aquifer material by 
a factor between 4 and 6 (for fine uniform aquifers). This becomes the 
D70 size of the gravel pack. A grain size curve is constructed through 
this point with a uniformity coefficient less than 2.5, and subsequently 
a selected gravel pack is made up from the curve. 

Commercially available gravel pack material from Industrial Sands 
pty Ltd at Port Sorell has been found suitable for Tasmanian coastal sands. 
In Figure 9(a), the grain size curve of the gravel material (actually an 
angular medium-coarse sand) is represented by the heavy line. It has a 
median diameter (DSO) of 0.65 mm and a uniformity coefficient of 1.29. The 
shaded envelope around the curve represents the optimum gravel pack range 
for the materials in Hole 6, as calculated by the above procedure. Similar 
calculations could be made for Holes 9 and 12 to show that the Industrial 
Sands material is suitable for the aquifer at the Golf Club. 

According to Heath and Trainer (196B, p.lB), similar material with a 
median diameter of about 0.65 mm has a permeability of between 40 and 60 
m/day (although this varies with the sorting of the material). The average 
permeability of the aquifer and gravel pack material is therefore about 
25-35 m/day. Walton (1970, p.297) suggests that given this permeability, 
the optimum screen entrance velocity should be between 0.9 and 1.2 m/min 
(1. 5-2 cm/sec). 

A suitable slot opening size for a screen gravel packed with the 
above material is 0.5 mm, which is that size able to retain on the outside 
of the screen 90% of the gravel pack, i.e. the slot size is the D90 value 
of the gravel pack. Commercially made screens with this slot opening have 
an open area (total slot area to screen area) of about 33%. Because the 
slots are, in practise, partially blocked by aquifer material, an effective 
open area of half the open area (i.e. 17%) is used to calculate the most 
suitable screen length to pump the desired yield. 

Walton (1970, p.267) gives an equation to determine the optimum screen 
length: 

S ~ Q 
(A) (V) 

where S ~ length of screen, in metres 
Q pumping rate, in m3/min 
A ~ effective open area, in m2 per metre of screen 
V optimum screen entrance velocity, in m/min 
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For the Golf Club aquifer, 

desired Q 38 l/min (500 gal/hr) = 0.038 m3/min 

From which 

A = 0.027 m2/m. For 0.50 mm slot, 50 mm diameter screen 
V 0.9-1.2 m/min 

S 1.1 to 1.6 m, depending on the value chosen for V. If 
an average value for V is selected, 

S 1.35 m (say 1.4 m) 

SUMMARY OF SPEAR AND SCREEN RECOMMENDATIONS 

At the north-eastern end of the golf course, the aquifer is very fine 
fine grained sand, with a median diameter at the proposed depth of the 
screen of 0.12-0.16 mm, and a uniformity coefficient of 1.2-2.0. Gravel 
packing is therefore necessary, and the material- c01mlle,,-cially available 
from Industrial Sands, which has a median diameter of 0.65 mm and a uni­
formity coefficient of 1.29, is ideally suited to the aquifer. 

At a desired pumping rate of 38 l/min/spear, each screen 50 rom in 
diameter should have a slot opening of 0.50 mm and a length of 1.3-1.4 m. 
Since the groundwater contains some dissolved hydrogen sulphide gas, the 
screens should be manufactured from stainless steel. 

The above spear assembly is depicted in Figure 8. These recommenda­
tions should be adopted for the Seven Mile Beach aquifer. 
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