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1981/3. Groundwater investigations at Seven Mile Beach for the Royal Hobart
Golf Club

W.C. Cromer

Abstract

The Royal Hobart Golf Club and surrcunding 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 aguifer
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 caleium 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 Scak 2 which
contains poorer quality water than areas further east on the course.

By installing a linear array of shallow spear boreg along the
north~eastern boundary of the golf course, the Club can at least
double its groundwater pumpage 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 1/min
(10 Q00 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 Socak 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 3$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 toc 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.
1t approached the Department of Mines to determine whether an increased
groundwater supply could economically be obtained from Club property or
adjoining land.



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 guality 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. WNo 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 guality {from
a salinity of about 500 mg/I¥ near the ccast 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. TILocations 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 gualities 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 Roval Hobart Golf Club
property at Seven Mile Beach (Feb-April).

t mg/1 = milligrams per litre of total dissolved sclids (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 geoclogical 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. 1l). 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 pogsible 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 te 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 intexrpretation of the Holocene
sediments is given later (Appendix 2).
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HYDROILOGY

Surface hydrology ~ rainfall and drainage

The Seven Mile Beach area receives an average annual rainfall of
574 mm (based on a 6l 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,
Noverber and December slightly wetter. Rainfall to Qctober 1980 was 30%
below average for that year.

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

J F M A M J J A S8 O N D Total (mm)
Average 39 53 40 45 50 32 66 46 41 53 54 55 574
1977 82 50 73 14 46 37 83 14 41 14 83 5 542
1978 27 79 21 536 41 30 26 92 10 27 93 50 552
1979 25 24 36 29 6 - 9 46 68 31 26 39
1980 8 21 55 19 31 40 28 23 32 &5 - -

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 ig 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 alsoc 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/1 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

3-6
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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 ig 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 movement in the agquifer

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 ccast, and the zcne 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 watexr tables in the unconfined aguifer 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 drains, scaks and the coast.

Recharge to the unconfined aquifer occurs naturally by infiltration of
rain, and over the golf course is supplemented artificially by irrigation.

3-7
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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 lagocns, 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 HCO3. This
is supported by the confined groundwater, which is of the Na + C1 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 sSpear 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 mm were used. Details are recorded on the log sheets in
Appendix 1.

The spears yielded water at rates varying from less than 2.3 I/min
{30 gal/hr} to more than 53 I/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 1/min
(700 gal/hr} from Hole 9, but Hole 16 near the coast yielded 55 1/min
(720 gal/hr). '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 vYield Remarks
No. of spear {m) size (mm) (m) (1/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 sand
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 I1/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 zolids (TDS). The lowest walues
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 guality 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 lagocnal sediments wedge out against
the rising Tertiary basement

{b) an elongate area of better guality 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 i1s 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 conbination of wet years,
summer irrigation and the abandonment of Scak 2 may reverse
the trend and reduce salinities

(d} moderate—-good guality 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 guality 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 37, 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.

3-10
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Table 3, AVERAGE SALINITY (mg/1l), pH, AND IONIC RATIQOS (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 8O0y:total SiO,:tbtal

Type 1 3530 7.2 0.73 0.34 0.93 0.37 0.03 0.01
(Holes 3?2,

14,25,2e,

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, HCO3, Na and Cl,
but Ca and HCO3 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 HCO3 to dissclution 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 MNa, Cl, Ca and HCO3 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 Socaks 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 HCOj.

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 Sa (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 spoils. 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 teo 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

3-11
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Type 1, 2, and 3 groundwater from Seven Mile Beach plotted on

triangular diagrams to indicate that Type 3 water is probably
a mixture of Types 1 and 2.
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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/I
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/1 TDS}
and electrical conductivity (measured in micromhos, or the new eguivalent
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 0.5B for Type 1 water, 0.62 for Type 3 water and
0.69 for Type 2 water. The conversiocn 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 IRRTIGATION SYSTEM AT THE 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 1/min (on tees) and 60 1/min (on fairways) are arranged in groups or
stations of between 20 and 40 sprinklers and connected via 40, 50 and 75 mm
subsiduary lines to 100 mm PVC or asbesgtos 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 dirxectly into the mains on the course from two
pumps, located on Scaks 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
Scak 1 is a Harland centrifugal pump coupled to a 15 kW (20 hp) electric
motor. Inlet and outlet pipes are both 100 mm. The pump on Soak 2 isg
gimilar. The maximum yield of each pump is unknown, but is probably at
least 760 I/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 cbtained with both pumps operating.
Pressures of 445-480 kPa are attained with one pump operating. The static
pressure of the fresh maing supply varies, but is at mogst 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: KXentucky 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 © hour 40 minutes nightly cycle, the automatic watering
system cperates 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

{1/min) 59 21 55
Pumping time per

station (min) 20 20 20
Total pumping time

(hr) 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 arcund 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
Scak 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 m®) is more than accounted for by eight self-
tracking sprinklers each operating daily at 110 1/min. The only ground-
water pumped during the week therefore came from Soak 2, which contains
poorer 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 Scak 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 galinities varying from 1900-2200 mg/1.
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 Fiqure 6 is probably temporary, varying
from day to day as the fresh mains pressure varies, and as freshwater isg
pumped into Scak 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 cof freshwater on the failrways 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 adeguate
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 spears is discussed in Appendix 4). There are
various ways to do this, but it is propoged 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 1l saline water - unsuitable for irrigation - exists immed-
iately west of the Club boundary. Pumping from Socak 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 Scak 3 was abandoned). The Club should
therefore consider the abandonment of Socak 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} Socak 2 in dry summers is the main source of groundwater despite
the fact that Socak 1 intersects better guality 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 adeguate 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 £i11 Scak 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 1/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 Spak 1. This could be done by mechanically deep-
ening it, or by installing spears in its flcor 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 ig suitable, it might be possible tc 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 Scak 1 instead of at the 9th tee. This would save wmoney
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 connected 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 guality 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 cof 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 involwves 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, electric¢al 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 1/min (5000 gal/hr) supply

$

10 spears (complete) at $200 each 2 000

300 m of Class 6 PVC 100 mm pressure
pipe at $6 or $7/m say 2 100
Pump and electric motor say 3 000
$7 100

760 1/min (10 000 gal/hr) supply
20 spears (complete} at $200 each 4 000
600 m PVC 100 mm pressure pipe at

$6-57/m say 4 200
Pump and electric motor say 4 000
512 200

By installing a 760 I1/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 10gs

All the geclogical and hydrological information obtained during
drilling is shown on the engineering borehole logs. Refer to the accom-
ranying ‘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 ligted beneath the standard abbreviations angd symbels.
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TASMANIA DEPARTMENT OF MINES

EXPLANATION SHEET FOR ENGINEERING LOGS  °¥%°
Borehole and excavation log

Penetration Water Notes - samples and tests Material classification
123
) . uso Undl:mlumd sample Based on Unified Soil
[ No resistance 22 Jan, 80 Water level 50mm diameter. " cl:s'siﬁaenlti:n SerIn.
ranging to on date shown. Disturbed sample. In Graphic Loy moterils are
Water inflow. N Standard penetrometer ok s |
2— rotusa Bt blow count for 300mm. belsconstnt for axch prjet

N* SPT + sample.

Moisture content Consistency hand (ml’ e Density index i

D Dry. looks and feel dry. Vs Very soft. < 25 VL Very loose. 0-15

M Moist, no free water on hand s Soft. 25 - 50 L Loose. -35
when remoulding. - -

w W S i dn hend F Firm. 50 - 100 MD Medium dense. 35 - 65
vyi{n r}nf--Hiu- St Stiff. 100 - 200 D Dense. 65 - 85

L ligwd Bk VSt  Verystifl. 200 - 400 VD VeryDense  85-100

PL  Plastic limit. " Hard. > 400

Pl Plasticity Index = _—

eg.

M=>PL - Moist, meisture Notes: X on log is test result
mmmmn-n o= 18,1000 oF roouiN.

Additional notes

1. In the 'Support' column is listed details of test spears installed 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 mm x 50 mm x 0.4 mm slot; stainless steel screen).
The 1800 mm length of screen is shaded to indicate the depth penetrated.
Q is the maximum yield of the spear under test, and TDS is the water
salinity (mg/l1) 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' column. D indicates a disturbed
sample was obtained from the auger, and "+2 mm sieve' indicates a
sieved sample was collected.

3. 'Graphic log' column. The relative size of shell fragments has been
visually estimated as follows:
&= most shells <1 mm; & = most less than 2 mm; ¥ = most less than 5 mm;
# = most less than 10 mm, @ = most larger than 10 mm. 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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; 5cm
TASMANIA DEPARTMENT OF MINES b > vorshole no. K4/ / [0
ENGINEERING LOG - BOREHOLE shost /of 2.
wiisct KOYAL HOBART GotF CRSE cation /7aGHISC Runvise
co-ordinates f”‘””f/ drill type 7Rrerus hole commenced 26 .£-80
9"‘?1;/" drill method fGek Avic hole completed 26 - -J0, abgpunc /3.4.5p
RL  O-Fdm AWM dilledby  Blov, G. Mumpd rrs
inclination V&RTHAL drill fluid ATAE logged by  MA/C.Lrmmer
bearing = checked by
s = =t hand
E E. " notes |metres 2 § material L g n:t.t:f.
g |5 s ll;mﬂ:t A § _§ ..% soil r va:fa‘um l;:mmmm:u §_§ %g :ghgg structure, geology
-l 23 L = ES |83 882
11 11HI8] we Hi gp | S0, brpheyelnis oo (1ovacfs), Ews, |y ||| |[ [ sazian |
MY LEH |tk Sbeads anet patihes of bonm . Tae Chasioad SaND -
11l T 12 dods wivents: 1 e e |
, o T~ RN A=A [ || [soewe
1z sP TOND, ull yptllajiok bt 101 5)¢), A, WS-AS, | W/ | £ o0
( ear -}IE-'.:': bt Ml fpguuds, e snge wh K
: %‘}# 1 g Wbl (g 1o /5 mm ) faa el rawdes Fruc favel,
-y L] |V Ak winents o ek, Cinanley aleatms
f 2@ Vo patches. Dationr b yeltart brmu (2-55/3)
e e o e e a
| S SP| 8, sy (759 4/), marihy VE WS il
g Sadll [tuped ¢ A, WS—MS aanel . 7ace setd
< fw..ﬁ,’“ /‘M" /‘M M, ﬁ
D ni 2 ssnn, « Arhry J'daﬂ, Saow /euts ; #@&.M.
Mo n — cttl ouedo N Tisodsei Alnly ot
) (G #o Sm ) dunt vie Aadle winistls, Bolrven..
B, £, letr Al . Tinee il

o, SIEE e STRE

§O0mm
sl

(Lett mnclen Qualii). bbutin $:2- 7.3, VE,
WS, face Ac thell Froghals

D0, e sy (104 12) mout Helly 0D

bebittn: 7.7 ank Fhe, F-pl, tmg well-mueda

frue prasel (QATEUE). & fypess § m st £.9 .
Vs Shell, VE WS, 0t 1F dade bawinks.

e g, a1 abwe $0b fotally adudont wi
AL (o fo 2omm). Trice clasy betas Jomn

Acd

See weil (Rt forr amiiuvadin

g 3 g Loy o+ g o e woao g boa oy g o b oo e Howogo g e Lo oo by g g o e g kg

3-22



TASMANIA DEPARTMENT OF MINES b

5cm

2%
i} borehole no. 4 4/ / éﬁ

ENGINEERING LOG - BOREHOLE

shest 2 of 2-

poisct NV HWAWRT GolF ciuh

location /Zactis ﬁcﬂt‘y

k- o E a ¥ & g i 3 Lk 3

g opa B g3 ¢k 4 3 s o % 2 3 45 g% 4 3 3 3

co-ordinates 5401 “f drill type 7R VS @ ~Fus' PRoLINE §—#-7=  hole commenced 2 - §. Fo
sa54 3% ~ drill method Ju6S5C Ars hole completed 24.7. Fo Aeesmed / 1.7+

RL OB mAHWM diled by .oy, . imaphrres

inclination  zor2cAL drill fluid  ~ logged by 4. Comuer

bearing L checked by

| hand
5 i notes |metres material 2. 'é ::':t.';
g samples, soil type: plasticity or particle characteristics, e; : %‘ kPa structure, geology
a tests | colour, secondary and minor components. g g =888

123 = s [®
L “
v [ {
%

/ -
/[ |/ fﬂ“ﬂ?,oﬂ#y%(f)’l/.ﬂ,@ M | SF Rordial sal? -
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- i
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TASMANIA DEPARTMENT OF MINES

- 5cm

ENGINEERING LOG - BOREHOLE shost / ot/
poject KOYHL HOOART GaF CARSE location AJacka /Z/Mfy
co-ordinates ° FoewmE drill type  7REFYS hole commenced 2 & - £ £7
52 S-rgsmA/ drill method AvBER PULL hole completed 2 & - & - &7
RL /- Oom AHWM drilledby  H<ox
inclination V2@77¢A £ drill fluid - AavE logged by AL romer
bearing s checked by
= hand
'g notes |metres material _|zE :'-".t.""'
B {BfEeme 1T | R
123 = 2 3 “~'s§~§
T N0 SAND , yetanak S (tovasir) vewS e | p | VL]]] 4
' o wend frogmadt dust patcis, o0 Fitpes, st Aeivv |
aé O Pim fﬁuﬁan a 2me 4 4’/6‘7‘4“ M 110 3
(HR 12 5 e (104R §/3) el i alcarims P
) % Clusent it face fine el aust 1ok Filres | W £ MARINE j
‘ 2.8 _SAND , yelinridh. brman (2-57574), £~ P, WS, bmee fAnd
| lebett Frpunds, spdug 4 olwe b (2-574/1) ]
S af Qun, sl GrtysiL SUE (7-5Y572) Gk 2+ #me E
{ B 5o | SAND , oy (7-574/1) ant Heie blash (y3)r), | |MD ]
) B> |acasly VF-F, WS. AF @bk 2-bpm, 2 -G sl ]
- A 3-Tm, Mrii Shelly Jasdl faupef (st A, WS) 7
I S| | ek > 307 f gl F2umnn. Shetl ui ]
’ el ewver masdy, wkel Suatl Sasbpods also K .
) | At nadular Calonndls (Gp Fo 10hum) anst 1
| Rl augulty ~wll —rmuwdles Al Pl (s Fo 7]
A Tomm). Lebirea lewpts , stset anbams Frace 1
( 2hett fraguml, sua rosc LiAe Shotl, -
| P belns 6m, st spesy, alpg inbl. face 1
‘ S| | bwvatbec(?) pchblen 4y fo Som , dust wetl B
y 8l | et fine quastr il gt 4
A ’/e b ..:":.'.: T
' -5, 1:8:; i
| R 4
: =6 7| )
18 .
’ ot
H : ‘E{ .
. Jos ;
| 7 g o
:L g ‘a & c
! p; CH | LAY, burpsck S/ack (7. rmz/) b attfe A A (VI 4: r ]
7- st streaden Lrtbh ety 4, yellnw (35 7H/2) £ -
i s resf. Hegk pAmak,‘ _
. Hote Stoppest af Lkt ff BGUs=E. Gr(~T Qi) 1
—r D |
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TASMANIA DEPARTMENT OF MINES e Wi

ENGINEERING LOG - BOREHOLE

borehole no. £ 45

sheet / of /

QR

project A2YRL AOBAIRT GoLrF <uvqd

location /Zctrie fﬁmﬁ,é/m/?"rﬁc M/?'?m-

co-ordinates ; ;—g;:r:ﬁ drill type  7RUETYS hole commenced 2.£ . £ £o
drill method P il
RL A lOm RN A~ :;:;:";’m'd :,2‘( o
inclination  £ZR77cAIL. drill fluid  A/envg logged by  LyCamer
bearing 3 checkedby
" hand
; | notes |metres| 2 |2 material § e |
E i samples, =2 E% soil type: plasticity or particle characteristics, Eg EE kPa structure, geology
fests |, B| & colour, secondary and minor components. i e
e = £|8 |8 £58 |83 |es888
TP pbe TSP |, Sngat yedonit bmon (109241 Fp Wi b | L|[T] ]| #eaemw |
! § ”.fl -8‘ _;%;&‘é //m VFM y 7% M -
| N Y ',Qf SP | SAn0 1 utd yediow sravge (10VRE/£), F-p, | pq MARINE E
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TASMANIA DEPARTMENT OF MINES

ENGINEERING LOG - BOREHOLE

e 2 >

bnuhohnn.g//4

sheet / of /

HAle Spppen at Liivib] UG, (0-2 0 (- 8. Fom )

co-ordinates IMM mE drill type 7R /EFOS hole commenced 27. & - £2
| S2S5e50m N drill method AUCHR UL hole completed 27. ¥-d¢
RL /- Fom Aqwnt drilledby  ZCox
inclination  /ER77cAL drill fluid  AVevE logged by JA/C, ey
bearing checked by
« | hand
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TASMANIA DEPARTMENT OF MINES
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ENGINEERING LOG - BOREHOLE
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TASMANIA DEPARTMENT OF MINES B > borehols no. /2
ENGINEERING LOG - BOREHOLE shost 2 of 2
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ENGINEERING LOG - BOREHOLE shost 2 of 2
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TASMANIA DEPARTMENT OF MINES

ENGINEERING LOG - BOREHOLE oot 2 o2

fe— S — borehole no. & 4 /5~
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TASMANIA DEPARTMENT OF MINES

et 5cm

ENGINEERING LOG - BOREHOLE
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TASMANIA DEPARTMENT OF MINES -

5cm

ENGINEERING LOG - BOREHOLE
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TASMANIA DEPARTMENT OF MINES -

Scm

ENGINEERING LOG - BOREHOLE
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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 (a 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. ILocally
it containg 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.q.
Hole 1) and rarely contains a trace of rock fragments and pebbles.

Because of its dark, presumably organic nature, the local presence
of ghelly material, and by analogy with basal clays beneath marine segquences
elsewhere (Thom 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 seguence (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 guiet, nearshore, tranggressive 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 ¢. Overlying the transgressive sheet is a thin but distinctive grey
to olive—grey shelly sand, from O teo 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 Thom et al. (1978, p.29) describing a marine Holocene
sequence from Moruya on the southern New South Wales cecast, 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 ¢ 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—-clive 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. BSoil 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
develcpment 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, yvellow-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 absence of radio-carbon dating of the sediments, it is difficult

to give more than an approximate account of the seguence of events at Seven
Mile Beach. By analogy with similar sequences described by Thom 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 wvalleys and the disruption of drainage, and
marked the onset of deposition in swamps and lagocns.

(3) The transgression was possibly halted, or temporarily reversed,
causing the reworking of unit b and producing the shelly sand
facies (unit c¢). Transgressicon 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 vears 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 2300 years BP to the present the shoreline has been
relatively stable; a more stable drainage pattern has been
developed (so that sedimentation in the lagocnal sequence has

virtually ceased) and a complex system of hummocky foredunes
has formed along the coastline.



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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E38¢

ridde  RH 1
TASMANIAN DEPARTMENT OF MINES bogw P02 942
WATER ANALYSIS Surtace sample ?
Groundwater sample? /& ("
ict HOYAL HAURT GHRE CLv@ Wt fFwatrit faipny, SE crmer
Co-ordinates f"oa’”’"s Date sampled: /&, 2. fo Date andlysed: &. /- 2/
s2tSgo mN ,
Sampled by: 4/, Crrmer Analysed by: W”%M"w
sl sl of -5 Lobres/ v (6cw Goh )
Field observations Colour a&‘f Odour 4&""' /”Lr Tose 4&".0 —
M 2L Eh Temperature (°C) mm Soo
Turbidity Precipitates Other
LABORATORY ANALYSIS Previous chemical analysis available? NO
A | meyt | %meqt | Date
Carbonate (C0,) Nl Lab. ref. number
Bicarbonate (HCO;) 285 4.57 3f-€ | Bacterclogical analyss avalable? NO
Chloride (CI) 5t | 144 -P | P
Suiphate (S0,) 8 | 237 | 2.7 | b reg number
Sila (5i0,) /g | - HARDNESS SCALE
— o [eotling] s
Magnesium (Mg) 2.8 08| 67 Moderately Hard 61 —120
: 121—180
Iron in solution (Fe) <Ot | - more than 180
Aluminium (A} <02 - IONIC RATIOS
Potassium (K) (7 |ooed|0:2 |cam= 5.0 Ol total = & /%
sl nd /8 o770 | 58 |Mwt= 0.0f S0, total = & .02
Total dissolved solids (TDS) 290 |/2-/ Ne: Cl= 2. <FQ §i0,: total = .0
Permanent hardness as CaC0; £ SUITABILITY
Temporary hardness as CaC0, 2’_{‘ a=no problems, b= doubtful, ¢ = excessive
Nuallaty 5 CaC0, 235 DOMESTIC  DRINKING
Other 728 : Gemelnctames rafe =0, 70 i 2 o M
Total hardness 6 -C Iron o
pH 7’ ? Chloride o Sulphate e
Specific conductance ( y$/cm at 25°C) S$éo
Sodium a Magnesium a.
n ...
Colowr a
Turbidity
DOMESTIC HOT WATER CYLINDER
% difference in anion and cation meq/! o &
St ] o ; Total dissolved solids b Chioride 4
A MWH“[ alevinn SrTbn0l /WM Cl/alkalinty ratio=.232 | & pH o
7 medisan. uludsy ; bty bant , ket o4, puitahle AGRICULTURAL  USE sty
- . . Value (a,b, or ¢
v dnukury anw agpolband peiwies Salinty class (C1—C4) | € 2. a
Sodium class (S1—84) | O/ a
Percent Sodium /3 -
Sodium adsorption ratie |2 5 (%
Residual sodium carbonate V7' ¢ a-
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EF66

Fed No. A A 2.
TASMANIAN DEPARTMENT OF MINES b ng . PO 2943
WATER ANALYSIS Surtace sample ?
Groundvate sanple? & £
roist Loy HAPART Gois CLud Latn o jaauF fo Wak; fatr avdl cluk ke
Coontates 5'4052-0“5 Date sampet: /0 /2 . £O Date aaiyet: &, /. §/
b7 S .
Wresgra Sanged by: /. Cramier aised by: Aol - ALines ) Kl LioForn
Sampling conditions _2Z2use gweny Gt jusillid 40 €T e Gugp | 2000w and address (i spplcable)
Prugnst af 5 Lobé fmss (650524 )
Fold cbnations e s il Tae Al
Mo P2 Temparture (°C) i s
Turbidity Precipitates Other
LABORATORY ANALYSIS Previous chemical analysis available? N0
mg/1 meq/| : % meq/| Date
Carbonate (CO,) Ni/ Lab. ret. number
Bicarbonate (HCO,) 26 |35 [3P-5 | Bacterological analysis available? Ao
Chivide (0 Ag |7-8¢ | 7- | Due
Sulphate (50, 23 |08 | 4.2 | b reg mumber
Silica (Si0,) A HARDNESS SCALE
(Total hardness as Calcium Carbonate)
Calcium tca:m ‘9 F gs | ¥ 4 0—60 mg/
Magnesum 10 |o0.82 172 @ -
iron in solution (Fe) TR Very hard  more than 180
Aluminium () <0.2| - IONIC RATIOS
Potassium (K) 2.2 o |0 |awm=- 1./6 G totl= &3 7
ol 004 £2 |22 |329 |Mwu- 0.74 ol .4 4
Total dissolved solids (TDS) 250 | /.3 N Cl= . 70 5i0,: tal= &0 6
Pormanent hardress 25 CaCO, N/ SUITABILITY
Temporary hardness as CaC0, f? a=no problems, b= doubtful, ¢ = excessive
A — 25 DOMESTIC  DRINKING
Other 708, convluchamet ratio =0, 7/ S i a o . ]
Total hardness 4 Iron a
= 3. - Chloride a Sulphate a
Specific conductance ( pS/cm at 25°C) 4?’ - 4 —— a
Colour
Colour o
Turbidity
DOMESTIC HOT WATER CYLINDER
% difforence in anion and cation meq/| 0.7
Ay Total dissolved solids b Chloride e
o P 5 L brcarbask fpe MIQ Cl/alkalinty ratio=&o/3 | O- oH a
,«M hard y m» MJI/‘ Bt yeas - neuird g, Aﬁﬂ'&fum USE | m
Skl i M,N WM"* Salinity class (C1—C4) | C& a
Mok el /wu- Sodum class (S1—4) | §/ -
Percent Sodium 34 .
Sodium adsorption ratio e . / a
Residual sodium carbonate kg~ & .
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e

TASMANIAN DEPARTMENT OF MINES

WATER ANALYSIS

ridde. AHT

Lab. reg. no. 0294-4
Surface sample ?

Groundwater sample? /£S5

Pojct ANYAL. HTPART G & CLUG

oo /PRI Faucwroys

Coortinates 5o OFos s &
sasdliomn

Date sampled: /2. /2.4 0
Sampled by: . Cramsr

Date andysed: 5. /. P/

Sampling condtions L7, Zhs Sore jushlba to 47w,

naived by: D’ - Alin s, Kuunlas fom

Landowner and address (if applicable)

st pumped ot £ 5 Ldiei fusm. ( b2 504 )
Fld chsoratlons S Taste
w 7P Temperature (°C) mnw o S000
Turbidity Preciptates Other
LABORATORY ~ANALYSIS Previous chemical analysis available? N
mg/| meg/| : % meq/| Date
Carbonate (C0,) NS/ Lab. ref. number
Bicarbonate (HCOy) bov QB4 | (/-0 | bxcteicogial amiis avaia! NoO
Chlride (C) wze (32-0 |73 | o
Sulphate (S0,) /20 |70 | 3.0 Lab. reg. number
Sikea (510 a7z | - HARDNESS SCALE
Caicium . (Total hardness as Caicium Carbonate)
) o |54916-/ & s
Magnesium (Wg) r20 |@-§6 /1.0 Nodwaly fard 1120
ion in soltion (Fe) <o/ - @ more than 180
Aluminiam (A) T I IONIC RATIOS
Potassium (K) .2 |dar o2 |aw= 0-5€ Gt 2.37
Sodium (Na) G6se (203 | T0-7 | Netot= 2:32 S0 = @2.07
Total dissolved saids (TDS) 2500 | )9.4 Moo= o P8 $i0,: total = . O/
PO R&o SUITABILITY
Temporary hardness as CaC0, 490 a=no problems, b = doubtful, ¢ = excessive
. #-q0 DOMESTIC  DRINKING
Other 70" Gracluchince rateo = 0-63 - o %) 4 (o |
Total hardness c. Iron a
: ific conductance ( pS/cm at 25°C _ZL‘? g = . 'd
::T ( pS/em ) oo e - G 4
Colour
Turbidity e
: e o 79 DOMESTIC HOT WATER CYLINDER
R o Total dissolved solids c Chloride C
/M o Cllorille ygpe Ltk very Clalalinty ratio= 2 4 | 4 o %
: o ‘ AGRICULTURAL  USE .
ant, Rl Ay e s R g gl e
&M[..? 'ﬂmﬁ-é{e o WMW iy po | Sy ciss ©1—CH) | ©4 C
& s ol CopS Sodium class (5154 | § 2 4
AL s e Percent Sodium s c_
Sodium adsorption ratie | /2 2. 1
Residual sodium carbonate (A" G
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b

b RH b
TASMANIAN DEPARTMENT OF MINES g §02898
WATER ANALYSIS Surface sample ?
Groundwater sample? VY
Poiect APVHL HOBPRT GAFE ceod Loation o’ CotulSe , fefivene. /2 K foe aver 1 * e .
Coortinates SHOT 75 4 £ Date sampled: 7. /7. §0 Date analysed: /9 /2 - 50
55" 51 o mN Sampld by:  Ao/. CAOMER, haysed by: Yt Klnyee , K Csserlen vl
Sampling conditions me&cmé‘ex-)’hw Landowner and address (if applicable)
Pbisgped at £S5 Lo (e’ (600 56 fime))
Fld ool Coow  Aear oor P2t S Tt SOphF
pH Eh Temperature (°C) m a5 ¢ < oo
Turbidity Precipitates Other
LABORATORY ANALYSIS Previous chemical analysis available? A0
mg/| meq/| L% meq/l | Date
Carbonate (CO,) Wil Lab. ref. number
Bicarbonste (HCOy 479 | 7.7 | /-6 | bactrcogial analysis avaiatie MO
Chloride (C) 72 (206 | 31 | Dbate
Sulphate (50,) o 2% |#4.% | 72 Lab. reg. number
Silica (510;) 2 HARDNESS SCALE
Soft 0—60 mg/l
Magnesium (Mg) B le7 Ly Moderately Hard 61— 120
121 —180
iron in solution (Fe) <o-/ @ more than 180
Aluminium () <o-2 IONIC RATIOS
Potassium (K) /2 2.3 |05 |camg= /-7 Ci total = 37
Sodium (Na) 720 | /4.4 |21.p |Meve= 022 80;: total = .07
Total dissolved solids (TDS) /930 | 662 N:Cl= O 70 5i0,: total= 2.2/3F
Permanent hardness a5 CaCO; sS40 SUITABILITY
Temporary hardness as CaCO, 3[,5' a=no problems, b = doubtful, ¢ = excessive
Akalnity as CaCO, 335 DOMESTIC  DRINKING
Other 7B . condnchpun Mtre = 2.5§F Totl — & " 2
Total hardness c Iron a
e : e Chloride < Sulphate 4
Specifc: conductance ( p$/cm at 25°C) 330 e c Magresum | &
Colour
Colowr a
Turbidity
DOMESTIC HOT WATER CYLINDER
% difference in anion and cation meq/] 0.0
T : ) Total dissolved solids - Chioride %
A mixed padun lidetidle — calivu iiahonsls C/akainty rato =/-9 | " &
2 . o AGRICULTURAL  USE :
fuppeander, f gl alinily, oy Kl avel eas cim Sutabit
dendint o - Uusuklcbl fo s WM«M#' Sainy clss (C1—CH) | L4 c
pusmned  On Al - Lrautsf l‘"yf"& Sodium class (S1—S4 | OS2 4
Sodium adsorption ratie | <f- 7 A
Residual sodium carbonate |7 / @
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e7ke

/X
TASMANIAN DEPARTMENT OF MINE
AS 5 $ Lb. reg. 0. JO2799
WATER ANALYSIS Surface sample ?
Groundwater sample? /&°f"
Poiet oYL HAUARY GRF kvl MAIMU Sinel it near 5% tee
Coordinates 5 4/075 m E Date sampled: 2 7. /- J0 Date analysed: /9-/2 - f0
N A
REpEn Sampied by: A/ - CoPutse” aied by: Lo Awes, AAuerz oy
Sampling condiions 774 by LC surillal Fo T THe aupt | Landowner and address (it appicae
Pusyeen at 53 Lids/buin (700 gulsfhas)
Fleld chanslens  Conur e Odow Sglk A2S e s/gh/
pH Eh Temperature (°C) m at 25° C) 2300
Turbidity Precipitates Other
LABORATORY ANALYSIS Previous chemical analysis available? Ne
m/l | mest | %met | Date
Carbonate (€O, N/ Lab. ref. nember
Bicarbonate (HCO,) 485 | 7-95 | /27 | Bacteriological analysis available? Ne
Chlorde (C) bse |/p-? |29.3 | Dae
Sulphate (S0,) 200 |FZ | 6-7 Lab. reg. number
Silica (Si0,) a9y — HARDNESS SCALE
Soft 0—60 mg/l
Magnesium (Mg) b |54+ | 9.4 Moderately Hard 61— 120
y 121—180
iron in souton (Fe) 29 |003 |00 mare than 180
Aluminium (A1) <o2 | - IONIC RATIOS
Potassium (K) /7 |@722 |05 |aw= £42 Ct total = -2
Sodium (Na) gos |s7.6 |23-2 |Mavu= 027 S0, otal = o-07
Total dissolved solids (TDS) /970 |62.5 N:Cl= .94 §i0,: total = &- &7/
Permanent hardness as CaCO; Fre SUITABILITY
Temporary hardness as CaCOy HSoo0 a=no problems, b =doubtful, ¢ = excessive
i . #00 DOMESTIC  DRINKING
Other 72X, Gmaluctonce ralio = 0. 62. - - P " |
Total hardness c Iron c
o 72 Chloride c Sulphate /1
Specific conductance ( pS/em at 25°C) q/20
Sodium F Magnesium 6
Colowr " =
Turbidity
DOMESTIC HOT WATER CYLINDER
% difference in anion and cation meq/1 -6
e h . Total dissolved solids é Chioride [
A mtxedd dodusn Cllire®e = Callius. Srcarbmek fgge | ciaainy mio=163 | o o a
- £ 2l - ik o uearunednd AGRICULTURAL  USE
pnidiz f bofh iy b e ” oo fver
DU Unsnltible ,@M,AAWM@ SRR, . - ”
WW‘M_A‘_‘"“M’. | sotum cioss 5154|252 V]
e At 1ot G5 High o Censloed Percent Sodium 56 4
Sodium adsorption rate | 4. 4 4
Residual sodium carbonate |4}/’ a
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A

TASMANIAN F MIN hiv RN /O
AS DEPARTMENT OF MINES e
WATER ANALYSIS Surface sample ?
Groundwater sample ? '/fr
Poit HoyAL HoDaRT Gone CLUE locaton A Jowun llete Coach ke
Coortinates 4 /75 a E Date samplet: /2+ /2., 80 Date analysed: 6+ 7,/
- ” .
Sanping conons F77Un SN ot ihotelld 10 52w Landowner and  adress i applcabe
sl ppumat ol af- 32 Ailrta [ (4'?”"9
Field observations ol 9‘! or Odour Taste
Mo F2 Eh Temperature (°C) mm an e 900
Turbidity Precipiates Other
LABORATORY ANALYSIS Previous chemical analysis available? Ao
mg/| meq/| D% meq/l | Date
Carbonate (CO,) V. 724 Lab. ref. number
Bicarbonate (HCO,) 430 |7-05 [32-2 | Bacterilogical anaysis avaiable? NO
Chioride (C1 gy | 2% | .4 Date
Sulphate (S0,) 46 |0.96 | 4.4 | b reg umber
Sillea (5i0;) 6 - HARDNESS SCALE
P i (Total hardness as Caicium Carbonate)
B i £ i Soft 0—60 mg/!
Magnesium (g) /4 | 105 | 57 Moderately Hard 61— 120
larg 121—180
iron in solution (Fe) 2044 - more than 180
Aluminium (A) <c.2| = IONIC RATIOS
Potassium (K) 7.8 e./0 |o.5 |tamg= $2 Ch total= 224 /8§
Sodium (Na) 74 7,12 /64" | Matl= .74 S0, total = o
Total dissolved solids (TDS) 420 |2/-9 N:Cl= /, 08 $i0,: total = 2,026
PO e o, T SUITABILITY
Temporary hardness as CaC0; K14 a=no problems, b = doubtful, ¢ = excessive
s s g50 DOMESTIC  DRINKING
0 , .
ther 721, Cousluncharee mép = 0. 74 tiag o 4 o (2 |
Total hardness d‘,c Iron B
oH
7-6 Chioride "y oo Y
Specific conductance ( pS/cm at 25°C) £3° . "
o Sodium b Magnesium a
TM Colour o
DOMESTIC HOT WATER CYLINDER
% difference in anion and cation meq/! 2
e 3 : Total dissolved solids 4  Chloride 4
4 aeved Calecn SHALb e ~ Aoblion Ch lordle Fgoe | vishainiy ninz0.23 | & H a
g o A gt wess - AGRICULTURAL  USE
st o e 4‘4#‘7‘. 1 very A i Sty
. Dbl foy Ay punl A sty cas ¢1—08 [ € a
upries. Sodium class (S1—84) (27 4
Percent Sodium 7.2 a
Sodum adsorpion ratio | /. & -3
Residual sodium carbonate | A/ 7/ a




Gt

red o,  ARAH IR
TASMANIAN DEPARTMENT OF MINES . g0, F0294E
WATER ANALYSIS Surface sample ?
Groundwater sanple? /&S
Poit ROy HAART GoxF cLup locton /. KBubld Lot prye Plamtadim
Coondinates 5‘4;;30‘- & Date samplet: . /2. fo Date analysed: & /+ &/
sR8° 5525 N "
= Sampied by: /. Comg e hnysed by: Do/ knved , Launttrto
Sampling conditons F2nuy @ 47 bt smafelal fo A -5 ne amat | Landowner and address (it applicable
et 04 25" A1 [uni. (330 Sph ) Kooty QypalFiuené
Fod observations g i Taste
oH Eh Temperature (°C) m ame 4%
Turbidity Precipitates Other
LABORATORY ANALYSIS Previous. chemical analysis available? N
mg/l meq/1 : % meq/| Date
Carbonate (C0,) Nt Lab. ref. number
Bicarbonate (HCO,) 750 | 574 |28-6 | Bacteriogical analysis avaiable? ~e
Choride (C) /50 | 423 210 | bt
Sulphate (50,) /8 |37 |1} Lh. g, e
,m (Si0,) 2e - HARDNESS SCALE
Gaeiom (G we | 549 P 5.3 M 5 S
Soft 0—60 mg/l
Magnesium (Mg) /3 707 |53 Moderately Hard  61—120
1 121—180
iron in soition (Fe <o.t| - more than 180
Aluminium (A} st - IONIC RATIOS
Potassium (K) /-5 ot o2 |awm= 543 Ck total = .2/
Sodium (Na) 75 |7.2€ |s6.2. |\awai=g. 76 S0, total = .02
Total dissolved solids (TDS) 820 |20/ N:Cl= @77 $i0,: total = 2. 23
Permanent hardness as CaC0; +37 SUITABILITY
Temporary hardness as CaCO; 285 a=no problems, b = doubtful, ¢ = excessive
. i, 288 DOMESTIC  DRINKING
0 . 0.6
the 7D Grwdhucttnct ratio = a.éq - e Lo P" 2 |
Total hardness . Iron a
oH 3
Specific conductance ( pS/cm at 25°C] g o _ " ..
tm at 25°
- : gow Sodium 4 Magnesium @
Colour
Colour a
Turbidity
DOMESTIC HOT WATER CYLINDER
% difference in anion and cation meq/| A7
< Total dissolved solids 4 Chioride é
,’u.ﬂéu’ aﬁ’: I- ‘Eﬂb&“‘?‘%ﬁ’aﬁ;cﬁdiﬂﬂk Cl/abkalinity ratio= .52 | @ pH a
1 &ty " AGRICULTURAL  USE
oo under 4;:@/@&«41;{ wym o Heas o brer
newtink s . Ridihle oo by avel w5t oty ciass C1—C4) | C 7 4
agn culhunml m . Sodium class (S1 —S4) i 7 4 (-5
Percent Sodium 3] a
Sodium adsorption ratio | /. B a
Residual sodium carbonate | A"/ a

3-008



79/‘96

TASMANIAN DEPARTMENT OF MINES
WATER ANALYSIS

Feld No. RH /E

Lab. reg. 0. £ O2900

Surface sample ?

Groundwater sample? ¥'&.S

Project  LOYAL AHOOBART GAF CHRSE

Lation Sov m NNE of Souk 3 -Landt Dept. papely -

Cootinates SHEDboe m &
52560325 MmN

Date sampled: 7. 7%/ . £
Sampled by: £V, Crometr

Date analysed: /@./2 - &0

hnalysed by: L. ywes, Lgumces i

Samping condtons Fammy Spedr B¢ swrllsl Ao A--Tm due

Punoed 4t g Lt s (§o3pA)

Landowner and address (if applicable)

Field observations Gilsin o Taste
Specific conductance
pH Eh Temperature (°C) (pS/cm at 25° C) _?000
Tubdty  4/p4 Precpitates Other
. LABORATORY ANALYSIS Previous chemical analysis available? Ve
mg/| meg/| 1 % meq/l | Date
Carbonate (C0,) Y74 Lab. ref. number
Bicarbonate (HCO;) 635 | /-2 |/7.0 | baterilogical analysis available? No
Chloride (CI) 7/0 |A0-0 |30-4 | Date
Suphate ($0,) 8 | /€ | 2/ | Lsb reg number
Sika (510, 2¢ | - HARDNESS SCALE
o PEETAL y oy
Magnesium (M) . . Hd 61—
54 |44 |67 Moderately lg}_ig
iron in sokution (Fe) <./ | — @ more than 180
Aluminium (A) <02 | - IONIC RATIOS
occaszsbui 72 o/ |23 |ww= 0-92 Ct total= O-30
Sodium (Na) 560 24.4 |27/ Na: total = 0-37 50,: total = @-O2
Total dissolved solids (TDS) /850 |65.7 Na:Cl= /-2 5i0,: total = . /3
Pormanent hardness 25 CaCOy il SUITABILITY
Temporary hardness as CaC0, 428 a=no problems, b= doubtful, ¢ = excessive
Niaiity a3 CaCOy S6o DOMESTIC  DRINKING
Oth s - i
o TDS . Gaduclinte. o = 0-55 G o x o a
Total hardness Fd Iron a
PH 7 Chioride & Sulphate P
conductance ( pS/cm at 25°C
Specific (pS/em ) 3250 — % 5
Colour e | & |
Colour a
Turbidity
DOMESTIC HOT WATER CYLINDER
% difference in anion and cation meq/! 2.77
= Total dissolved solids & Chioride
A Mﬁ% ot clilr Apﬁd-lé; Clfalkaliity ratio /-7 | @ o

4 lyf{ MJy,wy baxt 2k a ueas —nandnd P,

Unsuidible For Amdad , sulbiks for
P340 P AitH ypned Spuddsy Sty auet Jalt

olrnd rapas-

AGRICULTURAL  USE
Value

Salinity class (C1—C4) | £
Sodium class (S1—S4) | S P-RL
Percent Sodium T4
Sodium adsorption rato | //-§
Residual sodium carbonate |27

(\b\hnnﬁg 5\1\
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Wz

TASMANIAN DEPARTMENT OF MINES
WATER ANALYSIS

Field No.

RN 15

Lab. reg. no.

Fo219 47

Surface

sample ?

Groundwater sample? &&(

Poict oA HAARY" Go~F Civl

ocatin /4 LAuss Byof pome ol fadion

Cootinstes 5 /75" E

Date sampled: ?-/2- aa
F255223a N

Sampled by: A/ . Crmitr

Date analysed: £ /. £/
haiysed by: e+ Atymes ; Loanirarn

Sampling conditions Fwwéﬁtlb’w v 4 Sun

Landowner and address (if applicable)

ausl prrmmdl o 3 6 ddois fmii (400 §04) Lauds Qparpment
Fied chservations , Odowr Taste
ific conductance
o Eh Temperature (°C) m an g /HO0
Turbidty Precipitates Other
LABORATORY ANALYSIS Previous chemical analysis available? o
mg/| meq/| L% meq/| Date
Carbonate (CO,) VA Lab. ref. number
Bicarbonate (HCO,) 445 | 7.30 |/9-2 Bacteriological - analysis available? NO
Chloride (C1) 435 |72-7 |32-2 Date
Sulphate (S0,) 7 e/ | o4 Lab. reg. number
Sika (510;) 72 1 « HARDNESS SCALE
(Total hardness as Calcium Carbonate)
Calclum (Ca
( :.,, /e |7.98 |20.9 = 43 i
Magnesium : Moderately —120
24 (97 |52 ' 13-130
iron in solution (Fe) e more than 180
Aluminium (Al) <O-2. IONIC RATIOS
Potassium (K) 59 |0.75 ot |Cawg= 4.05 Chtotal= &2-F2
-~ 7ge | p-27 |17 |Mewh= 0.22 S0 ol = 7, o @<F
Total dissolved solids (TDS) 772|382/ N Cl= 0. 67 $i0,: botal = 2.0 2+
Permanent hardness as CaCO, /38 SUITABILITY
Temporary hardness as CaC0y 348" a=no problems, b= doubtful, ¢ = excessive
Alkalnity as CaCOy ¢ DOMESTIC ~ DRINKING
Other <700+ Crronttante rofio =4. 69 - -— e DH I |
Total hardness c. Iron a
Specific conductance ( pS/cm at 25°C) /7ee b ‘ " .y
Colour Sl =
T
e DOMESTIC HOT WATER CYLINDER
% difference in anion and cation meq/| 2.£
S Total dissolved solids é Chioride c
Anixed gl llonde ~cateun. breabals fype | Ointymioz/2 | a oH a
~ dugi w7 AGRICULTURAL  USE
wnby 7 hatinl Ayl ey ety Aot ol - Suabity
Myﬁ, M//K.MK,M 5’%&7 Salinty class (C1—C4) | C P 4
bt pkadle (o é;ﬂW PPN . Sodum class (51—84) | §*/ a
Percent Sodium 445 a
Sodium adsorption ratio | 3. 7 a
Residual sodium carbonate | A7, / a
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TASMANIAN DEPARTMENT OF MINES T 201- T!_P
WATER ANALYSIS Surface sample ?
Groundwater sample? (5 S
mict Loydc. HABART Goné CLUG Gatee LZugty Dok, Dby Use Ao /
Coordinates §'F /7 SOan & Date sampled: /0. 7 2. £0 Date analysed: & /. '/
- N .
525 FGoe m Sampled by: 4/ G ar” hatysed by: Lgod . Adywéd, Lanancay Ao
mmsmau 5‘","‘%/’5—” P Landowner and address (if applicable)
Plungptdl st 54 Lrtpéy fuuin (720604 ) Lowels Qyoasfimts
Fied obseratons e Toste
 Ted £h Temperatre (*C) OSmn ey SHO
Turbidity Precipitates Other
LABORATORY ANALYSIS Previous chemical analysis available? /Vt?
mg/| mea/l | %meqd | Date
Carbonate (CO,) Wi/ Lab. ref. number
Bicarbonate (HCO,) 28 | 572 36 -0 | Bacterological analysis avalabe? AC
Chloride (CI) 2¢ |R-00 |/3.5 | Date
Sulphate (S0,) 74 0.37 |A-% Lab. reg. number
Silica (5i0,) ¢ i - HARDNESS SCALE
Calcium (Ca) h 29 (Total hardness as Calcium Carbonate)
YL Bk oo 1—0 ng
Magnesium (Mg) /2 |e-99|6-7 Moderately Hard lgi—m
Iron in solution (Fe) 2ot = more than 180
Aluminium (A) <02| - IONIC RATIOS
Potassium (K) 26 | 009 |06 |cam=- 2.42 Gk total= @, 7L
Sodium (Na) o |2.-& |r7.6|Mavti= 9./3 S0;: total = 2.3
Total dissolved solids (TDS) q420 /4.8 Ne:Cl= £ 3/ $i0,: total = .2
Permanent hardness as CaC0, Nl SUITABILITY
Temporary hardness as CaC0y 20 a=no problems, b = doubtful, c = excessive
Nealakty a5 CaCO, 265 DOMESTIC ~ DRINKING
Oth . aillis
o TOS. ambuchancs rofio= 0 +6) AR A p“ |
Total hardness j-c Iron a
oH L
Z % | Chiorice a Sulphate a
Specific conductance ( yS/cm at 25°C) 7o
Sodium 6 Magnesium &
Colour
Colour a
Turbidity
DOMESTIC HOT WATER CYLINDER
% difference in anion and cation meq/1 &£ .2
i . £ Total dissolved solids a Chioride £
A mixed caliv SpcaSlonals -1 vt Cllnitre Aﬂc Gl o027 | & = L
- g e 5—}, rey W, fW AGRI:::IHL;TURAL USE (-.5 i
Hewlral WA . Hilabit ,&z,om}éu'\; o agvecabfoat Salny cass (€1 —0) | €2 a
i Sodium class (51—84) | S/ a
Percent Sodium - a
Sodium adsorption rato | /. % a
Residual sodium carbonate |&. @ J -
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TASMANIAN DEPARTMENT OF MINES . gm 02907
WATER ANALYSIS Surtace sample ?
Groundwater sample? Y&
ot Ayl HABART CarF CLUB Watin & Caty iyl praptify
S4/000 mé&
Co-ordinates Date sampled: 24 .7/ §o Date anslysed: /.72 §O
5 5/00 m N 7 _
Sampld by: [/, Coompe - Analysed by: Lo dfphes , Kusageotinn
ﬁm*lwuhmulgitvdyluffbl miRLlbK fo A b ama uMmmwumaHnnJFu#hﬂﬂ ; .
P ot /.5 Lty flun (20974 ) G Carmats, Actom Vitw " Sevtn irte Rench -
Fiod observatons Odowr Taste
conductance
pH Eh Temperature (°C) m an g /999
Turbidity Precipitates Other
LABORATORY ANALYSIS Previous chemical analysis available? Ne
mg/| meq/l | % meq/l | Date
Carbonate (CO,) M;/ Lab. ref. number
Bicarbonate (HCO,) /(065 | /77 |7-5 Bacteriological analysis avalable? No
Chioride (C1) 3250 |9r.7 |39/ Date
Sulphate (S0,) Joo |42 |16 Lab. reg. number
Sila (5i0,) 76 £ HARDNESS SCALE
Calcium (Ca) /70 5‘5 3- ‘ (Total hardness as Calcium Carbonate)
Soft 0—60 mg/!
Magnesium (Mg) 360 29-6 |/2-6 Moderately Hard 51—1‘2’0
121 —180
iron in solution (Fe) TR @ more than 180
Aluminium (A1) S - IONIC RATIOS
Potassium (K) 29 |o74 |»3 CuMg= 2-29 Ct total = 2-3G
Sodium (Na) /850 |s25 |34-2 Na: total = 2. 9. S0, total = 2.03
Total dissolved solids (TDS) £5sbo |2347 NeCi= 2. 88 $i0,: total = - PP
PN i . 0% /230 SUITABILITY
Temporary hardness as CaC0, 875 a=no problems, b= doubttul, ¢ = excessive
Alkalinity as CaCO; 275 DOMESTIC  DRINKING
Other 7¢ : crmdluclonce rfio = p. 63 mﬂ - = o 2 |
Total hardness P Iron a
W. 7.6 Chioride - Sulphae -
Specific conductance ( S/cm at 25°C) Y AT d o . — -
Colour m ~
Turbidity
DOMESTIC HOT WATER CYLINDER
% difference in anion and cation meq/| 16
Sk Total dissolved solids < Chioride c
/MWW&;‘M i oo A > -
) e : y pH. AGRICULTURAL  USE i
o liugl palmils. wry hiam avar f"df”é' atlsluty Value ab.ore
W&M duer _upuiile by Salinty class (C1—C4) | € 4 ¢
g fWW'M""m Stk Sodum class 51—S4) | §4 c
b5 Percent Sodium -9 4 C
* : Y Sodium adsorption ratie |/ et c
Residual sodium carbonate | A/ a
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TASMANIAN DEPARTMENT OF MINES
WATER ANALYSIS

e, AH26
Lab. reg. no. ?QZfﬂL
Surface sample ?
Groundwater sample? YEY

Poect KOYHL  poBAaT GorF CLug

Wastin 5. Capmnbys prapecty

Cootioates 577 Fov s €
sasS2som N

Date sampled: 24 . /7. Por
Sampled by: &, Crrme -

Date analysed: /972 - &0
nsysed by: Bgg. Aesues ) KbsannCtr tonn

Sampling conditions (7t pmea, byre surfallin Yo 4-En dmal

Plaped at [ Litres [tusi ((PoGph)

Landowner and address (if applicable)

G-Qvlw, M Views ", ot ll/'é beack

Field observations ol M MW Odour Taste
conductance
pH Eh Temperature (°C) m axn g /1 booo
Tubidty 4794 Precipitates Other
LABORATORY ANALYSIS Previous chemical analysis available? W0
m/l | meast | %meen | Date
Carbonate (CO,) Nl Lab. ref. number
Bicarbonate (HCO;) FPbo | /£.7 |35 Bacteriological analysis available? Al
Chioride (CI) 250 | /76 |43.7 | bate
Suiphate (50,) 78 |7 2.7 Lab. reg. number
Sikca (510,) a7 - HARDNESS SCALE
e AT, RS
Magnesium (M) Poo |65-% |76-3 S
iron in salution (Fe) <o-/ @ . more than 180
Aluminium (Al) <o.2 IONIC RATIOS
Potassium (K) /9 |o#9 |2/ |awm= 0.2/ Ct total = & <
Sodium (Na) 2650 |w5 |28-6 |Metwual=0.26 $0;; total = 2-03
Total dissolved solids (TDS) Hroe (403 N:Cl= .65 §i0,: total = . PO
Pormumet Noninem 5. G400, 3825 SUITABILITY
Temporary hardness as CaCO; 7os a=no problems, b= doubtful, ¢ = excessive
- y. 42 DOMESTIC  DRINKING
0th : » =0
o 7DS: smauctonte padio = 0. 62 i ot = o 2|
Total hardness c Iron a
e . Z- % | chorg ¢ Sulpate c
Specific conductance ( pS/cm at 25°C) /Fooo —— c —— =
Colour =
Colour s
Turbidity
DOMESTIC HOT WATER CYLINDER
% difference in anion and cation meq/l o-3
Total dissolved solids ¢ Chloride &
l . dM ",’bM '7 = ’.9AGRICCU. TURA! USE - -
: LTURAL
/‘”7 ,‘ﬂ M bﬁ? M/¢ IWM Value ?:'bl?:rmg
W ' WW““V/M Stock Salinty class (C1—C4) | C 4 <
M‘?’ . Sodium class (S1—84) | S <
Percent Sodium 57 1
Sodium adsorption ratie | /75 s
Residual sodium carbonate | A/7/” a
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TASMANIAN DEPARTMENT OF MINES ik  KFZT
Lab. reg. no. {0 2907
WATER ANALYSIS Surface sample ?
Groundwater sample? %55
ot ROYAL HOBART Grf Civd bcstn & Caprunats prmodis
s40/75 % & Date sampled: A7, 77. J0 . /9.2 B0
e sampled: £ 7. /7. ] Date analysed: /- /. .f
Sampled by: £/, Cowmer alysed by: Ly Arws , KLt
Sampling condtons /Tome ppese bare.  Motiblin fo 4 -Bim aud Landowner and address it applicable)
Hiupes C.C'am;lf", “Metm VM:M duke Back.
Fild obsenvtions —_ Taste
conductance
o Eh Temperature (°C) nm g 5000
Turbidity Precipitates Other
LABORATORY ANALYSIS Previous chemical analysis available? Ao
el | mean | %mean | Dat
Carbonate (CO,) . 714 Lab. ref. number
Bicarbonate (HCO,) 700 |45 |/2:3 Bacteriological analysis available? A0
Chioride (C1) Moo |3(e (333 Date
Sulphate (S0,) 2 (7 | /2 Lab. reg. number
Silica (510;) 22 - HARDNESS SCALE
Calcium (Ca) /325 ‘74 72 (Total hardness as Calcium Carbonate)
Soft 0—60 mg/!
i 9+ |7.77 | P73 Moderately Hard lgi_}g
Iron in solution (Fe) FE C%E mare than 180
Aluminium (A) <0:d | - IONIC RATIOS
Potassium (K) /2 o |e-3 CxMg= 27 Ct total = +73
Sodun (o) 785 |74.2 |77 |Mavu=0.37 S0 ot = 5.0
Total dissolved solids (TDS) 2690 |93.2. Na:Cl= /.70 $i0,: total =2. 028
Mo s s S, /50 SUITABILITY
Temporary hardness as CaC0y §75 a=no problems, b= doubtful, ¢ = excessive
i s 575 DOMESTIC  DRINKING
Oths . = o o
& 7DS conAnihome A7 = OS54 g e ) o [ =]
Total hardness = Iron a
:muum(s/ at 25°C) 7.?'0 Y _ o $
m L)
= : 4? Sodium c Magnesium V1
Colour a
Turbidity
DOMESTIC HOT WATER CYLINDER
% difference in anion and cation meq/! 57
Total dissolved solids C Chioride A
7 - 4; ; cldrely Aﬂ,‘/‘;:f;/ Cl/alkalinty ratio =2. 4 | @ pH a
g .. bt AGRICULTURAL  USE
ﬁ.}[ bl ; sy kbW BN gk e pan
’ & e et ‘ W Salinty css (C1—C4) | C 4 | 4
S"l'é' Sodium class (51—54) | S
pedymes | bccepl o AU Byaitd T % gy ~ :
avt Jlt ~Asleront P - =
Sodium adsorption ratie  |/.2. 7 A
Residual sodium carbonate | A/ 7 a
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TASMANIAN DEPARTMENT OF MINES b F0290%
WATER ANALYSIS Surtace sample ?
Groundwater sample? 4/£°S
Project YL HATART GoiF C&o8  Location G . Carimtty ¢ Pty
Coodinates S 000 wif Date sampled: L 7.7/ 80 Date analysed: /92 - §2
5575 mN Sampled by: A/.Canwe” Analysed by: MM&&,W
Samping condtons S, _pea, Sove Abitbleot /o S he Buat Landowner and address (i applicable)
plugptct ab < 1.5 Ly foueis (< 20974 8. Currinatiy, Reton Vit dsts, Ltrte Bk .
Fod obseratons — Taste
conductance
oH Eh Temperature (*C) m 250 ) A70°
Turbidity Precipitates Other
LABORATORY ANALYSIS Previous chemical analysis available? Ne
m/l | met | %meyt | Date
Carbonate (C0,) Nl Lab. ref. number
B gty wo | /8¢ |31 | acterchgeal anayss avaiabie? ~o
Chloride (C1) o |23.7 |4e-9 Date
Sulphate (S0,) 74 | /5% |27 Lab. reg. number
Sllica (Si0,) 27 - HARDNESS SCALE
(Total hardness as Calcium Carbonate)
Calcium (Ca) e |549 |97 = 0—60 mg/
Magnesium (Mg) 4 559 |99 Hard lg: ig
iron in solution (Fe) o | - more than 180
Aluminium (Al <02 | IONIC RATIOS
Potassium (K) /4 |03 |06 |cuwmg= 0.9F |t ota= 2./
Sodium (M) 4% |37 |33-0 |Matu-g.33 $0;: o= 907
Total dissolved solids (TDS) /354 56," NaCl= &8/ §i0,: total = 2-@/
Permanent hardness s CaC0; 465 SUITABILITY
Temporary hardness as CaC0, 9/ a=no problems, b = doubtful, ¢ = excessive
Mty 5 Ca00, g7 DOMESTIC  DRINKING
Other 725 : Comaduchama ratio =0.5§ Total dssold sollds i pH a
Total hardness c Iron o
pH ‘ 63 Chioride < Sulphate ]
Specific conductance ( pS/cm at 25°C) oo — < Bgien | 4
- Colour a
.
< DOMESTIC HOT WATER CYLINDER
% difference in anion and cation meq/! 5.5
P Total dissolved solids & Chioride C
: . i Cl/alkalinity ratio =
7 preninandly Do Lloride Tppe ionfa e 218 « s
% L = AGRICULTURAL  USE -
4 M"MJ iy baid, XK @ e uewfred Value v
ok L Gl il di Jul gtk v : Salinity class (C1—C4) | o4 c
i ’ g .’. / :: class (51 —$4) fZ—SJ 3
a Sodium 1 C
ust et = frla ! Sodium adsorption ratic | <. & a
Residual sodium carbonate |7 / a
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FdNo. AH2Q
TASMANIAN DEPARTMENT OF MINES b g §0TF0f
WATER ANALYSIS Surface sample ?
Groundwater sample? £S5
ot RA.  HBHLT GobF Cicl Lt . Carmatyi prmimy
Coordinates 3‘4?35?&5 Date sampled: 2777+ 3O Date analysed: /- /2 « 8O
SArb20mMN '
Sampled by: /. Giptuey Analysed by: MMNJ,M
Smmﬁ”“mm,"w;‘ 5 e st Landowner and address (if applicable)
. & - @ ‘
ged &b [P Lbres o (220 54) G .Casrmati | Hebom Wew , Jorun Attte Seach
old obanatons L e . Tk
Specific conductance
pH Eh Temperature (°C) (pS/em at 25° C)
Turbidity Pracipitates Other
LABORATORY ANALYSIS Previous chemical analysis available? N
m/l | mean | %meqs | Date
Carbonate (CO,) y 24 Lab. ref. number
Bicarbonate (HCO;) 775 | 615 | @-9 | Buceidogial analysis avaiable? »0
Chioride (C1) 775 |2r.9 |35¢ | e
Sulphate (S0,) S0 | ro¥ | /7 Lah. rog. swmbor
silca (510, ?? e HARDNESS SCALE
5 (Total hardness as Cacium Carbonate)
Calcum (c-:m us | s7# | g2 & i
Sp— 72 _|592 |94 Moderately Hard lgizig
iron in solution (Fe) <ot | - @ more than 180
Aluminium (Al) <02 - IONIC RATIOS
Potassium (K) p5 |03 0.4 |cam=- 0.97 Ct total= O - 75
Salin O 450 |20-9 |73-§ |Mtwu=g.74 S0 total= .02
Total dissolved solids (TDS) /840 | 619 N:Cl= 245 $i0,: total = 2- 22
Pommnt biskeens o5 €400, a7e SUITABILITY
Temporary hardness as CaC0y 30 a=no problems, b = doubtful, ¢ = excessive
oo, 370 DOMESTIC  DRINKING
Other 75 - Grnluchanie mfe = 055 - s : - e |
Total hardness C Iron &
w 5'5- Chloride A sm &
Specific conductance ( pS/em at 25°C) 350 s o !5
Colour e e e
Turbidity
DOMESTIC HOT WATER CYLINDER
% difference in anion and cation meq/I &0
Remarks X Total dissolved solids L Chloride c_—
: - { ; : : ! e— m’ :2'
7, — Af'& . 7 . = rAGﬂ:ULTURAL USE - =
g Al ; ety ity aw' lighH At . Value Obord
oy - 5 Salnty class (C1—C4) | ¢ 4 &
Uupisboble (v d/'"é’f /“‘/Eﬂ? Bpruuthind Sacmail |y 4
Jisporss v LU Drrisid pasnsly pels dd Porcnt Sodium 65 c
Lo st Coaps Sodium adsorption ratie | §- 7 V]
Residual sodium carbonate | A/ / a
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APPENDIX 4

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

ADVANTAGES OF USING SPEAR BORES

Any one 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

(¢) 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 agquifer, including the grain sgize and uni-
formity of its constituent grains and its resultant permeability

(c) the cost of the screen
(d} the desired yield of each spear
CALCULATICN OF OPTIMUM SCREEN LENGTH AND SIOT SIZE

In Figure 9 (a), (b) and (c} are plotted the grain size distribution
of sand samples at gelected 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 Dgp) size.
Another index used is the effective grain size (Dgg) - the sieve
size that retains 90% of the sample

(b} the sorting of the material, described either by the uniformity
coefficient Dyg/Dgg, or the sorting coefficient, VD,5/D75. 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 coarsexr
or finer ends respectively.

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

Taple 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,.5-6.8
Median size

(Dgg) mm 0.16 0.13 0.15 0.14 0.12
Effective size

(Dgp) mm 0.13 0.09 0.10¢ 0.09 0.07
Dy /D 1.23 1.56 1.50 1.61 2.0
¥Dos5/D75g 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 (1968, p.18) for sand with a median diameter (Dgp) of 0.14 mm,
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similar to the Seven Mile Beach agquifer.

This information can be used to calculate the most suitable screen
length for the aguifer, 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 agquifer 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 agquifer. 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, S0 increasing yield and
promoting uniform water flow. The proper selection c¢f a gravel pack size
is important, and is based on the grain size curves of the agquifer. A
recommended method is to multiply the Dyg size of the aguifer material by

a factor between 4 and & (for fine uniform aquifers). This becomes the

D7y 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
angqular medium-coarse sand) is represented by the heavy line. It has a
median diameter (Dsg) 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 aguifer at the Golf Club.

According to Heath and Trainer (1968, p.18), 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 Dgg 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 aguifer 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:

2

(a) (V)

length of screen, in metres

pumping rate, in m3/min

effective open area, in m“ per metre of screen
optimum screen entrance velocity, in m/min

S =

where 8

I

2

< H O
It
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For the Golf Club aquifer,

desired Q = 38 1/min (500 gal/hr) = 0.038 m>/min

A = 0.027 mz/m. For 0.50 mm slot, 50 mm diameter screen
Vv = 0.9-1.2 m/min
From which
S =1.1 to 1.0 m, depending on the value chosen for v. If

an average value for V is gselected,

S =1.35m (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 commercially 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 I/min/spear, each screen 50 mm 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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Figure 8. Diagrammatic sketch of recommended spear bore installation and
screen specifications for Seven Mile Beach agquifer.
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