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� Table 3 - Groundwater Observation Bore Summary 

GDA94 Co-ordinates Screen Monitoring Record 
Bore Id 

Easting Northing

Location 
Description 

Depth 
(m)

To From

Screened 
Formation 

From To
Comments

G8010294/0
1

364,745.
4 5,861,611 

Devlin Bridge 
Melba Hwy 

36 0 36 Shale Feb 2005 May 
2007 

G8010291/0
1

364,383.
5 5,873,578 

Yea River 
Melba Hwy 
North of 
Murrindindi

5 0 5 Sand Feb 2005 May 
2007 

144711 358,264.
3 5,881,014 ~ 1 km north 

west of Yea 9.6 4 8.5 Sand 9/10/2001  Only one water level measurement 
taken.

144709 357,241.
3 5,881,206 ~ 1 km north 

west of Yea 16 Unknown Unknow
n

Silty clay & 
gravel 9/10/2001  Only one water level measurement 

taken.

144708 357,409.
3 5,881,421 ~ 1 km north 

west of Yea 16 Unknown Unknow
n

Silty clay & 
gravel 9/10/2001  Only one water level measurement 

taken.

144710 358,069.
3 5,881,189 ~ 1 km north 

west of Yea 16 Unknown Unknow
n

Silty clay & 
gravel 9/10/2001  Only one water level measurement 

taken.
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hydrograph suggests a declining trend of about 0.1m
/y.  The reason for this trend, and w

hether it 
relates to local or regional hydrogeological or clim

atic conditions, is unknow
n. 

4.4.4 
G

roundw
ater Flow

 

4.4.4.1 
Flow

 System
s, R

echarge and D
ischarge 

Three prim
ary groundw

ater flow
 system

s exist: 

�
A

lluvial/colluvial system
s in w

hich groundw
ater is restricted to unconsolidated sedim

ents 
contained w

ithin w
ell defined river valleys and in w

hich groundw
ater flow

 is predom
inantly 

dow
n-gradient as through-flow

 w
ithin the confines of the valleys (generally northw

ards north 
of the G

reat D
ividing R

ange and southw
ards to the south of the R

ange) 

�
B

edrock fracture system
s in w

hich groundw
ater flow

s through interconnected fracture system
s 

w
hich are predom

inantly oriented north-w
est / south-east in line w

ith regional structural 
features and w

hich m
ay or m

ay not be hydraulically connected w
ith the alluvial/colluvial 

aquifers

�
R

egolith aquifers w
hich occur w

here bedrock has been extensively w
eathered and is saturated, 

groundw
ater flow

 is predom
inantly dow

n-gradient under the influence of gravity and the w
ater 

table is a subdued reflection of topography. 

A
ll three aquifer system

s are principally recharged by infiltrating precipitation.  The alluvial / 
colluvial aquifers are also likely to receive recharge from

 the regolith aquifer and m
ay or m

ay not 
receive recharge from

 the fractured rock aquifers.  R
echarge rates are unknow

n. 

4.4.5 
G

roundw
ater U

se 
The G

M
S database w

as exam
ined to determ

ine groundw
ater use w

ithin the pipeline option 
corridors.  A

 sum
m

ary of findings is provided in Table 4. 

�
Table 4 - G

roundw
ater U

se 

N
um

ber of B
ores / A

quifer 

U
se C

ategory 
Q

uaternary 
sedim

ents 
D

evonian 
G

ranite
Silurian – 
D

evonian 
B

asem
ent 

Total 

D
om

estic / S
tock 

2 
2 

75 
79 

Irrigation 
1 

0 
12 

13 
C

om
m

ercial / Industrial 
2 

0 
3 

5 
N

ot Know
n 

5 
0 

2 
17 

O
bservation 

5 
0 

1 
6 

Total 
15 

2 
93 

120 
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4.4.5.1 
G

roundw
ater R

esources / M
anagem

ent 
D

SE has recognised areas of intensive groundw
ater use throughout V

ictoria.  These areas have 
been defined as G

roundw
ater M

anagem
ent A

reas (G
M

A
) for resource m

anagem
ent purposes.  

D
epending upon the am

ount of groundw
ater licensed allocations in an area; the M

inister m
ay 

declare a W
ater Supply Protection A

rea (W
SPA

) to enable tighter m
anagem

ent of groundw
ater 

resources.

The pipeline option corridors cross the K
inglake G

M
A

 in the vicinity of M
ountain C

reek 1,000m
 

w
est of the M

elba H
ighw

ay, w
hich is w

ithin the pipeline option corridors.  The rem
ainder of the 

corridors fall outside of recognised groundw
ater m

anagem
ent areas and are described as being 

‘unincorporated’.   

4.4.6 
A

quifer Properties 

4.4.6.1 
B

ore Yields 
B

ore yields in the fractured Silurian – D
evonian basem

ent aquifer are highly variable.  Table 5 
sum

m
arises bore yields from

 the underlying aquifers.  It should be noted that m
ost bores are stock / 

dom
estic and not necessarily constructed as high yielding production bores. 

�
Table 5 - Sum

m
ary of B

ore Yields 

A
quifer 

Yield

Q
uaternary sedim

ents 
N

o Inform
ation 

D
evonian G

ranite 
N

o inform
ation 

S
ilurian – D

evonian B
asem

ent 
0.1 to 5.7 L/sec 

4.4.7 
G

roundw
ater Q

uality 

4.4.7.1 
C

lassification of G
roundw

ater 
The G

roundw
ater SEPP (1988) provides that groundw

ater is categorised into segm
ents on the basis 

of its intrinsic salinity, w
ith each segm

ent having a particular identified beneficial use.  The 
segm

ents and their associated beneficial uses are sum
m

arised in Table 6. 

�
Table 6 - B

eneficial U
se Segm

ents 

Segm
ent (m

g/L TD
S) 

A
1 

A
2 

B
C

D
U

se

0 – 500 
501 – 1,000 

1,001 – 3,501 
3,501 – 13,000 

>13,000 

M
aintenance of E

cosystem
s 

�
�

�
�

�

P
otable W

ater  
 

 
 

 
 

D
esirable 

�
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Segm
ent (m

g/L TD
S) 

A
cceptable 

 
�

 
 

 
P

otable M
ineral W

ater 
Supply 

�
�

�

A
griculture, parks and 

gardens 
�

�
�

S
tock W

atering 
�

�
�

�

Industrial w
ater use 

�
�

�
�

�

P
rim

ary contact recreation 
(e.g. sw

im
m

ing / bathing) 
�

�
�

�

B
uildings and structures 

�
�

�
�

�

N
ote: TD

S
 – Total D

issolved S
olids (m

g/L) 

4.4.7.2 
G

roundw
ater Salinity 

The groundw
ater salinity w

ithin the pipeline option corridors has been determ
ined from

 
inform

ation obtained from
 the G

M
S.  The salinities have been used to generate a groundw

ater 
beneficial use m

ap using the groundw
ater classifications presented in Section 4.4.7.1.  The 

groundw
ater beneficial use m

ap is presented in Figure 6. 

G
roundw

ater is variable in the Silurian-D
evonian fractured rock aquifer, varying from

 m
ore than 

5,000 to less than 100 m
g/L TD

S.  G
enerally good quality groundw

ater is found in the alluvial 
aquifers, w

here salinity is generally less than 500 m
g/L TD

S.  The highest salinity groundw
aters 

are found south of the G
reat D

ividing R
ange, w

here values of betw
een 3,000 to 5,000 m

g/L TD
S 

are recorded. 

4.4.7.3 
O

ther A
nalytes 

Lim
ited groundw

ater chem
istry data is available in the G

M
S.  A

vailable data is provided in and 
sum

m
arised below

 in Table 7, w
hich indicates that significant variability in chem

istry occurs 
throughout the study area. 

�
Table 7 - Sum

m
ary of G

roundw
ater C

hem
istry 

A
nalyte 

TD
S

pH

Chloride

Bicarbonate 

Sulphae  

Nitrate

Calcium

Magnesium  

Sodium

Potassium 

Total Iron 

M
edian 

558.6 
7.62 

140.0 
231.7 

13.0 
0.2 

16.0 
32.0 

98.0 
5.0 

6.0 
ST D

ev 
1,008.0 

0.58 
5190 

308.0 
24.4 

2.1 
37.9 

52.9 
245.0 

6.6 
7.6 

N
ote: A

ll concentrations in m
g/L except pH

 (pH
 units). 
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5. 
A

ssessm
ent of Potential Im

pacts 

5.1 
C

onceptual H
ydrogeological M

odels 
B

ased on the above inform
ation, three conceptual hydrogeological m

odels have been form
ulated 

for the anticipated hydrogeological conditions w
ithin the pipeline option corridors.  The 

hydrogeological m
odels m

ay occur individually or in com
bination w

ith each other and are 
described below

.  These m
odels w

ill need to be review
ed after the field investigations to confirm

 
their significance and refine the assum

ptions m
ade. 

5.1.1 
M

odel 1: B
edrock A

quifer 
D

escription

This m
odel represents conditions w

here the pipeline w
ill be traversing the Silurian – D

evonian 
bedrock.  The conceptual m

odel is show
n in Figure 7, w

hich indicates three prim
ary form

s - 
undulating surface, relatively steep topography, and natural depressions. 

A
n aquifer is form

ed in bedrock w
here groundw

ater is principally stored and transm
itted in the 

fractures, joints and other discontinuities w
ithin the rock m

ass.  The fracture system
s parallel the 

m
ajor north-w

est / south-east oriented geological structures (refer Section 4.3.1.2) and are 
generally less than 200m

 deep (N
ahm

, 1985). 

The volum
e of groundw

ater contained w
ithin the bedrock aquifer and the ability of the aquifer to 

transm
it w

ater is largely a function of the degree of fracturing and extent of interconnection of the 
fracture system

s.  H
ydraulic conductivities are typically highly variable depending on the nature of 

the fracturing and range from
 10 - 7 m

/day for shale, to betw
een 0.001 and 10 m

/day for fractured 
and w

eathered indurated rock (B
ouw

er, 1978).  Prim
ary porosity flow

 m
echanism

s are not 
expected to dom

inate. 

G
roundw

ater is recharged by infiltrating rainfall over the bedrock aquifer.  W
here the terrain is 

steep, groundw
ater recharge m

ay be lessened because of increased surface w
ater run-off. 

G
roundw

ater discharge is expected to occur at the topographically low
er areas, such as the break of 

slopes, or colluvial / alluvial filled depressions.  In steep areas, the fracture system
s are likely to be 

dry, although saturated conditions m
ay exist in flatter regions (refer to M

odel 2 below
).  Local, 

lateral discharge into stream
s provides base-flow

, w
hich for m

any upland stream
s, persists 

throughout sum
m

er (Leonard, 1992). 

A
 distinctive feature of the fractured rock aquifer is the occurrence of springs w

here saturated 
faults intersects the ground surface.  Such springs occur at the foothills (N

ahm
, 1985).  Y

ields are 
often less than 3 L/sec (Leonard, 1992) but can be highly variable even over short distances (N

ahm
, 
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1985).  Y
ields are strongly dependent on of nature of the geology and degree of w

eathering, w
ith 

sandstones w
eathering to sands, w

hich have higher hydraulic properties than siltstones and 
m

udstones (Leonard, 1992). 

Salinities are largely dom
inated by the am

ount of rainfall and the drainage system
s of the area.  

W
here rainfall is greater than 1,000 m

m
/y the salinity w

ould be less than 1,000 m
g/L TD

S (N
ahm

, 
1985).

Type Localities

B
edrock aquifers are expected to occur in the C

astella or D
ixons C

reek region, particularly w
here 

the topography is steep or undulating i.e. rem
ote from

 surface w
ater features. 

Potential Pipeline Im
pacts

G
enerally, a pipeline traversing fractured rock aquifers m

ay encounter: 

�
U

nsaturated conditions in excavations along the steeper topographic areas w
here w

ater tables 
are expected to be deep 

�
W

et conditions in pipeline excavations w
here fractures are saturated 

�
V

ariable seepage rates into excavations depending on the size and degree of interconnection of 
the fracture system

s.  D
ew

atering m
ay yield high initial flow

 rates, w
hich decline as fracture 

storage is depleted. 

5.1.2 
M

odel 2: R
egolith A

quifer 
D

escription

The upper parts of the bedrock aquifer m
ay be w

eathered and saprolitic.  The extent (thickness, 
lateral extent) and w

eathering products form
ing the w

eathered zone w
ill be variable depending 

upon the nature of the parent m
aterial.  Shale and m

udstone sequences w
ill develop low

er 
perm

eable zones w
hereas sandstones w

ill result in areas of increased perm
eability. 

In cases w
here low

 perm
eability horizons are developed w

ithin the w
eathered zone or w

here 
underlying bedrock is m

assive (unfractured), rainfall recharge m
ay result in the developm

ent 
w

ithin the regolith of a local perched aquifer, w
hich m

ay be ephem
eral or perm

anent depending on 
the thickness of the w

eathered zone.  The m
odel is show

n in Figure 8.

H
ydraulically, the regolith aquifers behave as porous m

edia aquifers in w
hich groundw

ater is 
stored and transm

itted through the void spaces betw
een the grain particles m

aking up the w
eathered 

zone, w
ith hydraulic conductivities of ranging betw

een 0.001 and 0.1 m
/day (B

ouw
er, 1978).  
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R
echarge is from

 rainfall and discharge is expected to occur as seeps along the base of slopes or by 
through-flow

 to alluvial aquifers w
here they are in direct hydraulic contact. 

In general the w
eathered zone is thicker on gentle slopes.  R

egolith aquifers yield only sm
all 

quantities of w
ater (N

ahm
, 1985). 

Type Localities

R
egolith aquifers are expected to occur in the C

astella or D
ixons C

reek region, w
here the 

topography is steep or undulating i.e. rem
ote from

 surface w
ater features. 

Potential Pipeline Im
pacts

G
enerally, a pipeline traversing regolith aquifers is likely to encounter: 

�
W

eathered zone of varying thickness overlying m
assive bedrock and containing a perched 

w
ater table or seepage at the interface of the regolith and bedrock 

�
W

eathered zone of varying thickness overlying fractured bedrock but containing a low
 

perm
eability horizon above w

hich is a perched w
ater table 

�
V

ariable (tending to low
) seepage rates into excavations 

�
D

ew
atering that yields high initial flow

 rates, w
hich decline as regolith storage is depleted. 

5.1.3 
M

odel 3: A
lluvial A

quifer 
D

escription

This m
odel has been developed for those areas w

here extensive areas of saturated Q
uaternary 

sedim
ents overlie the Silurian – D

evonian bedrock.  The conceptual hydrogeological m
odel has 

been schem
atically represented in Figure 9.  It show

s a flat floodplain both overlying in part, and 
abutting the bedrock. 

The alluvial sedim
ents com

prise variable m
ixtures of sands, gravels, silts and clays deposited by 

rivers and stream
s w

ithin valleys eroded into the underlying bedrock.  The aerial distribution of 
sedim

ents is generally confined w
ithin a narrow

 valley, but they are often thick enough to store 
groundw

ater, particularly w
here the stream

 gradient is gentle (N
ahm

, 1085).  The physical nature 
of sedim

ents depends on the environm
ent of deposition, w

ith sand and gravel deposited in the high 
energy flow

 environm
ents of the stream

 channels as they m
eandered across the valley floor, and 

silts and clays deposited in broad sheets in the low
 energy flow

 environm
ents of the flood plains. 

In a three-dim
ensional sense, this aquifer com

prises m
oderate to high hydraulic conductivity linear 

sand and gravel “stringers” contained w
ithin a larger, predom

inantly low
 hydraulic conductivity, 

silt and clay m
atrix. 
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The alluvial sedim
ents are recharged by infiltrating rainfall, through-flow

 from
 the bedrock aquifer, 

leakage from
 the surface w

ater system
s (under effluent stream

 conditions) or during flooding and 
over-bank events.  G

roundw
ater discharge occurs predom

inantly as dow
n-valley through-flow

 into 
the sedim

entary basins to the north. 

G
roundw

ater is often hydraulically connected to the surface w
ater system

s in a dynam
ic 

relationship in w
hich the aquifer som

etim
es recharges the river, and som

etim
es the river recharges 

the aquifer depending on their relative heads.  G
roundw

ater supplies stream
 base-flow

 during dry 
seasons (N

ahm
, 1985; Leonard, 1992). 

The alluvial aquifer is classified as porous m
edia aquifers as groundw

ater occurs w
ithin the voids 

betw
een individual grain particles.  The volum

e of groundw
ater stored w

ithin the aquifer and the 
ability of the aquifer to transm

it groundw
ater are largely a function of the particle size of the 

m
aterial com

prising the aquifer and the saturated thickness of the sedim
ents. 

The quality of groundw
ater varies and is sim

ilar to that in the surrounding rocks, generally being 
less than 1,000 m

g/L TD
S (N

ahm
, 1985), w

ith yields of less than 12 L/sec (N
ahm

, 1985; Leonard, 
1992).

H
ydraulic conductivities are variable depending on the nature of the sedim

ents.  G
eneral ranges are 

as follow
s (B

ouw
er, 1978): 

�
Fine Sand 1 – 5m

/day 

�
M

edium
 sand 5 – 20m

/day 

�
C

oarse sand 20 – 100m
/day 

�
G

ravel 100 – 1000m
/day 

�
Sand and gravel m

ix 5 – 100m
/day 

�
C

lay, sand and gravel m
ix 0.001 – 0.1m

/day. 

N
ahm

 (1985) reports a transm
issivity range of betw

een 40 and 130 m
/day. 

The perm
eability and storage capacity of these geological m

aterials w
ould be significantly larger 

relative to m
odels 1 and 2.  Even under no flow

 or dry conditions w
ithin the creeks and stream

s, 
saturated sedim

ents m
ay yield considerable volum

es of w
ater. 

Type Localities

Exam
ples of the occurrence of this m

odel include the floodplains of the G
oulburn R

iver north of 
Y

ea and adjacent the Y
ea R

iver to the south of Y
ea. 
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Potential Pipeline Im
pacts

G
enerally, a pipeline traversing such hydrogeological conditions m

ay encounter: 

�
U

nconsolidated ground conditions 

�
A

 greater likelihood of intersecting w
ater tables (relative to M

odels 1 and 2) 

�
H

igh construction inflow
s requiring a greater dew

atering effort. 

5.2 
Interaction w

ith Sensitive Features 

5.2.1 
R

ivers, C
reeks and Sw

am
ps 

The specific interactions of groundw
ater and the various surface w

ater system
s along the pipeline 

option corridors are unknow
n for a num

ber of reasons.  Interaction w
ould depend upon the nature 

of stream
 bed and underlying aquifer m

aterial and relative w
ater level heads.  Som

e creeks have 
scoured out the alluvial sedim

ents and residual soils, and flow
 directly over the bedrock aquifer 

(e.g. Y
ea R

iver at D
evlins B

ridge).  O
thers have a broader, w

ell developed floodplain e.g. Y
ea 

R
iver at Y

ea and are located w
ithin alluvial sedim

ents.  N
evertheless, based on the conceptual 

hydrogeological m
odels (refer to Section

5.1), the depth to w
ater table m

apping (refer to Figure 4) 
and the beneficial use m

apping (refer to Figure 6), it is evident that key areas w
here groundw

ater 
related im

pacts m
ay occur (from

 north to south) include the follow
ing: 

�
A

djacent to the G
oulburn R

iver alluvial trench (i.e. at the off-take) 

�
W

ithin the Y
ea R

iver valley north-east of Y
ea, southw

ards to Tea Tree C
reek 

�
W

ithin the R
ellim

eiggam
 C

reek valley 

�
C

aram
an C

reek crossing 

�
Y

ea R
iver crossing at D

evlins B
ridge 

�
K

alatha C
reek crossing 

�
K

aty C
reek crossing 

�
Eagle N

est C
reek crossing 

�
W

ee C
reek crossing 

�
Y

ea R
iver just north of C

astella 

�
D

ixons C
reek river valley from

 H
unts Lane to Y

arra G
len 

�
Steels C

reek river valley from
 the O

ld K
inglake R

oad – Steels C
reek R

oad junction to G
ulf 

R
oad.

The above constitute “hot spots” further investigation is required to evaluate specific risks.  This 
w

ill be undertaken as part of the field investigations.  



      
PAGE 28 

5.2.2 
G

roundw
ater D

ependent Ecosystem
s 

A
s noted above, there is little understanding of the interaction of groundw

ater w
ithin surface w

ater 
system

s including the rivers, creeks and sw
am

ps w
ithin the pipeline option corridors.  W

hether 
these system

s have som
e level of dependence on groundw

ater is unknow
n.  There are potentially 

other areas, rem
ote from

 the obvious surface w
ater system

s, w
here im

pacts on ecosystem
s m

ay 
result from

 changes in the groundw
ater system

 e.g. low
ering of w

ater tables m
ay dam

age 
vegetation grow

th. 

Further w
ork is required to identify G

D
E, characterise their hydrogeological regim

es and potential 
for im

pact.  A
 hierarchal approach to identifying sensitive ecosystem

s (vegetation, w
etland and 

aquatic habitats) w
here the pipeline route w

ill im
pact, before characterising the groundw

ater is 
suggested i.e. route selection is based on avoiding these habitats.  This is based on the rationale that 
the m

anagem
ent of groundw

ater im
pacts can be achieved through a broader range of m

itigation 
m

easures. 

5.2.3 
K

now
ledge G

aps 
The key know

ledge gaps are: 

�
U

nderstanding of accuracy of depth to w
ater table m

apping 

�
H

ydraulic param
eters and thickness of the geological m

aterials requiring dew
atering 

�
Interaction w

ith sensitive features: 

–
H

ydrogeological dynam
ics at river and creek crossings 

–
G

roundw
ater quality adjacent surface w

ater system
s 

–
G

D
E (location and dynam

ics). 


