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Backgroundnvestigation Report

1. Introduction

The Grampians / Gariwerd National PE@BGNP])s the fourth largest and third most visited National
Park(NP)in Victoria. It protects a diverse range of ecosystems and supports the headwaters of several
streams and rivers, including those linked to the Wimm&Hkenelgand Wannon Rivecatchments

It is a little known and underappreciated fact that almost three quarters of the park is a formal water
supply catchment, producing higfuality water to supply western Victoria. Many of the physical
alterationsthat have been made to waterways within the Grampians predate both its designation as
aNPin 1984, and its listing on the National Heritage Register in ZD@&se past modifications evolved
throughout the 2" century and have never been fully documentedesessedTheNPconsequently
inherited a complex legacy of both historic changes and ongoing water provision commitments that
continue to impact on its natural values

a 2 |y y Zayfaditiohad name fothe major watercoursevhich drains thesouth eastern catchment
of the Grampiangd Garwerd RangegMitchell 1839, Ch Xl P26@nhd flows westward to joirthe
Glenelg Rive(Clarke and Harradine 199Tje original meaning behind the narnsenot recorded.
According toCalder (1987t may be a corruption of the word for digging stick or boomer&diarke
and Harradine 1990 larke and Harradine (199@dicate four other traditional owner names in the
literature:

9 Barriyalug(pronounced parriyalook);

9 Bareng(pronounced pareng) meaning river;

 Wurgarrigidjo LINR Y 2dzy OSR g dzNJ F NNA{AG20 YSIyAy;a WoSft 2
and

 Garrawalad LINRy 2 dzy OSR I NNI gl f 0 YSFIyAy3a WoA3d Ff2

The Mud-dadjug gundidjand Wurgarri gundidjclans of theDjab wurrunglived in close association
with the Wannon River where it left the southern end of the Grampians / Gariwerd Ranges.

Cahir and Clark (201%pte that G.A. Robinson (and othewriters such as Dawson and Winter in

Critchett, 1990:66) described complé&boriginal shelters in the wider Grampians Gariwerd region

Ay Of dzRvBINDEItGRHNG/ & 2 NJ Y I GA DS Kdzi a Qangustl -WESisfucd NI y 3 S ¢
winterKdzi aQ Ay GKS 2Fyy2y =+l ffSe

¢KS WDNI YLAlIYa az2dzydl AyaQ ¢ Shusdi Branbinbllathe twa2 (G KS |
brothers Bram who were responsible for the creation and naming of many landscape features in
western Victoria

This project identifies, assess defines and analyses the alterations and their impacts on one of the
Wannon River within reachaesside the GGNRboundary.Thispriority reach,hereafter referred to as
the upper Wannon Rivemprovides the crucial source of water for an extensive rare natural inland
floodplain wetland delta formatiomearly 16 kmin area that straddles theoutheastcorner of the
National Park.

Despite its reserved status, as a result of the historic threats still active in the catchimerneach

was specifically identified in the Glenelg Hopkins CMA Waterway Strategy?P@24where a priority
FOGA2Y Aa (2 WAYy@SadA3alrdS 2LIRNIdzyAiASa G2 FYSy
improve environmental wate2 dzii O 2(.15%, Qlenelg Hopkins CMA 201B)e Greadr Gariwerd
Landscap®anagement PlafParks Victoria 202 RSY G A FAS&a (GKFG WwALI NRFyYy |
sensitive to changes in water quality and quantity which can compromise their character, health and
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function, such as thddirst and Second Wannon headworks diversions thabstracta significant

amount of water from the Wannon River into the Lake Bellfield System (p. 73). To address this threat

GKS LX+y &adza3aSaida Iy AYYSRAL ( Suegehddit echdisheshNdy (& &G
maintaining and improving the hydrological regimes, with a focus on the Wannon River headwork
RADGSNEAZ2Y XQ o0LIPTpPO®

This document contains background information and new information freaological and
hydrological assessment® supplementthe Issues and RecommendatiogsSummary Report
(Farrington et al. 2024)



2. RegionalSetting and Geomorphology

The Wannon Rivdorms thenortheasternsub catchment of the greater Glenelg River catchmé&he
Glenelg River is over 400 km long and has one major tributary, the WannonRipeel). Both the
Glenelg and Wannon rivers flow fronead waters irthe mountains of theGrampians (max 1167 m
ASLwith an annual rainfall of up to 1300 mm on tMount William RangeThe Wannon River has a
catchment area of 4159 kPnand above Dunkeld thenatural catchment area is 671 k&nFurther
downstream, the catchment is flat, and precipitation is between 600 and 700 mmAlcyoss the
catchment nost (>80%) of the rainfall occurs in winter and spring (Naeember). In summer and
autumn evaporation greathyexceeds rainfall.The Wannon River flows into the Glenelg River
approximately 4 km SSE of Castertbafore joining the Glenelg Rivewer 90 river kilometre¢RK)
upstreamfrom Dartmoor In total, the Wannon River flows for nearly 240 RK before its junction with
the Glenelg RiveT@blel).

5900000mN A

5800000mN

600000mE 650000mE
Figurel: Digital elevation model and landscape subdivisidios the Wannon River catchment.
EDT, Eastern Dundas Tableland; MT, Merino Tableland; SB, Stavely Block; SVCP, South Victorian
Coastal Plains; VV, Victoria Valley; WDT, Western Dundas Tableland; WmP, Wimmera Plain; WP,
Western Plains. Sourc®aine et al. (2004)




Tablel: Rver kilometresfor Wannon Riveto its confluence with the Glenelg River and heights
above sea level (m AHD)

Location River kilometres above  Height above sea
Junction with Glenelg River level (m AHD)

Wannon Falls (top) 91.2 108
Nigretta Falls 102.4 160
Cavendish 140.0 198
Dunkeld 183.2 220

Brady Swamp 196.8 242.5
Wdzy OG A2y WAYYe 222.9 301
Junction 22Wannon Creek 232.0 373
Wannon RiverSource¢ Great 233.6 425

Dividing Range

The Wannon River flows through three IBRA subregiéigule 2B): The Interim Biogeographic
Regionalisation for Australia (IBRdiyides he Australian land mass into 89 bioregions and 419
subregions. Each region is a land area made up of a group of interacting ecosystems that are repeated
in similar form across the landscafgée most recent version is IBRA7, developed during.2012
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Figure2: A. River kilometres on the Glenelg and Wannon rivers upstream from Dartm&aurce:
li et al. (2010)B. IBRA subregions associated with the Glenelg and Wannon rivers.



Thecharacter of theWannon River valleghanges along its lengtin associationwith these IBRA
landscape changesFenner (1918)recognisedthree very distinct tractsand Erskine (1991)
subsequently identified four distinct reacheghe four reaches of the Wannon River used here:

1. Upper sandstone reach above Brady Swaifyp196 RK from the Glenelg River). The upper
Wannon from its source on the western slopes of the Major Mitchell Plateau and south of the
Great Dividing Range has its catchment confined between the Serra and Mt William Ranges.
Runoff is high from the Plateau antlvery good quality water and isathe creeks known as
GKS mMal 21Fyy2ys HYR 2lyy2ys {2018 NR ONBS]
south in a deep stable valley in the hard rocks of the Gre@m@mpians IBRA subregidh.
leaves the Grampians through the BurfBap,and then flows across a braided deltattee
D22aSySO1X .NIYR& YR 2 f1SNaglyLaQ ¢SiftlyR
as it heads west along the northern edge of the Victorian Volcanic Plains (VVP) towards the
base of Mt Sturgeon.

2. Basalt Reach between Brady Swamp and Cavendligl®-196 RK)In the central tract of the
Wannon the river flows west along the northern edge of the VVP ardhumdouthern side of
Mt Sturgeon and then takes a loop to the north, towards Victoria Valley along and across the
northern edge of the Victorian Volcanic Plains. In this section it wanders sluggishly and wide
(dropping about 68 cm in a kilometrayith practically no defined valley, initially northest,
then where the Victorian Volcanic PlgWVP)nterfaces with the Dundas Tablelands it turns
west to Cavendish, and then soutfest. Dwyer Creek draining the southern region of Victoria
Valley is an important tributary from the north. Surface drainage from the basalt to the south
is poorly developed ahsaline.

3. Falls reach between Cavendish and the Grange Burn Jun¢fi6:140 RK)In this section the
Wannon River passes over two waterfalls (The Nigretta falls and then the Wannon falls) into
the lower Wannon. The Dundas River discharges to the Wannon River below Cavendish.

4. Valley reach downstream of the Grange Burn Juncti@®y76 RK. The lower Wannon, from
Wannon to Sandford. Below the Wannon falls the river has created a wide floodplain which
parallels the stream to its confluence with Glenelg River. Major tributaries over this reach are
the Grange Burn, Bryans Creek and He@tyek the stream winds in a definite channel
through a wide, middleged valley across the Dundas Tablelands.

The Wannon consequently has an upper and a lower tract of more mature age, with a central
geologically recent part.
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Figure3: Upper Wannon River catchment and its relationship with the Grampians / Gariwerd
National Park Note that much of the eastern side of the catchment is artificially maintained
through construction of the southern Bunnugal Drain in 1900 and the subsequent construction of
the Northern Bunnugal Drain in thearly194n Q a @
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3. Geology

Basement rocks of the Grampians region form part of the Delamarian Fold-RBgit€5). In western
Victoria the Delamarian Fold Belt is divided into two structural zones the Glenelg Zone and the
GrampiansStavely Zon¢VandenBerg et al. 2000yhe Cambrian age basement rocks in the Dundas
Tableland are unconformably overlain by Silurian sediments of the Grampians Group, which form the
main part of the Grampians Ranges.

34

= 7:250 000
map sheet

—1 Hamilton l
TABBERABBERA
ZONE 0 100 km
L

CSTAWELL N T
LT SANE T e 3 DEDDICK
N ONE i | zonE

; l KUARK ZONE
v

A £ =" MALLACOOTA
e L ZONE

GLEMNELG
ZONE GRAMPIANS
-STAVELY
ZONE
L Il
DELAMARIAN LACHLAN FOLD BELT
FOLD BELT

1.?1' 145 1|50'

Figure5: Basement rocks in the upper Wannon River catchment. SolRaeée and Phang (2003)

On the surfacdghe Grampians regionomprises an upland area, which forms the westernmost part of
the Western Uplands, separating the plains of the Wimmera to the north from the Western Plains to
the south (Joyce & Webb 2003)he characteristic feature of the Grampians in general is the cuesta
landform, which idistinguished bya series of north south running ranges (strike ridges) \tig
gentle, upward, westerly slopes (dip slopes) which end abruptly irettsterly escarpments (scree
slopes)

The Wannon River rises in the Grampians group and flows $auththe Great Dividing Rang®wn

the Wannon valley between the Serra and Mt William Ranges. These two strike ridges are composed
of harder massive quartzose sandstq@ampians Grougsigure6), separated by a valley excavated

by the Wannon River in softer, thinly bedded red sandstone and siltgtditis 1975)WA YY & Qa / NB S|
has its headwaters in the Devonian granite outcrop associated with the Major Mitchell Pl&igate(

6). The Major Mitchell Plateau and some sectors of the Serra and Mount William Ranges are
characterised by large expanses of exposed sandstone and granite faces. Materials eroded from these
faces and other steeper gdes of the ranges now overlie much of the Wannon Valley. This hill wash is
deep and porous and contributes to the gradients of the streams in the \&latgliffe 196Q)Areas

of swamp formationare increasedand surface waters are subjected to serious losses by seepage
through these porous depositSutcliffe 196Q)The river emerges from this vallaythe southern end

of the Mt William rangethrough the Burra Gagflowing towards the south eastern corner of the
GGNRFigureld). Here it flows across an alluvial faran extensive area of Quaternary sediments
(Figure6). Across this relatively flat and wide region it branches into a multichannel steeam
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wetland complex ora wide flat alluvial delta (locally known as the Wanifian) prior to entering an

extensive wetland complex (Gooseneck, Braatyd Walkersg | YLIA Q ¢St yR O2YLX SE
association with the northern edge of the Victorian Volcanic Plains (VVP). At this point it meets the
Newer Volcanics of theVPand begins a westerly flow along the northern edge of these volcanics.

Remnants of marine sediments of the Dorodong Sands are found in the region of Walker, Gooseneck
and Brady swamps$-{gure6). In the Late Miocen€l0.45 Ma), a major marine transgression covered

the Otway Basin in southwestern Victo(fsbele et al. 1988, Holdgate and Gallagher 20A8)the sea
retreated during the Pliocenés.3-2.6 Ma)it left behind a series of strandlines (former shorelines)
comprising a variety of nearshore and associated sedim@ase et al. 2004)The fluvial strandline
underlying the swamps at the end of the upper Wannon River were deposited between 6.6 and 4.0
Ma (Paine et al. 2004)They were subsequently overlain by the first of two volcanics events
approximately four Ma.

5900000mN

5850000mN

5800000mN

&,

e L I
550000mE 600000mE 650000mE
[] Undifferentiated Quaternary sediments [lll Coleraine Volcanic Group @ Water body === Inland limit of Dorodong Sands
[_] Newer Volcanics [ Bacchus Marsh Formation - ==~ Curvilinear magnetic anomalies - fluvial
[] undifferentiated ferruginous duricrust [ Rocklands Volcanic Group .= Curvilinear Th anomalies *+..+**Limit of Late Miocene transgression
[] Dorodong Sands/Loxton-Parilla sands [l Devonian granites & Bore holes with Dorodong Sands  «._ . ~ Oceanward (southern) imit of
g HeytesburyGGroup EGran';plans Grou(p: - fluvial ~" Dorodong Sands beneath basalt
Wangerrip Group Undifferentiated Cambro- g o R _

D Otwagy Group Ordovician rocks = _Bg]r:rméles with Dorodong Sands l Bondi heavy mineral deposits

Figure6: Surface geology associated with the Wannon Riv@ourcePaine et al. (2004)
3.1.Formation of the Moderrday uppeinVannon River

The historic Wannon Rivealley was grossly impactexs it emergd throughthe Burrah Gapy lava
flows around 4 Ma and subsequently 2 Ma dur@rggcond phase of volcanism. Lava flows in this area
are associated with two local eruption centr@oyce et al. 2014hat produced lava shields (GV 131
Sheepwash Hill 37.6228 142.4336E and GV 132 Bunnugal Hill 37.5993142.4198E). These two
eruption centres were active during different perioflSgure?): Bunnugal Hil{#7, Figure7) erupted
over 4 Ma during the first phase of volcanic activity and Sheepwas#6iifigure?7) erupted during

the second around 2 MgBoyce et al. 2014)here are no flows in this area associated with the third
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more recent phase (<0.5 Ma). Both of these eruption centres are associated with a local north south
fault that continues just to the west of theetland complexBoyce et al. 2014)
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Figure7: Relative ages of volcanic eruption centres in the Hamilton /Dunkeld/ Penshurst area, and
the superposition of the volcanoes in relation to each other and the major and local faults in the
pre-basaltic underlying rocks. 6: GV 131 Sheepwash Hill 7: G\BL82ugal Hill. SourceBoyce et

al. (2014)

A Magmatic volcanic complex e Lava shield

Town @ Maar-cone volcanic complex

Prior to 4Myathe Wannon Riveas it left the GrampianBowed south to the seaHjgure8). With the

advent of the newer basalt period, a sheet of lava effectually dammed up a number of these present
tributaries of the Wannon River and forced the streams to slowly find their swampy way round the
northern margin of the basalt sheet, finally @dng the wider and more mature valley of the Iower

2 yy2y WAQGSNIY ¢Kdzaz GKS ft2gSNI2lyy2y Aa | o2y
O2yaSlidsSyié¢ gKAES GKS OSYdNXrf LI NI YI& 0685 OI tf
Grampianslies in valleys that are of tectonic origin, and older than the Talasterton portion.
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A thin layer(1-2 m thick)of basalt,39 m below the existing land surface, is found on the eastern side
2T (KS D22aSySO{1zZ . NIRe:x I yardreéplederitsShedwestarh &figegol ¢ S f
the VVP at this pointAfter the lava flowgeased and having blocked the southern flows of the river
sediment and organic matter delivered from the Wannon catchment above the wetland system
resulted in sediment deposition in the wetland bed, shallowing it, reducing its capacity, and increasing
the frequency that water spilled to areas downstrearheTnost upstream wetland would have filled

with sediment at a faster rate than any depressions or wetlands downstream, as the water spilling, or
leaking through the sulsurface, to the areas below would be lower in sediment concentration (most

of the sedinent having already settled in the upstream system). As the upper wetlands lost capacity,
their efficiency as sediment traps woulthve declined, so more sediment would be delivered
downstream, increasing the rate of sediment deposition on the bed of thendtream wetland
system. During wet periods, prevailing winds across the wetlands would have moved sediments and
deposited them on the eastern side of the wetlands forming the lunettes that define the wetland
elements todayThis sediment layer is tod@®@ m thick.
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3.2.Soils

Generally in the Grampianghe soils of the ridges and higher elevations are sandy skeletal, shallow
soils dispersedamongst large areas of solrock strata. Sodevelopment increases and exposed rock
decreass downslope, until, on the poorer drained scree and-@tash slopes, deep sandy soils may
occur.

Soil types along the Wannon River valley tend to vary in association with the slopes and flow paths
(Figure9). Associated with the dip slopes are shallow to weakly developed sandy soils (Terabols
Chromosolswhile scree slopes have deeper sandy gradatiBoalosokoils that may may not have
associated pan@-igure9, Table2).

16



Figure9: Major soil types associated with the upper Wannon River Catchment. Clockwise from top
left. Tenosols Podosols, Kurosols, Sodosdfgrtosolsand Chromosols.
Sourcehttps://vro.agriculture.vic.gov.au/dpi/vro/glenregn.nsf/pages/glenelg soil map

Aeric Podosols are associated with Kurosols on Grampians sandstone and Podosols are associated
with Chromosols and Kurosols on sand plains and rises. In the upper Wannon catchment Tenosols are
also associated with the granitd3rainage depressions and lines have variable concentrations of sand
and silt resulting in a mix of heavy to light soil variaiitse brown Kurosols along the Wannon valley

are mainly associated with sandy sedimentary surfatésht sandy surfaces are subject to mass
movement on verysteep slopes when exposed. Soils are generally rapidly drained with weakly
coherent surfaces with little organic matter and low inherent fertility.

The alluvial outwash associated with the Wannon daf@redominantly grey sodosol¥ertosols are
mainly soils associated with lakes and swamps.
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More detailed descriptions of each soil type andittessociated physical and chemical characteristics

are providedbelow (Table2).

Soil Type

Chromosol

Kurosol

Podosol

Sodosol

Tenosol

Vertosol

Table2: Mapped soil types in the upper Wannon River catchment.

Description

Clear or abrupt textural B2 horizon where the
pH is 5.5 (water) or greater in the upper B2
horizon. The B2 horizon is often brightly
coloured and can be mottled.

Clear or abrupt textural B horizon which is
strongly acidic i.e., less than 5.5 (water) in
the upper B2 horizon.

B horizon dominated by the accumulation of
compounds of organic matter, aluminium
and/or iron.

Have a clear or abrupt textural change
between A horizons and sodic B horizons

Generally, have weak pedological
organisation throughout the profile apart
from an A horizon. They display more profile
development than Rudosols, which may
include a weakly developed B horizon with
15% clay or less

Clay soils with shrink / swell properties that
display strong cracks when dry and have
slickensides and/or lenticular structural
aggregates at depth.

Characteristics

These soils are found in imperfectly drained sites (yellow and
grey chromosol) where rainfall is between 250 mm and 900
mm. They are also found in well-drained sites (brown and red
chromosol) with rainfall between 350 mm and 1400 mm. These
soils have moderate agricultural potential with moderate
chemical fertility and water-holding capacity. They can be
susceptible to soil acidification and soil structure decline.

The surface of Kurosol soils is often acidic.

They generally have very low agricultural potential with high
acidity (pH < 5.5) and low chemical fertility. Kurosols commonly
have low water-holding capacity and are often sodic.

Generally, podosols have very low agricultural potential with
very low chemical fertility, structure, and water-holding capacity

Sodosols are only found in poorly drained sites with rainfall
between 50 mm and 1100 mm. Generally, sodosols have very
low agricultural potential with high sodicity leading to high
erodibility, poor structure, and low permeability. These soils
have low to moderate chemical fertility and can be associated
with soil salinity.

Generally, tenosols have a very low agricultural potential with
very low chemical fertility, poor structure, and low water-holding
capacity.

These soils have high agricultural potential with high chemical
fertility and water-holding capacity, but they require significant
amounts of rain before water is available to plants. Gypsum
and/or lime may be required to improve their structure. Heavy
plastic clays can be difficult to cultivate especially when they
are wet. Shrink-swell phenomena also create problems for
foundations of buildings built on Vertosols.
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3.3.Hydrology

3.3.1. Surface WaterStreams, Wetlands and Drains

The upper Wannon River catchmefRidqurel0) delivers waterfrom five sub catchments (23805@1

2380505) of the Wannon Riveraa series of wetland elements south of Lynchs Crossing Ruodd
culminating in the 13 kinGooseneckBrady,and Walker swamp@vetland complexbefore reforming

and flowing onward toward its confluence with the Glenelg River.

Wannon
Fan
2380505

Brady N

&

FigurelO: UpperWannon River Catchment and sub catchments. Source:
http://mapshare.maps.vic.gov.au/MapShareVic/
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These upper sections have historically béeoken down into the following areas.
Upper Wannon River Tributarieghe Lake Bellfield Water Supply Catchment

The catchmentor First and Second Wannon Cre¢k2380501Figurel0) drainsthe western sideof

the Major Mitchell Plateau within the Mount William Range anccasnprised of three adjacent
headwater tributaries of the upper Wannon Riy€igurell). Some of thisatchmentareahas been
diverted viaofftakes which divertwater to upper Fyans Creek, Lake Bellfield and ultimately the
Wimmera/ Mallee stock andlomestic systems 1,570 ha.At the diversion point, gbions placed
across the channslofthree differentcreeks form small weirs that divert all flowis a grated entrance

to a pipeline.Water entering this pipeline is gravity fed across the Great Dividing Range into Fyans
CreekAll catchment land lies within the Parish of Nekeeya and is entirely pabtovithin theGGNP.

To Dunkeld

LEGEND

— — e Catchment boundary

NEKEEYA  Parish name

o N

Figurell: Catchment area for First an8econd Wannon Creeks. Source: DCFL (X&89)and
photos of gabion weir and grate offtake on First Wannon Creek (right)

The upper Wannon Catchmemngceives some of the highest rainfall (>900 mm mean annual) in
southwestVictoria andhe GGNRCalder 1987)Because the catchments of First and Second Wannon
Creeks have relatively steep slopes and consist of large areas of exposed lavge percentage of

this rainfall runs off and flows down the creek lines. For example Second Wannon Creek loses 45% of
its rainfall as runof{Standing Consultative Committee on River Improvement 197k compares

with 27% for the Wannon River to Jimmys Creek and 19% for Jimmys Berwlethe First and
Second Wannon Creekepresenta significant source of natural flow into the Wannon River.
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Wannon River north dBurra Gapl{ynchs Crossing Rd

Above Burra Gap the Wannon River is generally confined to a narrow channel with small areas of
narrow flood plain oporous hill wash deposit3he fall of the river moderates as it approaches Lynchs
Crossing Rd. Between Jimmy Creek Rd and Yarram Gap Rd the fall of the river is 22 m imye&é km (
2.87 m/ km) and between Yarram gap Rd and Lynchs Crossing Rd it is 18 m in 1iné&8rkirbf m

/ km).

Fivewetlands are recorded in this section of the riyErgurel2):

1. 3 ha wetland at the terminus of a secondary Creekline at the top of the catchment

2. 43 ha wetland abutting the Wannon River at the top of the catchment

3. 11 ha wetland adjacent the Wannon River on a primary stream betwé&emd 2'¢ Wannon
Creeks

4. 167 ha wetland A 9.3 km long section of the Wannon River floodplain centred on the Jimmy
Creek confluence. This linear element has a maximum width of around 300 m just above the
confluenceThis wetland is dependent on overbank flows from the Wannon.

5. 106ha wetland. A& 11.6km long section of the Wannon River floodplaihich starsjust above
the point at which the Wannon River Crosses from the north to the south side of the Grampians
Road just to the west of the Yarram Road intersectifinis linear element has a maximum width
of around 300 m jusbelow the Grampians R&idge The wetland is dependent on overbank
flows from the Wannon.

Between wetlands 4 and 5 above there is a 2.7 km section of the Wannon River thatdpes sienks
on both sides with no low floodplain.
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Figurel2: Wannon River tributaries and wetlands above Lynchs Crossing Rd.

The Wannon Fan

Just prior to crossing Lynchs Crosdingckthe Wannon River splits into two channgelke beginning

of a complex flow path across a broad alluvial floodplain and wetland designated as part of Brady
Swamp(Figure13). Unlike the true Bradvampto the southg a 2 to 2.5 km wide heart shaped
ephemeralwetland of standing wateythis 9 km long northern half of the wetland slopes gently to
the south and thersoutheast It initially broadens to a 1.8 km wetland ardaut then narrows and

splits into several channelghich areengaged at different heights as the flow into this section
increases.
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Figurel3: Wannon Fan andrady Swamp

Through this section the river slope again eases. The river drops 11 m in the 4.2 km seetinB.62

m / km) to the Childs Lane continuation and then a further 8 m in the 4.3 km seatieen(l.88 m /

km) to Gooseneck Swamipow flows follow the western channel down into Brady Swamp proper. At
higher flow the channels to the east are engaged and flows begin into Gooseneck Swamp.

Gooseneck,Brady Yy R 2 | f T SNJ a6l YLIAQ 6Siftl yR O02YLX SE

Mean daily flows into the Gooseneck, Brady and WadkeF YLIJA Q ¢S it | y Rwabmiy LI SE
Riverare 127.6 ML/ day from a total catchment area of 562 k(iable3). Equating to a mean annual
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flow of 45 457 ML. In 1968utcliffe (1960based his original proposal for extraction of water from the
upper Wannon River on 29 complete years of data on flow at Dunkeld. He argued that under dry
conditions the effective catchment above Dunkeld is limited to 80 A{#&7.2 km), of the 210 miles
(543.9 knd) catchment, with over 100 milé§259 kn?) being flat basalt lands to the east and southeast
from which little to no flow can be anticipated in the sumr@rtumn or in dry seasons. At this time

the mean annual flow at Dunkeld w@8 600acrefeet (35 278 ML) and the median flow abdlf
000-acrefeet (23 436 ML), range 1430 (in 19441 000 (in 1952) acre feet (176409912 ML).

Based on the SRFderived 1 Second Digital Elevation Model (Geoscience Australia), under pre
European settlement conditions all five sub catchments delivered water to one or more elements of
the Gooseneck, Brady and Wallsgr YLIJAQ 6SGf | yR O2YLX SE® C2dzNJ 2 ¥
to 2380504) contributed surface flows to the Gooseneck and Brady wetland complex, Watimon
Riverdelta during both normal in channel flows and flood events. However, these catchments only
delivered water toWalker swamp under very high flows when the northern half of the floodplain
inundated to a depth which overflowed the natural sill at the northern end of Wadkemp. Water

from Heiferswamp entered Bradgwamp via a natural flow path through wetland #26719. This flow
was sourced from sub catchment 2380505.

Table3: Area and mearannualflow (ML/ day) of the Wannon River sub catchments providing

0 K

water to the GooseneckBrady,F YR 2 I f { SNJ a4 YLIASQuree:Sif I yR 02 Yl

http://mapshare.maps.vic.gov.au/MapShareVic/

Sub catchment Catchment Area Mean Annual Flow
(km?) (ML/day)

Number Name

2380501 Second Wannon River 8.5 10.1

2380502 Wannon River 39.4 8.3

2380503 Jimmy Creek 22.8 6.1

2380504 Wannon River 57.6 12.1

2380505 Wannon River 433.7 91.1
TOTAL 561.9 127.6

The volume of water reaching the Gooseneck and Brady wetland complex vupgeeNannon River
was markedly reduced when seasonal (June to October) diversionsHretriWWannon Creek and
Second Wannon Creek commenced in 1971.

In 1960Sutcliffe (1960)based on nine years of dagt®2 Y 8 A RSNBR 020K GKS 2} yy?2

NB S| I y RredWio Wevperéhaial with mean lostgrm annual yields estimateat 11 400 acre
feet (14 062 ML) for the Wannon and 3250 acre feet (4009 ML) for Jimmy Creek.

¢tKS D22aSyS0O1zZ .NIXReé FYyR 2Ff1SNI {élYLAQ 6SiftlyR

wetlands, five of which lie entirely within threcently established Walker Swamp Restoration Reserve
(WSRR(6721, 26722, 26725, 26899 and 269MWalker Swamp), two of which lie across the western
boundaryfrom WSRRnNto private land (26894 and 26895), one connects at higher levels across the
western boundary from th6& GNR26718¢ Gooseneck Swamp) and two of which lie on the floodplain
(26714 ¢ Brady Swamp, an@6713). These wetlandsyith the exception ofGooseneck Swamp
(lacustrine- large, open, watedominated systemys are palustrine aquatic systeriggetated, non
riverine or norchannel systemjseceiving water from a combination of either stream flow, drain flow,
groundwater, or local runoff Table4).
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Table4: Overview of wetland characteristics and associated water sourceSa@mseneck, Brady,

Wetland

YR

2 £ 1SNJ a6l YLIAQ 6SGf+YyR O2YLX SE

Sourcehttp://mapshare.maps.vic.qgov.au/MapShareVic/

Wetland Type

Water Regime

Water Source

Ground

Local

Name Stream Drain
water runoff

26721  None Temporary freshwater Periodically Inundated Mod Mod Mod Mod 10.63
marshes and meadows Episodic

26725  None Temporary freshwater Periodically Inundated = Very Low  Mod Mod Mod 6.84
marshes and meadows Episodic

26722  None Temporary freshwater Periodically Inundated Low Mod Mod Mod 17.96
marshes and meadows Seasonal or Episodic

26900  Walker Temporary freshwater Periodically Inundated = Very Low  High Mod Low 62.83

Swamp marshes and meadows Seasonal or Episodic

26894 | None Temporary freshwater Periodically Inundated | Very Low Low Mod Mod 6.78
marshes and meadows Episodic

26895 None Temporary freshwater Periodically Inundated Very Low  Low Mod Mod 20.41
marshes and meadows Seasonal or Episodic

26899  None Temporary freshwater Periodically Inundated = Very low Low Mod Mod 7.83
marshes and meadows Episodic

26714  Brady Swamp Temporary saline marshe Periodically Inundated = Very High  Very High Mod 1086.2
and meadows and Seasonal or Intermittent High B
freshwater Lake

26718 @ Gooseneck Temporary freshwater Periodically Inundated = Very High  Very High Low 61.72

Swamp lakes Episodic High

26713  None Temporary freshwater Periodically Inundated Mod No High Mod 10.76

marshes and meadows Episodic
¢tKS D22aSySo|z=z NIFR& FYyR 2Ff1SNI{glYLAQ ¢SiGfl yR

at the terminus of the WannoRiver deltalfigurel4). A series of natural sills between Gooseneck and
Brady Swamps and on the western side of Brady Swamp temporarily block the flow of the Wannon
River and need to fill before flow into the next section occurs, thus forming the P3natiand
complexat the end of the Wannon deltaVhen waterinitially flows down the upper Wannon River

the western side of Brady Swamp starts to fill first and flow in the Wannon River downstream of Brady
Swamp does not recommence until Brady Swampdiitsoverflowsthe sillon itsnorth-westend. As

the Wannon Riveflowsincrease channels to the easire engaged anflow into Gooseneck Swamp

and at very high levels further north onto the floodplain. When Gooseneck Swamp is full it overflows
a natural sill into Brady Swamp. Walker Swamp only recéiVaanon Riverflows n very high
overbank floodsAfter filling the wetland complex the Wannon River continues flowing to the west,
initially around the northern edge of the VVP.
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Figurel4: Regional context for the lower portion of the upper Wannon Rideilta and associated
D22a4SySO1Z .NIR& |yR 21 f 3sSthavésdhe @rhddp@ans@aswefdl y R 02 Y
National Park.Blue colouration indicates peak water levels in the 2016 flood event and more
recentlywith restoration of natural sill levels across the wetland compl&ourceKerr et al.
(2019)

The earliest map of the Wannon River from 18BRj(rel5) gives an early prdrainage insight into
the immense scale of the southern portion of what was Heifer Swamp prior to drainage and the

location of the original flow path to Brady Swamp.

RN b SO A N R R T e

Figurel5: Map of the Wannon River (top left of image) from

1852 showing the southern portion of Heifer Swamp (right),
Brady Swamp (left), and the channel that originally

connected them.
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3.3.2. Annual Flow

The upper sandstone catchment of the Wannon River withinGi@NFecame the focus for water
extraction based on thirgestquantity of water being sourced from this areggble5) (The Standing
Consultative Committee on River Improvement 1979)

Table5: Figures for rairdll and runoff from the upper sandstone catchments for the Wannon River
from 1963:Sourceg(P9, The Standing Consultative Committee on River Improvement 1979)

Stream Estimated Retained on % of Rainfall
Rainfall Catchment (mm) Runoff
(mm)
WAYYeQa /N 890 720 19%
*hyyzy wAgSN 1070 780 27%
Creek
Second Wannon Creek 1300 710 45%

Average annual flows upstream of Dunkeldre estimatedin 1963 based on 33 years of daa
33,930 ML(Table §. Analysis of flows at Dunkeld between 1946 and 1979 showed on average a 10
week period each year in which theneas no flow and 23 weeks / year in which flow was less than 2
ML / day(The Standing Consultative Committee on River Improvement 18&)veen December
1946 and June 1947 the river was dry at DunKeldrsefield 1949)in 1979 the Land Conservation
Council (LCC) determined the mean annual dischafrtfee Wannon Riveasit Dunkeld was 32 300 ML

with a runoff from unit area of 48 ML km? (LCC 1979)This relatively low ruoff wasdespite the
regional annual rainfall range in the Grampians of-650 mm.

Table6: Average annual flows in upper Wannon River sub catchments from 1963. S¢Rdd® The
Standing Consultative Committee on River Improvement 1979)

Stream Area of Total Annual % of Rainfall
Catchment (krd) Runoff (ML) Runoff
First Wannon Creek and Second Wannon Cree 15.3 8880 44%
Second Wannon Creek to Burrah Gap includin 0
WA Y YaBeekd 127 18250 17%
Burrah Gap to Dunkeld 378 6800 3%

Because ofhis relatively low ruroff into the Wannon as it left the Grampians in the early’2@ntury
it was argued that better use could be made of the water if it wasactedbefore it entered the
swamp lands in the southern half of the Grampians

We¢KS OFGOKYSYG |0620S 5dzy 1St R A& wHnna aldz NB YA
land, which in dry years, might well absorb more water than it yields i rlint Q
(Horsefield 1949)

WCNRBY | ¢ GSNJ adzllL)f @ LRAY(d 2F @GASEex GKS dza ST«
miles comprising the head waters down to a few miles south of the Mirranatwa Gap and
0§KS ONAR3IS | ONR &aa q§DusSkeldBoggWdnriycroasitd | I £ £ Qa DI

YHorsefield 1949)

Mean diversion volume in comparison with flows furtldewnstreamwere argued to be extremely
small as far as the lower river was concernédte?7, Webster (1965)
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Table7: Diversion volume compared with mean annual flows down river. Soufééebster 1965)

Location Annual Mean Annual Mean Percent that
Flow Flow would be

(acre feet) (ML) diverted

Proposed to divert from headwater 5000 6167

creeks

Wannon at Burra Gap 22000 27137 23

Total flow of all god quality tributaries 31500 38 855 16

Wannon at Dunkeld 27500 33921 18

Wannon at Cavendish 68 600 84 617 7

Wannon atWannon Falls 109 000 134 450 5

Wannon at Sandford 220 000 271 366 2

The spring of 1967 waat that time the driest recorded in the Wannon catchmemiebster et al.

(1968)NB LJI2 NI SR (0 KI i @eskjudclon flovSwely Rbour 809 &f mean and including
WAYY&Qd / NBS] G(G(KS NHzy2FF F2NJ 6KS EAAE(¥2ML) KA Wdzy
Some of this flow was lost to seepage before the river left the Grampians at Burra Gap, where a flow

of 1452 acre fee(1791 ML)of good quality water was recorded®y the time the river reached

Dunkeld, losses in the river and swamp accounted for alPBtacrefeet (34.5 ML) not exceeding

0.5 cuse0.014 ni/ sec)for three months.
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3.3.3. Groundwater
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west of the central highland$-{gurel6). Theupper Wannon Rivdies in the Highlands basin just to

the north of the Otway Basin.
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Figurel6: The Victorian groundwater basins. The WSRR lies in the Highlands basin just to the

Groundwater flow systems provide a finer scale understandfigpw groundwater contributions vary

throughout the catchment Initially investigated through the lens of salin

ity risk assessments

(Dahlhaus et al. 2002), these are underpinned by an estimate of the distance water travels from its
point of recharge to a point of discharge. Local flows are more reactive to seasofall rpatterns

whereas intermediate and regional flows are more attenuated and influenced
cycles.At Burrah Gap, the Wannon leaves the influence of local flasj(and

by leegarclimatic
spills into an area

influenced by regional flows of the Volcanic Plains ba&H§ 14)put with somelocalised interactions

with GFS 1 an@FS 6Kigurel?).
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Local flow systems

[ GFS 1: Quaternary alluvium and coastal deposits
B GFS 6: Grampians Group colluvial slopes

[] GFS 7: Grampians Group rocks

Regional flow systems
[_] GFS 14: Volcanic Plains basalt

Figurel7 Groundwaterflow systems across the southn Grampians adapted from FedUni (2015)
(blue dots indicate groundwater observation wel&jacent to Wannon River flowpath and
floodplain)

Groundwater observation wellsdentified on thefigure above Eigurel?), provide insights intdhvow

the interaction with thesegroundwater flows hasaried over more recent time period3he most
apparenttrendisastepiseR S Of A y S & A y (b8t samk @covely BecurridopfroRQIBuntil
2023.Thehighest level of recovery is occurriagithe two sites on the basalt plaihynchs Crossing

Rd Plantation and Brady Swamp souligurel8andFigurel9). It is uncertain whether this response

is related to wetland restoration and increased water retention in the Brady wetland complex or other,
regional influences. However, apart from 2016 and 2@28jonal rainfall has not beeparticularly

high. The observation well closer Burrah Gaphasnot shown the same tren@Figure20), dthough
levelsa K26 | &AAYAf LN R2gy gl NR ( NBefdRris©ddhst8ofdmy 3 Ay
2016. There has, however been some shetegm upward trend following higher riverine flovesd
sustained wetland inundatioim 2022and 2023.
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Figurel8: Ground water leveht bore 53518on the eastern flank of the Wannofran Lynchs

Crossing Road991¢ 2024 (GDA 1994142.44335%-37.608967S). Sourcet A O 2 NR | Q&

Measurement Information Systerdata.water.vic.gov.au25/9/2024
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Figurel9: Ground water leveht bore 45816 on the southern edge of Brady Swamp 1§2024
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Systemdata.water.vic.gov.au25/9/2024
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Figure20: Ground water leveat bore 87750 on the eastern flank of the Wannon River at Lynchs
Crossing 1972024 (GDA 1994142.44335%-37.608967S).{ 2 dzZNDS Y
Measurement Information Systerdata.water.vic.gov.au25/9/2024

3.3.4. Water Quality

+AO0G2NAI Q&

In the upper Wannon a combination of geology (flow through the Grampians sandstone) and land use
(retention of native vegetation over most of the catchment) has resulted in low stream salinities
(Cameron and Jekabsons 199&)ean conductivity at Jimmy Creek 103/u$n (Range: 4826) and

Burrah 132 u$cm (Range: 7269).
{FfTAYyAGE AY wmMdpco

dzLJa G

NEFIY 2F [eyOKQa

/ NBRGOA A Y 3

ppm, with inflows from Jimmy Creek between 100 and 200 p{ihe Standing Consultative
Committee on River Improvement 197®ownstream to Brady Swamp it was between-200 ppm
and below Brady Swamp to Dunkeld between 200 and 400 ppm.

From Brady Swamp through to Dunkeld the river flows across and along the basalt of the Victorian
Volcanic plains. During this reach its salinity increases markedly: Dunkeld Mean 1740 uS/cm (Range:
200-5800). This increase can be attributed partly to evapige concentration in the swamps on the

edge of the Grampians and to saline drainage from the b&&albn. 1981)Drainage to the river has

been facilitated by construction of the network of drains which discharges saline water into both
Walker and Brady Swamps. Ground water dischadyeectly to the riverand makesa substantial

0 KS NJpattiSukilyavhea suffabeyflans dvaibBuih 8tNl. (0 K A &
(1992)calculated that 25% of the mean daily flow at Dunkeld was derived from basalt aquifers to the
south of the river, with salinities consistently between 5aD00 puS cm.

O2yiNROGdziAZY (2

Source of Salt in the Catchment

Analysis of oxygen and hydrogen stable isotopic ratios of river watgure21), groundwater and

rain water across the Glenelg River catchm@ntet al. 2010) which includes the Wannon River,
indicate that both rain water and groundwater have not undergone significant evaporation, but the
river water has. Based on the evidence preserited al. (2010hypothesig two sources of salt in the

Glenelg River system:
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1. the salt concentration in the upper section of the Glenelg River is thought to increase
downstream ofthe GrampiangSalt Creek)accompanied by a decrease in isotope ratios
because of mixing of river water with inflowing salt creek water. Thus, the first source of salt
is the salt lake and salt creek systéiret al. 2002)and

2. in wetland areas of the Wannon River (2280 km upstreanfrom the confluence with the
Glenelg Rivein the area between the Gooseneck, Brady #alkerSvamp wetland complex
through to the wetlands around Bryans Swamp) and Crawford Rivers, where the amount of
precipitation isbetween 600 and 700 mm / yr. Water collected from the Wannon River and
fringing wetlands in this area had salinities (EC 6300 uS / e20@I1 mg / L) 12Q 180 times
higher than that collected in the upper Wannon River (EC 50 uS / enb@ @hg / L),
corresponding to 99.2 99.4% evaporation. In this area of the Wannon some wetlands have
been drained and converted to pasture. High EC values were obtained for river water collected
beside the wetlands along both the Wannon and Crawford rivers. At the foah®
Grampians, wetland water containing high salt concentrations flowed into the Wannon River
through some drains. Downstream of the drains, EC values of the Wannon River increased
remarkably, indicating that wetland water was an important source offealthe river.
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Figure21: Hydrogen isotopic ratios (left figure) and conductivity (right figure) measured at various
points along the Wannon River sampled in October 1999, January 2000, July 2000, and November
2001. Sourceli et al. (2010)

Catchment solute flux

Assessing if the flux of solutes out of a catchment balances solute inputs, is important for
understanding whether catchments are changing hydrologi¢a@rtwright et al. 2013)Solutes in
surface water and groundwater are derived from precipitation (rainfall, snowfall, and dry deposition)
and the dissolution of minerals in rocks. If groundwater and surface water systems are in chemical
mass balance, then there has been litthmage in the landscape.

The upper Wannon River catchment may be in chemical balance because of the relatively low level of
landscape change in the catchment. But downstream from the point of intersection of the Wannon
River with the Victorian Volcanic Plaitlsis changesHere the Wannon River exports significantly
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more CI than is delivered to its catchment by rainfall. Analysis of flows at the Henty gauge between
1996¢2011 show: Catchment area 4159 kmet water flux 3.3%, net Cl 1210%, range of Cl fluxg12.3
105 (median = 46.1) X 4Kg/ year, annual Cl export 282490% (100% means rainfall CL input equals
export) of annual rainfall inputCartwright et al. 2013)In the middle and lower Wannon River the
excess Cl reflects both recent hydrological changes in the catchments and drainage off the volcanic
plains(Cartwright et al. 2013)Land clearing on the plains has caused the rise of regional water tables
which results in the export of Cl from saline groundwater via increased baseflow to the river system.
As explained abovedrainage systems on the volcanic plains wereestblisted following
impoundment by recent (b 4.5 Ma) lava flows; Cl whiasaccumulated in shallow groundwater
around saline lakes and marshehich formed orthese volcanic plains is now being exported via the
Wannon River.
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4. Hydrological alteration

The alteration of flow paths, drainage of wetlands, impoundment of major tributamemor
obstructions to flow anda@nnectivityand diversion of headwaters are human induced impacts which
have acted tdisrupt the frameworks which nature has put down, as described in previous sections.
A timeline of these changes is providedTiable1l and described in more detail in the following
sections.

Table8. Timeline of change to th@atural hydrology

Alteration DateActive From

Burreh Gap Easterhevee 1892

1900(south) &

Bunnugal Drainage construction 1941 (north)

Drainage of Walker, Brady and Gooseneck Swal 1950
faql DecaGHs ORI NOP M
Diversion works 1971
Eqp@& ¢ UNWHRUHI ¢RUNc OO NbPdZ
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4.1.Burrah GapEastern Levee

Where the Wannon River emerges from between the Mt William and Serra RéBigea Gajp an
artificial bank has been identified, firstly through an historic acco{Bruni 1892)followed by
identification on digital elevation mapping and confirmed on the ground.
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Figure22: Location of Burra Gap eastern levee north of Lynchs Crossing Rd.

Lynchs Eastern Levee Contour_1.0 m

The levee was constructeatound 1890 along the eastern bank of the riveresumablyto contain
floodingandis 350 m in lengthrunningparallel to and on the western side of Lynchs Tr&egure
22). Interpretation of digital elevation mapping reveals thhgtriver is perched and the landscape to
the east falls away from the river. Consequenithgppears that durindnigher flows the river would
have overflowed and inundated the country to the east, filling a series of marghaadingan
unmappedwetland of over 50 ha approximately 1 km to the edsg(re23). Afurther 2.5 km to the

36



east of this unmapped wetland is a secardt] mucHarge (658 ha) wetlandvhich is mapped on the
DEECA P+#european wetlands layéwWetland No 26728)The sill for this potential spitlut zone is in

the vicinity of 261.6 to 261.7 m AHBidure25), which is only 30 to 40 cm above the main channel sill

of approximately 261.3 m AHR little under 400 m to the wes#nother potential, historical flow

path follows a convoluted path to the east. At a height of over 262.2 m AHD the levee raises the sill in
this area by over 0.8 m. A terrain profile along the levee bank from south to north shows its height
runs from justbelow 261.9 m AHD in the south to 262.25 m AHD in the ndtituce27). There
appears to have been a breach in the levee at around 315 m mark north of the start with a 40 cm drop

in height to 261.7 m AHD.
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Figure23: Topology, natural features and artificial structures associated with the Wannon River in

its movement through the Burra Gap.
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Figure24: Topology of the Burra Gap region showing potentially flow pathway in the Wannon
River for higher flows to the east and levee constructed to impede this.

Lynchs Crossing - Levee

Main
Wannon —»

F) 100 5 m 20 30 0

0 )
Distance (m)

Figure25: LiDAR profile for Wannon River floodplain and levee north of Lynchs Crossing. Bléck line
indicates profile plane
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Riverside of Levee -Profile

Figure26: Profile of DEM heights parallel to the river side of the Levee bank.

Levee Profile - Longitudinal
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Figure27: Profile of DEM heights along the Levee bank.

To cross validate thdigital elevation modellingcross the Wannon Rivémough this areaa cross
sectional elevation profiles &s determined using a Lufkin laser lev&@he comparison shows that
while DEMderived heights are highen a wetland areato the westand, in the watercourse cross
sections the wider profile of the floodplain and associated spill levels are consi@tentre28).
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Figure28: Upper chartsblue line is the surveyed elevations (corrected to an underlying DEM value
at one of the points) and the orange profile is the DEM underneath. Corahaw the yellow
points relate to the blue lineLower left: Laser level transect over aerial photograph. Lower right:
Laser level transect over hill shaded LiDAR DEM.

The impact of the levee on flows was observed during November 2022 where the water depth on the
river side of the levee was approximately 0.8m higher than on the outside of the |IBigad¢29).

Hence the impact of this levee on preventing flows to the east, and into additional wetland areas and
potentially along an alternative flowpath, seems likely.

Figure29: Water backing up against the western side of the Burrah Levee during high Wannon
River flows in November 2022. This 1890s dyke, which is now concealed by dense regrowth, is
being stood on by photographer, with its edge visible along the bottom of the image
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4.2.Drainage Schemes

The construction of drains in the Bunnugal Rural Drainage Area, from around 1900, created an
additional catchment for Brady Swamp. The northern Bunnugal Drain was not constructed until after
1941andis evident in aerial photos from 194Figure 3&rror! Reference source not founy.

Figure30: 1947 aeriaimage, showing Wannon River flows (blue arrows) and Heifer Swamp
drainage inflows (red arrows) into Walker Swamp (north Bunnugal Drain) and Brady Swamp
(south Bunnugal Drain) from 190§1950s.

While this initially impacted on the extensive Heifer Swamp system to the east, with time, additional
private drains were connected into this catchment from as far away as Glenthompson (linked to the
south Bunnugal Drain inflow into Brady Swamp) and frarther afield to the northeast (linked to

the second drain inflow (north Bunnugal drain) via Walker Swamp). With the construction of the
Southern Bunnugal drains, the effective size of the Wannon sub catchment 2380505 was increased
and the volume of wateentering Brady Swamp increased substantially. In the late 1940s construction
of the northern Bunnugal drain from wetlands and streams to the north of Heifer Swamp, into Walker
Swamp resulted in a new major source of surface wekagure31).
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