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SUMMARY

Barossa Infrastructure Limited (BIL) imports WarrBeservoir-River Murray water
into the Barossa Valley for supplementary vitictdtuirrigation. Currently,
approximately 8,000 ML is being used. This alsdudes approximately 300 ML of
reclaimed water from the Nurioopta Waste Water fineat Plant, in the Gomersal
area. Eventually, BIL intends to increase the vautransferred to approximately
10.000 ML and requires an examination of the paépnvironmental effects of the
transfer volume increase and the use of the reethwater. This report examines the
potential environmental effects of the proposedrease in volume and is an

addendum to the earlier EMS (2000) report. In summtis concluded that:

 The BIL water contributes to the sustainability the Barossa as a wine

producing area of high quality, by providing:
0 Additional good quality water (low salinity) to ntee demand of the
Barossa wine industry, in particular:

= Enable existing supplies of high salinity irrigativater to be
replaced or mixed with low salinity water, whichimportant
for quality.

= Supplementing additional limited supplies, enablimgw
plantings, including in areas where groundwateto® saline
for use.

= Providing a reliable water supply to sustain prditucin times
of climate variability (drought) and change.

* From a horticultural perspective the continued wo$eBIL water is also
sustainable. It will be applied at a low rate opagximately 100 mm per year,
which is about 20-25% of the requirement for vinégen with this low rate,
ongoing management of irrigation is required toueashere are no issues
with soil salinity, waterlogging or excess watervimgy below the root zone.
There are a number of important drivers which wilsure its efficient use,
and are:

0 The need to provide a quality product, including dwerseas markets,
and:



= A strong negative correlation between salinity aqahlity,
therefore involving careful salinity management.

= A strong negative correlation between yield and ligya
therefore requiring management of application rates

o0 The high cost of BIL water.

In addition:

0 BIL customers are required to prepare irrigationnaggement plans,
which takes into account location, soils, use ofecacrops, mulch etc.
BIL is currently upgrading its technology to enabiteal time
monitoring with web based flowmeters, weather infation and soil
moisture readings.

» For the existing BIL water use and proposed in@¢asl0,000 ML, it is very
unlikely that there will be any change in the regibwater table, apart from
naturally occurring seasonal variation. This isguped by data from the 14
monitoring wells established in 2001 to monitor thater table and salinity.
Variations observed, due to rainfall patterns, theesame as those occurring
regionally, irrespective of soil types.

* Monitoring indicates that no perched water tablagehdeveloped. With the
proposed increase the risk continues to be very, lb@cause of the low
application rate of the BIL water of 100 mm/yearigation in summer usually
starting in December, and with efficient managenmesulting in very little
water moving past the root zone.

Assuming a conservative 50% replacement of satiigation water (average 1,500
mg/L TDS) in the Barossa Valley Floor and Lyndocllgy, but all new water in the
Greenock Creek and Gomersal Creek Catchments, theaenet average annual
reduction in load to the surface of approximateB2 Sonnes per year. There is
however a salt load redistribution with a largerdase in the average annual load on
the Barossa Valley Floor and Lyndoch Valley of 2.0®nnes per year, but an
increase in the Greenock Catchment of 1,512 topaeyear. For the purpose of this
assessment this assumes 5,400 ML used in the Gile@neek Catchment, 2,200 ML
in the Barossa Valley Floor and 1,400 ML in the dgoh Valley. The large reduction
in the Barossa Valley Floor and Lyndoch Valley @&tgularly significant as these
areas have the most soils with high risks of sadition and water logging.There
should be no adverse effects on any remnant tealestgetation.
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The reduction in salt load will benefit aquatic sgstems in the North Para River and
tributaries where salinity has increased in thelystarea, particularly improving water
quality in refugia pools. There may be a small éase in the longer-term in
watercourses in the Greenock Creek Catchment, highvare already saline. Below
the confluence of Greenock Creek there is the vatage decrease of 520 tonnes per

year.

In addition to the DEWNR monitoring network for gwad and surface water,

monitoring should continue, with periodic data esviand reporting at:

* The 14 wells established for BIL monitoring.

* New gauging station on Greenock Creek (salinity).

At this stage no additional sites are considereessary.

Vi



1.0 INTRODUCTION

Barossa Infrastructure Limited (BIL) imports WarrBeservoir-River Murray water
into the Barossa Valley for supplementary viticedturrigation. It will also drought
proof viticulture enabling sustainable productioonh year to year which is essential

to maintain market share.

An Environmental Assessment of the project was ualen by Eco Management
Services Pty Ltd in 2000 (EMS, 2000). For the am®est it was predicted that the
transfer amount would be 7,000 ML per year by 2006/The study area is shown on

Figure 1.

Currently, approximately 8,000 ML is being usedhisTalso includes approximately
300 ML of reclaimed water from the Nurioopta Wa¥tater Treatment Plant, in the
Gomersal area. Eventually, BIL intends to transfpproximately 10,000 ML and
requires an examination of the potential environtalegffects of the transfer volume
increase and the use of the reclaimed water. Tép®rt examines the potential
environmental effects of the proposed increaseoiaormae and is an addendum to the
earlier EMS (2000) report.

20 PROJECT OBJECTIVES

The Barossa Pipeline Project began because ottaevely high salinity of much of
the groundwater for irrigation and the need to didyoroof the viticulture industry.
Many growers have had to use this groundwater, wisgroblematic because of a
negative correlation between yield and quality withreasing salinity. Supplies of
good quality water have become limited, includimgni groundwater and surface
water. The imported BIL water now provides a tdkasource of good quality water
in sufficient quantity. It also enables the furtldavelopment of the industry where
the salinity is too high for use and where surfaggplies are unreliable.

3.0 KEYISSUES

The key environmental issues examined are:
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* The potential for the use of BIL water to resultarrise in regional water
tables.

» Changes in the salt load entering surface draiaadmse flow.

* The potential for any adverse effects on ecosystémsinant terrestrial
vegetation and water dependent ecosystems) beasusbe creation of
perched water tables, and any changes in salinity.

» lrrigation sustainability and the potential forlstegradation due to the impact

of irrigation water with high salinity water.

40 SUSTAINABLE IRRIGATION

The use of BIL water will be sustainable in thedgdarm, in maintaining the
production of quality grapes and wines, withouegedorating soil condition. How
this is assured is outlined below.

4.1  Soils, Soil Salinity, Waterlogging and Perched Water Tables

A detailed examination of soils was undertaken he tprevious EMS (2000)
assessment, to identify areas with the potentialiater logging, soil salinization or
the creation of perched water tables close to t¢lilesarface, which could impact on
yield and quality. The assessment used very ddt&@iBIRO Barossa soil surveys
completed in the 1950’s and PIRSA soil associat@ps to extend the soil mapping
at the margins, particularly on the western siddhef study area. This data was
grouped and simplified to ten major soil types apiate for the purpose of
developing management profiles in relation to trse wf imported water. This
simplified soil map is shown on Figure 2. Each wa®n a rating related to the level
of irrigation management required to prevent wateving below the root zone, i.e.

their potential for the development of perched wedbles and/or salinity problems as



a result of the application of excess water. Indbgelopment of an overall salinity
management plan for the North and South Para RimeRural Solutions (Evans et al
2003), soil attribute maps including Salinity inédcby Watertable, Susceptibility to
Waterlogging and Salinity Risk Areas were produeed the soil map in Figure 2
and the management ratings are generally consistightthe attribute maps. Soil
salinization through rising water tables is a risksome areas, notably the Barossa
Valley Floor from Nuriootpa to Lyndoch. Secondamfisity from the mining of
deeper more saline waters with salt being broughhe¢ surface adds to the risk, but
the replacement of the more saline groundwater aligrnative low salinity water for
irrigation will reduce risks, if properly managdgevans et al, 2003).

The rating of the soil units in Figure 2 accordioghe level of management required
to prevent water moving below the root zone, ifbdsws:

Soil Unit M anagement L evel
1. Sandy and loamy red-brown earth 2
2. Skeletal soils 1
3. Clayey red-brown earth 1
4. Terra rossa soils 1
5. Dark brown cracking clays 1
6. Sand-over-clay soils 9
7. Sand-over-clay and transitional red-brown eart3

8. Yellow podsolic soils

9. Red podsolic soils 4
10. Alluvial soils 10

Rating 1 = low level of management needed
Rating 10 = high level of management needed

It was determined that there are three soil assong@awhich have the potential for the

creation of perched water tables, which are:



The sand-over-clay group (Unit 6)
Management Rating 9

Very poor drainage and the fact that these saglguently occur on flat ground
together with a shallow topsoil, make these sdits most difficult of all to

irrigate efficiently. Perched water tables and padblems already exist in the
Kalimna, Ebenezer, Vine Vale, Rowland Flat and Logtdarea on both sides

of the River under this soil unit.

Sand-over-clay and transitional red-brown earth group (Unit 7)
Management Rating 8

Many of these soils occur on the western rim of\thley and in mid to high
slope positions and may themselves escape the tbtproblems of poor
drainage and/or overwatering. However, on lowarpes$, flat land or
landlocked situations there is a significant pagrior perched water tables to
develop. Some of this area falls into the ‘poedmiew areas for development’
category and hence the need for adequate managefmeigation systems.

Alluvial soils (Unit 10)
Management Rating 10

Due to their proximity to the drainage system ampbgraphic position in the
land system a high level of management is needdu: lateral movement of
excess water from irrigated sites above often darnes to perched water
tables in these locations in addition to overusevatier on the site. There are
already perched water tables established under roérifiese soils in the
Nuriootpa, Rowland Flat and Lyndoch districts amime of the shallow
groundwaters have a salinity level of 3500-4000Lmaf total soluble salts.
Where a perched water table rises to within tworesebf the surface the
agricultural potential of these otherwise veryifersoils will be considerably

reduced.



The salinity of groundwater is shown on Figure 8 #me general depth to watertable
in Figure 4. The three soil associations (Units7éand 10) that are considered to
require careful irrigation management are also shaw Figure 5, along with the
zones where the regional water table occurs atpthdess than 5 metres below
ground.

4.2  Irrigation M anagement

There are a number of factors in the use and mamagfeof the BIL water which
ensure its effective use, and that it is not use@ssively, which results in a low risk

of potential adverse environmental effects. Thesesammarised as follows:

There is a strong negative correlation betweerdyaeld quality, especially with red
grapes and premium prices are only paid for quaigndards attained. Excessive
water use would impact on quality and BIL wateordy applied at the rate of 100
mm, which is a relatively small part of the annuificulture requirement of 400-450
mm, In addition excess water may cause waterloggiigch would also result in
adverse effects on crop yield and quality.

There is a strong negative correlation betweemisalnd quality, therefore requiring

careful irrigation management.

Irrigation is in the summer, usually starting indeenber. Because of the low average
application rate of 100 mm, it is very unlikely tharigation water will move
significantly below the root zone. This is ensubgdthe preparation and application
of Irrigation Management Plans (see below). Thisimises any potential for any

runoff to watercourses.

The relatively high cost of BIL water would encogezefficient use.

All BIL applicants are required to prepare an latign Management Plan (IMP). All
new and larger plantings have IMPs. It is importanhote that BIL has the power to
disconnect customers who are causing environmgmtdllems. The plans should

ensure, or identify:



* Water application in a controlled way, i.e. a wategter is the simplest and
most basic measurement device.

* That soil types have been taken into account, disated above, particularly
in those higher risk soil types.

* An appropriate method of application — drippersjamvine sprinklers.

* The correct rate of water used on a per Ha basis.

* Alternate crops and under vine mulching.

» Source of the water, including bores, dams, mains.

* Water quality (TDS mg/L) and whether or not theigs are mixed in order
to achieve a quality standard (<1,500 mg/L).

» Whether or not BIL water will replace existing slipp that are salty or used
to facilitate “new” plantings.

* Method of storage of water — well recharge, damegdlor not.

» Growers are required to employ some form of mogtmonitoring device to
assist them determine when to start watering aedediter, when to most
effectively use their limited supplies to maximuooeomic advantage. In this
regard BIL are upgrading their technology to enatitie monitoring with web
based flowmeters, weather information and soil taogsreadings.

* When and how water applied — growth stage, frequeamount, on advice
from wine industry viticulturist.

* The location of the vineyard — Section, Hundred.

As discussed in EMS (2000), the process shouldmisade for feedback on specific
management requirements for the locality of whiah landowner may not necessarily
have been aware, e.g. potential for perched watde/salinity problems to develop.
Individual water users are required to monitor rtfeavn irrigation systems whether
they happen to be in an area of high level of manst or not. One or two growers
with less efficient watering will not affect thegienal hydrological system but they
may cause problems for their closest neighboursione sensitive areas. Hence all
clients of the BIL scheme are made fully aware it responsibilities from the

outset and these responsibilities have been dodechein their agreements as
conditions for use of the water.



It is a condition of BIL’s contract with its cust@ms that they may not take, store or
use water supplied by BIL unless the customer Hateaessary licences, permits or
approvals, and the use of the water is lawful anddcordance with the customer’s
approved irrigation management plan. To that extBh will co-operate with the
relevant authorities to ensure that the customeblgyations are complied with or,
failing reasonable attempts to do so, BIL may sodpie delivery of water to the

customer.

5.0 POTENTIAL ENVIRONMENTAL EFFECTS

5.1 Irrigation and the Regional Water Tables

With regards the proposed 10,000 ML, and the pomngsle in the detailed EMS

(2000) assessment:

Some of this will:

* replace existing groundwater use,

* be mixed with current groundwater use to improwe ghlinity of the applied
water,

» substitute for lack of runoff into dams, and

* Dbe for new irrigation ventures.

Winter rainfall may penetrate from 2.5 to 3.5 metne average to above average
seasons. It varies between drought and wet peréds.at the Nuriootpa Viticulture
Research Station the average depth of winter par@airover a nine year period was
2.9 metres, varying from O metres in a droughtearly 6 metres in one of the wettest
years on record. Summer rainfall can be discoum@apletely as it is lost by

evapotranspiration.

Although most irrigation will occur in summer, poaranagement in the form of
overwatering may still allow some seepage pastdbezone. Depending on the soil
type and the soil moisture level existing at thel @i winter, this could lead to
increased accession to the water table. It coslo eduse waterlogging in some areas,



which would impact on the plants (Evans et al, 200@pths to the water table in the
study area are given in Figure 4. This shows and®se the regional water table lies
at a depth of less than 5 metres below ground leNeth is considered the upper
limit to which effects could be felt under norma@camstances. It was estimated that
with 80% irrigation efficiency only 20 mm of irrigjan water could migrate past the
root zone. Assuming a porosity of 30%, if this erateached the water table, it would
result in a rise of approximately 60 mm, in theaaod irrigation. Importantly, after

cessation of irrigation such a rise under the ati@n block would dissipate by lateral

flow.

If irrigation over the summer months is efficieng. no water escapes past the root
zone, the evapotranspiration component of the wdigiget will increase to
compensate for the imported water. Under thesaliions there will be no net
increase in vertical seepage to the regional watse.

With the increase from approximately 8,000 ML cuthg used, to 10,000 ML as
proposed, application rates will remain the sanpetoul00 mm. Although uncertain
as to the exact extent, on the Barossa Valley Faor Lyndoch areas, much of the

imported water will replace groundwater.

Overall, there is very unlikely to be any changeegional water tables, apart from
naturally occurring seasonal variation. This isguped by water level observations
since 2001 in 14 new observation wells, constdigtehe areas with soil types
considered the most sensitive to irrigation (Wadarsh, 2014, refer Appendix 1). The
results from the new wells, combined with thosadditional longer term monitoring,
shows the annual fluctuations in the water tabteight about by variations in rainfall
recharge rates and evapotranspiration. It also shonger term upward and
downward trends in the average water table elewalibe trends seen in the 14
monitoring wells are the same as those seen rdijipimeespective of the soil type.

In terms of the water budget for the whole vallBof sedimentary sequence, it was
also noted that the reduction in groundwater eitraavill cause some modifications

viz:



» the average elevation of the deeper aquifers pressuface will increase
whilst the magnitude of the annual fluctuationd dédcrease;

» downward seepage from the water table, upward geeipam the underlying
hard rocks and lateral seepage from the eastedrbeks will decrease in
magnitude; and

» lateral seepage to the hard rocks in the westimatease and possibly some

small increase in the base flow to the North PavarR

5.2  Irrigation and Salt Load Reduction

Based on monitoring data for 2014, the averagenisaliof imported water is

approximately 280 mg/L, refer Appendix 2. The tgdigroundwater used for
irrigation is 1,500 mg/L, as much of the Barossaaais underlain by saline
groundwater, refer Figure 3. For every megalitrangborted water substituting for
groundwater with an average salinity of 1,500 mg/lnet reduction of 1.19 tonnes of
salt per year reaching the land surface is achieved

In the previous EMS (2000) assessment for thealni6,000 ML imported,
approximately 1800 ML was for the Barossa Vallegdf| 530 ML for the Lyndoch
Valley and the balance to the Greenoch Creek Re@otually 3,200 ML applied
for). For this update of the previous assessmerg,assumed that for the 10,000 ML
the volumes for each of the three areas will dauBkcause of the uncertainty as to
the full extent of replacement water, the exactreéegof salt reduction is also
uncertain. Therefore, it is also conservativelyuassd that for the Barossa Valley
Floor and Lyndoch Valley only 50% replaces grounmaand all of the water used
in the Greenock Creek area is for new irrigatiord additional water with no
replacement. Comments on salt accession on thesiarfdce the Valley floor, the
Lyndoch Valley and the Greenock Creek region arermsarised below.

) Barossa Valley Floor

If overall, approximately 3,600 are used, with 50&placement, this would
result in an overall reduction in salt load at sheface of approximately 1,320
tonnes per annum. Because of the product quaktyess referred to in the

9



Introduction, it is more likely that there will ba higher percentage

replacement of the saline groundwater than less.

Lyndoch Valley

Similarly, if approximately 1,400 ML is used, with50% replacement, there

will be a 714 tonnes/annum reduction.

Greenock Creek Region

In this area groundwater is too saline for irrigatand is everywhere greater
than 2,000 mg/L TDS and commonly greater than 3,0Q0L TDS, refer
Figure 3. Consequently, all imported water will dsed for new vineyards or
to ‘drought proof a property relying on surfacenodf into dams for
subsequent irrigation. If approximately 5,400 MlLused in this area, with a
salinity of average 280 mg/L, there will be an ease in the salt load of
around 1,512 tonnes per year.

The Gomersal area currently receives 1,864 ML, wimcludes 306.9 ML of
reclaimed water from the Nurioootpa WWTP. With aerage TDS of about
750 mg/L (data from Seed Consulting Services, 2014y would be an
additional 230 tonnes per year.

The results of salinity sampling in the 14 monmgriwells are equivocal with some

showing little variation between sampling while eth vary significantly. Some wells

have shown a slow upward trend since monitoringahegor the regional network,

DEWNR (2013) comment that for the water table aguihere is an overall increase

in salinity levels in 2013 compared to 2012.

Overall, in terms of the North Para River catchméetmain effect on the salt budget

is the redistribution of the salt accessions toléimel surface. With the conservative

50% replacement of groundwater use for the Bard&sdiey floor and Lyndoch

Valley, the area where the 12 of the 14 monitommls are located, then these two

areas would show a reduction of salt accessioth®historical range of groundwater

10



use of 2,034 tonnes per year. There will be aimzease in the Greenock Creek
region of 1,512 tonnes per year. So overall thed&kely to be a net reduction in salt
accession to the surface soil. This is significit is the salt in irrigation water that
eventually reaches the watertable and throughalatienv discharges to watercourses.
It is to be noted, however, that rates of groundwahovement are slow, with 1

metre/annum being indicative. Consequently, thecotdf of salt load changes make
take a long time to be observed and will also b@eddent on local site factors, such
as the distance of irrigation areas from watercssirs To assist in gaining some
perspective on this, flow and seasonally adjustgd tom continuous monitoring for

the North Para River at Yaldara indicates a meénasd Of 5,640 tonnes per year
(Evans et al, 2003)

5.3 Terresrial and Aquatic Ecosystems

The previous EMS (2000) assessment concluded titatimportation of up to 7,000
ML, as previously proposed there was little riskpefched water tables or salinity
affecting remnant terrestrial native vegetatiosalmity affecting native vegetation or
aquatic fauna in the watercourses. The currentgaeg increase to 10,000, presents

no increased risk as discussed below.

5.3.1 Remnant Terrestrial Vegetation

Remnant terrestrial native vegetation should nadffected as a consequence of:

* Perched water tables if they occur are also vetikelg within the top 0.3 to
0.5 metres of the soil. Irrigation will mainly ogca the summer when the soll
moisture is already low and only sufficient usedrtake up for evaporation.
Irrigation management which aims to provide sudiinti for the vines to
produce quality fruit, effectively ensures that evatloes not move below the
root zone of the vines. Consequently, excess viiaar irrigation sufficient to
create waterlogging is very unlikely. The watergaisl at least 5 metres below
most of the area of the three soil associationsgritged above, refer Figure 5.
Also native vegetation is generally shallow rooteih the majority of roots

11



generally found in the top 0.3-2 metres of soilthwmnost within the top 0.5

metres.

As mentioned above, any effects would be belovwgation areas, and not
native vegetation, dispersing by lateral flow wheigation ceases. Also, as
discussed in EMS (2000), remnant patches within $hed - over - clay
Association and Sand - over - clay with transitiomed brown earth

Association, are on hilltops or on raised slopingund, where groundwater is
unlikely to accumulate beneath, but dissipate er#d flow. Riverine

vegetation, including on the Alluvial soils, Riveed gum (Eucalyptus
camaldulensis) and Blue gum (E. leucoxylon) areertoit of seasonal
waterlogging.

As pointed out earlier, the remnant vegetation kdoare upslope or on
hilltops. Salt in irrigation water on the surfa@aches the watertable due to
leaching with winter rains. On the Barossa Valdgor and Lyndoch Valley,
with the current proposal there will be a net remucin salt accession of
approximately 2,034 tonnes per annum, which wouidhér reduce any
potential risk.

In the Greenock Creek Catchment, assuming the SMI0Qhe salt load of
approximately 1,512 tonnes per annum is additiddalvever, because of the
depth of the water table, low application rates sinmmer with lateral
dispersion at the end of irrigation and irrigati@mly occurring in the
vineyards, it is still very unlikely that any ad@g¢ vegetation could be
affected. In this area the majority of soils ared&sa loamy Red Brown Earth
and Brown Earth (refer Figure 2), which do not foperched water tables.
Where there are Sand-over-clay and transitionalbredn earth there are
remnant vegetationE(icalyptus fasicularis and E.obliqua), As mentioned
above, these remnant blocks are also on hilltopst dgast on raised sloping
ground where ground water is unlikely to accumuls¢é@eath but to travel
away from the native vegetation. As a result sdltlve removed laterally in a

discharge to the watercourses. Also, the remnatitenaegetation species

12



occurring are generally tolerant of salinity, espil¢ the dominant tree
species which have a moderate to high tolerance.

5.3.2 Riparian and Aquatic Flora and Fauna

With the importation of the 10,000 ML and a cons¢me 50% replacement of

groundwater use there will be a net reduction m tian-made portion of the salt
accession to the surface, of approximately 522dsmper annum within the Barossa
region. There will be a redistribution of the sadicession, with an increase in the
Greenock Creek Catchment (Greenock and Salt Créek)a large reduction in the

Barossa Valley Floor and Lyndoch Valley (TanundeedBr Jacobs Creek and
Lyndoch Creek). There would be a net reductionhm $alt load to the North Para

River downstream.

All of the watercourses in the region have beenifirembsince European settlement,
including physical impacts on channels, loss oanigin habitat, feral fauna species,
weed infestation and flow modification. Even so,nmatill retain natural attributes
and still support diverse aquatic communities azad loe rehabilitated. It is therefore
important that there is no further deterioratioml avhere possible existing impacts
reduced.

In response to the normal seasonal pattern of alginfhese watercourses are
ephemeral, having a naturally pronounced seas@ttdrp of flow, which also varies
from year to year. In the drier periods, along ldmgth of the North Para River'{5
order stream) flows are reduced with the river In@iog a series of pools with small
base flows. Below Nurioopta the North Para Rivea discharge zone and low base
flows are maintained by groundwater discharge. péktern is similar in the larger
tributaries, including Tanunda, Lyndoch and JacGbseks (4 order streams), but
flows can be a trickle or no flows in the smalléf, 2" and # order streams. These
pools are important refugia for aquatic fauna dodaf and some would be a water
source for birds, mammals and reptiles during drgigals, including droughts. Base
flows help in maintain these pools and the hyparimaibitat. Flow modification has
occurred largely as a result of farm dams, causidglay in the onset of flows at the
beginning of the wet season by 1-2 months, whiclectd habitat connectivity

13



between pools and causing a decline in water gqualithe pools. (AMLRNRMB
2009)

These watercourses experience seasonal high saliimh summer — low flow) as a
result of natural saline groundwater dischargenstioned above, below Nuriootpa
the North Para River is a discharge zone, withnggliincreasing with distance
downstream. In the North Para River at YaldaracWlirains approximately 71% of
the 527 km Barossa PWRA catchment, for the salinity monitgpriacord since 1994
64% <2,500 mg/L TDS, 21% <1.000 mg/L, 35% was betw2,500-4,000 mg/L and
1% >4,000 mg/L (DEWNR 2014). Further upstream anhriee which drains
approximately 22% of the Barossa PWRA there isveetosalinity, with 98% of the
total record being <2,500 mg/L TDS, 20% being <0,008g/L and only 2% being
>2,500 mg/L. The watercourses in the Greenock Cfeastichment have saline base
flows, due to the saline groundwater, which is tgethan 2,000 mg/L and in areas
greater than 3000 mg/L. EPA (2013a) recorded s$migiof 2,755- 4498 mg/L (at
Roenfeldt Road). Salt Creek had a salinity reaaih§,700 in October 2001 (Evans
et al, 2003). In comparison Tanunda Creek neard®dgtivas 584 mg/L (EPA 2011a).
Concentrations would be higher in the lower reacbasobs Creek, for example, was
859-2,627 mg/L near the confluence with the Nort#raP(EPA 2013b), but lower
upstream with 429-530 mg/L at the Kaiser GS (EPA3Z).

Ecosystem Condition Reports are prepared by the 6P#vatercourses, which take
into account flow characteristics (natural or mmdij, riparian habitat condition
including aquatic macrophytes, aquatic macroinvedie diversity including the
presence of rare, sensitive and flow dependentiespeand water quality. In all of the
watercourses there are varying degrees of distaebahthe riparian habitat and bank
and bed disturbance. While in many reaches of éitenvourses there is still a canopy
of the River red gum, the understorey is domindigdintroduced weeds. In this
assessment of the proposed increase in BIL watgreaftest interest is water quality
because of salinity and the aquatic fauna and.flora

Greenock Creek (at Roenfeldt Road) was assessé&dPBy(2013a) as being in poor
condition as a consequence of the limited extemaobpy species, poor condition of
understorey vegetation being mostly weeds and damég banks. The
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macroinvertebrate diversity was also low (21 speatetotal, but with 16 in spring
and 12 in Autunm). They are tolerant and widespnre#ld no rare, sensitive or flow
dependent species. The high salinity was alsotarfalm contrast, although modified
from their former natural condition, most locatioims the North Para and other
tributaries, including Tanunda, Jacobs and LyndGokeks, are in better condition
with a more diverse aquatic community as well amesaare, sensitive or flow
dependent species, although along the length avetercourses some locations were
more degraded than others and are assessed aslipdbe. North Para River, for
example, at Rowland Flat there are 48 species afromavertebrates and it is
classified as fair (EPA 2011b) and 4kms NW of Anigast is classified as fair with
51 species (EPA 2011c). There were some rare,tsener flow dependent species
among the more widespread ones. On the river aP#mgice gauging station it is
classified as fair with a moderate diversity of @decies but with low sensitive
species, the Mayfliedtaalophlebis australis and Thraulophlebia inconspicua (EPA
2011d) It also had a rich macrophyte community. Furthesttgam in the Flaxman
Valley, 4.5 km NW of Eden Valley the river is assas as poor with 25 species (EPA
2011e) and at Mt Mackenzie it is also poor withspécies (EPA 2013d). They are all
tolerant and widespread and there are no rarejtisensr flow dependent species.
Also the general habitat is more degraded than dtream.

As indicated above, the threats to the aquaticystes include the increased periods
of no flow between the refugia pools and a detation of water quality
(Vanlaahoven and van der Wielen 1999, quoted in RMRMB 2009). Below
Nuriootpa base flows to the pools during dry pesitglfrom groundwater discharge
which are saline. The mining of deeper saline gdewater for irrigation has increased
the salt load to the water table and into the bawsf With increased periods of no
flow, as a result of evaporation, salinity in theofs would increase. This would be
exacerbated by increased salt loads. With climbhtnge effects in South Australia
are expected to include: more hot and very hot,dagseased evaporation, reductions
in average annual rainfall, and an increase infrdlguency and severity of droughts
(Harding et al 2015). This will certainly place tuer stress on the aquatic ecosystem
if no remedial action is taken. The use of addaidBIL water has a beneficial effect
on the watercourses and aquatic ecosystems invralbreduction in one potential
stressor, which is the reduction in the anthropagsalt accession to the surface, of
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approximately 522 tonnes per annum. Importantly réguctions will occur in the
Barossa Valley Floor and Lyndoch Valley where themmains a reasonably diverse
aquatic community. There will be an increase in gak load to watercourses in the
Greenock Creek Catchment. However, below the cenfla of this catchment and the
North Para River, there is still a net reductiortha annual average salt load, helping
to maintain the quality of the important refugisofso

6.0 USE OF RECLAIMED WATER

In the Gomersal area, reclaimed water from the ddtpa WWTP has been used for
irrigation since 2010 and was approved by SA Health009. However, it is only a
small proportion of irrigation water and is usedhoost the volumes of available
irrigation water. It is not used in addition to A& water and the low application rate
of 100 mm remains the same. Imported water fogation is still predominantly BIL
water. Similarly for imported water generally, fia@claimed water sustainable use, it
should not:

« Cause a rise in the underground water table etavasufficient to
detrimentally affect ecosystems

» Adversely affect the natural flow of water or theatity of surface water,
underground water or water in a watercourse or lake

* Adversely affect the productive capacity of thedlaby causing salinity,
sodicity, waterlogging, perched water tables oepsuch impacts.

» Adversely affect water dependent ecosystems.

As described in previous sections, because ofdhealverage application rate it is
very unlikely with efficient irrigation managemetttat irrigation water will move
much at all below the root zone. As already désdiirrigation will not result in any
damage to adjacent ecosystems, terrestrial or iag@atondition of approval is that
the reclaimed water is applied by drip irrigatids it is applied in the summer there
is virtually no risk of runoff. This would also prent any export of nutrients to any
watercourse. Another condition of approval is titeet scheme is periodically audited,
including the analysis of soils where the reclaimeder is used, to ensure that there
is no soil degradation. Results of an audit havenbseparately reported (Seed
Consulting Services, 2014) and to date indicatenpact.
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7.0 MONITORING AND REPORTING

Strategic regional monitoring is being undertaleprovide:

* An early warning of any adverse effects.

* An opportunity for corrective action to be taken.

This is outlined below in relation to groundwaterer table) and surface waters.

At this stage, as discussed below, it is not camed necessary to change the current

surface water salinity monitoring.

Water Table Monitoring

Groundwater monitoring is intended to determine infigation whether by
groundwater or imported water, is having a detrirakeffect, and will address:

* Fluctuations in the regional water table elevatod its salinity.

» Creation of perched water tables.

Fourteen new water table monitoring wells were l@stiaed in 2001, of which seven
are in the areas of soil associations 6, 7 an/li€re the water table is nominally
shallower than 5 metres (Figure 5). As discussevealthese are the areas where, if
poor management practices are followed, increaseelsaions to the water table may
result in a rising water table. The sites weredeld in conjunction with DEWNR
and are incorporated into their existing netwo®f the DEWNR previous 85 well
monitoring network (throughout the catchment) odlymonitored the water table
(Gill, 2000).

Monitoring data is periodically reviewed and repaolt The most recent was in 2014
(Watersearch, 2014) and is included in AppendixAf..this stage no additional

monitoring locations are considered necessary.
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Surface Flow Salinity M onitoring

Salinity monitoring is undertaken by the DEWNR @atdtions within the study area,
on the North Para at Yaldara, Penrice and on thmeiida Creek at Bethany. Data
from grab samples is also available at other loaoati In the Greenock Creek
Catchment, there was no flow or long term salirdgta to enable a quantitative
assessment to confirm the effects of the new tidga To provide for future

monitoring a gauge station has been constructe@drernock Creek, although data is

not yet available.

At this stage no additional permanent stationsracemmended. It is recommended
that the data continues to be reviewed and reported

7.0 CONCLUSIONSAND RECOMMENDATIONS

Based on the results of monitoring and the aboseudsion, it is concluded that:
The BIL water contributes to the sustainabilitytbé Barossa as a wine producing

area of high quality, by providing:

* Additional good quality water (low salinity) to nte¢he demand of the
Barossa wine industry, in particular:

* Enable existing supplies of high salinity irrigatiovater to be replaced or
mixed with low salinity water, which is importamrfquality.

* Supplementing additional limited supplies, enablirgyv plantings, including
in areas where groundwater is too saline for use.

* Providing a reliable water supply to sustain prdubuncin times of climate

variability (drought) and change.

From a horticultural perspective the continued afSBIL water is also sustainable. It
will be applied at a low rate of approximately 1@dn per year, which is about 20-
25% of the requirement for vines. Even with thiw loate, ongoing management of
irrigation is required to ensure there are no issuih soil salinity, waterlogging or
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excess water moving below the root zone. There ammber of important drivers
which will ensure its efficient use, and are:
* The need to provide a quality product, includingdgerseas markets, and:
* A strong negative correlation between salinity godlity, therefore involving
careful salinity management.
* A strong negative correlation between yield andligyaherefore requiring
management of application rates.

* The high cost of BIL water.

In addition:

* BIL customers are required to prepare irrigationnagement plans, which
takes into account location, soils, use of covespsr mulch etc. BIL is
currently upgrading its technology to enable raalet monitoring with web
based flowmeters, weather information and soil taogsreadings.

For the existing BIL water use and proposed in@¢asl0,000 ML, it is very unlikely
that there will be any change in the regional watdle, apart from naturally
occurring seasonal variation. This is supportedida from the 14 monitoring wells
established in 2001 to monitor the water table sadahity. Variations observed, due
to rainfall patterns, are the same as those oogumnegionally, irrespective of soil
types.

Monitoring indicates that no perched water tablegehdeveloped. With the proposed
increase the risk continues to be very low, becaidigbe low application rate of the
BIL water of 100 mm/year, irrigation in summer ukbyatarting in December, and
with efficient management resulting in very littl&ater moving past the root zone.
Assuming a conservative 50% replacement of satiigation water (average 1,500
mg/L TDS) in the Barossa Valley Floor and Lyndocll®y, but all new water in the
Greenock Creek and Gomersal Creek Catchments, theaenet average annual
reduction in load to the surface of approximateB2 3onnes per year. There is,
however, a redistribution with a large decreasehm average annual load on the

Barossa Valley Floor and Lyndoch Valley of 2,03drtes per year, but an increase in
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the Greenock Catchment of 1,512 tonnes/year. Foptinpose of this assessment this
assumes 5,400 ML used in the Greenock Creek Catth@@00 ML in the Barossa
Valley Floor and 1,400 ML in the Lyndoch Valley. & large reduction in the Barossa
Valley Floor and Lyndoch Valley is particularly sijcant as these areas have the
most soils with high risks of salinization and wategging. There should be no
adverse effects on any remnant terrestrial vegetati

The reduction in salt load will benefit aquatic sgstems in the North Para River and
tributaries where salinity has increased in thelystarea, particularly improving water
quality in refugia pools. There may be a small éase in the longer-term in
watercourses in the Greenock Creek Catchment, highvare already saline. Below
the confluence of Greenock Creek there is the vatage decrease of 520 tonnes per

year.

In addition to the DEWNR monitoring network for gwad and surface water,

monitoring should continue, with periodic dataiegwvand reporting at:

* The 14 wells established for BIL monitoring.

* New gauging station on Greenock Creek (salinity).

At this stage no additional sites are considereegssary.
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1. Introduction

Barossa Infrastructure Ltd (BIL) transfer Warren Reservoir - River Murray water into the
greater Barossa Valley region for supplementary viticulture irrigation.

Prior to its implementation an environmental assessment of the project was undertaken by
Eco Management Services Pty Ltd (2000).

Their report recognised that of the ten general soil classifications identified three were
considered to have the potential to develop rising water tables if over irrigation resulted in
greater accession to the water table.

The assessment report proposed the drilling of 14 shallow monitoring wells in these soil
formations and this was undertaken in October 2001 and documented in Water Search Pty
Ltd (2001).

This report documents the monitoring results to date and includes some longer term
monitoring results for comparison purposes.

2. Groundwater Resources

Three major aquifers exist in the area, two sedimentary aquifers (upper and lower) that occur
in the valley proper and a fractured rock aquifer that lies to the east and west of and underlies
these sedimentary aquifers.

In terms of annual groundwater extraction all three aquifers show the same pattern ie a
decrease in an extraction from 2003/04 to 2005/06, an increase for the following two years
followed by a decrease until 2010/11 to increase to 2012/13 (for the upper aquifer its
extraction doubled over the latter period). Increases in extraction generally correspond to
periods of lower rainfall which also results in lower recharge to the water table. The
combination of these factors is reflected in the monitoring of the water table elevations.

3. Monitoring Network

Within the constraints of the geographical extent of the three soil classifications of concern
drilling sites were also controlled by

* the need to drill on road verges to allow for all year and on-going access
* the location of overhead and underground services and
* input from and approval by officers of the then Department for Water Resources (DWR)

All wells were drilled using solid-flight augers to several metres below the water table or if
not recognised to a maximum depth of 15 metres. Upon completion of the drilling
programme each wellhead reference point was survey levelled to AHD to allow for the wells
to be incorporated into the now DEWNR regional network.

Figure 1 shows the well locations along with additional DEWNR shallow aquifer monitoring
wells documented in this report.

4. Monitoring Results

The environment assessment report proposed that water levels and salinity be monitored
initially on a monthly basis and subject to review each year.

After the initial water level reading in February 2002 the Department has been measuring
water levels on an approximate three monthly basis and sampling the wells about every six



months (end of summer, end of winter). All data are stored in a computer database alongside
each wells unique monitoring well code, a sequential numbering system based on the
Hundred in which the well resides (Figure 1).

4.1 Belvidere Plains

Figures 2 to 4 show the water level hydrographs and salinity fluctuations for the three
monitoring wells BLV8, 9 and 10 in the Hundred of Belvidere north of the Sturt Highway.
The plots also show the monthly rainfalls recorded at Nuriootpa by the Bureau of
Meteorology. Whilst there are some differences the water level hydrographs show a similar
pattern of a slowly rising water table until early 2006 followed by a general decline until the
2010 and 2011 winters when water levels consistently rose to again decline from the spring
of 2011 to date reflecting the rainfall and hence recharge rates either side of that date and
changes in the upper aquifer extraction volumes. Superimposed on these average trends are
the annual water table fluctuations reflecting the changing balance between winter rainfall
recharge and summer evapotranspiration. As the typical depth to water in BLV8 and BLVO is
2 metres deeper than in BLV10 annual fluctuations are more subdued.

To try and obtain representative water samples for salinity testing each well is pumped using
12V submersible pumps until at least two well volumes are removed.

The northernmost of the three wells BLV9 (Figure 3) has the lowest salinity and the least
fluctuation over the sampled period. It showed a slow rise until mid 2006 (parallel to the slow
average rise in the water table) followed by a levelling off to again trend upwards from the
winter of 2009. BLV8, the well with the highest salinity, has also shown the greatest
fluctuation (Figure 2) and BLV10 is intermediate between the two (Figure 4). The latter two
wells do not appear to show any significant trends.

Whilst it is difficult to be definitive about the reasons for fluctuations of such magnitude
causes could include remobilization of stored salts in the unsaturated zone under variable
recharge conditions, salinity stratification below the water table dominating sampling
protocols etc.

4.2 West of North Para River

The water level hydrographs for the four water table monitoring wells show relatively small
annual cycles of a rise and fall in the water table superimposed on a relatively stable or an
overall rising trend prior to 2006 followed by a slight downward trend after that (Figures 5 to
8).

This is the same as seen in the Belvidere Plains monitoring wells and is a reflection of the
amount and intensity of the annual rainfall and hence recharge to the water table.

This area is underlain by the fractured rock aquifer and because of salinity constraints is not
extensively exploited for irrigation.

Again the wetter 2010 and 2011 winters resulted in a greater amount of rainfall recharge and
hence a rise in the water table over late winter - early spring and this is seen in all four
monitoring wells to again decline over 2012 and rise over 2013 and 2014. Despite some
fluctuations the water table salinity in NTP8 (Figure 5) varied in a relatively narrow band
until early 2008 but has shown a slow increase since then.

NTP9 fluctuates more than the other wells which may be related to the existence of the North
Para River to the east of it. The salinity in NTP10 decreased from its drilling date till early



2008 then stabilized at around 7000 mg/L until late 2010 to again show a downward trend
followed by a ‘plateauing’. Similarly NTP11 fluctuates around 6000 mg/L.

4.3 Central Valley Floor

Figures 9 to 13 show water table hydrographs for long-term (non-BIL) monitoring wells
incorporated in the regional network. The graph for MOR212 (Figure 12) shows the strong
relationship between the amount and intensity of incipient rainfall and the corresponding
fluctuation in the water table elevation eg 1992 - 1993, 1996, 2005 and 2010/11.

Figure 9 (MOR10) also shows the long-term cycles experienced by the water table over the
past fifty-two years.

Such cycles urge caution in ascribing short-term trends (<10 years) to a cause other than
rainfall recharge rates and/or variable groundwater extraction.

The late hydrograph for MOR&4 in Nuriootpa (Figure 10) should be discounted as it became
subject to surface water running into its casing (and reflected in the salinity graph).

Apart from this well long term water table salinities have shown a rise then a fall (MOR204,
Figure 11), a slow fall (MOR213, Figure 12) or a significant rise (MOR213, Figure 13,
corner of Menge and Magnolia Roads).

The water table hydrograph for MOR273 (Figure 14) northeast of Nuriootpa shows the same
features as seen in the Belvidere Plains and Hundred of Nuriootpa monitoring wells ie an
upward trending water table till 2006 followed by an overall downward trend with a rise over
the 2009 to 2012 winters. Its salinity graph shows wide fluctuations probably related to the
nearby North Para River.

MOR274 at Kroemers Crossing shows the ubiquitous rising water table trend till 2006
followed by a slow downward trend with a rise over the 2010/2011 winters followed by a
flattening then slow decline.

Well MOR272 has been vandalized.

4.4 Lyndoch Valley

Figure 16 shows the long-term trends in the water table fluctuations experienced in the
Lyndoch Valley (BRS9, Figure 1). Whilst it is a problematic monitoring well being
influenced by pumping and recharging of fresh water the overall observed trends are on a par
with those seen to the north in the Valley proper.

The water level hydrograph for BRS22 (Figure 17) and BRS25 (Figure 19) show the same
pattern as seen in the other water table monitoring wells ie a rising or reasonably stable
average water table elevation followed by an overall decline till early 2009 followed by
upward trends brought about by enhance winter rainfall recharge to again fall over 2012 as
extraction from the upper aquifer increased.

Both wells have also shown a small increase in salinity since sampling commenced but now
appears to be stabilizing in BRS25 and falling in BRS22 (Figure 17).

Data for BRS24 (Figure 18) is sporadic but no comment existed in the database as to why it
is not read or sampled on a regular basis.



5. Conclusions and Recommendations

The water level hydrographs for the dedicated BIL monitoring wells generally show a similar
pattern of a rising or relatively stable average water table elevation from 2002 until 2006
followed by a downward trend till 2009 with subsequent rises brought about by two to three
years of enhanced winter recharge with a general decline over 2012. The same is seen in
other regional monitoring wells and appears to be correlated solely to the trend in the rainfall
pattern and hence recharge rates and the parallel variation in the extracted volumes from the
upper aquifer. The longer term (non-BIL) monitoring wells show that over the past few
decades the water table in the Barossa Valley has gone through extended periods of rising
and falling average levels related to the long term trends in the rainfall patterns.

Trends in salinities are harder to define as the sampling methodology itself can influence the
results let alone the immediate hydrogeology surrounding the monitoring well.

Some wells show small variations between sampling runs whilst others vary significantly.
Some wells show a slow increase since monitoring began to continue to do so or to plateau
over the past few years whilst one indicated an average downward trend.

It is important that monitoring continues expecially as weather patterns appear to be
changing.

It is recommended that a further review of the collected data be undertaken at the end of
2016.
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APPENDIX 2

Reclaimed water quality



Reclaimed Water Quality Data, January 2011-January 2015

Test Jan-11 Mar-11 May-11 Nov-11 Jan-12 Mar-12 May-12 Oct-12 Jan-13 | Mar-13 Apr-13 May-13 Jul- Aug- Oct-13 Dec-13 Feb-14 May- | Nov-14 | Jan- Units
13 13 14 15
Coliforms 91 130 290 1100 260 37 21 2000 290 190 0 1 0 24 150 1400 | >2400 /100ml
Coliforms — Presumptive 91 130 290 1100 260 37 21 2000 290 190 0 1 0 24 150 1400 | >2400 /100ml
E.coli 0 0 3 1 1 0 3 1 4 2 0 0 0 7 3 1 0 112 /100ml
E.coli/F Coliforms — 200 0 0 5 1 1 0 3 1 4 2 0 0 0 7 3 2 0 112 /100ml
Presumptive
Faecal Coliforms 2 0 0 5 1 1 0 3 1 4 2 0 0 0 7 3 2 0 112 /100ml
Arsenic - Total 0.0009 0.0012 0.0011 0.0008 | 0.0011 0.0013 0.0011 0.0007 | 0.0014 | 0.0014 | 0.0006 0.0008 0.00 0.0013 | 0.0013 | 0.0015 | 0.0012 | 0.0007 | 0.00 mg/L
06 2
Boron - Soluble 0.035 0.034 0.029 0.029 0.023 0.033 0.02 0.031 0.032 0.037 0.045 0.079 0.04 0.033 0.025 0.031 0.03 | <0.02 0.04 mg/L
7
Cadmium — Total <.0001 <0.0001 <0.0001 <0.0001 | <0.000 <0.0001 <0.0001 <0.0001 | <0.000 | <0.000 | <0.000 <0.0001 <0.0 <0.000 | 0.0001 | <0.000 | <0.000 | <0.000 | 0.00 mg/L
1 1 1 1 001 1 1 1 1] 03
Calcium 10.9 12.8 14.6 17.8 20.5 19 19.1 17.3 17.6 19.2 19 20.7 14 13.8 13.6 15 11.8 | 10.9 mg/L
Chromium — Total 0.0034 0.0021 0.0028 0.0019 | 0.0017 0.0044 0.0013 0.002 | 0.0036 | 0.0031 | 0.0018 <0.0001 0.0022 | 0.0021 0.003 | 0.0032 | 0.0018 | 0.00 mg/L
31
Iron - Total 3.804 3.127 3.669 2.303 2.791 4.654 2.073 1.644 3.361 3.026 1.839 0.0401 0.00 1.685 2.325 3.351 3.087 1.707 | 3.76 mg/L
26 3
Lead — Total 0.0028 0.0028 0.0039 0.0029 | 0.0031 0.0028 0.0018 0.0034 | 0.0022 | 0.0028 | 0.0022 0.0004 0.00 0.0014 | 0.0021 | 0.0037 | 0.0024 | 0.0027 | 0.00 mg/L
03 24
Magnesium 10 10 0.04 16.7 17.7 15.9 13.9 14.1 13.8 114 12.1 10.8 12 11.2 10.2 10.3 9.5 | 8.95 mg/L
Manganese - Total 0.0877 0.0624 0.0303 0.0577 | 0.0658 0.0512 0.0243 0.0357 | 0.0479 | 0.0929 | 0.0411 0.0003 0.00 0.0431 | 0.0403 | 0.0465 | 0.0383 0.058 | 0.05 mg/L
15 59
Potassium 3.21 3.56 3.57 3.99 4.06 4.82 6.24 4.32 4.99 5.45 6.08 6.69 3.35 3.8 4 4.25 352 | 3.14 mg/L
Sodium Absorbtion Ratio 2.69
Sodium 51.4 51.8 59.6 90.6 97.8 78.1 68.6 74.4 68.4 57.1 59.1 60.7 713 65.3 57.2 59.4 56.7 | 49.5 mg/L
Sulphate 135 12.9 15 19.5 19.8 18.6 16.8 17.7 17.1 16.2 18 38.4 42.2 48.9 18 16.8 15 16.2 144 | 141 mg/L
Total Hardness as CaCOs 69 | 64 mg/L
Zinc — Total 0.0084 0.0059 0.0124 0.0133 | 0.0064 0.0071 0.0051 0.0342 | 0.0055 | 0.0067 | 0.0122 0.0061 0.00 0.0079 | 0.0085 0.014 | 0.0078 | 0.0134 | 0.01 mg/L
39 52
Ammonia as N 0.01 0.017 0.006 0.016 0.006 0.022 0.018 0.017 0.008 0.028 0.015 0.494 0.32 0.27 mg/L
Chloride 101 105 115 170 189 141 128 150 121 89 86 66 88 113 124 111 90 96 100 | 90 mg/L
Nitrate + Nitrite as N 0.313 0.312 0.28 0.193 0.225 0.2 0.271 0.145 0.036 0.176 0.166 0.086 0.66 0.2 0.212 0.319 0.216 mg/L
Nitrate as Nitrogen 1.03 0.05 1.54 1.37 0.091 1.03 1.42 | 0.17 mg/L
6
Total Nitrogen 0.19 0.00 1.27 1.37 mg/L
2 6
Phosphorus — Total 0.126 0.139 0.125 0.099 0.11 0.106 0.099 0.037 0.304 0.129 0.1 0.015 0.01 0.077 0.09 0.138 0.111 0.108 | 0.03 mg/L
4 3
Atrazine <5 <0.5 ug/L
Azinphos-methyl <5 <0.5 ug/L
Diazinon <5 <0.5 ug/L
Fenitrothion <5 <0.5 ug/L
Hexazinone <5 <0.5 ug/L
Malathion <5 <0.5 ug/L
Parathion <5 <0.5 ug/L
Parathion Methyl <5 <0.3 ug/L
Prometryne <5 <0.5 ug/L




Simazine <5 <0.5 ug/L
Trihalomethanes Not detected Not Not Not Not Not Not Not Not Not Not 10 ug/L
detected detected detected detect detected detected detected detect detect detect
ed ed ed ed

Alkalinity as calcium 32 39 42 47 50 66 70 60 67 91 95 102 47 54 63 mg/L
carbonate
Alkalinity as bicarbonate 39 48 51 58 61 80 85 73 82 112 116 124 108 99 57 66 77 mg/L
Conductivity 422 432 483 705 746 634 589 640 554 490 505 495 535 498 431 449 437 | 423 puScm
Total Dissolved Solids ppm 230 240 270 390 410 350 320 350 300 270 280 270 320 350 290 270 240 250 240 | 230 mg/L
pH 7.2 7.4 7.4 7.1 7.5 7.5 7.8 7.7 7.8 7.3 7.9 8.2 8.3 8.3 7.3 7.4 7.7 7.5 7.5
Turbidity 37 39 30 25 33 64 49 22 41 63 47 1.2 0.14 0.2 20 31 58 55 31 | 52 NTU
Test Jan-11 Mar-11 May-11 Nov-11 Jan-12 Mar-12 May-12 Oct-12 Jan-13 | Mar-13 Apr-13 May-13 Jul- Aug- Oct-13 Dec-13 Feb-14 May- | Nov-14 | Jan- Units

13 13 14 15
Total Dissolved Solids ppm 230 240 270 390 410 350 320 350 300 270 280 270 320 350 290 270 240 250 240 | 230 mg/L
pH 7.2 7.4 7.4 7.1 7.5 7.5 7.8 7.7 7.8 7.3 7.9 8.2 8.3 8.3 7.3 7.4 7.7 7.5 75175




