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mineODUCnON

hagators are frequently amused of causing a deterioration of water quality tilthe Murray Darting Basin. For
nuny catchments, such as the Gwydir in Northwest NSW, little reliable infonnation is available to assess the
impact ofimgation on water quality.

The aim of this research is to measure the water quality (in ternis of sediment, salts and nutrients) of the
Gwydir Valley Watercourses. By moultoting water quality above, within and below the irtigation area, any
changes in water quality within the imgation area can be examined to datennine the impact of irrigation.
Water quality data was also combined with river now data to deterimne the quantity q0ad) of sediments, salts
and nutrients that may leave the Gwydir Valley and enter the MurreyDartingBasin.

METRODS

Locc"'0"

The Gwydir Valley River Catcimientislocated in North West NSW. The Gwydir Catcimient covers an area
of approximately 26500 kin' and is a part of the MumayDarlingBasin. Water from the GwydirRiversupports
a majoririigation industry, with 86,000 hectares licensed for jingation. Water from Copeton Dam is definered
to jingators whosefarins are located alongthe Gwydrr, Carole, Mehiand Moonxin watercourses.

S""!pre comec, io" cmd1"60, "to, ,, cm"Ij!3:5
Twenty water samphng sites were selected within the Gwydir Valley as shown in Figure I. Water samples
were cornerted at Gravesend (site I) to determine the quality of flow from Copeton Dalli, and also within the
irrigation area along the Carole, GilGil, Gwydir, Mehiarid Moonim watercourses(sites 2 - 17)through to the
junction with the Baryon River (sites 18 - 20). individual sites were chosen based on location and
representation of local area, ease of access daring wet conditions along with the location of a ganging station
for records of water heights and flow rates.
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Fig. ILOcation of water samphng sites

Sannpfing commenced in October 1998 and continued untilJuly2001. Water ampleswere collected weekly
over oninmer, fortnightly dimig March, April, October andNovember, and monthly during the reinamder of
the year.

Samples were taken from the middle of the river using a sampling pole, from the side of the river/creek or
from off a bridge triorderto sample from the area of most flow. Watersamples were taken approximately 25
cm bdow the water surface or at nitd-depth where the stream was too shallow using acid-washed, sample-

e

Q

,

t

17

9

S

"

@

\7
4

"CJD, 1113

16
" G, .

@

Riversites

5

12

10

2

OR. VE .".

609



rinsed polyethylene bottles. They were then transported in a chilled esky for no more than 10 hours before
being refrigerated or frozen, depending on the analysis.

Water samples were analysed for a range of physico-cheintcalfactors, salts and nutrients that are listed in
Table I. All extensive quality control program was run in conjunction with routine amphng to ensure
reliability of data collected. instmments used to record data in the field were regularly canbrated and in-field
checks were Gained out to detect any instrument variations. At regular intervals, known quality control
samples and blanks were subinitted to check the analracy and precision of the laboratory instruments.

Tablel:Laborato aria Bis", sthods
Water man variable

Pfo siC@. chemical act"
Tern erature

H

Turbidi

Sus ended solids
Dissolved solids
Saltd"t"

Electrical conductivi
Chloride

Sodiumadso tionratio SAR
N", irte"as

Total nitro on

Total hos horus

* Methodstakenfrom Apus (1992)
** Methodstaken from Rayinent and Ingginson (1992)

Flow", e@s"rein, e", S

River now plays an integral part in the interpretation of water quality data. Engii flows tend to dilute
concentrations; however, greater volumes of water carry greater quantities of salts and nutrients, i. e. higher
loads. Due to the influence that now has on water quality, the data in this report has been analysed within
three flow phases based on mean dally now at the twenty sannphng sites; pre-watering (1st September - 30
November), infigation (1st December - 31st March) and no irrigation (1st April- 31st August).

Discharge data was obtained from the NSW Department of Land and Water Conservation (DLWC) in
minidale and Moree. The flow data was connected to enable an esfu, late of daily loads of sediment, salts and
nutrientsthat were added to the river system at various sites withinthe valley. By calculating loads at the sites
located at the end of the valley, Site 18, Galloway and Site 20, Collareriebri, an estimate of the quantity of
salts and nutrients leaving the Gwydirvalley con be date, ,,, u, co, and hence establish the Gaydir Valley's input
to the MumayDarlingBasin.

Waterq"ally "ss"s", e"t
The Australian and New Zealand Guidehnes for Fresh and Mime Water Quality (ANZECC & ARMCAl. IZ
2000) were used to assess water quality in the Gwydir Valley for the protection of aquatic ecosystems and
trigation water.

In-situ measurement, YSIMode163 robe
in-situ meamyement YSIMode163 robe
Hamia11193703 micro rocessorturbidi meter
25400*

2540c*

Anal sis method

in-situ measurement YSIMode163 robe
Elb**

Llc L2C L4c, Mla**

Alkaline ersul hatedi esti0 2400. N03F*
4500-PB 5 4500. FF*

RESULTSANDDISCllSSION
Flow

Figure 2 shows the median daily now at each sannphng site, during each now phase. The error bars represent
the standard error of the median. Site I (Gravesend), 2 (Palaiiiallawa), 3 Cyanaman) and 10 Objoree) have a
sigriificantly litglier flow compared to other sites within the valley. Site I, located upstream of the irrigation
area 11as a median daily now of 2950 ^^inday during the inigation pluse, compared with sites 18 and 20,
located downstream of inigation area, that have median daily flows of 168 ^11. ./day and 90 hinday
respectively. This difference in now between the upstream and downstream sites is because the Gwydir has
not yet spht into the Mehi and Carole ananranches at the upstream sites. The flows decrease tlirouglithe
valley as the Gwydir spins into these arithrariches and with the extraction of water for irrigation and stock and
domestic supplies, along with evaporation and seepage losses. Furthermore, environmental flows from natural
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rainfall upstream or rdeases from Copeton Dam are accounted for in the flows at sites I and 2, but have no
impact on flows at sites 18 and 20 as this water is directed straight doom the Gwychr and Gillglrun
watercourses (seeFigure I).

Flow during the pre-watering and inigation phases are si ' cantly biglier than the no-imgation phase with
the release of water from Copeton Dam for irrigation purposes along with the increased likelihood of summer
stormy.
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Fig. 2 Median mean daily now for each riversite, daring each flow phase

Tarbi^@,
Median turbidity of all ampting sites, within each flow pluse is presented in Figure 3. All sites located
doomtreain of site 10 CUIoree) acreed the ANZECC & ARMCANZ (2000) water quality guidehnes for
protection of aquatic ecosystems(50NTU) and jingation water(100 NTU). Median turbidity increases along
the valley, with the 1,811est median values at sites located at the bottom of the valley, sites 17 umey), 18
(Gainoway) and 20 (Collarenebri). This is a reflection of the cumulative effects of landuse, streambaiik erosion
and resuspension of sediments througlithe valley. The turbidity of water at site 9 is significoiitly higher than
all other sites within all now phases. This site is before any inigation and is unregulated, there^re only
flowing after runoff'in the local catchment. Runofii; which causes soil erosion and there^re the transportation
of particulate matter into the waterways, is a junior contributor to turbidity.

Ingli turbidity at sites lower in the valley reflect not only f^fining practices carried out on inigated lands,
which accounts for less than 4 per cent of the Gwydir Valley 0.10rth West Catchment Management
Committee, 1997), but also landuse pinchces associated with drylarid f;,, ini"g (26 per cent), gr, ,, i"g (58 per
cent of the Gwydir), timber (12 per cent) and other landuse activities (< I%) along the valley.
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Fig. 3 Median turbidity for each river site, dufuig each flow phase
ANZECC&ARMCANZ (2000) trigger value

570 780

2 3 4 5 6 7 8 9 10/1 12/3 14 15/6 17 18,920

555

6 1.1.



lingators are required to contain all water (runoff'and tailwaters) on-fomi. Farms are designed to collect any
water that runs off the fields and this water is stored in on-fom storages, which can be redrculated and used
as inigation water at a later date. There^re, in theory, there should be no water conimg off inigation foms,
and thus no input of sediments, salts and nutrients. However, during severe flood events, when homers
exhaust all water holding infrastructure, or during a comapse of irrigation infrastructure (charmels, banks or
storages), somewater could be released off-fom, making its way into the river system. It should be noted that
daring such a flood event, the water spreads over the vast flood plains, making it is impossible to deterlime
the source of the sediments, salts and nutrients.

Salts

Median Electrical conductivity (EC) mostly exceeded the ANZECC & ARMCANZ (2000) water quality
gt, idehnesfbr protection of aquatic ecosystems (>3001LS/cm), especially dimig the no-irrigation phase (Figure
4). EC has a significant negative correlation with now 01ancarrow 1998), where an increase in now muses a
dilution of ions in solution resulting in a decreased EC. Therefore, EC is significanty lower during the pre-
watering and itfigation phase when flows are significantly higlier. Most of the flow during January and
February (imgation phase) comes from releases of water from Copeton Dam. GOTdon (2001) found Copeton
Damwaterto have a low EC and releases from Copeton to have a Innjorinfiuence on EC in the Gwydirriver
system thouglioutthe year 1999/2000.

Median EC for all sites except site 19 were classed with either a low (650 - 1300/1S/cm) or very low
(<6501, SICm) sanntty rating for irrigation water. The EC at Site 19 is significantly higher than all other sites
This site is located at the end of the Gwydrr River, where water only reaches during flood events, thus only
flowing daring flood events or local, runoff-producing rainfall events. It is a stagnant pond of water for most
parts of the year where salts and nutrients accumulate and become concentrated due to the lack of fresh water
flows, resulting in a high EC.

It can be seen that there is 00 significant increase in sainty moving downstream, indicating that itfigation is
not influencing satinity in the rivers. Also, the release of irrigation water from Copeton Dam improves the
sainty situation mittie river due to the dilution effect causing a decrease in EC.

The median SAR for allsites within eachflow pluse are presented in Figure 5. The medinn SAR for all sites
except sites 19 fallwithin a non-sodic classification (<3).

There is no significant difference between electrical conductivity (EC) and the sodium adsorption ratio (SAR)
betweenthe upstream (sites I and 2) and downstream sites(sites 18 and 20) within any of the flow phases.
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Fig. 4 Median electrical conductivity for each riversite, dudng each flow phase
ANZECC&ARMCANZ(2000)trigger values
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. pre-watering irrigation u noirrigation

Fig. 5 Median sodium adsorption ratio (SAR) for eachriversite, duntig eachfiow p
'~ QDP1(1987)trigger value

Chloride levels at all sites fall below the level of chloride affecting sensitive crops (<175 1181ml) as shown in
Figure 6. ' Chloride Ievds are significantly litglier during the no irtigation phase, as a result of;the low flows
during this phase.
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Fig. 6 Median chloride concentration for each river site, during eachfiQw phase

Total dissolved solids (TDS) concentration is used as an estirnate of salt concentration and consequently salt
loads. Although there is no significant difference in salt concentration between the upstream and downstream
sites, salt loads are significantly biglier upstream as shown in Figures to and 7b. The median load of ms
daring the jingation phase for site one was 353 tonnes/day, whereas a median of only 35 tonnes/day flowed
past site 18, and 23 tonnes/day flowed past site 20 in the same year. Again, although there is no significant
difference in chloride concentration between the upstream and downstream sites, the loads of chloride
OKg/day) are significantly biglier upstream as shown in Figures 7c and 7d. The load of chloride in the water
decrease with reduced flows downstream in the Gwydir Valley. The median load of chloride during the
irrigation phase for site one was 27 tonnes chloride!'day, whereaslessthan 2.5 tomes flowed past both sites 18
and 20 in the same year.
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Fig 7 A comparison of salt parameters, upstream (sites I, 2) and- downstream (site 18, 20) of the trigation
area. a) total dissolved solids concentration, b) total dissolved solids load, c) chloride concentration , d)
chloride load
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Figure 8 shows that the Gwydir River and its archranches are relatively higli in nitrogen. Median total
nitrogen (my level exceeds the ANZECC & ARMCANZ (2000) guidehnes for protection of aquatic
ecosystems(0.6 11g/nit) at all sites within pre-watering and irrigation now pluses. These now phases coincide
with the time when nitrogenous fortilisers are used within the valley, along with the time when storm events
are more likely, resulting in rimoff' and the possible transport of nitrogen into the river system. TN
concentration at Sites 6, 9 and 19 were significantly higlier than other sites. Livestock grazing is conmnon
around each of these saniphng sites, which may contribute to biglier 11.1 concentration. Allsites except site 19
meet the ANZECC & ARMCANZ (2000) guidefuiesformigationwater(<51.81ml).
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Median total phosphorus (IP) at all sites exceeds the ANZECC & ARMCANZ guidelines for protestion of
aquatic ecosystems and imgation waters (005, Ig/rill), as shown in Figure 9. Median TP is significantly higher
duting the pre-watering and ititgation phase for am sites except sites 6, 9 and 19. As phosphorus has a low
solubility, it is rarely dissolved in runoffwater, but is Gained by suspended silt and clay partides onawlitnney
1998). Sites 9 and 19 only flow duting flood or local runoffproducing rattan events, therefore phosphorus
would be carried into the river system bound to suspended sedinient carried in the rimoff'water. Site 6 is
located in the Gillglmmiwatercourse; glaring livestock that muse erosion to stream banks Inny be one factor
causing higher TP levels at this site.
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Fig. 9 Median total phosphorusfor eachriver site, during eachfiow pluse
ANZECC&ARMCANZ (2000) trigger value

The concentration of'in and 'IP is higher at the downstream sites. In contrast, the loads are significantly
lower at the downstream sites compared to the upstream sites as shown in Figure 10. The differonce in loads
is a direct effect of different flows between the sites.
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Fig. 10 A comparison of salt parameters, upstream (sites I, 2) and downstream (site 18, 20) of the irrigation
area. a) total nitrogen concentration, by total nitrogen load, c) total phosphorus concentration, d) total
phosphorusload
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The median load ofTN during the itfigation phase for site one was 2790 kg1.11day, whereas a median of only
133 kg1.11day flowed past site 18 and 103 kgN/day flowed past site 20 in the same year. This is similar to TP
where the median daily load ofTP was si ' cantly g'eater at site I with 249 kgP/day flowing pasttliis site,
compared with only 23 kgP/day flowing past site 18 and 18kgPIdayflowing past site 20 inithe same year.

CONCLUSIONS

As trigators are required to retain tailwater and runoff'water on-form, there should be little input of sediment,
salts and nutrient from the inigation industry. However, during flood events, some water could be released
off-fom Inching its way into the river system, but as itfigated land amounts to less than 4 per cent of the
Gwydir Valley, the amount of water conxing off these jamis would be a very smallproportion of total rimoff'in
a major flood event. It should be noted that during a flood event, as the water spreads over the vast flood
plains, it is impossible to determine the source of the sediments, salts and nutrients.

rusttes belowMoree exceed the water quality guidelines forumbidity. Ttubidity increases along the valley as
areflection of the cumulative effects of land use, streambank erosion and re-suspension of sediments along the
valley.

River water foils within a low (6501LS/cm - 1300/1S/cm) to very low (<6501, SICm) salimty class for inigation
water. Althougliit meetsthe ANZECC & ARMCANZ (2000) water quality guidelines for inigation water, it
does exceed the guidehnes for protection of aquatic ecosystems, althouglitliis is largely during the no-
inigation pluse.

The median level of total nitrogen and total phosphorus in the river water within the Lower Gwydir Valley
orceedsthe ANZECC & ARMCANZ (2000) water quality guidehnes for protestion of aquatic ecosystems.

The strategy of redrculating water and contaimig tailwater and runoff' on-fomi appears to be preventing
biglier loads of nutrients, particularly nitrogen, from entefuig the river system. However, in times of
exceptional flooding and inundation some columniriation win occur. However, it is not possibleto say that the
elevated levels of nutrients in the rivers are a result of inigation.

Irrigation water sent from Copeton Dam daring the pre-watering and irrigation phase bustyo effects. Firstly,
the increased flow rate dilutes the ions in solution, resulting in a lower EC and lower concentrations of
nutrients in the irrigation water. Therefore, with regards to the water quality guidelines, the water quality at
all sites improves in terms of satinity and nutrients. The second effect of increasing flows is the resultant
increase in actual volume of salts and nutrients (i. e. load). However, this quantity diminishes down the viley,
resulting in much smaller quantities of salt and nutrients 100th the Gwydir Valley and entefuig the Mumay
Darting Basin.
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