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ABSTRACT

Two groundwater quality surveys hrere carried out in proposed power

development areas in the Clutha Valley, Central Otago. Samples from a

total of 35 sites were analysed for 1 5-1 6 chemical determinands.

The total ionic content of the groundwater in both the Upper and Lower

Clutha Valleys increased towards the central portion of the Clutha Valley.
Levels of nitrogen and phosphorus vrere generally low throughout the valley
and did not change along the clirnatic gradient. Temporal trends in
nitrogen and ,ohosphorus concenÈrations vrere generally noÈ marked. There

were slight increases (p < 0.1) in groundwater nitrate concentrations

between irrigated and non-irrigated areas in the Upper Clutha ValIey.
Nitrogen, phosphorus and salt levels did not exceed World Health

organisation recommended health limits for drinking vraters at any of the

s ites .

An assessment of the likely effects of hydroelectric and related irrigation
development on the groundwater quality was made. The rnajor effect in the

Upper Clutha Valley would be the expanded irrigation schemes which would

probably cause groundwater nitrate concentrations to increase slightly. In

the Lower Clutha Valley the major effect of impoundments will be raised

groundwater levels which may flood some septic tank systems.





INTRODUCTION

Many surface water resources in New Zealand are being progressì-vely

committed Lo uses such as po!{er generation and irrigation. The use of

these !./aters ofUen directly affects the local groundwater resources. For

example, changes in groundwater quality foJ-lowing the implementation of

major irrigation schemes have been noted in rnid-Canterbury ( Quin and

tsurden, 1979) and in the Waiau Plains (close, 1987).

Planned hydroelectric development in the Upper Clutha Valley consists of a

high dam at Clyde (under constructj-on), a dam at Luggate and possibly a dam

at Queensberry (Figure 1 ) . In conjunction with Èhis, an expanded

irrigation scheme is proposed which will incorporate existing Government

schemes and private irrigation into a total- area of 8000 ha. The current
area under government irrigation is 3600 ha with 1 350 ha irrigated

-orivately (noyds, sutherland Mcleay, Ltd, 1982 ) .

Hydroelectric development is also under investigation in the Lower Clutha

Valley, with two or threetrun of the riverttype impoundments proposed

between Roxburgh and Tuapeka l4outh (Figure 2). The proposals are likely to

affect a significant proportion of the groundwater resource because, with

the exception of the Ettrick area, this occurs in close proximity to the

river because of the surrounding hills.

The options for hydroelectric developmenÈ in the Lo!Íer Clutha Valley are:

(a) A dam at Tuapeka Mouth banking up to tseaumont; a dam at Beaumont

banking up to Dumbarton Rock; a dam at Dumbarton Rock banking up to
Roxburgh.

(b) A dam at Tuapeka Mouth banking uP to Durnbarton Rock;

Dumbarton Rock banking up to Roxburgh.

a dam at

a dam at(c) A dam at Birch Island banking up to Dumbarton Rock;

Durnbarton Rock banking up to Roxburgh.

(d) A dam at Tuapeka Mouth banking up to Birch Island; a dam a Birch

Island banking up to Beaumont.i a darn at Beaumont banking uP to

Dumbarton Rock; a dan at Dumbarton Rock banking up to Roxburgh.
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This report describes the results of groundwater quality surveys of the

Upper and Lo!'/er Clutha Valleys. The surveys h/ere undertaken to .orovide

baseline chemical quality data for the area and to assess the effects of
hydroeleclrLc/trrtgaÈion development on the groundwater quality.



DESCRIPTION OF STUDY AREA

(a) Upper Clutha VaIleY

The study area extends from Lake Hav/ea to Cromwell (Figure 1 ) and

consists of the Hawea FIat and the Clutha River Valley. The valley is

Iined by rnountains composed mainly of mica-schist. The valley floor

is partially filled wiÈh Tertiary deposts overlain by weathered

greywacke and recent gravels. Glacial moraines are present in some

areas of the valley (Rickard and Cossens, 1968).

Duncan (1965) noted that
variation within the vaIley,
rainfall. There are three

which is marked bY a change

there is considerable local climatic
with a marked north to soutfL decrease in

major climatic zones (Figure 1 ), each of

in soil type:

(1)

(2)

(3)

Humid/sub-hunid : 890-660 mm rainfall per annum; dry hygrous

yellow-brown and sub-hygrous yellow-grey earths.

Sub-humid : 660-480 mm rainfall per annun; dry sub-hygrous

yellow-grey earths.

Serni-arid : < 480 mm rainfall per annun; brown-grey earths below

which CaCO3 accumulation is common. High concentrations of

soluble salts in these soils sometimes result in saline patches

forming on the surface (l,eamy and Saunders, 1967; Rickard and

Cossens, 1 968).
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The dominant land use in the va11ey is sheep farrning, with some

cropping around Tarras and orcharding around Lowburn. Perennial

ryegrass/white clover or lucerne pastures are usually sown on

irrigated land, providing autumn and winter feed for stock which gtaze

the ranges until the end of summer. If fat lambs are produced, the

valley floor is also grazed throughout the summer. Sulphur fortified

super-phosphate is applied to Pastures throughouÈ the valley.
Nitrogenous fertiliser is used for cropping and Iime is added for

lucerne establ-ishment (s. Hughesr MAFr Alexandra, .oers. comm. ).
tsorder-strip j-rrigation is the most comrnonly used method of water

application, especially on the Government schemes.

There is very Iittle information avaifable on the groundwater

resources of the Upper Clutha Valley. Details of groundwater flow

direction and velocity are unknown, although Lake Hawea is believed to

be the major recharge source, especially for the Hawea F1at. In this

area, static well water level-s fluctuate in response to lake level
(unpublished data, NZED, Roxburgh). This observation is supported by

the presence of springs along the base of the Ha\^¡ea terraces.

In the remainder of the ,r^tt.r, the direction of groundwater movement

is assumed to be fron the hills towards the Clutha River. Springs are

found near Luggate, Tarras, Queensberry and al-ong the Kawarau River.

Data on ùhe chernical quality of groundwater resources in the valley

were almost non-existent. A sample from a well- in the Cromwell Flat

indicaÈed low levels of nitrate-N, nitrite-N and ammonia-N

(unpublished d,ata, Departnent of Health. Dunedrn). Cossens (Ministry

of Agriculture and Fisheries, Invermay, pers. comm.) analysed water

from Several welLs in the area for conductivity, calcium, magnesium,

sodium, potassium and chloride. Conductivity ranged from 7 to 40

mS m-1, depending on location within the valley. Low to medium

concentrations of the ions were measured with calcium ranging between

2 and 15 g m-3, magnesiun between O.2 and 5 I *-3, sodium between 1

and 29 g rn-3, potassiurn between 0.4 and 3 I m-3 and chloride between

-?J.5ano/gm-.



(b) Lo'der Clutha Valley

The Lower Clutha Valley study area (Figure 2) extends a.oproximately 55

km from Roxburgh down to Tuapeka Mouth. The Clutha River flows

swiftly in an entrenched channel between a series of flat top.oed

ranges throughout this stretch. The valley narrows near Roxburgh and

above Beaumont to form snall gorgesr but between these sections, river

flats up to several kilornetres in width occu,oy the valley floor.

The climate is in the transition zone bete/een the near continental
cfimate of Central Otago and Èhe temperate clirnate of South Otago.

Precipitation decreases steadily north!.rards, with Beaumont (969 mm)

receiving nearly double the rainfall recêived by Roxburgh (546 mm).

The amount of sunshine increases steadily northwards.

The soils in the Lower Clutha sÈudy area are mapped as Recent Clutha

and Gladbrook soil sets on floodplains and fans alongside the river,
with some yellow grey earth Straun soil set on higher terraces around

Etrrick and Teviot (Nz Soil tsureau, 1968). The basement rock is
greywacke and semi schist, with the semi schist occurring more towards

the Roxburgh end of the valtey. The terraces consist of alluvial
gravels. Land use in the area is mainly sheep graztng, with some

cropping and cattle grazing.

Groundwater in the Lou/er Clutha system occurs in discrete pockets

where the valley opens out to form river terraces. These areas are

around tseaumont, Island Block, l{illers FIat, Ettrick, Teviot and

Roxburgh (Figure 2). Little was known about the groundwater levels in

the area and even less information was available on groundwater

quality. Five bores were sampled in 1974 tn the Ettrick area and were

analysed for soluble salts (Cossens' MAF, Invermay, pers. cornm. ).
Domestic !,/ater supplies in Èhe Lower Clutha Valley are obtained from a

number of sources incÌuding rivers, creeks, rainwaÈer, groundwater and

s¡rrings .
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!,lETHODS

Sanpling

T\^/enty one sites in the Upper Clutha study area ( each site number is
prefixed with a rrurr) were sampled every ÈÌrree weeks during the period June

1980 to June 1981 to give a maxinum of 20 samples,oer site. The sites
were Lake Havrea, three springs and 17 .oumped bores (Figure 1 ) . Fourteen

sites in the Lov¡er Clutha study area (each site number is prefixed with an

"L'r) t¡¡ere selected and sampled on a monthly basis from November 1982 to

November 1983. Sampling was concentrated around Beaumont, Island Block

and l4j-Ilers Flat because these areas appeared Èhe most likely to be

affected by hydroelectric development. The Lovrer Clutha study area and

Iocation of the wells are shown in Figure 2. !{ater levels .iltere recorded

for Èhe Lo$rer Cl-utha sites. Descriptions of the well sites are given in

eppendices 1 and 2 for the U.oper and Lower Clutha Valley study areas'

res,oectively.

A selection of wells in Millers Flat was sampled on one occasion and

analysed for total and faecal coliform bacteria. Mil-lers Flat was selected

because the area had the highest concenÈration of septic tanks and

therefore, the greatest likelihood of bacterial contamination.

A continuous water level recorder was installed on a bore in Millers Flat
(near t,10) and a Foxboro recorder was installed on the Clutha River (500 m

from the bore) from April to Novernber 1983 to assess what effect changes in

river levels vrere having on groundwater leveIs.

Sampling methods varied with the type of well. The pumped wells were run

until a constant water Lemperature v/as reached and then the sarn.oles !,¡ere

taken. Non-pumped wells $/ere sampled using either a vacuum apparatus or a

bai ler, depending on the depÈh to Èhe !,/ater table at the siÈe. Samples

were collected in acid washed plastic bottLes and transported to the

Christchurch laboratory. Analyses started within 48 hours of collection.
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Analyses

The lvater samples \,vere analysed f or bicarbonate ( HCO3 ) r nitrate (NO3-N ) ,

anmonium (NH4-N), dissolved reactive .ohosphorus (DRP), sodium (Na) ¡

potassium (K), calcium (ca), magnesium (Mg), chloride (cI), sulphate (So4),

and silica (SiO2) according to the methods set out in Table 1. TotaI

dissolved phosphorus (TuP) was determined for the Upper Clutha samples

only. tsicarbonate was estimated either by titration (Table 1 ) or by ionic
balance calculation. Conductivity (at 25"C) and pH were measured using
Radiometer meters.. 1f a sample contained. concentrations lower than the
detection limÍt, the value rdas taken as tlte detection limit and the mean

was tabulated as less than the calculated mean value. An additional
sampling round ì-n July 1985 v/as undertaken to provide inf ormation on j-ron

(l-e) and manganese (Mn) concentrations.

Water balances for drainaqe in the Upper Clutha study area were calculated
by t.l:e NZ Meteorological Service.
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Table 1 : l,lethods used in chemical analyses

Determinand Method Reference

TDP

HCO3

ct

so¿

sio2

Na, K, Ca,
Mg

Fe

Mn

No3

NH¿

DRP

Automated hydrazine reduction
followed. by colorimetric
d.etermination

Automated indophenol- blue method

Automated molybdaÈe method with
ascorbic acid, reduction

Acid persulphate digestion follov¡ed
by determination as DRP

Acid titraÈion to pH 4.8

Automated ferricyanide method

Àutomated methyl tJryrnol blue method

Automated molybdate method with
ascorbic acid reduction

Atonic absorption

1 ,1 0 Phenanthroline method

Persulphate method

Kamphake g! 4.,
1 967

APHA, 1 980

APHA, 1 980

Lennox, 1979

APHA, 1 980

APHÀ, 1980

APHA, 1 980

uscs,1979

APHA, 1 980

APHA, 1 980

APHA, 1 980

I



13

RESULTS A¡{D DISCUSSION
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Table 2 : summary_o!-Sfqgl4yelg¡=gqqli,þy_fgç_9q9h.site.in.Èhe Upppr Clurha srudyareai lnean concenÈraÈrons wltn standarct clevlattons in-bfackets.

Si-te

Num-ber

u10

ul1

u12

u13

u14

u15

u16

u17

u18

u19

IJ20

rJ21

Distance down

valley (km)
Hco¡

â(9 
'n

29.9
(3.6)

51 .4
(2.e)

50.6( 7.2)

116.3
(3.3)

106.4
(23.4)

155 .7
(20.e)

21 .4( 2.3)

24,8( 2.e)

92.7( 8.7)

151 .4
(18.4)

37 .4( 6.1)

29.2( 2.0)

120.9( 3.6)

1 44.8
(26.O)

96.3
(5.3)

91 .9
(31 .4)

155 .7
(6.8)

221 .A
( 33.6 )

314.6(23.s)

222,3
('16.3)

1 54.0
(7.4)

sio2*
(g m-3)

U1 0

1,4

2.5

5.9

10.1

12 .1

15.3

1 5.3

1 6.9

23.8

25.6

25.6

26.2

30.7

31 .8

35.4

44.5

46.5

49.5

50.5

50 .6

5.0(0.1)

8.8
(0.3)

11.0
(1.1)

19.5
(1.3)

18.2(1.4)

28.1
(3.3)

4.4
(0.s)

4.6
(0.6)

15.6
(1.e)

27 .7
(3.0)

7.2
(1 .2)

5.2
(0.s)

20.1
(1.4)

23.7
(4.4\

1 6.5
(1.1)

15.8
(5.2)

24.5
(1.6)

37 .4
(6.2)

56.8
(6.71

33 .1
(3.7)
18 1

(2.3)

7.6
(0.1)

7.8
(0.2)

6.7
(0.1)

7.3
(0.1)

8.0
(0.1)

7.9
(0.1)

6.3
(0.1)

6.4
(0.2)

7.O
(0.2)

7.5
(0.1)

6.7
(0.1)

6.8
(0.2)

7.3
(o,2)

7.5
(0.2)

7.3
(0.2)

7.4
(0.3)

7.6
(o.2)

7.7
( 0.'l )

7.5
(Q.3)

7.7
(0.2)

7.6
(0.1)

0.01
( 0.02 )

0.08
( 0.02 )

2.7 8
(0.s2)

1.09
(0.12)

o.76
(0.07)

2.40
( 0.35 )

0.5 7
( 0.38 )

0.28
(0.17)

o.62
(0.s4)

5 .39
(1.49)

1.00
(0. 20 )

o.24
( 0.0e )

1 .40
(0.08)

1 .30
(o.42)

o.67
(0.06)

0.48
( 0.23 )

o.44
( 0.0e )

2.65
(0.65)

2.85
(0.38)

0.55
(0.10)

0.91
( 0.3s )

0.6(0.2)

0.5
(0.1)

2.6
(0.4)

1.3
(0.2)

1 .0
(0.2)

1.5
(0.3)

0.6
(0.2 )

o.7
(0.3)

atr
(0.3)

3.7
(0.8 )

1.2
(0.3)

0.9
(0.2)

1.9
(0.2)

2.4(0.5)

2,1
(0.4 )

3.7
(2.5)

3.1
(0.3)

6.4
(1.4)

11 ,7
(2.6)

1.5
(0.2)

6.4
(0.7)

3.3(1.1)

3.5
(1 .2)

2.O( 1.0)

9.1
(1.4)

4.8
(1.3)

14.4
(5.2)

1.6
(0.7)

1.5
(1.1)

2.'l
(2.1 )

6.3
(2.2)

<2.1
(1.4)

2.1
(1.1)

4.4
(1 .2)

7.O
(2.6)

6.3
(1.e)

3.7
(1.6)

5.0
(1.e)

8.7
(3.4)

58 .3
(22.2)

1a
(1.7)

7.2
(1.e)

3.2(0.6)

8.7
(0.e)

12.6
(1.s)

11 .4
(1.3)
oo

(1.1)

1 0.6( 2.7)

8.2
(1.1)

9.5
( 1 .1 )

1 5.3
(1.8)

17.4
(2.4)

17 .3
(1.8)

15.2
(1.1)

15.3
(1.e)

11 .5
(1.3)

9.6
(1.3)

11 .1
(1.4)

U3

u4

U5

U6

0.8
1.4)

2.9
2.7 )

1.7
1.3)

9.3
1.0)
1.0
1.8)

Conductivity
(ms rn-1¡
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Table 2 (Contd)

Site
Number

U1 1.4 I 0.6
(0.2) I to.rl (0.4) I (0.1)

1.9 I 0.5(0.3) I to.ll (0.7) I (0.1)

7.5 o.7 o.2

0.1

<0.05

o.7

0.4

0.1

0.5

0.6

0.4

v.¿

<0 .05

o.2

o.2

0.7

0.4

o.7

1.0

<0.05

0.6

0.1

<0.05

<0,05

<0.05

<0.05

<0 .05

< 0.05

<0.05

<0.05

<0.05

<0 .05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

o.24

<0 .05

<0.05

<0.05

<0.05

0 .08

<11
(8)

<4
(3)

17
(14)

<9
(7)

<6
(4)

<20
(4e)

<4
(2)

<4
(4)

<4
(2)

<10
(14)

<3
(2)

<4
(3)

<4
(3)

<6
(6)

<4
(3)

<4
(4)

<7
(10)

<5
(3)

<5
(s)

<6
(4)

<5
(5)

10
(7)

13
(12)

24
(17 )

18
(13)

21
(12)

16
(10)

'16

(1 4)

25
(12)

70
(16)

31
(21 )

22
(12)

23
(13)

19
(1s)

16
(16)

17
(1s)

23
(16)

'10
(7)

14
(e)

<8
(7)

.<6
(s)

<21
(22)

<1
(1)

<2
(1)

<3
(3)

<3
(3)

9
(3)

<13
36)

<2
(2)

9
(4)

58
17)

<2
(2)

9
(4)

11
(4)

4
(3)

<3
(5)

<2
(3)

'10
(7)

\¿
(2)

6
(4)

<2
(2)

<2
(1)

<2
(1)

(2.1) I (0.1 )

9.1 I 2.0(o.s) I to.il

13.6 1.8

12.O 0.9

24.2 7.7

29.8 3.3

44.3 6.96.8 I 1.3
(0.e) I to.¿l (6.5) I (1.1)

4.6 0.9

19.8 208.6
(2.1 ) (1.7) I (0.5)

4.8

ú4

U5

6.1 I 1.2
(0.7) I to.ll (1.s) I (0.4)

4.9 I 1.0
(0.2) I to.il (2.e) I (0.2)

U8

2.2 I 0.9
(o.s) I to.ll (0.6) I (0.1)

(0.3) I (0.1)
5.3 I 1.0(0.7) I (o.z)2.2 0.9

U9

u10

u11

u12

u13

u14

u15

u16

u'l7

u18

u19

u20

u21

0.9(0.2)

8.2 I 1.2
(0.6) | (0.2)

47 .5(6.8) I (0.e)

(0.6) | (0.2)
7.1 I 2.4

(1 .2) I to.¿l
4.2 1 .3

3.3 o.7 5.1
(0.3) | (0.1) (0.6) I (0.2)

8.0 0.8 27 .9 5.5
(0.3) I (0.1) (2.3) I to.zl
12.O 1.1 28.3 9.3
(2.0) I (0.1) (s.7) I (1.e)

6.8 0.9 19.8 I 6.4
(1.7) I tr.¡l(0.3) I (0.1)

8.6 I 1.1
(3.6) | to.tl

18.5 I 5.0
(6.8) I tl.¿l

12 .5 1.3 37 .5 4.6
(1.1)l (0.4) (s.1) I (0.2)

(2.4) I (0.¿l
55.7 I 11.5

(10.s) I (2.1)2.6

(4.7) [ (0.3)
81 .7 I 25.4(11.7) I (3.0)zv.¿ 'l .8

3.8 1.2 60.'7 10.6
(0.6) I (0.3) (e.8) I (1 .4)

11 .0 1.3 36 .5 6.3
(0.6) | (0.3) (5.6) I (0.s)

Note: Distance down valley is'the distance frorn

the latitude of the samPling site'
* only analysed for July 1985 sampling occasion'

< indicates that sites had some sarnples below the

the latitude of Lake Hawea to

detection limit of the method.
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Spatial trends in groundwater quality

(i ) l.fain valley

Significant increases down the valley v/ere demonstrated for

conductivity, chloride, bicarbonate, sulphate, sodiurn, potassium,

calcium and magnesium, while TDP showed a significant decrease

(tabIe 3). The i-ncreases reflect the changes in soil type

summarised by Rickard and Cossens (1968), which, in turn, reflect
the clj-matic change down the valley.

Salts accumulate in the soils of the semi-arid zone because of

low precipitaÈion and high evaporation. Therefore, drainage in
the southern (down river) part of thre valley contains higher salt
concenÈrations than that fron the northern (humid and sub-humid)

soils. The decrease in TDP concentration down the valley is
probably controlled by phosphate rnineral equilibria. In natural

'¡raters tlre stable solid phas e controlling phosphate

concentratj-ons is likely to be hydroxyapatite (Sturun and Morgan,

1 970). Calculations using SOLMNEQ (Kharaka and Barnes , 1973)

indicate tjrat the phosphate concentrations are being controlled
by this equilibria near Cromwell, where calcium concentraÈions

are high, which results in the observed Iower phosphate

concentrations. Further up the valley, where calcium

concentrations are lower, the waters are sometimes unsaturated

with respect to hydroxyapatite, and phosphate concentrations can

be higher.

Iron and manganese concentrations t¡Jere low throughout the area

with the exception of site U1 6. The elevated nanganese

concentration indicates the presence of deoxygenated water in

this area. Concentrations of ammonia v/ere variable at most sites

and many samples had concentrations below the detection limit of

Lhe rnethod.

No significant trends in other determinands \^/ere recorded.

Accumulation of nitrate similar to Èhat recorded in parts of
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Canterbury (Quin and Burden, 1979) would not be expected to occur

to the same extenÈ in Èhe Upper Clutha VaIIey, because the local
groundwater System is not aS extensive or continuous. The

distance of ground,¡rater movement f rom the base of the hills t,o

the river channel, exce.ot in the Hawea FIaÈ and Tarras areas, is

Iess than 3 km. The groundwater quality at a number of sites was

probably related to relatively localised .oedological- and

hydrological conditions. For example, the relatively high levels

of all determinands at site U6 could be attributable to the

differenÈ soil type (Vlanaka yellolr gxey earth) in this area and

the possibility that groundwaÈer may be from the Cardrona River

catchment. The low levels of a1l determinands found at sítes U7

and u8 are probably a result of groundwaÈer recharge from the

nearby Luggate stream.
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Correlation coefficients between chenical deter¡ninands and
di-stance down the valley from Lake Eawea and Roxburgh for the
Upper and Lower Clutha VaIIeys respectively.

Deterninand Upper Clutha
Valley (n=21 )

pH

conductivity

HCO3

NO3-N

c1

so¿

sio2

Na

K

Ca

IrIg

NH,+

DRP

TDP

Fe

0.21 I

0.662 t(*

o.702 *1,

0.356

0.71 5 **

0.478 *

0.304

0.568 **

0.660 **

0.650 **

o.664 **

0.401

0.1 40

0.506 *

0.1 1 'l

a

a

a

a

0.750

0.s73

o.737

0.117

0 .408

0 .283

0.233

o.629

0.209

0.543

0.561

0.367

0.150

o.297

**

**

¡t*

- P<0.05

- p(0.01

I

l¡Aå
I

i

I

log transformation applied to data
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(ii) Hawea Flat

Groundwater is assumed to flow from Lake Hawea to the CIutha

River under the Hawea FIat and Lake Hawea (shown by site U1 ), and

sites U2 and ü4 were assumed to be in a continuous groundwater

flow line in the same aquifer system. Generally, Èhe levels of

determinands increased with distance from Lake Hawea: nost

changes were significant (p < 0.01, Mann-trihitney U test). These

changes in groundwater quality could be attributed to the more

intensive agricultural land use between Lake Hawea and site U4.

The area under irrigation on the Hawea Flat is small (2670 ìna),

when cornpared with Canterbury schemes, and therefore the large
increases in nitrate-N folLowing irrigation developmenÈ and the

accumulation of nutrients with increasing dj-stance of groundwater

rnovement, noted by q'uin and tsurden (1979), would not be expected

to occur.

Tenporal variatíon in groundwater quality

Temporal variations in groundwater qualì-ty occurred at most siÈes,

although the magnitude and timing of these variations differed between

sites and for different determinands. Nitrate-N l-eveIs li/ere generally

Iow throughout the valley and exhibited only slight temporal

iluctuations (Figure 3). Generally, levels increased foLlowing
periods of .oeak drainage. This was especially noticeable at site u1 0

where the levels increased from 3.9 to 7.O g.-t in one month (Figure

3). In some instances, however, Èhe levels dropped during the peak

drainage period. This was probably due to the effects of dilution in
those areas where drainage contained lower concentrations of dissolved

ions than the underlying groundwater. At some sites, ammonium levels
also increased at times of increased drainage but levels $Iere stil-l
low tJrroughout the valley.

Effect of present irrigation schemes on groundwater quality

Because a significant,oortion of the irrigat.ed land is used to provide

winter feed, the effect of irrigaÈion is not lirnited to the period of
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the irrigation season on1y, but is spread throughout the year.

The sites were separated into those affected by irrigation and

those that were not, and were teste<1 for significant differences
using the Mann-I{hitney U test. This test vras used because not

all parameters were normally distributed.

The results indicated thaÈ the irrigated sites had significantly
higher levels of nítrate and magnesium at !o < 0.1 .

nitrate concentrations were 0.9 and 1.7 g m-

non-irrigated and the irrigated sites, respectively, but the

variability of the nitrate concentrations precluded a higher
significance level.

Many other facÈors are also thoughÈ to affect groundwater quality

in the Upper Clutha Valley. These include recharge from the

river, velocity and direction of groundwater movement, proximity
to the hills, and timing and areal extenÈ of fertiliser
applicat.ion.

(b) IJo!Íer Clutha Valley

Groundwater levels

(i) l{onthly sanpling progranme

Generally, water level fluctuations v/ere less Èhan 1.4 m, except

for site L8 in Millers FIat which was affected by pumping for
irrigation and site L3 which had a perched waÈer tabl-e. The

average range in levels for all the sites was O.92 m, wiÈh the

minimum range being O.24 (site L13) and the maximum range being

2,O m (site L3). The above average rainfall over the study

period (detailed laÈer in the text) makes it difficult to

determine whether these water levels were "nornal".

The mean

' for the
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Groundwater levels ilere higher than adjacent river levels,

indicating flow towards the river. The distance of each wel-l

from the river was regressed against the difference between the

mean well water level and the adjacent river leveI. The

regression line was forced through the origin, because the river

and groundwater systems were beli-eved to be connected. The slope

of this line gives an indicaÈion of the hydraulic aradient that

can be expected in the area. sites L3 and L14, which h/ere

believed to have perched vtater tables, \¡lere deleted f rom the

regression analysis. The regression equation was:

"water level diff. (m)" = 3.5 x "dist. from river (km)" (n=18

r=0.9.1 ). lt should be noted that most of these data were from

sites less than 1.5 km from the river and extrapolation beyond

this point could be misleading, Because site L6, which is the

site furthest from Èhe river and is confined, had a Iarge

influence on the regression analysis, it was omitted to see if

this rnade a significant difference. The slope of the regression

Iine changed to 4.6 and the correlation coefficient became 0.81.

Thus an estimate of the hydraulic' grad.ient away from the river

would be 3-5 m km-I.

(ii) HydraulÍc relationships between groundwater and river levels

The hydraulic relationshi,os between groundwater and river levels

have been investigated by P. J.T. smith (TYVJD , Dunedi n, loers .

comm. ) . The data from the continuous water level recorders at

Millers FIat are plotted at the same datum of mean sea level

Duned,in (Figure 4). The river level record has had the daily

fluctuations (frorn Roxburgh Power House discharges) smoothed by

using a four hourly moving nean. P.J.T. Smith (l4l,1D' Dunedin,

pers. cofnm. ) suggested that river levels in the ctutha River at

f,liLlers FIat influenced Ìocal groundwater levels in an apparent

res,oonse lagged by 8 to 18 days. The response de,oended on Èhe

rate of rise and, the average increase in river levels: greater

and faster rises of the river resulÈed in shorter response times

in the groundwater.
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groundwqter

Figure 4

1983

: Relationship betr¡een groundwater

Clutha River level (data fron P.J.T.

COIIIII. ) ¡

level at l,liIlers Flat and

SrniÈh, tllfD, Dunedin, pêrs.
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p.J.T. Smith suggested Èhat the magnitrrde of gtoltn,l*-ot*t l-evel

response at approximately 500 m from the river was around 30% of

the corresponding rise in river level. However, these results
should be treated with caution because the record did not contain

extreme events and care should be taken with extrapoì-ation of the

effect of impoundments on groundwater Ievels.

Groundwater quality

The results of the \^rater quality analyses are surnmarised in Table 4.

The cation composition of the groundwater, calculated in meq I-1, !ì/as

fairly consÈant. The average composition was 42%,33"<¡ 22eo and 3% for
calcium, sod.ium, magnesiun and potassiun, respectively. The anion

composition was much more variable and possibly reflects the greater

sensitivity of anions to local land üsê¡ The overall average

composition was 56eo, 23eo, 14% and 7.52 for bicarbonaÈe, chloride,
sulphate and nitrate, respectively. The proportion of bicarbonate

increased from Beaumont to Roxburgh, while the pro,oortion of sul.ohate

and nitrate decreased and the chloride proportion remained constant.

Chloride concentrations in the Lovrer Clutha Valley were consistentJ-y

higher than in the Upper Clutha Valley. This would be a result of

increased transport of chloride in the rainwater, which results from

cfoser proximity to the sea.

Spatíal varíatj.ons of groundwater qualiÈy

The overall ionic content of the groundwater, as indicated by the

conductivity values, decreased with increasing distance down vall-ey

from Roxburgh (Figure 5). This is a reflection of the climatic trend

noted earlier; the Roxburgh end of the valley, with its higher

evapotranspiration and lower rainfall, produces a srnaller amount of

more concentraÈed drainage resulting in higher groundwater

concentrations. The hardness values, htith the exception of sites L7

and L1 2 which \ârere thought to be af f ected by nearby creeks, also

followed this trend.. The groundwater around Beaunont was mainly soft;

it was soft to moderat,el-y soft in Island Block and moderately soft to

hard around Millers Flat, Ettrick and Dumbarton Rock.
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The nitrate values do not show any correlation with distance down

river from Roxburgh, unlike the above determinands, and are -orobably
most influenced by the local land use. At site L6 in Island Block,

where the groundwater is confined, the nitrate-N value was very low

(0.18 g rn-3¡. Elsewhere, the mean concentrations ranged from 0.3 to
5,5 g n-3. These levels are below the I{HO recommended level for
nitrate-N in drinking water of 1O g m-3 (l,iHo, 197 1).

During the whol-e sampling period, the only samples which exceeded 1 0 g

m-3 hrere two initial sam-oles from site L3. The water table at this
site was very shallow (O.2-2.2 rn below ground level) and nitrogenous

fertiliser had been applied to the surrounding orchard in
october/November which would result in these high concentrations.
Subsequent samples from this site were around 2-3 g m-3. Correlation
coefficients of groundwater level with nitrate concentration for the

individual sites ranged from -0.66 to 0.73 and no particular inference

can be drawn from the data. Sj-milar patterns were found for the other

chemical species and indicate that groundwater levels \¡/ere not the

controlling or dorninant factor for groundwater chemical

concentrations.

The iron and manganese data showed considerable variaÈion throughout

the valley, with high levels in both occurring in the l,lillers Flat and

Dumbarton areas. These indicale that. groundwater in these areas was

deoxygenated and probably confined. Elsewhere levels of iron and

rnanganese were f airly Iow.
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Table 4 : Summary of groundnater quality for each site in the Lower Clutha study
areai nean concentrations wittt standard deviations in brackets.

Sr-te

Number

L9

L10

L11

L12

L.l 3

L14

36. 3

35 .3

35 .0

34.8

25.3

21 .3

't9.8

16.5

1 4.5

1 4.3

12 .5

12.4

10.3

5.4

15.0
(1.4)

1 5.6
(1.1)

24,2
(8.6)

19.2
(1.8)

19.3
(1.4)

28.2
(3.'l )

11 .9
(1.7)

25.7
(s.4)

36.0
(3.e)

40.7
(2,7 )

32.2
(2.7 )

11.3
(0.e)

42.6
(s.9)

33.0
(4.6)

6.2

6.1

6.4

6.9

6.7

ô¡O

7.O

6.8

6.5

O¡O

7.4

6.9

34.2
(e.6)

31 .9
(7.4)

42.0
(18.1 )

48.0
(e.e)

71 .1
(11.4)

9 4.1
(16.3)

49.2
(10.6)

7 6.9
(1s.0)

115 .7
( 2s.6 )

136.4
(24.7 )

1 09.3
(17.1)

40.2
(10.s)

191 .3
( 46.3 )

132.1
(21 .2)

0.8
(0.6)

3.6
(1.0)

3.0
(4.s)

5.0
(1.8)

1,8
(0.s)

<0. 2+
(0.2)

0.4
(0.4)

2.1
(1.4)

3.3
(1.7)

4.6
(0.e)

2.8
(0.6)

0.6
(0.4)

5.1
(0.7)

<0.6#
(0.6)

11.0
(2.3)

12.8
(1.s)

11 .1
(6.0)

'l 5.9
(1.3)

15.2
(1.e)

21 .5
(1.6)

10.7
(2.4)

28.O
(7.6)

31 .8
(4.e)

31 .3
(4.8)

23.3
(3.1)

12.4
(2.0)

1.2
(2.3)

20.6
(s.4)

21 .5
(3.s)

'13.9
(1.5)

28.9
(1s.3)

11.0
(3.3)

8.2
(1.4)

23.O
(6.0)

3.3
(1.1)

11.0
(4.4)

1 5.3
(3.3)

16.4
(1.9)

19 .2
(4.s)

4.7
(1 .2)

16.7
(3.1 )

13.6
(4.8)

sio2

( g rn-:

7.4

9.5

9.7

9.5

8.2

7.5

4.8

8.0

6.6

5,2

8.0

10.'1

DisÈance trom

Roxburgh (km)

uctivity

(ms m-l¡
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Table 4 (Contd)

Site

Number

Na

,-3(g m

K

, -3tg m

Ca

.3(g m-

Fe*

_3
m

Msl

tn *-tJ (s

Mn*

, -3(g m

NH" -N

?
(mg m

DRP

{*g n-3¡

L9

L10

L11

L12

L13

L14

L1

L2

L3

L4

L5

L6

¡1

L8

11 .2
(0.e)

11 .6
(0.8)

8.3
(3.7)

1 6.1
(1.4)

15 .7
(1.3)

a1 tr

(3.8)

10.3
(1.1)

21 .2
( 4,6)

23 .0
(2.1 )

25.O
( 2.1 )

23.3
(2.4)

10.9
(1.0)

15.3
(2.5 )

26.5
(s.3)

11

(0.5)

2.8
(0.3)

6.3
(4.6)

1.6
(0.2)

1.8
(0.6)

3.6
(0.4)

lo

(0.7)

2.8
(0.6)

3.2
(0.s)

3.4
(0.3)

3.7
(0.e)

11

(0.2)

2.4
(0.4)

2.O
(0.4)

10.0
(1.e)

10.5
(1 .2)

1 9.1
(7.e)

12.O
(1.s)

14.1
( 1..1 )

20.1
(3.6)

8.7
(1.e)

16.5
(3.2)

33.8
(8.3)

36.6
(7.1)

24.9
(3.4)

1.4
(0.8)

58.5
(14.2)

26.2
(5.2)

3.9
(0.s)

ao

(0.s)

3.8
(2.1 )

5.2
(0.e)

5.3
(0.e)

7.1
(1.8)

3.5
(0.5)

7.2
(1.7)

7,6
(1.4)

9.7
(1 .1)

8.5
(1.3)

3.2
(0.5)

5.6
(1.5)

1.4
(1.6)

I

0..5

0.4

0.5

3.8

16.3

.0

q
3'1

3.4

^o

o.2

2.6

9.0

<0.05

<0 .05

<0.05

o.21

0 .1

o.82

<0.05

<0.05

<0.05

<0 .05

0.16

<0.05

(f

51
(62)

15
(11)

271
(21 4)

18
(11)

50
(7 2)

32
(27 )

33
(28)

27
( 31 )

50
(7 6)

12
(10)

30
(1e)

19
(20)

33
(28)

42
(47 )

4
(3)

6
(s)

12
(26)

31
( 10)

5
(s)

14
(21 )

15
(17)

29
(16)

2
(2)

14
i /,

6
(4)

17
(7)

5
(4)

5

(7)

Note:*onlyanalysedforJulylgS5samplingoccasicl'r
* sites L6 and 1,14 had 4 and 3 sampres respectively with concentration

analysed as less than 0.01 g m-3 which is the specified detection limit

of the method
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Dissolved reactive phosphorus levels were generally low and ranged from 2

to 31.5 mg m-3 with an overall mean of 12 mg m-3. These levels are

sirnilar to levels found in the Upper Clutha Valley study area. Ammonium

levels h/ere extremely variabl-e and site means ranged from 12 to 271 ng

*-3, with an overall mean of 50 mg m-3. The high value of 271 mg r¡-3 at

L3 was associated with the shallow water table and fertiliser a.oplication

discussed above.

The microbiological analyses indicated no faecal or total coliform

bacteria in any of the samples, suggesting that the groundwaters were

f ree of any widespread contamination f rom sewage or animal- r,,/astes.

Tenporal variation in groundwater qualíty

The val-ues from all of the sites vrere averaged for each month and plots

of nitrate. Conductivity and groundwater levels versus time are shown in

Figir:re 6. The study period was atypically wet. Three rainfall stations
within the study area (noxburghr Raes Junction and Beaumont) have

sufficient length of record to justify comparisons with the study.oeriod.

During the study period these stations received 163%, 165e" and 150%'

respectively, of mean annual rainfall. The rnain inputs of rainfall came

in October and December 1982, and March, May and September 1983r'with

each of these months receiving more than double their normal rainfall.

The groundwater level variation correlates well with these inputs.

However, the conductivity and nitrate graphs do not show the same

behaviour, with only the peak for these in may coinciding with the

rainfall inputs and groundwater levels. These higher than average

rainfall inputs nay have disturbed any seasonal trends that would

normally be present. The means and standard deviations from Table 4

indicate Èhat while there vras some temporal variation, the sites were

generally well characterised by their means.
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LIKELY EFFECTS OF POWER DEVELOPÌ,IENT ON GROUND!{ATER QUÀLrrY

(a) Upper Clutha Valley

The major effect of hydroelectric development on groundh/aÈer quality

in the U-o.oer Clutha Valley will be related to the degree Èo which

there is accompanying increased irrigation. This may result in

increased amounts of nutrients being Ieached into the groundwater

systern and from there, discharging into the newly formed impoundments.

Little detailed information is available on the interacti-ons of land

use practices, drainage and nitrate leaching losses in the area.

Therefore, nitrate leaching Ìoss data from Canterbury (Quin, 1971)

vrere used in the calculations to predict future trends in nitrate

Ievels in the Clutha groundwater system. Details of ttre calculations

are available from the authors on request. A leaching loss for

nitrate-N of 22.5 kg N ha-t ,t-1 "." used for all non-irrigated land,

70 k9 N ha-t ,t-t fo, all existing irrigated land and 100 kg N ha-I
Iyr-' for aII predictive cal-culations, based on Quin (1977). Drainage

due to irrigation was assumed Èo be 500 mm.

The calcul-ations

o.2 and 2.7 g *-3
?

4.4 q m-". site
(5.4gn-)than
_3

m

indicated that present nitrate-N levels of between

could rise following irrigation to between 0.6 and

U1 0, which currently has a higher nitrate-N level
other Upper Clutha sites, could increase to 8.0 S

Phosphorus concentrations in the groundwaÈer are not Iikely to

increase because of increased irrigation. This is bec,¡.rlse the

increased amount of .ohosphorus associated with increased stock faecal

material would be adsorþed in the soil layer and would not leach

through to the groundwater.

Some of the soils near Cromwell contain accumulations of soluble

salts. A desk assessment, based on exiSting data' \^¡aS carried out to

determine the effect of irrigation of these soil-s on the quality of

the Clutha River. It rras considered that, under the progressive

implementation of thre irrigation schemes, Ieaching of the salts to the
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groundwaÈer and into the river system would increase but not

sufficiently to be a problern. Hov/ever, if large quantities of water

were applied to the area over a short period of time (e.g., 1 month),

rapid leaching of salt could occur. With appropriate managenent, this

problem is unlikelY to arise.

(b) Lower Clutha ValIeY

Raised ground\dater levels

Present long term groundwater

River, and after construction of

levels in the impoundments.

levels are controlled by LÌre CLutha

the darns, will be controlled by water

The regression equation presented in a .orevious section indicates the

present hydraulic gradient. There is no evidence to suggest that

permeabilities would be significantly different in the newly affected

areas and hydraulic gradients of around 3-5 rn km-l could be expected.

The hydraulic relationship between the river and the groundwater

system indicates that medium r-erm operating ranges of 1 m could result

in grounds/ater fluctuations of around 0.3 tn, 500 m from the

impoundments.

The raised groundwaÈer levels may have a number of effects, including

flooding of septic tank systems, "wet feet" for trees irl crchards and

pugging of fiefds. If groundwater rises inÈo the soil layer, tlere

may be a Èransient rise in groundwater nutrient concentrations rlue to

a dissolution of soil nutrients. In this rePort only the effects of

the -oro-oosed impoundments on groundwater levels and the implications

for grourrdwater quality are considered. The physical effects of the

raised groundwater Ievels wilt be dealt with in a separate re.oort by

Dunedin DisÈricÈ Office of Ministry of Works and Developmenb. TÌlrrs,

the following comments deal primarily with the -oossible flooding ot

se.cÈic tank systems and Èhe consequent effect on groundv¡ater quality.
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Effects of raised groundwater levels on groundwater quality

Except for Roxburgh Township, which has a sewage treabmenL pLant, mosÈ

households in the Lo\n/er Clutha Valley are served by septic tanks. If
groundwater levels rise sufficiently, flooding of septic tank effluent

disposal structures may occur with resulting unhygienic conditions and

deterioration in ground\,vater quality. The likely impact of the f our

hyd.roelectric development options, described in the introduction, on

septic tank flooding was considered. Becalrse all the options ',vould

result in Èhe same impoundmenÈ water levels above Beaumont, the impact

assessment was done on a regional basis. An estimate of the number of

households that nay be affected was made based on maximum water levels

for the proposed irnpoundments. one septic Èank per household was

assumed and the nurnber of houses potentially affecÈed was assessed

from a 'l ¡ 5000 map which had 5 m ground level contours. Houses were

distinguished from other buildings using aerial ,ohotographs. lwo

levels of impact h¡ere considered: (a) total flooding, which wotrld

result in no further use of thaÈ septic tank, and (b) affected

operation, clefined as groundvtaÈer leve1s within 2 m of the ground

Ievel, which could result in unhygienic condiÈions and deterioration

of groundwater quality. The 2 m distance would aPply to shallow

soakage strucÈures, but if deeper boulder .oits are used' a greater

number of septic tanks could be affected.

Near the Rongahere area, options A and B would flood 3 septic tanks

with the use of an additional tank affected by option ts. Cption C

would not affect any septic tanks in this area and option D would

afEect tvro septic tanks. In the Beaumont area, 1 tank would be

flooded and approximately 4 affecÈed under options A and D. Under

options B and C, essentially alt the tanks would be flooded in this

area and another 2 septic tanks of the remaining houses could be

affected. In Island Block all septic tanks would be flooded or

affected in all schetnes ¿rrd ai)proximately I septic tanks could be

affected in the Millers FIat area, once more definite Levels for the

impoundments are known, more precise estirnates of the number of tanks

af f ected can be made, .carticularly j-n the Ìuliller:s Flat and Beaumont

areas.
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These esÈimates indicate that there,could be continuing problems under

options A and D in the Beaumont area, and with all- options in the

l4illers FIat ârêê. The severity of tÌre problems depends to a large

extent on the type of drainage or soakage structüre rlSÊrl Eor the

septic tank. Boulder pits are frequently 5 m deep while soakage

trenches are only 1 m deep. Thus rising groundwater levels are more

likely to affect the boulder pit structures.

Tvro types of problem coul-d occur. If the groundwater level rises into

Èhe soakage Structure, the "biological mat" associated with the

structure wouLd probably break down, allowing the efEluent to

d,ischarge directly into the groundwaÈer. If the groundwater remains

below the soakage structure, then the residence time of effluent in

the unsaÈurated zone below the soakage sÈructure will be reduced'

although the biological Iayer should remain intact. Because septic

tank effluent. will affect the top of the groundwater system, the depth

at which surrounding wells are screened will be a factor in the

resulting quality of drinking erater. DeePer wells are generally

associated with better water guality. No bacterial contamination was

detected when the drinking water wells were sampled, but it would be

advisable to rnonitor for bacterial contarnination as the impoundments

filr,

Increased irrigation

There is a small amount of private irrigation at present, with some

additional water use by orchardists for frost fighting. Raised

groundwater levels may reduce pumping costs and make irrigation more

economic. There are possibilities for using the v/ater from the

proposed dam aÈ Dum.barton Rock to provide irrigation lot tÌra Teviot

and Ettrick Flats. lrrigation would result in increased leaci-rirrg oE

soil nutrients, particularly nitrate. This may result in increase<l

nitrate concent,rations in the groundwater in this area.
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SUI.II.IARY A}¡D CONCLUSIONS

The groundwaters in both the Upper and Lo!'/er Clutha Valleys \¡¡ere generally

of a high quality for drinking purposes wiÈh mean ni-trate-N levels ranging
from ( O.2 to 5.3 g 6-3. There was no evidence of bacterial contamination

in the wells tested in the Lower Clutha Valley. Nitrate concentrations
v¡ere generally low as $/ere ammonium and phosphorus concentrations. The

groundwater system in the valley is not continuous and there is no

noticeable accumulation of nutrients and salts with increasirrg rlistance

from the source of recharge. A major influence on total ion content is the

climatic trend, from humid near Hawea to semi-arid near CromweLl irr tire

U,oper Clutha VaIley, and f rom humid near Beaumont, to sub-hurnid near

Roxburgh in the Lower Clutha ValJ-ey. Another influence is the cont.rol due

to rnineral equilibria. This is seen in the calciurn and TDP concentrations
in the Upper Clutha Valley. There was sone t.emporal variation of
ground.water quality which was largely correlated with rainfall inputs, but

long term seasonal variat.ions could not be determj-ned.

In the Upper Clutha study area, increased irrigaÈion accompanying power

development may increase nitrate concentrations in the underlying
grouodwater, but they are unlikely to rise above wHo recommended limits for
drinking water, because the short .disÈances of groundwater travel would

¡rreclude significant nitrate accumulation. Irrigation may cause a

tern-oorary increase in sal-t concentration in the groundwater near Cromwell

but this i-s not likely to be a problern under careful management, which

would consist of avoiding the application of large volumes of water over a

short time ,oeriod.

In the Lower Clutha study area the major effect on groundwater would be the

increase in groundwater levels in the vicinity of the impoundments. These

levels may fLuctuate in response to operating conditions. Raised levels
may cause some problems such as flooding of septic Èanks and water logging

of ground surfaces. The floorling oE septic tanks or Èheir soakage areas

could cause some deterioration of gro,lrr.lwater quality j-n more densely

populated areas, such as Milfers Flat, but this may only be transier\t.
Longer term problems would be related to a higher water table decreasing

Èhe effective effluent treatment time and distance. A transient increase



in mineralisation of g'roundwater may result from soil leaching and

Interception of percolating drainage by rising groundwater levels during l-
impoundment filling. 

.l

A survey to identify Èhose wells and septic systems likely to be affecÈed

by impoundments will be necessary once a d,evelopment scheme is chosen and

monitoring of drinking water bores for coliform bacteria should be carrie<l
rrrrt, rluring impoundment filling. i
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FURTEER INFORIIATION

Further information concerning this area and the likely impacts of
hydroelectric po\^/er developments can be found in the following internal
reports of the Hydrology Centre, Christchurch:

l4cCallion, R.F. 'l 981 : Possible ef f ects of irrigation on the soluble
salt concentration in the Clutha River at Cromwell. Hydrology

Centre Internal Report $fS 507. Unpublished.

McCallionr R.F. 1982 : The li-kely effects of the proposed irrigation
scheme in the Upper Clutha Va1ley - a second assessment.

Hydrology Centre Internal Report I,lS 557. Unpublished.

Smi-th P.J.T. 1984 : Relationships þet$/een groundwater and river levels
: Millers Flat region. Hydrology Centre Internal Report WS 9O2.

7p. Unpublished.

(Copies of these reports nay be obÈained by wrj-ting to: Technical-

Information Officer, Hydrology Centre, P O Box 22Q37, Christchurch.)
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APPE¡.¡DIX 1 : DESCRIPTION OF UPPER CLUTHA !ÍEIJL SITES -

Site
Number

TotaI
Depth

[,IeIl
(m)

Depth of
Sampling (n) Pump Irrigation

u1

ÍJ2

U3

v4

U5

U6

v7

U8

U9

u10

u11

tJ12

ul3

TJ1 4

u15

u16

u17

u18

u19

rJ20

u21

27

NA

NA

69

"t4

15

NA

37

NA

35

NA

32

NA

50

27

NA

NA

Sample from Lake

NA

NA

NA

Sample from Spring

68

13

10

5

NA

Sample from Sprinç

NA

20-35

NA

25

NA

NA

18

NA

NA

Sample fron Sprinç

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

YeS

Yes

Yes

YeS

Yes

Yes

Yes

No

No

Yes

YeS

No

No

No

No

Yes

Yes

YeS

Yes

Yes

No

No

No

YeS

Yes

Yes

No

Note: NA = Data not available

I'l"
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APPENDIX 2 : DESCRIPTION OF LOIÍER CIJUTHA !ÍELL SITES

Note: NA = Data not available

Mean Depth
To Groundwater (m)

L1

L2

L3

L4

L5

L6

L7

L8

L9

L10

L11

Ll2

L13

L14

1.000

0.050

0.1 00

1 .200

0.'t 00

0.1 00

0.1 00

0,075

0.500

0.1 00

0.075

SarRple

0.100

0. 'l 00

frc

5.0

c1

2.5

7.3

4.5

1 3.1

15.0

6.0

10.2

9.8

9.8

SPring

19.0

NA

I{a

1.9

4.6

1.1

6.2

1.4

-0 .4

1.1

4.3

7.O

8.5

9.0

LeveI from O-oen

9.'7

3.9

.er We

Yes

Yes

No

Yes

Yes

No

No

No

Yes

Yes

Yes

I
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