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This report considers the feasibility of irrigation
development in the Manuherikia Valley. When fully developed
the proposal would irrigate 20 000 hs in the Manuherikia
Basin and would control the flow of the Upper Manuherikia
above Falls Dam. '
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1 » DESCRIPTION OF THE MANURERIKIA VALLEY

1.1 GEOLOGY AND TOPD(‘RI\UHY

. The Manuherikia anley, uhlch extends about 64 km north~east

- of Alexandra, is one of the largest inter-montane depressions
of the block and basin system of the Central Otago region.
It is drained by the Manuherikia River which rises in the
Hawkdun Range to the north-sast and flows along the south-
east margin of the depression. Within the survey area the
Lauder, Thompson and Chattc Creeks drain from the Dunstan
Mountains, and the Poolburn drains from the adjacent Ida
Valley into the Manuherikia River. At Alexandra, 64 km from
its source, the Manuherikia joins the Clutha River which
flouws across the south-~west end of the depression. The Clutha

~ enters .and leaves the valley via deep gorges cut through the
" block mountains. . _

The north- uest boundary of thé.valléy is the dissected fault
~scarp of the Dunstan Mountains and valley floor sediments
" have been dragged up along thls fault scarp.

The Dunstan Mountains themselves are a highland schist block
rising to an average height .of about 1520 m. The crest of
this range is flattish with many schist tors up to 15 m high.

- The sou»hneast side is a narrow upland schist block thatvhas
" a backslope of about 10" inclination dipping beneath the _
younger beds of the valley floor. This block is divided by
the Poolburn into Blackstone Hlll (980 m) 1n the north- east
and the Raggedy Range. o .

,’The Carrlck and 0ld Man Ranges are of schlst and rise to a
height of 1675 m forming the south-west boundary of the Manu--
herikia Valley. The Hawkdun Range of greyuacke ccnstltutes

" its north-east boundary. : .

- The Fault angle depress;on has been partly filled with upper N
Tertiary and Pleistocene deposits which have been cut by the
river into terraces and residual hills with a relief of about
180 m. In many places the hills and the mountains have since
been coated with a veneer of Pleistocens and Recent loess and
the terraces by alluvium and a thin dep051t of loess aof, the

- same age. In addition numerous Pleistocene and Recent fans
ocecur at the bases of the mountalns and +erracesg and some are -
coated ulth laess. : :

-

Fans are common in the district. They are formed uwhere streams
emerge from the mountains on to the plains and also where they
emerge  from higher terraces on to lowser ones. Several of

these fans are of great extent and in many places they coalesce
ta form bghadaS.A ' : '

,Most of the terraces have flat to gently undulating surfaces
and most are formed by lateral planation; thus they are

usually veneered with gravels. A thin mantle of loess is also
often present (Orbell 1874).



1.2 LIMATE

The Manuherikia Valley has a semi-arid elimate with hot
summers and cold winters.

I.2.1 Precipitation

The surrounding mountains shelter the Manuherikia Valley from
most rain-bearing winds. Alexandra has the lowest recorded
annual rainfall in New Zealand of 330 mm. Rainfall increases
gradually from Alexandra (330 mm annually) to Lauder (500 mm)

and Drybread (550 mm). Above Falls Dam (600 mm) the rainfall
" is thought to reach a maximum of 1500 mm near Mt St Bathans.

The. rate of evaporation on the valley floor is greater than
the rainfall and there is a mpisture deficiency during the
late spring, summer and autumn. This deficit is approxi-
mately 300 mm near Alexandra, 200 mm around Omakau and

150 mm in the upper valley. ’

In the summer months there may be exceptionally heavy rain-
falls limited to single minor catchments and generally of
brief duration during which vast guantities of debris
including boulders are shifted within a short space of time.
An estimate for the 20 year rainfall intensity is 30 mm/hr,
however, during thunderplumps over shorter periods heavier
intensities occur (Robertson 1963).

1.2.2 Humidity and Evaporation

" The low humidities of Ophir (summer 60%, winter B80%) are
characteristic of the floors of Central Otago valley, so that
evaporation and liability to frost are greatly increased.

1.2.3 Sunshine

Alexandra has an average of 2046 hours of sunshine per year.
In winter, fogs occur with air temperatures below 0°C so
that rime accumulates on all exposed surfaces. Freezing fogs
may last for several days but they are usually confined to
only one of the inter-montane basins at a time.

1.2.4 "Temperaturse

The mean monthly temperatures have a wide range, eg, 15°C

at Ophir with a large diurnal range of about 10°C average.
Frosts have been recordsd in sach month of the year, with an
average yearly tetal of 186 at Ophir. The soil may inter-
mittently freeze to a depth of about 10-15 cm between early
© June and mid-August.

I1.2.5 Wind

The only records of wind velocity and direction in the valley
are from Alexandra and they show that the prevailing wind is
the north-easterly. The southerly is cold and rain-bearing
and often reaches gale force. The strongest winds are the
hot, dry, Fohn-like westerlies and north-westerlies which
attain very high velocities in the Cromuwell, Thomson and
Dunstan gorges of the Dunstan Mountains. :



1.3 VEGETATION

Records of the original vegetation described it as short
tussock grassland 30-35 cm high (Ferrar 1929) on the terraces,
" fans and lower mountain slopes. Tall tussock grassland
dominated by snow tussock cccupised the higher mountain slopes.
Relic logs {(Molloy 1963) show that forest grew on the louwer

- mountain slopes prior to the establishment of the tussock
grassland but no standing trees remained at the time of

" settlement.

All the native plant communities have been modified by the
spread of introduced plants and alsc by rabbit infestation,
excessive burning and over-grassing. This has led in many
places to the depletion of the vegetation and to erosion in
some places. However these depelted areas are being reclaimed
partly by improved methods of dryland farming and sometimes
by 1rrlgat10n management (Drbell 1974).

Since the beginning of pastoral occupation there have been
repeated efforts to improve pastures and on the deeper soils
under irrigation, high producing pastures of ryegrass and
white clover have been established. Under dryland conditions
pastures of cocksfoot and lucerne are now well established on .
~the shallower soils, :

5.4 SOILS

.The older soils of the Manuherikia Velley reflect the influence
“of the climate and consist briefly of a central-southern zone
of broun-grey earths, a yellou-grey earth series along the
foot of the Dunstan Mountains and across the middle part of.
the valley and yellow~brown earths in the upper valley. Loess
is in evidence at most locations. Recent soils are the
result of mining operations. Soils of the terraces and fans
suffer from droughtiness and would show various responses to
irrigation. However some soils of the downlands are suffering
from impeded drainage and waterlogging. Although salinity is
not a real problem at the moment some salty soils do exist and
care should be taken, when irrigating
1.5 RIVER SYSTEMS Becks-Linnburn and Chapman soils to avoid
contamination of surrounding soils.
The Manuherikia flows from its two branches commencing in the
north-east corner of the catchment and is joined by the
Dunstan Creek emerglng from the other side of the St Bathans
Range.

In some places the river is deeply iﬁcised in gorges and in
other places the river flows through a clearly defined channel
with small flood plains and low terraces. Tributaries of the
west bank rise in high catchments of the Dunstan Rangs and
flow steadily acrcss the terraces of the western basins. The
most notable of these are Lauder, Thomsons and Chatto Creek.

Tributaries from the left bank of the upper catchment run
directly off the Hawkdun Range, but in the lowsr catchment
there is little contribution from the backslope of the Black-
stone. Raggedy block formation with the exception of the
Poolburn which dissects this range and is the outlet for the
Ida Valley. On ths same bank the Manorburn, with its source

source in the upland plateau bounded by* the Knobbies, dis-
charges through the Galloway area.
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1.6 PREVIOUS INVESTIGATIONS

Large scale irrigation development of the Manuherikia Valley
‘was first proposed in the 1920's, The proposals involved

the whole right or north-uwest bank of the river from above
Becks through to Clyde and covered all lands not irrigated
from the existing Manuherikia Scheme. The investigations
included dam sites at Thomson's Creek, Laudser Creek,

Dunstan Creek, the present Falls Dam site and the Manuherikia
River at Lauder Gorge. In 1934 a rockfill dam was built at
the Falls site with a storage capacity of 10 million m?,
raised in 1955 by 0.60 m to give a capacity of 11 million m?.
J D Watt prepared a report in 1956 on proposals for larger
storage and a greater irrigated area in the valley, but no
action followed as the costs were considered prohibitive.

Following several dry years the Manuherikia Valley Irrigation
Promotion Committee requested a full scale investigation on
the irrigation potential of the valley, and has strongly cam-
paigned for increased storage. In 1872 a preliminary

- assessment report was prepared by D J Hamilton. This

report covered the investigations on irrigation water use in
the Manuherikia Valley and the results of an on-farm survey
of the majority of the properties of the Manuherikia and
Omakau Irrigation Schemes. -The report included preliminary
assessments of the uater resources and estimates of the cost
of increased storage. R ' s

A preliminary feasibility report on irrigation development
was prepared by I M Blake in 1974. In this report the irri-
gation development in the Manuherikia Valley was revieuwed
with particular reference to the available water resource
and the irrigation efficiency. ‘ o ‘

By October 1974 a detailed report about Falls Dam had been =
~prepared. Alternative dam sites and heights were investiga-
ted which lead to the conclusion that the Falls site is
suitable to raise a. 60 m dam structure. This conclusion -
has besn the basis of this detailed feasibility report. A
preliminary economic report was also preparsed in 1874,

The DSIR published in 1974 a report "Soils and Land Use of
fhe Mid Manuherikia Valley", G E Orbell. The Scil Bureau
of the DSIR will extend this soil survey so it covers the
- whole Manuherikia Valley. Results of this survey can be
“expected in 1980. c : : -

1.7 EXISTING IRRIGATION

 The river flouw is modified under present irrigation schemes

- . and Taces.

1.7.1 Mt Ida Water Race (Hawkdun Race)

During the irrigation season a major portion of the runoff
from the Hawkdun Range has been drawn off and has been used.
for irrigaticn in Northern Ida Valley and Maniototc. Although
there are maintenance problems of the 100 km race, this must
bs considered as an essential part of Ida Valley and BEweburn
Scheme. ‘



A flow of 4-8 million m® (0.3-0.6-m /sec) from October to March
leaves the catchment above Falls Dam through thlo race.

1.7.2 Falls Dam

This dam was constructed in 1934. Inltlally it was a rock-

fill structure providing a storage oF 10 million m®, later raised
to provide a storage of 11 million m’ Discharge is controlled
by a needle valve and a morning glory spillway. The storage

at present is only 7% of the yleld of the Upper Manuherikla.

I.7.3 Blackstone Raue

This race draus from the Manuherikia Riuer below Falls Dam,
The scheme serves 530 ha. The race is 14 km long and is
largely farmer maintained. ' : S a

1.7.4 Douns Race

This race serves the Douns settlement block and is adminis-

. tered by Lands and Survey Department. The race has its

intake in Dunstan Creek and serves 600 ha over 9 .km.

1.7.5 Omekau séheme'

ThlS scheme serves the Omakau 8831n.,.The lhtake draus water
from the Manuherikia above Lhe Dunstan confluence and extends
to the Tlger Hills.

The Dunstan Race serves a hlghmr area From Dunstan Creek as
do other smaller races taking their water from Tthsons,
Lauder and Devonshire Creeks.

"The.tqtal area served at present is BEQQ_hé;

" I 7 6 Manuherlkla Scheme

Serves the lower areas bnlou Tiger Hills and takes 1ts spource
- from the Manuherikia Gorge. Problems of malntalnlng both the

intake and distribution system are great. The main race of
SD km serves 2100 ha. : S : o -

I.7. 7 Gallouay Soﬁeme

€

‘This scheme supplwes 1200 ha; in its upper portion with
Manorburn water and in its lower portion by uater pUWped
from the Nanuher1k¢a River.

1.7.8 Ida Ualley 5rheme’

uti llqes old mining races with storage at Manorburn and Pool-
burn. This scheme is limited in ltS water resources. The total
storage available is 75 million m’ and from this the maximum
served area is 5600 ha. The upper end of Ida Valley is part’y
served by the Mt Ida water race and by a small reservoir in

the Idaburn. '



1T WATER RESOURCES

. Flow records are available from:

1975 - 1978 . Mafuherikia at Forks
”A_M?1973 - 1978 bunstén Creek | | B
973 - 1978 Uoolshed Creek (Lauder Station)

€ 1971 - o |

1978 Ophir.
Ttz . o ' ’ . : .
‘WYoolshed Creek is considered as representative of the Western
jtributaries. The records of the Manuherikia at Ophir have
_been influenced by the intakes and by-washes of irrigation
‘schemes such as Omakau, Blackstone Hill, Douwns and Duns tan.

I1.1 MANUHERIKIA AT FORKS ' .- -

+The flow recorded at Forks is the discharge of a catchment of
.ﬁd173 km? (grid ref 5125 619060). Results are shouwn in Table I.

- Lowest Highest Mean Louest
.Mean recorded |{recorded apecific recorded
Mth .} dischargegdaily meandaily mean d?schar 4 yield
- m /sec discharge | discharge l/soc/kgz million
: m°/sec m’/sec i i
Jan 3.2 1.3 - 6.6° 18 ‘4.9
Fehb 1.6 1.0 3.0 -9 3.2
Mar 1.1 0.7. 1.6 6 2.4
ARpr 1.2 0.7 . 5.2 BRI { 2.1
May 2.8 - 0.9 - 10.9 16 - 4.7
Jun’ 2.2 1.6 7.5 13 2.1
< Jul 2.7 1.4 7.5 15 - 8,5
Aug 2.8 1.1 12.8 16 3.3
Sep 3.7 1.2 - 10.3 21 8.3
Oct 5.0 2.0 - 10.2 28 12.7
Nov 4.7 2.9 Y 27 . 11.0
Dec 4,9 1.6 15.4 28 . 6.3
Year 3.0 0.7 "15.4 17 . 80
TABLE I ‘Discharge_of ths Upper Manuherikia-”f;“%ﬁgégg

Low flows are restricted to late summer while highfﬁfﬁus are
induced by snow melting. The yield at Forks is -about 94
‘million m° a year. At Falls Dam the catchment is @607km*v
and an estimate of the yield at Falls is (1947million m’.

The 1 in 10 ysars lowest yield is estimated as 130 million m.

1.2 DUNSTAN CREEK ' Frres bome S ia 1074 f?;awf.
. N Rt . _= i |

The flow recorded is the discharge from a catchment of 157 <%«

km®. Grid reference 5125 503997. Results are summarised in

Table II.




E Lowest Highest M B Lowest -
Mean recorded | recorded san. recorded
Mnth | dischargefdaily meanHaily mean] 2P2CiFic 170 0g
m®/sec | discharge| discharge Dlouﬁaroe million
: m®/sec m®/sec 1/sec/m m?
Jan 2.0 .6 8.4 13 1.9
Feb 1.5 b 5.0 10 2.0 .
Mar 1.5 .5 5.8 10 1.6
Apr 1.4 .5 4.3 9 1.5
May 2.3 .7 5.1 15 3.5
1-Jun - 2.0 1.0 - 5.4 13 3.8
S Jul 1.0 .8 7.4 11 2.8
Aug 2,3 .8 - 8.0 15 2.8
Sep - 3.1 1.0 111 20 6.1
Oct 3.8 1.0 1.7 24 8.2
Nov 3.1 1.3 16.7 200 6.5 -
Dec’ 2.5 .9 13,2 16 2.8
Year 2.3 .5 16.7 15 50 -

" TABLE II Discharge of Dunstan Creek

Again the low flow is during the February-April period. High
. discharges can be expected from September»Novenberg The yield
of Dunstan Creek at the Gorge is 73 million m® a year. During
a 1 in 10 dry year an estlmated yield of 48 mllllon m® is '

~ expected.

'11.3  WOOLSHED CREEK

‘Woolshed Creek is a tributary of Lauder Creek. The Creek is
considered as repressentative of the western tributariss.
Grid reference 5125 461855, The size of the catchment is
10.6 km®. Results are summarised in Tabls III. :

For Table III see next page



350 km?

.- _ '8\

- Louvest Highest Mean

'Nean recorded | recorded Specific
Mnth | dischargsdaily meandaily mean| 4jscharge

1/sec discharge | discharge l/sec/kn

1. 1/saec 1lsec.

Jan 60 11 451 6
Feb 42 5 475 4
Mar 44 . 8 255 4
Apr 64 - 15 . 571 6
May 94 29 4387 9
Jun 109 31 663 - 10
Jul 102 42 1047 10
Aug 154 38 1621 15
Sep 193 - 47 - 940 18 .
Oct 215 60 2106 20
Nov 145 30 1365 14
Dec 107 14 - 1078 10
Year 110 5 2106 10
TABLE Discharges of UWoolshed Creek

bThe spECLflc discharge of the uastern tributaries is consid-
erably lower than the discharges of Dunstan Creek and Upper
.The catchment of the western tributaries is

Nanuhnrlkla.

A YlPld of 115 million m’
(1 dn 10 years) is estlmated as 85 million m’

:II 4 NANUHERIKIA AT OPHIR

a year.

The dry

yleld

" The neasured flow is modlfled by lrrlgatlon of the Omakau and

Dunstan Creek basin.
" however is belou Dphlr.
size of the catchment 1s{§§§§7km

" Table IV.

The intake of the Manuherikia Scheme
Grid reference 5134 35762S8.

The

Results are summarised in

e v e

s

= a’:‘: %“W\ ‘7' ~1-—< onn (D7 re. e:""
Louest Highest Mean - Lowest
: _Nean‘ lrecorded recorded Specific recorded
Mnth |Dischargegaily mean|daily mean gjschargel Yield
: m”/sec diﬁcharge discharge '1/sec/km? million

m-o/sec m-/sac i
Jan 6.9 .6 46,5 3 6.9
Feb 3.4 b 14,0 2 4.6
Mar 4.0 ~ +b 22.9 2 4.0
Apr 7.2 1.1 58.0 4 3.8
May 12.1 2.2 45.5 6 12,1
Jun 16.5 5.8 132.0 8 23.0
Jul 15.3 4.5 120.7 8 15.3
Rug 19.5 4.0 88.3 10 17.7
Sep 25.2 5.7 130.7 12 41.8
Oct 22.5 6.4 60.3 11 40
Nov 16.3 2.2 234.7 8 27.3
Dec 10.9 1.0 192.1 5 6.2
Year 13.3 4 © 234,77 7 320

Y Discharges of the Manuherikia

River at Ophir




High djschargps are from August ‘to November while during .
February and March a very low flou can be expoctad Tte yleld
of the Manuherikia at Ophir is 419 million m’

I1.5 FLBODS
}g,gr}xg During the October flood of 1878 the estimated peak dlsuharge
shinedzd was 680 m” /seo at Alexandra. The estimated peak discharge in
77 s 1918 was(5007m’/sec at Ophir. The measured peak discharge of
Myygwﬂf the Ooboberbflood of 19/8 was 393 m /sec (not -included in
aa9ﬂ4ﬂﬁ Table V). _ ‘ ‘

ey O gﬁaq [t R

: @3 -«r' Y
b“b’@fi “‘}E:,a‘;ﬁ,, 15

“1I1.6 DIVERTED WATER

The diversion of water for irrigation purpdses,is as follows:

Mean "N§x1mum Minimum
A eason Season
1 Omakau Scheme ' o ' o -
- Water ex Manuherikia Plver S 20,77 - 30,30 6.67
Ugter ex Western Tributar- 11.97 50.04 2. 45
ies , o R o
| Manuherikia Scheme B - :
Water ex Manuherikia River 27.98 36.13 22.54
Water ex Ugstern,Trlbutar- . 2.89 , 7. 6% . 1.67
ies - . T ER - : o
Galloway Scheme - S
Uater ex Manuherikia River |  2.67 4.51 | 0.85
- - » . A - — .
- -TABLE UV Manuherikia Valley -~ diverted uwater
L “{1955/56 ~ 1975/76)
(figures in million m?)
IT.7 SUMMARY OF WATER RESOURCES -

. The annual yield of the Manuherlkla at Ophir is 419 million m°.
Besides this yield 32 million m’ is diverted for irrigation
purpcses above Ophir. The natural yleld at Ophir would be,
without any water used, 450 millicon m” The catchment above Falls
Dam contributes 40% of this yield, Dunstan Cresk 16% and the
wvestern trlbutarles 25%. Other contriautions are from the Poolbu:z
and ueveral cresks below Falls Dam (19%). An estimate of 500
million m® would bs the yield of the Manuherikia at Alexandra.

At present the guantity of water used for 1rragat’on is 66 millio
m? or 13%. Maximum diversion is 83 million m® (19%). Minimum
diversion is 35 million m® (7%). Smaller schemes such as Doun
Settlement and Blackstone Hill have not been involved in these
caloculations. Their total water use can be estimated as 1
‘million m”. The diversion for irrigation purposes is limited
because of low summer discharges and insufficient storage.
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IT1 PROPOSED IRRIGATION SCHEME

I111.1 Description of tﬁe Proposals

The proposal is tec increase the storage of Falls dam to 100
million m® (at present the storage is 14 milliecn m’). This
" would require a new earth rockfill dam of 60 m just belou
the present dam site. The nsw dam will have a crest height
of 692 m.Otago Datum. The lake size behind the dam will be
up to.5007ha with a mean depth of 20 m. During the irrigation
TsEEson the size of the reservoir could decrease to 100 ha
with a mean depth of 10 m. From the annual yield of 184

million m® 140 million m® could be used for irrigation.

Besides the new dam a new main race will be necessary. The
present races are not suitable to convey larger discharges
and the poor condition of especially the Manuherikia intake
makes a complete new race obviocus. A new race has to
satisfy the follouwing points:

a - The race has to be above the present Manuherikia and
Omakau Schemes to extend the commanding and irrigable
81‘98- . :

b A complete gravity system is preferred.

C Mechanical maintenance of the race is essential, this

would require an access road of at least 4 m on one
side of the race. ’

d A minimum number of culverts and syphons.

e Farmers whose properties are affected or disrupted by
the proposed race have to get a clear advantage from
the race.

f The race ﬁust be able to meet different requirements.

{3 The new 84 km main race is going to serve the valley wuwest
: o of the Manuherikia. The area commanded by the race is
L .. 30 000 ha which requires a race capacity of at least
R 10 m®/sec. The commanded area includes the Douns Settlement,
%@Amg Dunstan, Drybread, Matakanui, Omakau and Manuherikia schems.
./ An area of 1200 ha above the present Dunstan Scheme could be
a served by a 16 km race. This race drauws its water from
Dunstan Creek and the bywash of this race could be used to
feed the main race below the. suggested Lauder Creek syphon.
Apart from the spring flow the contribution of Dunstan
Creek to the main race will be low after January. In this
part of the scheme there will be a shortage of water in the
late summer. The capacity of theé intake from Dunstan Creek
and this race will be 3 m’/sec.

A good co-ordination with release from Falls Dam will ensure
an additional 8 million m’ available for irrigation.
However this is not an essential part of the scheme.

1., To secure the frost-fighting water requirements of the
it prechards, tailend storage is suggested. Small dams (up to

e
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7.5 m) near Straith Clyde Road could store 10 000 - 100 000
m’>. These dams could be filled by storing bywash of the
mainrace. From the dams water could be quickly conveyed to
the orchards by either a pipe system or open races. The
demand of frost-fighting purposes is about 12 1/sec/ha. The
orchard arsa in the Manuherikia Scheme is about 150 ha.
Therefore a six hour frost period requires 75 000 m’. This
aspect of the scheme has not been further investigated.
However if new orchard developments wccur changes in water
_allocations would have to be made, although a good use of
~bywash and residual flouw is ensured. :

I1I1.2 IRRIGABLE AREA

"The irrigable area has been determined on the 1:5000 scale
photogrammetric sheets. For every known property the size
of the farm, the area belou the main race and the area ‘
technically suitable for irrigation has been estimated.
Besides this "could be irrigated area", the "should be
irrigated area"™ has been estimated as 2/3 of the total farm
area or 250 ha at most. :

Increagse of the "should be irrigated" area will occur when

. larger properties below the proposed main race are subdivided
~ . and developed. It is expected that the final figure of the
‘irrigated area will be between the ."could be irrigated" and
"should be irrigated area'. '

Results are shown in Appendix A. The total irrigable area is
21 000 ha. The minimum area to irrigate is 16 000 ha and
the present irrigation in the valley is 10 000 ha.

II1.3 ROSTER PROPOSALS AND SUB-~-SCHEMES

In Chapter V the different irrigation requirements within
the valley have been described. The different requirements
among other factors divide the valley into the following
sub-schemes:

(a) Downs Settlement

This is the area betuesen the suggested main race,
-Dunstan Creek and the Manuherikia. The irrigable area
is 1300 ha which would require four irrigations from
late October to early March. A 20 days roster would
require 3.9 million m’. With an anticipated distri-
bution efficiency of 80% this would mean an intake of
4.7 million m?. '

(b) Becks

This is the area between the méin Tacse, Laudef Creek,
Dunstan Creek and Manuherikia River. The irrigable
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area is 4000 ha which should-require four irrigations
from late October to early March. A 28 days roster
would require 12 million m’ With an anticipated
distribution e«fchpncy of 807 this would mean an
intake of 15 million m°

- (e) Dmakau - Devonshirs

This is the area betwsen the main race, Lauder Creek,
Manuherikia River and Young Hill Creek. The irrigable
area is 11 500 ha which should require six irrigations
from late October to early April., A 21 days roster

would require 50 million m’ With an anticipated
distribution eflelency of 807 this uwould mean an
intake of 63 mllllon m’ :

(d) ‘Clare

This is the area between the main race, Young Hill
Creek, Clare Hills and Dry Creek. The irrigable area
is 1200 ha which should require eight irrigations
from October to April.

A 21 day roster would require 7.2 million m?.. With an
~anticipated distribution efflclency of 80% thls uould
Smean an intake of 9 nllllon m’

(e):'Lcuer Manuherikia

This is the area below Dry Creek, the Waikerikeri and
the Manuherikia. The irrigable area is 2500 .ha which
could require 14 1rrlgatlons from DBctober to April,
" A 15 day roster would require 29 million m® With a
- distribution efF101ency of 80% thls would requ1re an
;ntake of 37 mlllan m’. :

(fF) Blackstone Hill

This scheme will not be affected by the suggested main
~Tace. - However it will certainly benefit from the storage
increase at Falls. The proposal is to irrigate 530.

‘ha which should require six irrigations from lats .
October to April. A 21 days roster would require 2.4
million m’. With a.distribution efflclehcy of 88%

thls would requlre an intake of 3 millien m?

() Gallouaz

In this scheme 1200 ha could be lrrlgated from October
to April. A 15 day roster and 14 irrigations a season
would require 12.6 million m’ With an efflclency of

80% this would require an intake of 15.8 million m’

(h) Upper Dunstan. .

This schems is above the proposed main race but can be
irrigated from a Dunstan Creek race. Bywash from this
scheme can be picked up by the main race. The 1rr1gable
area is approximately 1200 ha. A roster length is nat
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relévant because the lack of.storage would decrease .
the possible intake during the early and late summer.
This part of the scheme would operate like prssent
irrigation schemes which withdrauw their supplies from
one of the western tributaries. Howsver a contribu-
tion of eight million m® to the main race could be
expected from this source. : '

Discussion

The water allocation and the boundaries of the various sub-
schemes together with the roster proposals are fairly

trivial. For example, the boundary between the four and
" six irrigations (Lauder Creek) is questionable. On the

other hand it can be expected that the 14 irrigations at the
lover end of the valley are too many. When this scheme
has operated for a number of years changes in the normal

"water allocation can be made. This is possible because

the storage is sufficient and the capacity of the races allouw

- some variation. However an increass in the number of
“irrigations in one part of the valley would auuomauzcally
mean a decrease in the water allocation of ancther sub-

scheme. It is possible that farmers would opt for feuwer

- irrigations of a bigger gquantity, eg,7 irrigations of 150 mm
rather than 14 irrigations of 75 mm. This situation has to
- be avoided because of the increasing water losses, drainage and

saline problems. If possible the farmers have to get used to

irrigation application of 75 mm. Only then .the aree under
irrigation can be extended to benefit the ‘whole valley.  On

the other hand the off-farm gfficiency in the main race and

.. distribution races has to be as high as possible.

III,A - SIMULATED 'RIVER AND TRRIGATION FLOWS

- To evaluate the impact of the proposed scheme a flow simula-

tion programme has been developed. . The simulation is based
on the follouwing conditions: »
| . L/\/\ ot ,{,,i:‘ = _m*»m S i | 4’1«77‘ i
1 The dam at Falls has a stcrage Capaclty of 1DDTmllllmn }
‘ ,»m . ‘

2 The inflow in Fails Lake (cétchment size 360 kmz) is

twice the msasured Flou of the Manuﬁorlkla at Forks ,
(catchment size 173 km?) .

et
ml"‘“‘

3 The release from Falls Dam i;u“"”“T”"
- Aprilnseptember ‘ 1A m/sec

-~ If the lake stores 100 million m® the outflow equals
" - the inflow (spilling of the dam)

"~ Dctober ' S 8200 1/sec

November-January : - 11 300 1/sec
February - . 9250 1/ssc

March : , ‘ ' 8700 1/sec
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4 - An BVGPOFﬂLLDn loss as a funotlon of the lake area and
* +the month has been included. S

-5 The intake From Lhe Manuherikia for the Douno-SLttlembnt
Omakau, Moutere and . Manuherlkla Scheme is:

Dctober 7DDD l/sec
November-January 10 0G0 l/sec
February 8000 1/sec
March - 7500 1/sec

- This uater will be conueycd by the maln raceg"

6. Below the 1ntake DF the main race a small Jntake For the
Blackstone Hill scheme has bsen estlmated as?
" October - 200 1l/sec S
. November-January . 250 l/sec.-
. March - 200 l/sec.
o7 The flow of Dunstun Creek is the dlschargD measured at

“the flow recorder. During the 1rr1gat10n season 50% of

its discharge will be used for irrigation, although a

~minimum flow of 500 1/sec in the Dunstan Creek will be
malntalned : - S '

'S " Water from the DUHSuan Creek lntake u111 irrigate the N
upper Dunstan Scheme (1rrlgable area above the Cambrians
* 1500 ha) and the remaining flow ulll feed the main race.

g . .The lrrlgatlon supply for all areas is compared with a
. demand function, the difference is by-wash, which will
= eventually come back in the Vanuherlkla. '
10 The Flou from the western trlbutarles is ?4 times the
'~ measured flow at Yoolshed Creek. It is proposed that-
o thls water u1ll notLFe used for 1rrlgat;cn. fﬁguwm;‘ 

- TP"/”;-' AR
»FJou flgures oF the 75/1976 season have been used in this.
- simulation progLamme., (See.Appendix, E). The results are:

"a . The dam is full by the beginning of September, during
- - September and the beginning of October some spilling
~ ocours. Gradually the water from the’ dam will be .
- released, and the storage at the end of the season, 3%
- March, is 17 mllllon m® or. 177 of the total storage
capaclty. o Lo o : A
b The flow of the ManuherlAla belou Blackstcne Hlll intake
.~ but above the Dunstan Creek is aluays above 1000 l/sec
(mean 1050 l/sec, maximum 1180 1/sec).

e The flow of Dunstan Creek is sufflclent to lrrlgats
o 1500 ha only till 15 January. - Before this date an
. average of 1200 1/sec is conveyed from this source to
the main race. Because of the louw flou ef Dunstan
"Creek the irrigation requwrcments of the Uppser Dunstan
- Scheme aPter January cannot be mset. - -

'd‘ The flow of the Manuherlk;a at Ophir can bes compared with



the simulated flow: -

. Mean discharge mea”m§;:ggarga
s |l | b
o simulation
season new schems
1 2.9,75-9.9.75 | .29.6 . | - 7.9
2 ‘ | 28,00  |° 8.6
3 30.8 . 10.3
4 | 21.2 - 6.3
s - - | 19.9 (1.65) | 9.9
6 = 17.7 (2.28) 6.8
7 19.0 (2.36) 6.6
8 | 11.5 (2.28) 4.7
9 ' 15.6 (1.5) | 5.6
10 0 T 16.8 (1.1) | - 6.2
11 - 0 T 1208 (1.7) 4.9
12 S 10.6 (2.2) | 4.1
13- 7.8 (2.3) | - 3.5
a1 s.2(2.3) | 3.1
15 ] s.s(2.3) | 2.8
16 o | 3.4 (2.3) 2.3
7 1 3.7 (2.3 . 2.6
18 | s (n.a) | 2.5
tao - 1 3.aa(223) | 2.3
200 . | sy | 2.2
21 T 2.6 (2.2) 2.3
22 b 2.9 (2.2) 2.2
23 3.2 (1.8) |© 2.1
24 2.8 (2.1) 2.2
25, | 270G ). 2.2
26 @ 2.4 (1.4) | 2.2
27 2.2.(1.4) | - 2.0
28 1.7 (0.6) | 2.1
29 1.1 (0.6) - 2.1
30 - 1.0 (0.8) | . 2.3
31 22.3-29.3.76 1.2 (0.5) | 2.1

TABLE VI Manuherikia at Ophir

( Y 1Intake of the present Manuherikia Scheme
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" As sxpected the flow 'of the Manuherikia above the gorge will
be modified by the proposals. Houwever at present there is
an intake of the Manuherikia Scheme in the gorgs. Thi's

- should decrease the measured flow at Ophir in the first 3
column by the figures mentioned betuween brackets. With ths
proposed scheme the present Manuherikia Scheme intake will
be closed. The discharges through the gorge from September

- .to December are considerably reduced, from 15. January on the

' mean Flous below the gorge are higher than the present dis-
- charges. Fipally there is an intake of the small Galloway
Scheme. If this intake would vary between 600-900 1/sec the
- flow of the Manuherikia at Alexandra would be (1975/76.

simulated flows): _ - S e

Mnth Mean - Louest Highsest
discharge| discharge| discharge

Sep B.4 - 5.5 17.2 B

Oct 8.2 4.1 26.7

Nov 4.4 2.6 6.7

Dec 1.8 1.3 2.7

dan- 1.6 1.4 2.7

Feb 1.8 1.2 2.5

Mar 2.6 1.7 4.0

“TABLE VII Flow of the Manuherikia

at flexandra in m /sec .

" Migh discharges scour if the dam is spilling: This happens
at present frequently and even ‘with the proposed high dam

spilling could be expected‘du;;ng‘gknpgmaljsp:ing.wﬂﬂ@_%mmwgggvm;
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v ENGINEERING DETAIL

Generally the engineering works involve:
(a) A storage reservoir at Falls Dam.

(b) 1Intake structures in the Manuherikia near S5t Bathans
bridge and in Dunstan Creek just above Pauley Road.

(c) & new gravity race on the west side of the Manuherikia.

(d) Tail end storage.

IV.1 Falls Lake

IV.1.1 Geology of the Area

The basement of the areaconsists of folded Torlesse Group
greywacke rocks overlain with flat lying tertiary sediments
of the Pareroca-Southland series. These are capped by
gravels of the Ulanganui series or younger pleistocene
Hawera series. . A roughly triangular area 20 km long on a
base of about 12 km width forms a graben (sunken block)
with the Hauwkdun Fault bounding the esast side. The
transverse fault (base of the triangle) is an extension of
the Stranraer fault which crosses the area at Fiddler's
Flat. A group of faults running generally NNE from St
Bathans forms the western boundary of the graben. The
topography of the younger sedimentary rocks has low to
moderate relief. The outcropping greywacke near the dam
site forms areas of moderate to high relief.

IU.1.2. Falls Dam B - A

i o T R [ {—_‘- b

Alternative dam sites/énd heights were investigated in
previous reports./«The recommendation of a 60 m earth and
rockfill dam to 692 m-level has been the basis of this

‘report. At the"\foposed site (just below the existing dam)

the maximum crest level is determined by the topographical

restraint of Shamrock Gully. A release capacity through oo e

the discharge valve of 20 m */sec is required. Mean flow ~  *
at site is 6.1 m’/sec, maximum recorded flood event 60 m /se&;w
(October 1978 -~ probably a 70 year event). The normal B

. operating level of the lake is from 692 m (storage capacity

100 million m’) to 670 m (storage capacity of 30 nvlllon m°y.

Operation of the discharge valve has to be done in such a
way so that if the lake rises close to its maximum the dis-
charge through the valve should increase. An emergency s

e e g

spilliway however is necessary. RS
Emergency spillway through Shamrock Gully is possible although
there are geoclogical restreints. The level of the water-

ched near the head of Shamrock Creek is 693 mm. A louw
retaining structure is feasible. This area is underlain by
Pareora series sands and silts. There are three water

races in the arsa, one of which has been tunnelled through

the saddle. The tunnel collapsed and shows now a long
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depression which is wet and supports a strong growth of

Y rushes. From the watershed to the junction of Shamrock

’ Tresk and the Manuherikia is 3600 m. The louwer 2200 m of
the stream course is over resistant greywacke rock. The
upper part of Shamrock Creek is composed of easily eroded
Pareora series sediments which reguire protection to
resist scour. However the design of an emergency spilluay
through Shamrock Creek looks maore attraClee than another
Mmorning glory" splllwayes

oy

) Jw,f [

Iv.1.3 Falls Reseruolr RN TS
A

,gﬁj AT //\&/kv/' -
The dam would be able to stors up to 100 million m® which
would flood anJarea of 500 ha. The dam is able to control
almost completely the flow of the Upper Manuherikia. -
, . ';jaThe use of Dunstan Creek to fill the reservoir-is not =
e T P recommended.  The mean spring discharge of the Upper Manu-
4% " herikia is already sufficient to fill the lake, therefore
 an expensive and long supply race From Dunstan Creek is
" superfluous,

, ?:ﬁfulf~s;f Some erosion along the lake edge can be eXpected

IV.1.4 CODStrULtan Considerations
A major restraint on construction of any new dam at Falls is
the need to avoid interference with the existing dam which
spills svery winter and is fully drauwn by March. The dis-
charge valve releases a controlled flow into the diversion
tunnel and thence to the natural river course. Intakes to
the scheme are some km dounstream.

Any new structure would require at least temporary means of
ensuring the passage of natural spillage and controlled
‘ summer discharge. A combination of discharge and diversion
- - provisions seems to be logical. Rock conditions for
. tunnelling are generally good and no problems should arise,
O although concrete lining uould be necessary to prevent

o srosion. ny 4 - -

The temperature conditiors ( 10 C 6 +30°C) @re such that
concreting would be. dlfﬁlcult during the winter months.
*Closest source oﬂ\gravels would be the Manuherikia River
above the present reservoir, but the extent of resources
-has not been gauged. Some mention in early corresponoence
of failure of Manuherikia gravels to pass organlo content
requirements appears to have been resolved in the construo-
tion of the existing cut off slabs. '

Distances from probable source areas would be approximately
2 - 5 Km and access at various levels would need to be cut
past the right abutment of the existing dam. The original
‘solution of a rockfill dam is probably the best provided a
positive cut off ean be economically constructed. An
impermeable barrier could be constructed of variocus alter-
natives and the design would have to include provision for
different settlement or temperature deformations.
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Iv.2 Diversiaons

The existing intakes of the Blackstone Hill and Gallouay
schemes are supposed to continue their present withdrawals
from the Manuherikia. Blackstone Hill, with an irrigable
area of 530 ha, will be able to divert 2.8 million m” a
ssason or 88 mm per irrigation. To supply 75 mm per
irrigation a 10% loss in the race could be allowed.

Galloway can withdraw 15 million m® to irrigate 1200 ha.
This would leave the use of Manorburn water to other schemes.
Manuherikia water used in the Gallouway scheme however is

- largely the bywash of other schemes.

One new intake and one main race ars going to supply the

west side of the Manuherikia. The intake has been contem-

_ plated near the St Bathans bridge over the Manuherikia

.. (grid ref $125 579879). A diversion weir would be of =a

"free overfall type and a system of baffles would control

‘the minimum flow in the river of 1 cumec and a flow up to
0.7 cumec requires for the Blackstone Hill scheme. The
intake level is approximately 569 and 8000 m below Falls
Dam. One intake in Dunstan Creek (grid ref 5125 520920) has
been snvisaged. This race can supply the higher terraces of

- the upper Dunstan scheme and sextra water can be bywashed in
the Manuherikia main race. The maximum intake is 3 m®/sec
while a minimum flow in Dunstan Creek of 500 1/sec has to be
maintained. A small intake weir with a free overfall and a
~system of baffles to divert up to 3 ma/seo is required. The .

- level of this intake is approximately 663 m. L e
IV.3 New Irrigation Races e

3

a3 }/ N -
Ot

[

&

. One major main race has been designed from the Manuherikia
¢ intake to the Waikerikeri. This race should be a@lentg§f;€"

" discharge a flow of 10 m*®/sec with a freeboard of 50 cm. -
" The dimensions of such a race would be a bed widtRh&f 3m,

* depth of about 2.70 m and side slopes of 1:2. A flat area

. on both sides of the race of 3 m is required for access and

" maintenance purposes so the demand for land would be about 40
m for every m race (dependent on the size of the cut).

.~ The proposed race rtuns through the Long Gully Valley, and
will be above the present Downs Settlement race. The
- hydraulic gradient of this part of the race has to be as
small as possible. The capacity of this part of the race
is 10 m°/sec. The new main race will cross Dunstan Creek
near Cambrian through a major syphon. The race will be
2 above the present Dunstan Race.  The longitudinal slope
excluding structures may vary from 1:2000 to 1:5000. Before
Lauder Creek the Upper Dunstan Race will join the main
" race. After passing Lauder Creek through a syphon the
race will cut thezeugh a saddle to the Drybread diggings. A
drop of -about'25 m to a level of 525 m 1s suggested.
Thomson's Creek will be crossed at a level of about 522 m.
; After passing Thomson's Creek the race will be above the

} 4% Matakanui race. A second drop to the 505 m level is to be
opt constructed nearby or in conjunction with Chatto Creek
syphon. The race continues over the Moutere Terraces and

. v
A
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will be above the Straith Clyde Road. Finally the byuash
of the race could be dropped into the Ualkerlkerl.ﬁ

s

Alternative races are possible and have been 1nvest1gated TR B
but this race has the big advantage of sprv1ng Tan as large 47,
as possible area without requiring any pumping over. .the

Merton hills. Besides the Manuherikia and Omakau schemes

it will be possible to control the Downs Settlement,

Dunstan, Lauder, Drybread and Matakanui schemes From Falls

Dam. At present those schemes depend on the low summer:

flows of the western tributaries. The total length of

this race will be B4 500 m. Ancther new race of 16 000 m D

. will connect Dunstan Creek from Pauley Road to tHe main

race near Lauder Creek. The maximum capacity of this race
is 3 m*/séc. The race will drop from 663 m (Dunstan Creek) J

to 553 m (near Lauder Cresk). L
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faple VIII Data of Kanuherikia Valley Main Race

Number

Distance
from
Intake

Teabure

- Hydraulic

Capaéity Level Gradient

Under

W
,/'

Race

Culverﬁff

4

U

10

M

12

13

14
15

16

17 '

INTAKE

RACE

SYPHON

RACE

100~ OBULVERT

- 10

4901
100

159

- 160

10

St

. Bathens-
Downs R4 -

RACE

CULVERT

.Longgully

Road =
RACE -

 CULVERT
- Beatties
‘Road .

"RACE

CULVERT
Beatties

Road

RACE.

SYPHON |

Dunstan

Creek
- RACE

CULVERT

Loop Roa
RACE 7
SYPHON -

D Stuart
Creek -

0

m>/sec

10

10
- /‘ O .

10

:10..

10

10

0 -
566400

10

10

a .

10

10 e
© . 566.80

10 g

569
569

568,30

567.9%
- 567.70

‘5567.45

 567.20

567,07

566.71

B 565;50 |

 1:10000

~ - 1:10000
568.66 -
o 1:300

1:10000

S dins
1310000 -
1345
1:10000

a0 .

-‘ 1:38000
 4245 > -
1310000

11300

. 1:50'f”:.

.1:2000

12500

et

€.

A
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Distance _ Hydraulic Under
" Number . from Feabure Capacity  Level Gradient Race
Intake ) : Culvert
. - ///’M‘ !
18 4200 - RACE . 10 1: 2000 4
| 21690 - | 562,89 - -
19 " 10"  CULVERT 10 S 41250 .
21700 - Lauder 562 .69 ' -
_ _ St Road . Lo :
20 . 239 RACE 10 . 1:2000
21939 - 562.57
21 . 50 SYPHON 10 B 1165
21989 Woolshed 562.27 :
Creek S - o
22 o447  RACE 10 -~ - 1:2000 5
Sz T o ,7,557 56
25 10 CULVERR  107,.7 1:50 -
' 31446 - Lauder "“557 )6 S
. - Fl1 R q.f‘. S T
e .7 14190 RACE - 100 1:2000 1 -
- 32636 - o V556,76 | SRR
- 25 10 CULVERT 10 : -~ 1:50
- - 32646 o lieeroad R ,556 56 L
26 9288  RACE 10 1 S 1:2000 . 5
o - 41934 m~~<1'ﬁﬁ;m;;ﬂA,;T::fii;4m55‘ 70 | |
27 75  SYPHON 8 1:250
42009  Lauder ; ' 551,40 -
‘ : - Creek o S o -
28 2667  RACE 8 o . 1:2000 -
44676 . . 550.06 S -
29. 699 . DRCP- 8 1:30 L
. 45375 STRUCTURE 525 00 .
%0 . 5047 RACE 8 1:2000 3
S osoM22 e 4.,4%“522 L6
31 - 50  SYPHON 6 1:165
50472 Thomson's 5?2 16 _ :
_ : . Creek ‘ ' .
32 4810  RACE 6 . 1:2000 - 2
poe82 o - 519n72 e
2% - 10 CULVERT 6 1350
55292 : Sugar Fot G.52 .
" Road. \ :
. R
\K {
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_Number

Dl&tance
from
Intake

Feature

Capacity

Level

ydrauljc Under
Gradlent Race
Culvert

5

_55:

36

37

38
“uo

us

61997 ;
"~ 10
62007 -

400

62407

62457

250
65332 ,

22795

-» 7%% @)
42

11695
84500

6705

50

. 2625
65082

7465-~

RACE 6

CULVERT 6

Devonshire
Road

SYPHON 3

Chatto
Creek &
. Drop~-

-~ Structure

RACE

oUmyﬁRT

RAGE,

RYWASH TO

3
SYFHON 3

RAcggxx,;mlig -
)

7
|

 503.68
50%,%8
494,11

493,11

TATKERIKERT

516,14
515094 A L

505

(.':475‘?3

1:2000 2

- 1:2000 -
‘,«i 51 5*9 75 4 . _ |
5

ldiZOOOA'>' 1

- 1:750
1:800 5
.‘?:50-

1:600 4

e e
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v WATER REQUIREMENTS

Vet Theoretical Water Requirement

Irrigation is artificial application of water to soil for
the purpose of supplying the moisture essential to plant
growth (Israelsen 1950). Use of irrigation water can be
measured in kg DM/m? applied irrigation water. Efficient
water use could be measured and campared in kg DM/m°
applied irrigation water or kg DM/irrigation.

Investigations with Linnburn soils in Central Otago (Cossens
. 1976) show that the maximum pasture production under
irrigation is 10 000 kg DM/ha. This is achieved when
irrigation takes place if the available so0il moisturs

drops below 40%. If irrigation is applied each time the
available so0il moisture is down to its wilting peint then
pasture production of this soil is still 9000 kg DM/ha or
90% of the maximum possible production which is achieved
with approximately 40% less irrigations. Further decrease
of irrigation application has to allow for days below
wilting point, which would mean louser production. An
irrigation water balance simulation programme has been
developed to determine the irrigation requirements at thres
- s0il moisture deficits in three different climatic zones

- urider different water roster systems. The programme ana-
lysed 40 years climatic data using the Thornthuwaite's
method for estimating evapotranspiration and hence the
number of irrigations for a given climatic zone, soil

- moisture deficit and irrigation roster system. The three
~different climate types are:

A Alexandra Climate Tvoe

Alsxandra meteorological station (159234) represents the
lower Manuherikia Valley with regard to the temperatures,
Rainfall in this part of the valley is slightly higher than
"Alexandra's figures indicate and therefore rainfall figures
have been increased with 15%.

B Omakau Climate Tvpe

This climate type represents the middle Manuhsrikia Valley.
The nearest long term climatological record at Ophir
(159161) represents the tempsratures of this part of the
valley and rainfall is 15% higher than Ophir's rainfall
figures. ; :

—

C Becks Climate Type

This climate type represents the upper valley. Again
Ophir's climatological data are representative but rainfall
is 25% higher than Ophir's records.

Within each climate type three soils are recognised:
Shallow soil - a soil which according to the computer will

be irrigated if the soil moisture deficit is 35 mm, eg, a
soil with 35 cm sandy loam.
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Medium Soil -~ A soil which will be irrigated if the soil
moisture deficit is 51 mm, eg, a soil with 35 cm silt loam.

Deep Soil -~ A soil which will be irrigated if the soil

“moisture deficit is 67 mm, eg, 60 cm very fine sandy loam.

The programme converts daily temperatures into potential
evapotranspiration. The potential svapotranspiration is
lost from the aveilable soil moisture. 0On the roster day
the farmer should irrigate if the soil moisture deficit is
down to 35 mm, 51 mm or 67 mm (resp. shallow, medium or
deep soil). If some soil moisture is available the farmer
has to wait till the next roster day. Besides this
assumption an irrigation flow of 75 mm is presumed if
irrigation takes place. Part of this irrigation uwater
feeds the soil moisture the surplus is lost as percolation
or run-off., The same applies for rainfall.

Result summary per climate type and soil depth.

V.1.1 Becks Shallow Sgils

Irrigation has been applied if the soil moisture deficit is
35 mm. To keep the soil moisture above wilting point an
average of 6.3 irrigations a year are required. From the

~applied irrigation water 51% or 243 mm will be percolated.
The different roster lengths are mentioned in Table IX

Required . - Days Estimat-
Roster No. of ngzr below. ed prod-
Length irri~ (mm) wilting uct%on
" | gatiaons : point (%)
0o 6.3 -1 473 0 .90
13 4.3 323 . 5.1 ' 76
15 - 3.6 270 6.1 ' 73
17 3.8 285 7.3 74
21 3.5 263 10.3 | 70
28 2.8 210 15.2 67
without - - 25 45
irrig A 4
TABLE IX. Becks Shallow Scils, Water Use Simulation

Summazry 1940 -~ 1974
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The difference betueen production loss uwith a 13, 15 or 17
days roster is negligible. The total on-farm runoff varies
between 365 mm (0 day roster) to 165 mm (28 day roster).
Approximately 50% of tha runoff is irrigation runoff, the
other 50% is rainfall runoff, : '

V.1.2  Becks Medium Soils

Irrigation has been applied if the soil moisture deficit is
51 mm. To keep the soil moisture above wilting point an
average of four irrigations a 'year are required. From the
applied irrigation water 31% or 93 mm will be lost as by-
wash. The different roster lengths are mentioned in Table-
-XG - -0

Required Yater Bays Estimat=
Roster No. of Use belou ed prod-
Length irri- (mm) wilting uction
gations point (%)
g _ 4 . 300 0 90
13 2.7 203 2 80
15 3.4 - 255 02 80
17 2.7 203 - 2.4 79 .
21 2.6 195 4,2 77
28 2.4 . 180 7.0 74
without N T T 66
irrig. : .
TABLE X Becks Medium Deep Soils, Water Use

Simulation Summary 1940 - 1974

The difference betuween production loss with a 13 to 21 days
roster is negligible. The total on-farm runoff varies
between 193 mm ?O day roster) to 106 mm (28 day roster).
 Approximately 30% of the runoff is due to irrigation, 70% of
" the runoff is caused by rainfall. : :

’

V.1.3 -Becks Deep Soils'
Irrigation has been applied if the soil moisture deficit
is 67 mm. To keep the soil moisture shove wilting point
only 2.6 irrigations a year are required. UWith this deep
soil only 23% or 17 mm of irrigation watsr will be lost as

‘bywash. The different roster lengths are mentioned in
Table XI .

For TablG'XI see next pags.
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Required Days Estimat-
Roster No. of - Ugtzr belou ed prod-
Length irri-- (5%) wilting uction
' gations point (%)
0 2.6 195 o | 90
13 2.1 157 0.3 87
15 1.7 128 0.5 . 86
17 1.9 143 0.9 85
21 7.9 143 | L2.2 79
28 1.5 113 2.7 79
without ||, gy
irrig. : o B
"TABLE  KI Becks Deep Soil, Water Use Simulation

Summary 1940 - 1974

: There is no difference regarding
the productlon of a 0 day roster system or a 28 day roster

. 'is to be used. The total on-farm runoff varies between 90.5

mm (0 day roster) to 57.4 mm (28 days roster). Less than

~ 10%.of the runoff is due to irrigation.

S NL1.4

" Omakau Shallow Soils o

. Irrigation has been applied if the soil moisture deficit is
- 35 mm. This climate is drier than the upper part of the
~ valley. Therefore to keep the soil moisture continuously

- above wilting point an average of 6.8 irrigations of 75 mm
each are required. From the applied irrigation water 50%
will ‘bs bywashed. Ths various roster lengths with their
characteristics are mentioned in Table XII,

Water Use %1mulatlon 1940 - 1974

" IABLE XII Omakau Shallow Soil,

: Requirsed ‘Uater Days Estimat-
Roster - ND.'Df Use pelgu ed pyodm
Length irri- (mm) wilting uction

gations point (%)
0o 6.8 510 0 91
13 4.5 330 | 5.2 78
15 4.2 315 6.3 71
17 4.0 - 300 7.2 67
- 21 3.8 .| 285 1.2 64
28 3.0 225 16.4 . 61
uithout - - e 40
irrin. -
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The production loss due to a 13, 15 or 17 day roster is
negligible. The total on-farm runoff varies between 366
mm and 165 mm. Approx;mately 57% of the runoff is calsed
by irrigation, 43/ is due to ralnfall

V. 1 5 Omakau Medium Depp 50118

'Irrlgatlon has bsen 81mulated if on the roster day the 8011
moisture deficit is 51 mm. To keep the soil moisturs
continuously above wilting point an average of 4.2 irri-
gations are required. From the applied irrigation water
%1% or 99 mm will be lost as bywash.  The different roster
lengths are mentioned in Table XIII.. : . -

Required " Days Estimat-
Roster | Neo. of Uﬁter below ed prod-
el 88 iy
Length irri-~ (mm) -wilting uction
. gations point . (%) ’
0 4.2 315 0 90
13 -} 3.0 | 225 | .7 82
15 2.8. . 210 | 2.9 78
17 - 3.1 233 2. 79
21 2.8 - 210 4.1 78
28 2.3 173 7.8 68
without - - | 16 62
irrig. .

"TABLE XII1I Omakau Medlum Deep Soil, Water Use
' Simulation 1940 ~ 1874 o

The production loss due to a 13, 15, 17 or 21 day roster is
negligible, but there is hardly any difference betueen
uater use and roster length. The total on-farm runoff
varies. betwsen 177 mm and 89 mm. Approximately 37% of the
7 runoFF is caused by lrrlgatlon, 637 is due to ralnfall

4

V.1l.6 - Dmakau Deep Soils.

Irrigation has been simulated if on the roster day the soil
"moisture deficit is 67 mm. To keep the soil moisture abovs
wilting point 2.7 irrigations a year are required. With
this deep soil only 10% or 19 mm irrigation water will be

" lost as bywash. Different roster lengths are mentioned in
Table XI vy, C S :

~For Table XIV ses next page
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T ’ : '
i Required ot Days Estimat~
Roster No. of | Usg;r belou ed prod-
Length irri- © (mm) wilting uction
gations _ point (%)
0 2.7 203 o 90
13 " 2.2 165 0.2 89 -
15 2.3 | 173 0.6 | 86
17 2.0 150 . 0.4 88
21 1.9 - 143 1.6 82
28 147 - 128 . 3.0 .78
without N I 68
irrig. - _ '

TABLE XIV Omakau Deep Soil, Water iise Simulation
S 11940 - 1974 ' ' -

Theré is‘hardly any ﬁifferedce regarding the production if a
0 day roster or a 28 day roster is to be used., The total
on~farm runoff varies between 78.7 m (0 day roster) to 45.7

~mm (28 day roster). Less than 10% of the runoff is due to
- irrigation. o o 3 -

V.1.7  Alexandra Shalloy Soils

'Irrigation has been applied if the soil moisture deficit is

35 mm. The climate here is the driest climate of the valley. .

‘To keep .the soil moisture continuously above wilting point
- an average of 9.2 irrigations of 75 mm will be required. :
From the applied irrigation water 51% will be bywashed. Ths
- . various roster lengths with their characteristics are men-
- tioned in Table X ‘ ‘ ’

U e
Required ‘ Days Estimat-
" Roster No. of Uszgr below ed prod-,
Length irri- - (mm) wilting. uction:
C gations ' point (%)
o 9.2 690. | O 90
13 6.4 480 6.7 80
15 5.9 443 - 8.9 76
17 5.8 435 1.3 ~ 72
21 5.3 398 14.1 70
28 4,3 323 23.5 62
without : ' »
irrig. - - 40 23

TABLE XV Alexandra Shallow Soil, Water Use

Cimitt mbdiam 1070 _ 1077
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There is a clear correlation between roster length and pro-
duction loss. The total on-farm runoff varies betusen 412

mm (0 day roster) to 174 mm (28 day roster). More than 80%
of the runoff is Caused by irrigation. _ T

Lt

V.1.8 Alexandra.Medlum Deep Soils

" Irrigation has been applled if on the roster day the soil

- moisture deficit is 51 mm. To keep the soil moisture
continuously above wilting point an average of 6.1 1rrlgaw
"tions are required. From the applied irrigation water 31% -
or 142 mm will bs lost as bywash. The dlfferent roster
lengths are mentioned in Table XVI :

Required | - R Days Estimat-
Roster No. of uﬁzgl belou ed prod-
Length irri- (mm) wilting uction
. gations point. (7)
o 6.1 . 458 0 90
13 -l 4.3 323 2,8 85
15 4.4 . 330 2.9 85
17 4.1 308 5.4 80
21 3.8 285 8.4 76
28 3.5 263 11.8 72
without - - 26 - 50
irrig. A , o .

CTABLE _XVI  Alexandra Medium Déep 50il, UWater Use =
y Simulation 1930 - 1973 o ,

‘There is not much difference in water use and productien
1loss between a 13, 15 or 17 day roster.

The total on-farm runoff varies between 191 mm (D day roster)
to 79 mm (28 day roster) Approx1mate;y 627 of the runaff
is due to 1rrlgatlon. A o

ot

V 1.9 Alexandra Deep -50il

'Irrlgatmon has been 81mulated if on the roster day the SOll
moisture deficit is 67 mm. To keep the soil moisture above
wilting point 4.3 irrigations a year are reqguired. With

this deep soil only 9% or 28 mm irrigation water will be lost

as bywash. Different roster lengths and their characteristics
are mentioned in Table XVII.

A

For Tabiaxvll'see next page
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Required Days Estimat-~
Eostgr NO°,Dﬁ Uﬁgzr below ed prod-
ength irri- (mm) wilting uction
gations point (%)
o 4,3 323 0 90
13 ¢ 3.4 255 0.8 88
15 , 3.5 : 263 1.1 86
17 3.2 240 2.2 - 85"
21 3.1 233 4.3 81
28 | 2.8 | 210 7.8 76
without - | h

CIABLE XVII. " Alexandra Deep Soil, Water Use
R — Simulation 1930 = 1973

The production loss due to a 13 -~ 21 day roster system is
negligible, but there is hardly any difference betuween

water use and roster length. The total on-farm runoff
varies between 64 mm (0 day roster) to 25 mm (28 day roster).
Approximately 44% of the runoff is caused by irrigation.

V.1.10 Discussion Water Reguirement

Further details of water reguirements are mentioned .in
Appendix D. Results of this study indicate:

-a There is only a slight difference in water use betusen’

a 15, 17 and 21 day roster system.

b Periods below wilting point are not significantly
different when the 13, 17, 21 day roster systems are
compared. ‘

c Run-off, bywash and percolation loss varies as would
bs expected from negligible on a deep soil to heavy
on a shallow soil. :

The pattern of irrigation requirements within the valley is
complicated. A summary of the O-day water requirement
shows:? .

Alexandra soils 320-690 mm 210 irrigations)
Omakau soils 200-510 mm (7 irrigations
Becks - 200-475 mm (6 irrigations).

However the practical requirements are different, among
other things because of application efficiencies and the
variation of evapotranspiration from year to year and
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during the seasons. A practical water supply proposal to
meet the water requirements is:

1 The area above Lauder Creek - four irrigations of
75 mm (one spring irrigation, two summer irrigations,
one autumn irrigation). This area consists of
Upper Dunstan Scheme, Douns Settlement and Omakau-
Becks area (6500 ha).

2 The area between Lauder Creek and Young Hill Cresk -
six irrigations of 75 mm (two spring irrigations,
three summer irrigations and ons autumn irrigation).
This area consists of Omakau-Devonshire and Blackstone
Hill scheme (12 000 ha). »

3 The area between Young Hill and Dry Cresek - eight
irrigations of 75 mm (two spring irrigations, four
summer irrigations, two autumn irrigations). This
area was not recognised as a different climate zons
but was added on request of the Manuherikia Irriga-

- tion Promotion Committee. The sub-scheme herse is

Moutere terrace (1200 ha).

4 The area belou Dry Creek - twelve irrigations of 75 mm
, (three spring irrigations, seven summer irrigations,
two autumn irrigations). This area consists of the
present Manuherikia Scheme and Galloway Scheme
(3700 ha). ' - ‘ - -

The application réquirement of 75 mm per irrigation is a

- minimum requirement. If an application efficiency of 80%

is achieved then an application depth of 75 mm reqguires
90 mm at the turn-out. A high application efficiency has
advantages with salinity and drainage control. If an
application efficiency of 80% is anticipated then the
application requirements are:

Spring Summer Autumn
CO??:QdEd Water Water Water ;Oﬁii
Rgmnts Rgmnts Rgmnts q
Arsa 1 6 500 5.85 | 1.7 5.85 23.4
Area 2 12 000 | 21.60 | 32.4 10.8 64.8
Area 3 200 2.15 4.3 2.15 B.6
Area 4 3 700 10.0 | 23.3 6.7 40.0
Total 23 400 39.6 1.7 25.5 136.8

TABLE XVIIT Water Reguirements in million m’

The proposed scheme can provide this.
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CARPITAL CO3TS

Capital Costs can be divided into:

(a) Cost of a new dam.

(b) Cost of the proposed race and adjacent uorks

(¢) On farm works or development costs

Fstimatesd Costs of a Neuw Dam

A rockfill dam up to 692 m (OD) with lmperlDUS core is
probably the best solution. Preliminary sstimation of
costs are (Cost Index 1180)

~,Estab1ishment and Access - Co h - 400
Excavation 20 000 m® - 12.00 : 240
Additional GBrouting, etc S 115
Diversion, Extend Spillway 10 m , S 25

. Extend valve head access 110'm 70
Imperviocus Core 150 000 m® - 3.20° . . 4BO0 -
Transition Layers 100 DDO m® - 4,00 L 400
Main Rockfill 380 000 m® - 6.50 : 2470

-~ New Spilluay Intaks 150 m - 6000 =T 800

~ Bellmouth and Vanes 320 m® - 230 e 75
Repair Existing Lining ' Q 60
New Trench Spilluay Excavatzor 45 GOD m

. = B6.75. 0@ 310
Concrete Lining and Plunge P 3500 m ~ 230 805"
Plug 0ld Spillway Entrance . .15

'Unscheaulad Works and CORulﬂQGRClSS 28% 1075

T EerRROAREY

TGTAL PRDPBSAL NEW DAM $6. 3~ §6.4 M

'It is assumed that 1mperv1ous andg uran°;tisn ﬂatarlﬁls for
- the cors may be obtainsd within 3 km “of the dam qlb@,

and the various gradss of rock for the main fill in the

" immediate vicinity. It is further assumed that up to 30% =°

of this rock can be lousened in ths qua;ry by modern heavy

r;ppers\

Es tlmated FQSbs of Pranased Race and Adgacent ugrka

Costs are divided Lnta six main grcup8,  The most important
costs are the earthuorks, sealing, etc of the proposed raceg
espacially ths first part of the race over Douwns Settlement

which will involve major earth moving jobs. Besides these

works there are eight syphons and 12 under race plpe culverts
necessary. - Major costs are alsg invelved in fencing of
both sides of the race. Because af the method of sstimating

' 20% for unscheduled works and contingencies is added.



T4 T
PROPDSED RACE AND ADIJACENT UORKS
1 Headrace - Farthuworks, Sealing, Topsoil shaping and Dfainage
Estimatsd Total

Length Cap ‘Hydraulic Enrt *® . Costs per
_ : 3 : rthuorks - Costs
(m) (m /san). _Qradlent ' Wt ™ race (3000)

“16 100 —>*10 © 1:10000 Can ) P60 966
26 000 5 - 4:2000 50 45 1170
40 ;o 332
35 420

‘35 775

T 3663

g,
8 300 7.6 1:2000
12 000 5.1 1:2000
.22 100 2.7 - 1:2000

Pyt L

11 Svyphons - Including excavatieﬂ;\ﬁipes and endworks
I IR Estimated
Length Cap g o

3 m) Costs psr
(m) (m /sec) | : metre

——

q00 1
100 '
160
50
75
50
50
250

T (2750 iven? T 600 o | 60
- 2750 vegd . .. 60
2500 0 %2 600 - . . . . 96
2500 — 600 I - | B
2250 -1 B 42
21008 - s80 - _ ... . 25
4500 450 .. - 23
1500 . 440 o110

I NNINVOOO
¢ & ¢ & ® o @
N~ o

‘111 Roead Cul#erfs ~}Including excavatiéﬁé;’endmorks, pipes, etc .

. e Léngthv'iﬁ Cap ' Cost per Metre
- Quuﬁtlty  - {m) = (m*/sec) g(m) - (+ %1000 unit)

42 10 C2750 300 ype 9V 16

.40 - 95 . 2750 oo U L— 16
R 51 . 2100 250 T v 7
@ 27 - 4so0 225 . T

’ | e

NR P

P

IV Undar Race Culverts - Pipes, endworks, backfill _ -

40 30 up to 3 m'/sec 0.300 200 240
| . | | it
V- .. Fencing - both sides of tha race -

2 x B4 500 m at €2.00 per metre ,.' o 338

[R5
R
o

VI .+ 20% minor jobs and contingenciss o 950

TOTAL COSTS HEADRACE $5683



- 35 -

VIi.3 Dn%Farm Development

On-farm development includes construction of borderdyking,
fencing, seeding, topdressing and if applicable development
of hill country. It is obvious that these costs fluctuate
from farm to farm. To analyse the development costs four
types of farms have been investigated in Appendix B. The
total capital cost excluding the initial stocking up
appears to be approximately §$8 000 00O.

VI.4  Summary Capital Costs
) Costs of a new dam - $ 6.4 M
r/’Costs of races and adjacent works 2.7 M
.~ On-farm development o 8.0M
Total Capital Works . $20.0 M

The costs of a new dam are subsidised for 100%, costs of

e the mainrace are subsidised for 50%, and the costs of on-
St - farm development are not subsidised although loan facilities
are available to the farmer.
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VII ECONOMICAL ASSESSMENT AND WATER CHARGES

ViI.1 Annual Operating Costs

It is estimated that the scheme could be operated by eight
racemen. Further operating and maintenance costs of 1% of

the dam and race costs has been anticipated. Therefore

the annual scheme operating costs have been estlmated as
$200 000 per year.

Farm operating costs and farm malntenance costs have been

included in 1.4.

VII.2 Sinking Fund

It is estimated that the capital costs of the scheme have
to be renewed in 50 years. The amount to set aside each
year to replace the capital if the interest rate is 107
$170 000.

VII.3 Fconomical Evaluation

To evaluate the economics of the scheme one "Manuherikisa
irrigated hectare" is considered. It is assumed that in

- total 20 000 ha will be irrigated.

Therefore the costs of the headworks and main race are $600.
On-farm capital costs including extra stock costs $735.
Off-farm maintenance and operating costs $10 per yesar. On-
farm maintenance and operating costs $43 per year. Value

of the present scheme, an sstimated cost of $251 per year.

Scheme benefit - including hill country development is 14 SU
per ha at $19 per stock unit (benefits are calculated in
detail in Appendix B).

Calculation of the cash flow (Appenolx C) shows an internal
rate of return of 11%.

Bther benefits of the proposed scheme like night frost
protection of orchards have not been included in the calcu-
lations. Consequently the benefits of the scheme could be

- higher than stated.

Vii.4 \UWater Charges

Water charges can be calculated accordlng to the Public Works
Amendment Act 1975.

(1) Basic Charge (Section 13 of this Act) = C x P x F
H

C = estimated amount of the capital cost of the off-farm
water supply works, excluding the costs of hsaduworks.

(See VI.1.3) estimate is $5 683 000, =

P proportien to be recovered, b01ng 5

F = factor determined to allow for payment over a pesriod
H

of 40 years, being 0.093 (i = 9%).
estimated total number of hectares of irrigable
land in the proposed district, being 20 000 ha.

The calculated basic charge is just over $§13 which will
be charged on every irrigable ha determined by the
Minister.

i
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(2) \UWater availability charge (Section 15 of the Public Works
Amendment Act 1975) = {L x P x F) + 0 + R
0 = the estimated amount to cover the costs of operation

and maintenance of the off-farm water supply works,
being $200 000 (see VI.2).

costs of the renewal of the race, being $100 000
total number of unit quantities or unit ratss of
supply = 100 million m°.

e
o

The calculated water availability charge is therefore
$6.00 per 1000 m’.

A farmer who would irrigate according to the described
irrigation requirement would be charged as follous:

Location Irrigation Water Aveilability
e e Reguirsment 4 - Lhargs
Downs, Becks area - 3000 m®/ha - 17.00 $/ha
Omakau, Blackstone 4500 m®/ha 25.00 $/ha
Hill , '
~ Clare, Moutere 6000 m®/ha 34.00 $/ha
~ Lower Manuherikia, 10 500 m*/ha 59.00 $/ha
Gallouway

The difference in charges because of the differehce in require-
~ments is very big and not realistic. Two proposals to
suggest a different system of charging are mads:

(A) Charges are based on roster units. A roster unit is a
‘ quantity of water which will meet the estimated irriga-
" tion reqguirement of 1 ha. The different charges would

be (W = 21 000 roster units):

Water Availability

_ . . Charge
Location érrigat;ogt
= §/ha $/1000 m®
Downs, Becks area 1 roster unit/ 26.00 : $.00
Omakau, Blackstone Hill 1 roster unit/ 26.00 _ 6.00
- ha
Clare, Moutere 1 rostér_unit/ . 26.00 4.00
' ha : : -
Lowsr Manuherikia, . 1 roster unit/ 26.00 _ 2.00
ha -

Extra units could be charged against 9.00 per 1000 m® (equal
to Downs water availability charges).

(B) Charges are based as if there are two separate schemes.
One is the extended Lower Manuherikia and Gallouway
Scheme (below Dry Creek) and the other scheme is above
Dry Creek (Moutere, Omakau, Downs area). The cost of a
separate lower Manuherikia scheme has been estimated as
$1.2 million (C factor) with an annual operation and
renewal factor of $75 000 = (0 + R). The remaining
costs $4.5 million (C factor) and $225 000 = (0 + R) are
charged against the other scheme. In this case the
charges would be: :
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~ . : No, of : Char Charge
Location - Irrigations % }DUUQE ”gZng
Douwns, Becks area 4 _ 6;00» . 17.00
Omakau, Blackstone e - . 6.00 25.00
Hill ‘ . ' ' : : .
Clare, Mouters 8 . ~~  6.00 . 33.00
. Lower Manuherikia, 14 . - 4.00 v 39.00
Galloway ' : - :

Extra 1rrlgatlons could be charged agalnst &6 23 per 1rrlgwblon
of 75 mm, or §8.00 per 1000 m®

VII.5 DISCUSSION OF WATER CHARGES

Lo,

if the ﬁanuherikiaAValley~irrigatioh scheme is to be considersd

~as one scheme, then the basis of water charges as described

in the Public Works Amendment Act 1975 is not realistic. The

different irrigation requirements for the various parts of the
ValJPy is the reason for an artificial difference in charges.

‘It is certainly not accoptabTE to farmers to pay uater charges
Up to $60 per ha per year

The Manuherikia Irrigation PromotJon Commlttee suggested an

equal charge of roughly $25 per ha per season over the whole
valley. : : _ .

- The main obgectlon against this unity charge is'that there is

no financial saving. for the hlghly efflclent and careful
‘irrigator.

The recommended system implies a division of the valley into
tuwo irrigatioen systems, the Lower Manuherikia and Gallouway
scheme and a "Rest of the Valley" scheme. The charges are in
‘this case realistic and the "user pays" system will encourage

. efficient on-farm irrigation systems.
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VIIi PEVIEU OF THE PROPOSED SCHEME

Farmers of the Manuherikia Valley have already got several
-decades of irrigation experience. The usual application
methods of wild flooding and contour ditches are not the
- most efficient because of the large amount of water lost
into the grounduater and/or byua&h. It is envisaged that
“the irrvigated area will increase to 20 000 ha. This
necessitates careful use.of water. For the flat and gently
sloping areas borderdying is recommended. The rolling
country could be suitable for spray systems or contour
flooding. The most suitable method of irrigation has to be
considered for each farmer individual :

It is 1mportant that water Lharges and rosters mlll encourage
efficient application methods.

With the proposed application depth of 75 mm per irrigation
only efficient 1rrlgatlon methods will give satisfactory
results, This-will require thh on-farm investments but
the internal rate of return is satisfactory.

Efflolency must be the key factor of the uhclé/irrigation
scheme. Only with high on-farm and off-farm efficiencies

' will it be possible te 1rr1gate up to 20 000 ha even in very.
dry years. :

With a new main race there is no need to abolish the present
races. They could be used for byuwash and drainage purposes.
Depending on soil investigations a drainage plan of some
parts of the valley could be necessary. The western tribu-
taries arg suitable bywash and drainage channels. Eventually
this excessive water will join the Manuherikia River and
could be used to irrigate Gallouway.

The environmental aspect looks in favour of a new dam. An
"increase in storage and especially an increase in the minimum
storage would mean an important improvement of the fish
habitat above Falls Dam. The increase of the low summer

flow in the Manuherikia Gorge will undoubtedly be an important
factor to improve environmental life., On the contrary the

high spring flow ulll be partly controlled by the new dam
(See Table VI). . : :

The best tlme of the year to evaluate'the possibilities of
irrigation-is the storage at the beginning of September; If
the dam is spilling, then the proposed'|40 million m” is
available for ;erlgatlonw If the dam is below 70% of its
capacity (70 million m®) after snow melt then limitations of
the use of irrigation has to be compelled. A summary of
s;mulatlcns is mentloned in Appendlx F.

Improvpment and exten51on of the irrigation in the valley
would mean the p0851b111ty of further subdividing and also
development of the hill country.

Finally 1rr1gatlon uould mean a . three fold increase in pasture
- production in the valley.
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CONCLUSIONS .

The aﬁWUal yleld of the Mgnuherlkla catchment is 416
million m’ :

The diséharge is not evenly distributed over the year.

Snow storage and spring thaw causes high to extremely

‘high spring discharges.

Through the climatic conditions there is a moisture
deficit from October until March. This deficit is
more severe at the bottom end of the valley.

For severa] decades farmers of the Manuherikia Valley

have besen practising irrigation.. Main sources of ‘
supply are Falls Dam, Dunstan Creek and the western
tributaries. The irrigation methods used are wild
flooding and contour flooding.

During low summer flous in the patchmeht the shortage
of irrigation water is obvious. The present storage

-at Falls Dam is not sufficient. No further storage

in other creeks lS available.

A new dam is suggested A 60 m thh dam at the same

- site as Falls dam is suggested. Thls would give a

storage capacity of 100 million m’ Without further
storage sites there would be avallable for irrigation
140 million m® per season. - During a mean year.there
will be some 30 million m’-left in the reservoir as

~carry over storage.

A new main race is recommended. This race will be as’

-'high as possible and will command the former Douwns

Settlement, Dunstan, Omakau, Drybread, Matakanui,

- Devonshire and Manuherikia schemes. The race will be

completely controlled by the release of Falls Dam.
Water from Dunstan Creek could be diverted by a second
race. - After supplying the Upper Dunstan scheme
(irrigable area 1500 ha) the bywash can feed the main

-race with an additional B millicn m° However the

supply of this sub-scheme is negllglble after January.

The capacity of the main race will be. 10 m*/sec, its

‘length 84 500 m. Byuash will be discharged into the

Waikerikeri. The race through the Upper Dunstan schems
has a capacity of 3 m’/sec, its length 1600 m.

Besides the diversion of Falls Dam and Dunstan. Creek
no further water. from tributaries will be used for
1rrlgatlon

The basic water requirement in the valley is:

Becks, Douns Settlement area - four irrigations of 75 mm.

Omakau, Blackstone Hill area -~ six irrigations of 75 mm.
Moutere, Clare area - eight irrigations of 75 mm.
Manuherikia, Galloway area - 14 irrigations of 75 mm.

An overall off-farm efficiency of at least ?0% is
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- A1 -

- required to be able to irrigate 20 000 ha in the

valley. This requires careful race construction.

Increase in water use above the basic water requirements

has to be balanced against a decrease in water use in

other parts of the valley.

R fair water availability charge would be dalculated if

‘the scheme was considered as two separate schemes. One

scheme would be the Louwer Manuherikia scheme, water

- charge $3.74 per 1000 m3. The other scheme above Tiger
_ Hills would be charged $5.56 per 1000 m3. The basic

charge over the whole valley is $13 per ha.

The prnposed scheme (irrigable area over 20 000 ha)

would require an investment of $20 million. The cost
of the dam is $6 M, races and anglllary structures

$6 M on-farm uorks $8 M.

The internal rate of return of the propoqed Manuherlkla
Valley Irrlgntlon scheme is 11%.
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APPENDIX A Irrigable Farm Areas below propoSed main race

A1

: T X I I
‘v ~ ~g = s
= = SE | mA M A e Bes
% 8 mgg 1= (= Qe ) <t o
5 (4 0 = el Sg el
= S o B =
Ak (G _camA w i
" airport Alexandra FS 270 270 - - -
 Alexander A J ¢19 | 120 100 75 75 60
ilexander G S ¢c16 160 160 120 100 80
Lnderson c2u 105 65 65 65 40
Armitage D W B1Y 125 125 110 110 100
Lrmstrong Ltd B13 315 315 280 250 270
hrmstrong W A B15 | 350 . 350 200 200 78
~Ashton M | _ E8 210 200 190 190 130
Attfield EC & C C E11 127 127 75 75 75
Attfield S G Est F3 | 2600 500 150 150 -
Beatties J | A5 695 | 500 400 250 350
| Bell D J &RV D1 280 - | 190 120 120 60
. ! Berry - | D11 | 50 50 40 30 20
Berry H D3 140 S0 90" SO 60
Browvn R A & A c8 915 215 | 650 250 50
Campbell G H F11 10 10 7 v 7
Clane R J D12 | 80 80 80 60 -
Clouston C J DAY 205 200 175 140 65
Clouston E F D29 | 167 | 167 160 | 110 22
Clouston J T & T 4 9 405 405 350 250 120
Clouston L E A7 157 10 10 10 -
Clouston G 4 D23 | 200 | 200 150 | 150 130
Clouston ® J B19 290 290 175 - 1 175 50
Clouston W J ¢15 128 128 100 60 20
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Cook M D E2 2300 1400 80 80 -
Corrigal JE&AJT |D21, '.D31 773 200 50 50 50
{ Corrigal J L D32 170 170 125 120 75
| corrigal J L D30 .| 50 50 40 Z5 25
"Dillon J M & C E AL 515 150 90 90 50
Donnelly Est . D2 240 180 170 155 %0
Donnelly E F D4 100 €0 50 50 45
Donnelly E F D7 250 | 120 120 100 ~
Donnelly F D5 230" | 105 90 75 -
Donnelly F J - c26 200 200 | 190 150 150
Duggan T | D8 200 190 | 190 140 60
Duncen £ J.& B F E? 450 370 | 240 240 220
Duncan D L : S C12 140 140 120 120 84
. Gladstone NB & J S F12 157 157 70 70 31
Glassford A J cé 540 500 | 400 250 125
Glassford 00 €3 | 445 190 95 95 95
| Golden R J P4 1600 | 1500 | 400 250 30
. Gumn D G B10 | 3800 250 | 200 200 20
 Hamilton D W B11 300 300 | 280 200 50
Hemilton G B9 | 1800 250 | 300 250 80
Hamilton J B12 350 %250 - | 250 250 200
Hamilton N _BS 560 %25 | 250 250 160
‘Harley ‘ B1 57 57 40 - 40 -
Harvey L R D25 275 275 250 180 105
‘Hawkdun Station a1 770 250 | 205 200 -
HuddlestoneCT & IR D16 405 290 | 290 250 120
Huddlestone EJ & WC | C1 3000 80 40 -
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‘Huddlestone EJ & W D6a 95 %0 20 20 20
Huddlestone GT & GR | D19 150 150 | 150 100 40
Jopp A J N 1 4650 | 1600 75 | 75 | -
' Kene K Ltd | B16 | 182 182 | 120 | 420 60
Kane ¥ A & Sons B14 375 375 100 100 %5
"Keddell HJ & W ES 300 100 95 95 80
Kelliher G 4 E10 140 140 | 100 100 | 100
Kelliher M J E6 | 120 75 | 60 60 - 60
Kelliher T C | FY 290 290 100 100 90
| Xinney DJ & PJ D33 1640 160 160 160 110
| Knowles R J | ¢ | oe15 615 300 250 50
Teuder Station B3 7122 180 | 130 | 130 130
Leask R A - | B21 | 170 170 | 150 150 50
| Teask R J . “B20 | 218 218 | 200 135 60
) Leith EF | ¢5 | 300 300 | 250 200 150
{"Love | 43 | 190 | 19 | 120 | 120 | 120
MacTean DE . | D27 | 190 | 460 |1s0 | 120 | 80
Neirthur § C F2 | 1140 850 | 450 250 -
McConnachie ‘B6 185 185 | 150 125 110
McConnachie | B8 | 255 25 | 25 | - -
McDonnell F C O | 125 125 28 28 28
McIntosh J M Est D26 700 600 | 400 250 120
McIntosh W'S E3 425 400 120 120 96
¥cKnight C G B18 - 83 .80 70 70 &0
{ lee M g 850 590 500 250 . | 120
. Milne MA&RJ c11° | 605 €05 | 450 - | 250 200
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Moran J C13 160 160 120 100 50
Moran Trust C7 470 470 { 420 315- 100
Norpan & Kearney AJA|D15, 02| 486 351 | 160 160 70
 Naylor E B B7 290 290 150 150 110
‘: Naylor G N D9 80 80 | 75 50 45
Nicholson E D E4 2600 22 22 22 22
O'Neill B S 6 | 480 480 400 290 130
Paterson c18 680 580 480 250 150
Paterson Ltd D20 7300 2000 | 1000 250 85

' Poplar Grove c10 80 80 75 60 30
" Rochester Farm D10 120 120 | 100 80 65

Rooney R D P 1700 220 200 200 -
Rowley R W 'ES 20 18 18 18 17
' Gamuel RA&TF J | c4 3000 500 | 500 250 160 .
Scorgie Est ' co5. 360 250 |. 250 250 200
Scott G W . A6 %80 180 140 140 140

Scott D6 %0 15 10 10 -

Shaw AS 255 255 1 50 50 -
Shaw L G B2 242 75 50 50 3
Stafford W A & P L cay 265 200 200 | 175 175
Stevenson 4 B D23a 55 55 40 40 30
Thompson L ces 175 170 150 120 85
Vincent Jockey Club | C22 125 125 60 60 45
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Whitaker J J 78 45 45 20 20 20
White B G & C D18 235 220 230 170 170
White B G & C N D22 380 280 ‘300 200 150
villiemson & SonILtd | C29 375 200 | 180 180 180
-wilson C G D13 200 200 200 150 120
" “wilson G C D14 | 225 225 225 150 - 60
Tilson G C D28 | 130 130 130 90 90
|- wilson R | c23 80 80 75 75 |75
wilson ¥ C & B W c20 504 504 300 250 190
| wilson ¥ R c21 160 160 150 120 120
Various Small ' -
Iloldings around - 1200 1200 600 600 600
Alexandra . : )
- A2 475 40 20 20 -
- 43 510 | 420 |. 400 250 -
_— AB 21% 213 200 130 =
- D24 25 25 10 - -
- E12 45 45 40 40 30
- F10 | 50 50 30 30 -
TOTAL 133000 | 23000 | 16200 | 10000




‘APPENDIX B

"REPRESENTATIVE FARM TYPE fAt

LOCATION: Omakau Basin

AREA: - . 272 ha |

REPRESENTINGi 68 Units - total 18 500 ha (10 000 ha under
irrigation)

CLIMATE: 450 - 500 mm ppn; elev 300-425m

SOILS: : BGE and associated YBE some recent

TOPOGRAPHY:  Flat to rolling }

MANAGEMENT: " Semi-intensive to intensive pastoral

LINITATIéNS: Soil moisture, summer feed

- This type of property comprises the area generally under thse
existing Omakau, Dunstan and Lauder races, but specifically
excludes those propertiss with any hill blocks. Tenure in
this area is largsely a result of Government subdivision for

. post-liar I settlement, although soms properties ars more than
twice the average stated above. : :

Ahproximatsly 27% of the repfesentative unit is irrigated at
. present, but only 2/3 of this is considered to be "efficient®.

Examination of the 1972 survey Figurss show the overall stocking

rate to be 5.6 SU/ha, with an apparent dryland stocking rate of
4.2 SU/ha. o -

If the dryland potential capacity is taken at § SU/ha for the
area as a uhole, the effect of irrigation is assumed to be

" purely for increasing pasture and hence increased carrying on
the irrigated area only. No cognisance of the complementary
effects or the relationship bstusen this and total size of the
unit is taken. Also, the assumed stocking is entirely in sheep.
The model is therefore conservative as to benefits, and can in
fact be considered on a per hectare basis. : '

-RepresentatiVQAFarm'Type 'Af

Dryland Potential (estimated ref Fig 1) - 5 SU/ha
~ Irrigated Potential (assumed) o . . 16 SuU/ha

' increase 11 SU/ha
Benefits at $19 gross margin, $209/he/year

ON-FARM COSTS
Capital On-Farm Costs

Land preparation and bordsr dyking ~ §390/ha

Additional fencing : . 60/ha
Initizl seeding and topdressing : - 37/ha
Building and yard extensions 11/ha

b Total $490/ha
= %264éha

B e i

: Su
Initial stocking up 11 SU at $24.00

2.



- SCHEME RELATED COSTS

B2

Operational On-Farm Costs :
Additional Fertiliser | $10.00/ha/ysar

. Maintenance Borders ~ $6.12/ha/ysar
. Maintenance Buildings €0.50/ha/year
Fences » | 87.00/ha/year
Additional Labour : $20.00/ha/year
$73.62/ha/year

Cash Flouw

Year Develcnmeﬁt . pn-Farm Costs . PN On-Farm Besnefits

PN

0 - 150 150 . - o
1 20% ) 150 + B.66 144,38 41.80 38.04
2 40% 100 + 17.33 97.38 83.60 69.39
3 60% 100 + 22.51 - 91.88 125.40 94.05
4 80% : 75 + 34.66 74 .57 167.20 113.70
5 85% a 75 + 36.83 69.33 177.65 . 110.14
6 90% 75 + 38.99 63.83 100.10 105,37
7 95% o 37 + 41.15 39.86 198.55 - 101.26
8 100% R . 43,62 20.36 209.00 90.23
g9 - 100% _ 43.62 101.94 - 209.00 277.80

' - ‘ (762) | ' . .

: <(1 = 10%) 4 ‘ o PNW 933,53 ' P 1607.95

Thus the margzn Benefzts - Costs on-farm for Type A is:
$1607.95 - $933.53 = $674.42/ha irr (PNW)

Values of the presant Schema

" The present Omakau scheme is in good ccnd;tlon and the race
appears to satisfy the present need. Therefore an economical -
value of this scheme has been calculated. 0Over 8300 hz ths
stocking rate of the scheme is only 2 SU/ha more than ths dry~
' lanm capacity, so the econamzcal value at present is:

- 2 SU GM §19.00 $38. DB/ha year
' Dperation and maintenance $50 000/8300 ha/yr $6. D?/ha/year

Value of the pressnt scheme 1 $31.98/ha/year
Compounded at 10% I ' - $319. BD/ha

Other scheme related costs such as capital d?ﬁ farm works and
Dperation and maintenance of ths proposed scheme have besn cal-
culated ln ths sconomical summary.

Banefit Type PR

It has been eshlmatéd that if the new schems is opsrating 10 0GO
ha of this farm typs will be irrigated. This is & mean of 147 h
per farm. . : :

a
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The gross benefit over costs appsears to be:

10 000 ha at $674.42/ha $6 744 200
value present schems 8300 ha at $319. BG/ha 2 654 370

BENEFIT TYPE A $4 089 860 (PNW)

v



" REPRESENTATIVE FARM TYPE 'BY

LOCATION: Run unit Dunstan Mountains
AREA: ' . 2580 ha ' o
REPRESENTING: 26 units, total 67 230 ha (6500 ha under irrigation)
CLIMATE: Extreme; 500 ~ 800 mm ppn; ‘elevation 400 m +
SDiLS: ' Drybfead series BGE and Arrow and Dunsten Steepland
TOPDGRAPHY: Hill runs with improved pastures on lousr slopes
_ and fans. only - o
MANAGEMENT: Pastoral, mixed cattle and sheep

LINITATIGNS:_ Wintsr feed

While a strong rainfall gradieht up the length of ths Dunstans
_ does exist, it is possible to postulate a representative run
property for the valley as a uhole.

Irrigation of the fans forming the base of these propertiss
determines the production of winter feed, (assumed to be lucsrne
hay), which in turn determines the development necessary on the
~ hill country to balance for summer grazing. A 1:1 steck unit

. ratioc of cattle to sheep is assumad. -

Eightésn of the 26 propertiss were surveyed in 1972 and showed

* - an average of 120 ha irrigated, or 4.5% of the total area. This

repressnts a high proportion of the "louw" paddocks, houwever.

For this typs of uniit, the general limitation as regards irrigation
is topography, rather than water, as was gensrally stated. further
it must be noted that, for some properties, a fair proportion of
their %louw" and "irrigable! paddocks will still be above the main

~ race., The ansuer here is what in effect happens under the present
_ system; these paddocks are supplied ex the cresks coming off the
ranges rather than from the main racse. : i

There appears to be no resl correlation bstween irrigated area and.
“total stock carried, or even between lucerne hay production and
“total stock carried, for the 19 properties examined. The reasons
for this are manifold, including use of good improved pastures on

- lower slopes as winter blocks, stockuater limitations on ths

' higher country, etc. Houever, the model as proposed is still
useful because of its simplicity. :

Assuming the reprasentatiué property to have 250 ha under irri-
gation, the expected situatien would be:

H

Irrigated lucerns hay BSVha at 400 béles/ha 34 000 bales

465 ha

Pasture ssrhe 0 et 18 su/hé = 2 475 SU
o | . |
Now wintering at 3 bales/SU would indicate that (34§DB«— 2&?5; =

9000 SU on the hill country could be supported through the winter.
It is important to note that, to allow the necessary flexibility
in management, the proportion of pasture to lucerne under
irrigation should not exceed the 231 mark. The example thus
indicates the upper limit. :
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Base "dry® stock total with some privatse irrigation is assumed
to be 2000 SU thus stocking will involve 7000 SU and this requirss

1400 ha of hill country to be developed.

Capital On-Farm Costis

Land Preparation 250 ha at $390.00/ha .

Additional Fencing 30m/ha at $2.00/m

Initial Seeding 85 ha lucerne at $46.00/ha
165 ha Pasture at §37.00/ha

Building and Yard Extensions ($1.00/SU)

Hay Barns .
Hill Country Dsvelopment

AOSTD 1400 ha at $100/ha
Fencing 20 m/ha at  $2/m

_ Stockuwater Supply
Initial Stocking Up 9500 SU at $24.00

Recurring On-Farm Costs , _
Additional Labour (2 men at $8000)
Maintenance Fertiliser ‘

Hills : $17.75
Irrigated Arsa  $20.00

- Maintenancs B
Borders, ditches 250 ha at $6.12
Buildings - -
Fencing

' Haymaking 37 000 bales at $0.30
 Stockuater $2.75/ha '

Benefits

01d situaticn 250 ha flat at 6 SU/ha
2500 ha hill at 0.2 Su/ha

$55/ha

$97 500
15 000

3 910
6 105

9 000
20 060

140 00C
56 000
-77 000

228 00O
$652 515

$16 000

20 580
- 5 000

1 530
- 600

600
10 200

3 850

$58 360/ysar

1500 SU -

- 500 Su

2000 SU

mith the irrigation of ths flats and 0STD this could increass
to 11 000 SU.  Benefit of irrigation 29000 SU, at GM §$19 per SU.
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Cash Flous x $1000

. On-Farm
Year Development On-Farm Costs PNU Benefits PNY
0 - " .. 100 100 - -
1 20% , 100 + 12 101.92 35 31.85
2 40 100 + 23 102.09 69 57.27
3 60 100 + 35 101.25 104 78.00
4 80 100 + 47 99.96 138 . 83,84
5 85 50 + 50 62.00 147 91.14
6 90 50 + 53 57.68 156 87.36
7 95 : 50 + 55 53.55 164 83.64
B 100 58 27.26 173 81..31
9 100 : 58  243.60 . 726.60
(i = 10%) ‘ : 949, 31 1331.01

The margin of bane?its over. costs is $381.7DD per farm. There
are 26 of these farms within the vallsy, therefore the benefit
of Type B is 26 x $381 700 = §9 924 200.

The estimated level over dryland due to existing Government
irrigation and private irrigation is estimated as 20% of the
proposed irrigatec area. The benefits of the new scheme
appears to be 80% of $9.9 M or §7 900 000 (Total PNUY).



B7

REPRESENTATIVE FARM TYPE 'Cf

- LOCATION: Moutere Terraces

AREA: 750 ha o -
REPRESENTING: 7 units; total 5250 ha (1750 ha irrigated)
CLIMATE: 350 - 500 mm ppn; slevation 250 m + '
'SOILS: ' Drybread BGE Sandy and stony loams
" TOPOGRAPHY: Fans and terraces with long gullies _
 MANAGEMENT: Semi-extensive sheep and cattle -

LIMITATIONS: S50il moisture and stock wuater

'Cbuering a fairly largs area on the terraces above Alexandra,
these properties were surveyed in 1572.

The overall stocking level on the surveyed area was 2.5 su/ha

but the effect of the 1% or so irrigation on this area at present
ig difficult to gauge. Certainly the limitations are such that a
dryland carrying capacity (with some stockwater reticulation and
some dryland lucerns production) of 2 Su4/ha can be adopted.

While under irrigation, pastures, with the appropriate winter
feed at 2.5 bales/SU being available, can carry 15 su/ha.

-l"uith 250 ha under irrigaticn, an establishment of a breeding herd

of up to 2500 SU with a fair proportion of pasture under irri-
gation would be more advantageous than a high proportion of the
irrigated land being devoted to winterfeed only.

The suggested management of the typs C farm is:

70 ha irrigated lucerne at 400 bales/ha
210 ha irrigated pasture at 14 SU/ha o -
500 ha dry pasture at 5 SU/ha S p

This farm will cérry.SDDU 54U, dry ?érm‘pctential 1500 Su,
increase 3500 Su. S e A « -

o Cabital On-Farm Costs

Land Preparation and border'dyking - , .397 500
250 ha at $390/ha S | .

- Additional Fencing 30 m/ha‘avsr 250 ha at $2/m 15 000

Additional Seeding 40 ha lucerne at §46/ha 1 B4O
o o 210 ha pasture at $37/ha 7 770
Building and Yard Extensions ($1/SU) . 5000
‘Hay Barns (16 000 bales at $1/bale) 16 000

Stocking Up ~ 3500 SU at $24.00 , B4 00O

$227 110
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Recurring On-Farm Costs

Additicnal Labour (1 man at $8000)Y - $8 000

Maintenance Fertilissr
Irrigated Area 250 ha at $2B/ha-” 5 000
~ Dry Pasture ‘500 ha at $10/ha 5 00B
Maintenance Borders, ditches 250 ha at §6.12 . 1 530
Maintenance Buildings (2%) o - 100
Maintenance Fences R - 460
-Haymaking 16 000 bales at $0.30 - 4 000
| $24 590

Benefits

3500 SU at $19.00 or §66 500

Cash Flous x §1000

Year . Developed- On-Farm Costs PNU On-Farm PRL

Benefits
o - . &0 - 50 - D -
1 20% 50 + 4,92 49,98 13.3 12.1
2 40 50 + 9.84 49.67 26.6 22.1
3 60 'S0 + 14.75  48B.56 . 39.9 29.9
4 700 - 27 & 17.21 30.06 46,5 31.7
5 80 + 19.36 12.00 53.2 33.0
6 8s ~ + 20.90 11.70 56.5 = 31.6
7 90 oL 22,3 11.38 59.9 30.5
8 95 23,36 10.98 63.2 29.7
9 100 - 24 .59 10.33 66.5 27.9
10 L 100% : S © 85,90 , 259.3
{1 = 10%) ' R s g
' 380.56 - 507.80

" 0On farm benefit over costs due to irrigation §507 8D0 ~ 380 560 =
$127240. There are seven of these farms within the valley. The
benefit of Type C is therefore 7 x §127 240 = ¢830 680. At present
there is no irrigation possible on the Moutere terraces, so the
total value cf the beneflts of type C Farm% are due to the neu

’ schsme.
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REPRESENTATIVE FARM TYPE 'D°

LOCATION: Belouw present MAC race
AREA: | 107 ha - - |
REPRESENTING: 18 units:; total 1920 ha (1750 ha under irrigation)
CLIMATE: 350 mm ppn; elev 150 m '
SOILS: Molyneux and Eweburn

 TOPOGRAPHY: Flat-to rolling

 MANAGEMENT: Semi intensive, sheep
LIMITATIONS:  Soil moisturs

At present forming the non-orchard properties under the Manuherikia
Scheme, these smallish units are entirely dependent on irrigation
for their viability. With better scile than on the Moutere ter-
races above, the dryland capacity would still not excsed 2.5 sU/ha,

The 1972 survey figures show an overall stocking rate of 6.7 SU/ha,

" with irrigation covering soms 50% of the total area of these pro-
perties. This calculates out at over 10 SU/ha irrigated under

' present managemsent, but the irrigated potential will be not less

than 16 SU/ha overall. A : ‘ '

| Many of the smaller.property ouwners have other sources of income
and also overlap into the orchard group.

Approaching the arithmetic on a per hectars basis only and taking

- ‘no account of overall subdivision, the costs and benefits would

" be similar to these for Type 'Af, with the differences coming
only in stock costs and benefits. ' ’

i‘ﬁagital On-Farm Costs : ,
' As for Type A i $762/ha

 ‘Extra Stocking Up 2.5 SU 60
o  $822/ha
Recurring Dn;Férm'Caéis. o
As for Type A . 343.62/ha/year'

13.5 SU at $19/SU §256.50/ha/year
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' Cash Fléu

. On-Farm
Ysar Development 0n~iarm Cost : PRY Benefits PNW
0 - 150 150 - ' -
1 20% . 150 + 8.72 144.44 51.30 46.68
2 40 160 + 17.45 138.98 102.60 85.16
-3 60 100 + 26.17 104.72 153.90 - 115.43
4 70 . 100 + 30.53 97.90 179.55 122.09
5 80 100 + 34.90 83.64 205.20 127.22
. 6 85 - 72 + 37.08 61.08 218.03 122.10
7 S0 o + 39.26 20.02 230.85 117.73
8 85 + 41.44 19.48 243.68 114.53.
9 100 43.62 18.32 - 256.50 - 107.73
10 100 : 170.10 256.50 1000.40

1008.68 : 1950.07

" Thus the margin Bensfits - Costs on-farm for Type D is $1958.07 -
' $1008.68 = $3949.39/ha irr PNU. -

Scheme Related‘Custs

~ The Manuherikia Irrigation Scheme was the first constructed
- irrigation scheme, as distinct from being founded on the remains
- of mining enterprise. Construction was commenced in 1917 and was
completed by 1922 when the first water was delivered. The main
_ intake is in the very rugged Manuherikia gorge leading intao a
" tunnel, silt trap, concrete lined race, tunnel, flume, open race
- and Chatto Creek syphon. Several reports have been wuritten over
“ this section of the scheme and the conclusion that "in view of
the physical condition, the age of the installation and the rugged
~ and instable nature.of the country replacement is inevitable".
" Therefore the values of the present scheme can be considered as
~ neoligible. About 1750 ha could be irrigated, and the gross
‘bensfit over costs appears to be §1 661 430,
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APPENDIX E

Flow simulation (see I11.3). Falls Dam storage, withdrawal
‘and spilling during the irrigation season.

oete | giifeee, | Crrep e | SR
m’/sec
'5/9 100 -1 5
15/9 100 5.2 1
25/9 100 5.2 4
5/10 99 © T B.2 -
- 15/10 99 : ' B.2 o -
25/10 99 8,2 -
5/11 98 11.3 -
15/11 97 . 11.3 -
25/11 - 93 | 11.3 1B -
5/12 89 : 1.3 -
15/12 84 11,3 -
25/12 77 1.3 ~
5/1 . 71 : 11.3 -
15/1 64 1.3 -
25/1 ' 56 1.3 -
5/2 49 9.2 -
15/2 . 44 9.2 -
25/2 . 38 9.2 ' -
5/3 - 33 - 8.7 -
15/3 - 28 : . 8.7 . -
25/73 21 | 8.7 -
5/7 20 1.2 -
end of irrigation season




£E2

Flow simulation. Falls Dam storage, withdrawal and spilling
putside the irrigation season.

ate | gStorese, | Cfegpiden | Spiin
) m’/sec :

15/4 21 1 -
25/4 : 24 1 -
-5/5 30 1 -~
15/5 35 1 -
25/5 42 1 -
5/6 44 1 -
15/6 53 1 -
25/6 55 1 -
5/7 © 65 1 -
15/7 73 1 -
25/7 84 1 -

- 5/8 89 1 -
15/8 -~ 100 1 1
25/8 100 1 4
5/9 - 100 1 7
start of the irrigation season




Yield Falls Dam (million m?)

APPENDIX F

Vear Nov- Feb- May- Aug-
Jan Apr July Oct
1 41 10 25 55
2 29 19 373 67
3 31 30 44 . 25
4 57 50 84 69
5 27 19 32 33
6 56 28 29 132
7 36 46 48 73
8 58 45 30 49
9 30 17 30 65
10 53 30 70 67
11 72 28 19 76
12 38 18 214 24
13 44 12 20 114
14 18 24 116 40
15 33 15 12 28
16 16 18 17 37
17 44 17 10 93
18 24 174 44 37
19 44 120 89 26
20 72 18 15 126
21 55 - 20 100 98
22 51 - 7 39 50
23 77 67 54 39
24 37 39 22 35
25 33 46 43 67




F2

Falls Dam storage and release as result of .this yield

(fFigures in million m?”)

50

Nov-Jan Feb-April May-July Aug-Oct

storage/release storage/release storage/release storage/release

1 80 70 50 40 20 9 40 g
2 100 S 80 50 70 50 g 50 g
3 100 S 80 50 80 20 9 60 9
4 100 5 . 100 50 100 20 9 100 g
5 97 '80 50 70 20 g | 50 9
6| 100 S 100 50 80 20 9. 50 9
7 100 S 90 50 90 20 9 60 9
8 100 S 100 50 95 20 9 50 9
9| 100 S 80 50 70 20 9 50 9
10 100 S 100 52 80 20 9 90 9
11 80 120 100 90 20 9 35 g
12 160 S 120 50 95 100 g 100 9
13 100 S 90 50 60 20 g 40 9
14 100 S 70 50 80 . 20 g | 100 9
15 70 80 50 60 20 9 30 9
16 90 40 50 80 20 9 40 9
17 100 S 80 50 60 100 9 100 9
18| 100 s 70 50 70 100 9 100 9
19 | . 100 S 90 50 60 40 9 30 9
201 . 100 S 120 52 60 20 g 100 9
21 100 5 100 50 60 20 9 100 9
22| 100 8 100 50 100 20 K 30 9
23 90 120 60 100 20 9 100 9
24| 100 S 90 . 50 60 | 20 9 50 9
25 100 S 70 100 20 9 70 g




TAIL END STORAGE

" APPENDIX G

Large quantltles of water are required for frost protectlon
of orchards around Alexandra.

near Straith Clyde Road (Dunstan Flat

Development of some storagse
has the advantags of

water being quickly available and stored within a short

distance of hhe orchards.
" store 20 000 m?

- 200 000 m°

gach.,

filled with bywash from the main race.
investigated and are mentioned in Table XVIIT.

Varlous ponds could be able to
Those ponds could be

Some sites -have been

, Mean o : ’ %éarthf,

Pond |  Grid refﬂr ' Hé?ﬂat Eﬁiﬁgg | Sﬁiﬁ%ﬁf Séﬁﬁgza
| (n) () | (n/m*)

1 5133 193575 3.20 1500 |. 32 500 | 0.046
2 8133 194566 5.50 7260 125 000 | 0.058
3 5133 163560 5.30 8400 140 000 | 0.060

4 $133 179584 6.20 15000 265 000 | 0.074
5. 5133 197593 4.70 - 6000 | 117 00O | 0.051
6 8133 190579 5.10 4200 - 82 000 | 0.051
7 5133 162548 4,50 3000 32 000 | 0.094

e A

Tail end Storane Manuherikia Valley

 TABLE XVIII
: S : Irrigation Scheme

Numerous alternative sites of various sizes are possibls.
The demand for frost-fighting in this area has been.estimated
~as 11 1/sec/ha. At present there is 150 ha orchard within
the scheme. A frost period of 12 hours would require 75 000
m®. A minimum storage sufficient for at least two night
frost-fightings is required. The main race could supply
water for longeL frost periods. Therefore a minimum storage .
of 150 000 m’ is recommended. This storage does allouw
further orchard developments belou Sprlngvale Road of up to
300 ha. : - : :
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